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©Agilent Technologies, Ine. 2000

made real.

To those who w on ’t  rest until w ire less means 

limitless. The vision is Communications w ithout 

boundaries. And you're responsible for making 

the Vision real. But you’re not alone. Whether 

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

improve customer service, Agilent Technologies 

has a range of products and services to help 

you deliver the next generation of w ireless 

technology. Who knows how fa r you’ll go.

Agilent Technologies
Innovating the HP Way

Agilent Technologies is a subsidiary of Hewlett-Packard Company. v.agilent.c
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: frequency range (GHz)
RFVSWR (RF = -10 dBm, LO = +13dBm)
LO frequency range (GHz)
LO power range (dBm)

FREQUENCY (GHz)LO VSWR (RF

Conversion I

Isolation - LO
Isolation - LO'
Isolation - RF to

i compressie
iput two-tone 3rd order intercept point (dBm)

IF frequency range (GHz)
IF VSWR (RF = -10 dBm, LO = +13 dBm) FREQUENCY (GHz)

Information, please contact Mary Becke 
mbecker@miteq.com

1 00  Davids I 
TEL.: (631] 436-

For additional

( | j ) y w i i T s i 5 www.miteq.com

CIRCLE 118 QN READER SERVICE CARD

MITEQ’s Model TB0440LW 1
allows the use of existinglffffsde ; ƒ
U n n r i i A f i r l t ’ h  n o n a i n o n e  m t a i «  ’ 'bandwidth receivers over 
millimeter frequency bands!

• RF/LO Coveracje...... 4 to40/4 to 42 GHz
• IF Operation....^........0.5 to 20 GHz
• LO Power Ran$e..:... +10 to +15 dBm

(usabie at +7 dBm)
• RF to IF Isolation.....25 dB
• Removable K Connectors
• From Stock

ISOLATION

INPUT PARAMETERS

TRANSFER CHARACTERISTICS

OUTPUT PARAMETERS
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THE WORID'S LAUGEST SEIECWN

'14
SPLITTERS
•> 4 *

2kHz to 10GHz 99<
Choose from over 550 Standard off-the-shelf models fron 2way and 3way to 48way; 0°, 90°, and 
180°; 50 and 75 Ohms covering 2kHz to 10GHz, Mini-Crcuits will also supply your special needs and custom 
designs such as wider bandwldths, higher isotation, lower insertion loss and phase matched ports.. .all at catalog 
prioes with rapid turnaround time, Case styles include surfaoe rnount, plug-in, pack, and ooaxial connectorized... 
and custom case styles are no problem! Super-miniature and ultra-low profile surface rnount units provlde excellent 
Solutions In cellular Communications, cable Systems, and oountless wireless applications. And all units come with a 
1 year guarantee and skinny 4.5 sigma performance repeatability unit-to-unit and production run to production run.
Add fast delivery, unsurpassed applications support and value pricing, and the decision is easy. Call Mini-Circuits today!

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



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

m f

P.O. Bc

□  M ini-C ircuits
350166, Brooklyn, New York 1123,5-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET http://www.minicircuits.com CIRCLE HEADER SERVCE CARD 

II Mini-Circuits products refer to • 760- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM

f H i x i M w s m m m

http://www
http://www.minicircuits.com
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Maury Gives You The EDGE
Signal Synthesis Software for Maury's ATSSystem Software 

for Windows-

Maury's MT993D01 Option includes the latest digital formats:
• NADC • cdmaOne-Fwd • EDGE
• PDC • cdmaOne-Rev • GSM
• PHS • TWO-TONE • WGN

Nowyou can create a digital Signal in any of the above formats from inside Maury’s Windows® 
compatible automated tuner System (ATS) software. The Signal can then be downloaded to the 
arbitrary waveform generators in a digitally modulated RF source. Even if the modulation 
Standards used to generate the Signal are not built into the RF source, your measurement Setup 
will stay current. The same generated signal can also be used with RF Simulation tools. This 
ensures the validity of comparisons made between measured data and simulations.
The MT993D01 Option can also be used to create Signals that previously required additional 
instruments. As an example, TWO-TONE intermodulation can be done using a single RF source 
and white gaussian noise (WGN) modulation can be created without a noise source and filters. 
This will simplify your measurement Setup, resulting in less time spent changing Connections, 
and less money spent on Capital equipment.

Use Maury’ s MT993D01 Signal Synthesis Option to stay at the leading EDGE of wireless technology.

Ask about other software features:
•  Independent Control o f  Harmonies (MT993H) in Phase and Magnitude!!
•  Dynamic Pre-matchingfor less than 0.5 ohm Devices!!
•  Gamma-In Measurement Capabüityü

MAURY MICRO WAVE For more Information contact our SALES DEPARTMENT at 
Tel: (909) 987-471S • Fax:(909)987-1112 

Email: maury@maurymw.com

Visit us o n  th e  W orld W ide W eb a t http://WWW.mcrurymw.com

mailto:maury@maurymw.com
http://WWW.mcrurymw.com


5bD C to8GHz S1 19
(up to+18.5dBm output) From f o o ooqty.

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!

a S (dBma@P1dBrComp) N fS rÄ SaJoV)
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ACTUAL
SIZE

K1-ERASM: lÔ each ERA-2isil3-2SM.-3SM (30$pieces) only $• 
K2-ERA: 10 of each ERA-4,-5 (20 pieces) only $69.95

For i

□  Mini-Circuits us-92 |NR 93‘
CiRCLE READER SEFMCECARD

P O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com 
specs on all Mini-Circuits products refer to • 760- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM
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Innovation
• 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

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 
req ui red in today’s global market.

• 50 and 75 ohm impedances available

JFW Industries, Inc.
5134 Commerce Square Drive • Indianapolis, Indiana 46237 
Tele. ( 3 17) 88 7-1340 Fax (3 17) 8 8 1 -6790

CIRCLE 59 ON READER SERVICE CARD

Internet-  http://www.jfwindustries.com 
E -m a il-  sales@jfwindustries.com 
IS O  9001 C ertified__________________

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


f l  TECHNOLOGIES COMPnuY

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

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

N ew ! Buy K&L F i l t e r s  o v e r  th e  w eb
w w . k l m i c r o w a v e . c o

EUROPE
Phone: 44-(0)-l262 60S500 
FAX: 44-(0)-l262 60SS04

USA
Phone: 410-749-2434 
FAX: 410-749-2788

www.klmicrowavè.c

MICROWAVE INCORPORATED

E-mail: wireless@klmicrowave.
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T E C H N I C A L  F E A T U R E S

22 Switched-coupler Measurements 
for High Power RF Calibrations
J. W ayde Allen, National Institute o f  Standards and Technology (NIST) 
The design and operational theory behind the new high power RF 
measuremcnt System rcccntly dcvcloped by NIST

68 Characterization of Differential Interconnects
from Time Domain Reflectometry Measurements
Dima A. Srnolyansky and  Steven D. Corey, TD A Systems Ine.

A technique for extracting a distributed coupled line model from time 
domain reflectometry measurements

ON THE COVER

This m onth’s cover features a 
universal power sensor that 

utilizes a paten ted  architecture 
and allows for highly accurate 
power measurem ents on wide 

bandwidth Signals 
Cover art courtesy of Anritsu Co.

130

82 The Correlation between Thermal Resistance
and Characteristic Impedance of Microwave Transmission Lines
M ichael Pames, Ascor

A simple technique that includes dielectric loss in the mathematical 
solution for the thermal resistance of a transmission line’s center conductor 
relative to its outer conductor, thus achieving an overall correlation between 
thermal resistance and characteristic impedance

96 IMD Products and Spectral Regrowth 
in CDMA Power Amplifiers
O leksandr Gorhachov, Hexawave Inc.
A proposed method for calculating power spectral regrowth for a CDMA 
power amplificr based on two-tone measurements and drive signal statistics

1 1 0  The Z-domain M ethod for Analysis and Design 
of High Order Digital Phase-Iocked Loops
Basel E Azzarn

Z-domain design and analysis theory and examplcs to demonstrate 
how easy it is to migrate from traditional analog design of phase-lockcd 
loops to all-digital phase-locked loops

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

Microwave Journal (USPS 396-250) (ISSN 0192-6225) 
is publishcd monthly by Horizon House Publicatioiis Inc.,

paid af Norwood, MA 02062 and” additional mailing

Copyright Clearance Center providcd that the base fee of 

rectly to the Copyright Clearance Center, 222 Rosewood

Clearance Center should be contacted. The rate for this 
use is 0.03 cents per page. Please spedfy ISSN 0192-6225 
Microtcave Journal International or ISSN 0192-6217 Mi­
crowave Journal Euro-Global. Microtcave Journal can

films. Periodic Enlry Department, 300 N. Zeeb Rd.. Ann 
Arbor, MI 48106 (313) 761-4700. Reprints: For requests

769-9750. 1
POSTMASTER: Send address corrcctions to Microtcave 
Journal, PO Box 3256, Northbrook, II, 60065-3256, Sub­
scription Information (847) 291-5216. This joumal is is- 
sued without charge upon written request to qualified 
persons working in that part of the elcctronics industiy, 
including governmental and university installation. that 
deals witli VHP tlirougli light froqucncies. Other sub- 
scriptions arr: doincstic. $110.00 per year, two-year sub- 
scriptions, $165.00; forcign, $180.00 per year. two-year 
suhscriptions. $340.00; back issues (if available) and single 
eopies. $10.00 doincstic and $20.00 foreign.

1 2 2  A Simple and Efficiënt Waveguide Calibration Procedure 
for a Vector Network Analyzer
Georges Roussy, B em ard  Dichtei and Haykel Chaabane, Université Henri 
Poincaré, Lahoratoire de Spectroscopie e t des Techniques Microondes 

An accurate vector network analyzer waveguide calibration procedure that 
requires only some simple and inexpensive waveguide components

BPA

V

Horizon House also publishcs 
Telecommunications® 

and
Joumal of Electronic Defense

[Continued on page 12]
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Kalmus builds the Widest Variety of RF Amplifiers

V *  specialize in ampliliens.
Kalmus glves you a genuine 

choice of performance, features and bandwidth for any 
application that requires RF power am plifiers. From 
rad a r, M Ri, EMC and  high energy  physies to EW. 
Communications, broadcast and automotive - Kalmus has 
the right amplifier.

Choice n e u »  savingis. Kalmus has worked closely with 
our Customers to develop the industry's widest variety of 
RF am plifiers. We offer: so lid -s ta te , cavity  and tube 
amplifiers in broad-band, narrow-band 
or single frequency  configurations.
From 10 kHz to 10 G H zand beyond,

from a few w atts to several kilowatts, there 's an amplifier 
in each frequency and power range with just the features 
you want. You won't end up buying more than you need.

Built to your specifications. Sometimes there isn't an 
existiag Kalmus RF (or microwave) amplifier that satis- 
fies your particular application. In that case - we'll build 
it! Kalmus has been meeting all our customer's needs for 
nearly thirty years.

Contact Kalmus. For more specific details on our complete 
line of RF and microwave amplifiers, and the name of your 

n earest Kalmus represen- 
tative, just visit our web site 
or call us toll free (US) direct.

A Therm o Voltek Company

The RF Am plifier Company

11807 North Creek Parkway South, Suite 109, Bothell, WA 98011 • Phone: (800) 344-3341 • (425) 485-9000 • Fax: (425) 486-9657 
E-mail: kalmus@kalmus.com • Web: ww.kalmus.com

mailto:kalmus@kalmus.com
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146 Digital Baseband Simulation in Design Verification
Elektrobit Ltd.
A digital baseband radio channel simulator that introducés new possibilities 
for testing wireless System designs in realistic, dynamic multipath fading 
environments prior to hardware development

152 A Miniature 900 MHz Frequency-hopping 
Spread Spectrum Radio
W orld Wireless Communications Inc. (W W C )
A miniature radio that incorporates proprietär)' Secure-Sync™ coding 
technology as well as networking features typically found only in more 
expensive Systems

156 A 10 MHz to  1 GHz Spectrum Analyzer A dapter
Protek Inc.
A unique device that connects to a dual-channel oscilloscope and converts it 
into a 1 GHz spectrum analyzer with all of the functions needed to inake 
precise frequency and power measurements

160 Microwave Quick Connect/Disconnect Coaxial Connectors
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Q-Flex® Plus .086” Q-Flex® Plus .1 4 1 ” Q-Flex® Plus .2 50”

High Performance Low Loss Stahle Flexible Coaxial Gable

Tensolite Builds in the Quality
There is no sorting or special price 
for excellent performance during flexure 
and Vibration.

Tensolite Provides One Great Price
The value is in the cable with all the features 
for one great price.

W j
SMA Right

Q-Flex® and Q-Flex® Plus Coaxial Cable, Connectors and Cable Assemblies Available From:

lens
RF/Microwave
Interconnects

1-810-362-FUEX Data sheets available at 
www.qmiinc.com

301 Ballardvale St. Wilmington, MA 01887 
FAX: (978) 988-9393 www.qmiinc.com Email: sales@qmiinc.com

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


R O 4 0 0 0 .
The best of all possible vuorlds
R 0 4 0 0 0
circu it board  
m aterials  
fabricate  like  
epoxy glass, but 
perform  like  
P TFE .

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

rigid and tough 
like epoxy glass, with 
low Z axis expansion 
and tight control of 
dielectric constant 
and thickness. Their 
low loss tangent 
yields better 
performance in high 
frequency designs,

making them a perfect 
performance upgrade from FR- 
4 for wireless applications.
And they don’t cost a bündle, 
either.

In tro d u c in g  flam e 
re ta rd a n t R 04350® .

With all the processability 
and performance characteris- 
tics of R04000, new RO4350 
is for those who require flame 
retardant high performance 
without the drawbacks of FR-4 
and PTFE.

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

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

Call fo r  m o re  
in fo rm a tio n .

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

E-mail or call us at 
(602) 961-1382 and ask 
for test data and free

ROGERS
Rogers Corporation Microwave Materials Division • 100 S. Roosevelt Avenue. Chandler, AZ 85226 - Tel: 480-961-1382 FAX: 480-961-4533 

E-mail: iw@rogerx-corp.com Web Site: httpV/www.rogerx-corp.com/mwu/ïnfo.htm
R04000 is a licensed trademark of Rogers Corporation.

mailto:iw@rogerx-corp.com
http://www.rogerx-corp.com/mwu/%c3%afnfo.htm


2000 IEEE Emerging Technologies 
Symposium on Broadband,
Wireless Internet Access 
April 10-11, 2000 
Dallas, TX

Sponsor: IEEE Dallas section. Topics: Wireless 
Internet technologies and access Systems, in- 
cluding local multipoint distribution Systems, 
low and medium earth orbit satellites and third- 
generatioii cellular, and supporting technolo­
gies, including mm-wave MMICs, digital Signal 
processing, digital filters, MEMS, smart cellular 
antenna Systems, software radio, wireless ATM, 
coding and modulation schemes, wireless infra- 
structure equipment, and Internet Standards 
and protoeols. Contact: Dr. Gailon Brehm, 
TriQuint Semiconductor (972) 994-8571 or e- 
mail: gbrehm@tqtx.com. Additional informa- 
tion is available at mw.ieeedallas-ets.org.

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

Topics: Compound semiconductor devices and 
ICs for microwave, millimeter-wave and opto- 
electronic applications; material growth and 
characterization; active device technology for 
MMIC applications (M ESFET, H EM T, 
HBT); novel device technologies and quantum 
eleetronics; and reliability and characterization. 
C ontact: D im itris Pavlidis, U niversity of 
Michigan, Dept. of Electrical Engineering and 
Computer Science, 1301 Beal Ave., Ann Ar- 
bor, MI 48109 (734) 647-1778 o r e-mail: 
pavlidis@umich.edu. Additional Information is 
available at www.eecs.umieh.edu/dp-group/ 
Wocsdice.html.

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

Sponsor: IEEE MTT-S. Topics: Highly inte­
grated TCs 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 relia­
bility. Contact: Christian Kermarrec (781) 937- 
1217 or e-mail: Christian.kermarrec@analog. 
com. Additional symposium Information 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

COMING EVENTS
and active microwave technology; frequencies 
greater than 30 GHz; fabrication, integration 
and test; phased array design and applications; 
quasi-optic techniques and Systems; broadband 
terrestrial and satellite communication; and 
wireless and cellular Communications. 
For symposium information, contact Peter 
Staecker (781) 861-7643 or e-mail: p.staeck- 
er@ieee.org. For exhibitum information, con­
tact Kristen Dednali, Horizon House Publica- 
tions, 685 (Danton St., Norwood, MA 02062 
(781) 769-9750, fax (781) 769-5037 or e-mail:

kdednah@mwjounial.com. Additional informa­
tion is available at www.ims2000.org.

IEEE International Conference 
on Third-generation Wireless 
Communications 
June 14-19, 2000 
Silicon Valley, CA

Topics: Third-generation (3G) mobile Commu­
nications, including CDMA and wireless Inter-

Ö jx  W h a t is the conjugate m atch
"" '7” o f your d ifferential 2 -p o rt device? H o w  m uch  

com m on m ode rejection does it have? H o w  m uch o f the  
differential input signal is being converted  to  com m on  
mode? If the answ ers to  these types o f questions have 
been eluding you, check out the n e w  A T N -4 0 0 0  M u ltiport 
S-param eter Test System  a t w w w .a tn m ic ro w a v e .c o m . 
The answ ers have never been so easy to  find.

ä X n  m icrow ave
Tools for Advanced Products

101 Billerica Avenue, Building 4, North Billerica, 
877-ATN-TOOLS • 978-667-4200 • Fax 978-667-8548

mailto:gbrehm@tqtx.com
mailto:pavlidis@umich.edu
http://www.eecs.umieh.edu/dp-group/
http://www.ims2000.org.rfic.htm
mailto:p.staeck-er@ieee.org
mailto:p.staeck-er@ieee.org
mailto:kdednah@mwjounial.com
http://www.ims2000.org
http://www.atnmicrowave.com


When the time came to introducé new technology 
into Trilithic’s component line we took the same 
hard-working, balanced approach we always 
have. First we looked at mature technology' that 
would solve our customers’ problems, then we 
developed an ISO 9001 certified production 
process that would let us deliver on time at a 
able price. The result is a group of leading edge ATE 
nents that have specifications like experimental units but act like the 
Trilithic products you’ve come to depend on. The only problem we’re having 
is convincing certain parties that the only thing out-of-this-world about our new prod­
ucts is their performance. But don’t take our word for it, try them yourself-and just among 
friends, who really cares if something a little other-worldly is in the box?

Call 1-800-TRILITHIC for more information, don’t fnrget to ask for your free catalog.

V  TRILITHIC
Hard Working Engineers-üke You 

9202 East 33rd Street Indianapolis. IN 46235 
(800)874-5484 (317)895-3600 (317)895-3612 Fax 
E-Mail: sales@trilithic.com ln ternet:w w w.trilithic.com ■ w r

mailto:sales@trilithic.com
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COMING EVENTS
ne t access and protocol, cdm aO ne and 
cdma2000, General Packet Radio Service 
(GPRS) network planning and wireless mobile 
asynchronous transfer mode; resource manage­
ment in Universal Mobile Telecommunications 
Systems; low cost mobile receivers, bit error 
rate analysis and joint phase-Ioek detection; 
and 3G satellite multiple accesses. For confer­
ence information, contact Willie Lu, 1960 Lin­
den Lane, M ilpitas, CA 95035 or e-mail: 
wwlu@ieee.org. Additional information is avail­
able at www.3Gwireless.com.

Visit www'.rawcon.org for additional confer­
ence information and updates.

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

Call for papers. Sponsors: CSIRO Telecom­
munications and Industrial Physics, IEEE 
New' South Wales and South Australia sections

and IE EE  MTT-S. Topics: Computational 
electromagnetics, CAD, EMC/EMI, ferrite 
and solid-state devices, VI MIC technology, mi­
crowave superconductivity, liigh speed digital 
circuits, microstrip and planar antennas, mi­
crowave acoustics and measurements, optical 
devices and systems, phased and active array 
techniques, mobile Communications systems 
and remote sensing. Paper Submission guide- 
lines are available at www.icms.com.au/apmc. 
Deadline: April 1, 2000. For additional in- 
formation, contact ICMS Pty Ltd. +61 2 9290 
3366 or e-mail: apmc@icms.com.au.

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

Sponsors: Automatic RF Techniques Group 
(ARFTG) and IEEE MTT'-S. Topics: Coherent 
characterization, modeling and Simulation tech­
niques quantifying large-signal behavior of RF 
devices, circuits and systems; calibration of 
large-signal measurement systems; definition of 
large-signal network parameters; creation of 
large-signal models; and Simulation and mea- 

. surement of high frequency, large-signal behav­
ior. For additional information, contact Michael 
Fennelly, Roos Instruments, 328 Forest St., 
North Andover, MA 01845 (978) 258-4101 or 
e-mail: m.fennelly@ieee.org. Additional confer­
ence information is available at www.arftg.org.

The word is 
circulating...

...about Microwave Development Company Inc.'s 

line of custom waveguide circulators.

2000 IEEE International Symposium 
on Electromagnetic Compatibility 
August 21-25, 2000 
Washington, DC

Sponsor: IEEE EMC Society. Topics: Electro­
magnetic compatibility (EMC) management, 
certification and aecreditation, testing, shield- 
ing and grounding, electrostatic discharge, 
spectrum efficiency and monitoring, product 
and environmental safety, international govem-

cial and military trends, new? personnel and lab­
orator)' ideas for EMC corporate management. 
For symposium information, contact William 
Duff, Computer Sciences Corp. (703) 914-8450 
or e-mail: wduff@csc.com.

2000 IEEE Radio and Wireless Conference 
(RAWCON 2000)
September 10-13, 2000 
Denver, CO

C all fo r P apers . Sponsor: IE EE  MTT-S. 
Topics: Interdisciplinary aspects of radio fre­
quency technology and Communications Sys­
tem design, including System architecture and 
performance, anten nas and propagation, active 
and passive devices, wireless data, smart anten­
nas, ultrawideband systems and software radio 
architectures. Paper submissions should be 
submitted eleetronically via ww'w.rawcon.org. 
D eadline: March 31, 2000. For conference 
information, contact Michael Heutmaker, Lu­
cent Technologies (609) 639-3116, fax (609) 
639-3197 or e-mail: heutmaker@lucent.com.

High power differential, dual junction. and

telecommunications

circulators are 

available from

MDC in a variety pf 

configurations and 

waveguide sizes.

Let us

customize i g g g g j  
your next circulatot requirem 

and see why the word is; 

circulating about MDC.

MICROWAVE DEVELOPMENT COMPANY, INC.
Forty One Northwestern Drive
Salem, New Hampshire 03079
Sales: (603)-870-6280 • Fax: (603)-870-6210
E-Mail: microwav@mdc.usa.com
www.mdc-inc.net
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WORKSHOPS & COURSES
Electronic Parts
AND PACKAGING FOR SPACE 
AND AERONAUTIC APPLICATIONS
■ T opics: M icroelectronics and 
packaging technologies for space and 
aeronautic applications, and electron­
ic radiation characterization.
■  Site: Washington, DC
■  Date: April 3-5, 2000
■  Contact: Ann Bell, IMAPS, 1850 
Centennial Park Drive, Suite 105, Re- 
ston, VA 20191 (703) 758-1060, fax 
(703) 758-1066, e-mail: IMAPS@ 
imaps.org or visit www.imaps.org.

MEMS: Technology, D esign 
and A pplications

■  Topics: Fundamentals of micro- 
electromechanical systems (MEMS) 
fabrication technology, sensor and ac­
tuator component design and System 
integration issues. Fee: $1695.
■  Site: Los Angeles, CA
■  Date: April 24L28, 2000
■  Contact: UCLA Extension, Dept. 
of Engineering, 10995 Le Conte Ave., 
Suite 542, Los Angeles, CA 90024 
(310) 825-1047 or e-mail: mhenness@ 
unex.ucla.edu.

A dvanced Electronic 
Warfare P rinciples

■  Topics: Electronic warfare tech­
niques and development, receiver 
processor architectures, multiple- 
channel radar receivers, dual-source 
techniques and parametric agility. 
Fee: $995.
■  Site: Atlanta, GA
■ Date: April 4-7, 2000
■ C ontact: Continuing Education, 
Georgia Institute of Technology, At­
lanta, GA 30332 (404) 385-3502 or 
e-mail: conted@gatech.edu. Addition­
al information can be obtained at 
www.conted.gatech.edu.

H ow  to  Design RF C ircuits

■  Topics: A comprehensive overview 
of RF circuit design and issues affect- 
ing practical implementation of RF 
circuits as well as transmission line 
theory and RF printed circuit board 
design. Fee: £95 (IEE member).
■  Site: London, England
■ Date: April 5, 2000
■ Contact: Liam Devlin +44 (0) 1799 
533 261, fax +44 (0) 1799 533 201 
or e-mail: lmd@plextek.co.uk.

P hased- array 
Radar System Design

■ Topics: Fundamental concepts for 
understanding the link between oper­
ational requirements and the design 
of phased-array radar systems. Fee: 
S1195.
■  Site: Smyrna, GA
■ Date: April 18-21, 2000
■ C ontact: Continuing Education, 
Georgia Institute of Technology, At­
lanta, GA 30332 (404) 385-3502, 
e-mail: conted@gatech.edu or visit 
www.conted.gatech.edu.

H igh Efficiency 
A mplifiers for W ireless
COMMUNICATION SYSTEMS
■  Topics: Linear power amplifier de­
sign and System issues, high efficiency 
techniques, harmonie terminations 
and circuit topologies.
■  Site: Helsinki, Finland
■ Date: May 8-10, 2000
■  C o n ta c t: CEI-Europe, PO Box 
910, S-612 25 Finspong, Sweden +46 
122 175 70, fax +46 122 143 47 or 
e-mail: cei.europe@cei.se.

A ntennas: P rinciples,  Design 
and M easurements

I  Topics: Antenna fundamentals, ar- 
rays, wire and broadband antennas, 
horns, reflectors, systems antennas, 
electromagnctic compatibility topics 
and measurements.
■  Site: Orlando, FL
■ Date: May 22-25, 2000
■ C o n ta c t:  Kelly Brown, North­
east Consortium for Engineering 
Education (NCEE), 1101 Massachu­
setts Avenue, St. Cloud, FL 34769 
(407) 892-6146, fax (407) 892-0406, 
e-mail: stcloudofl@aol.com or visit 
www.usit.com/antenna.

RF/M icrowave C ircuit D esign

■  Topics: Active device performance 
limitations, unilateral and bilateral 
techniques, small-signal linear RF and 
microwave amplifiers, and CAD appli­
cations and layout considerations.
■  Site: Cambridge, UK
■ Date: May 22-26, 2000
■ C ontact: CEI-Europe, PO Box 
910, S-612 25 Finspong, Sweden +46 
122 175 70, fax +46 122 143 47 or 
e-mail: cei.europe@cei.se.

CIRCLE 155 MICROWAVE JOURNAL ■ MARCH 2000

http://www.imaps.org
mailto:conted@gatech.edu
http://www.conted.gatech.edu
mailto:lmd@plextek.co.uk
mailto:conted@gatech.edu
http://www.conted.gatech.edu
mailto:cei.europe@cei.se
mailto:stcloudofl@aol.com
http://www.usit.com/antenna
mailto:cei.europe@cei.se


'

We make 
noise...

Noise com  is the global providër of 
Noise Generators, Noise Sources, 
Noise Power Ratio Test Sets, Noise ; 
Diodes and specialized Noise Test 
Solutions.

For more information about our

To make 
your products 

quiet!

products, applications or how we 
may solve your testing needs, 
contact us:

Noise Com
E. 64 Midland Avenue, Paramus, NJ 07652 
Phone: (201) 261-8797 Fax: (201) 261-8339 
Email: info@noisecom.com 
Web Site: http:/Avww.noisecom.com
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H I G H  P E R F O

W e a re  •  Storm Products-RF/Microwave Group...a leading manufacturer 

of high performance interconnect products for makers of telecom, wireless, 

aerospace, military and test equipment systems.

W e p ro v id e  •  Engineered interconnect Solutions designed to 

meet demanding applications through 50GHz.

G ro w th  •  Storm Próducts-RF/Microwave Group has been supplying high 

performance transmission line products to domestic and international markets 

for more than 20 years. This year we increased our investment, expanding 

our capacity and adding new capabilities to meet the evolving needs of the 

rapidly growing wireless and telecom industries.

C apabilities  •  Design and development of cables, connectors and assemblies are 

handled in-house to maintain full developmental control. A unique blend of RF/microwave 

and fiber opties engineering and manufacturing capabilities supports convergence of these 

technologies at the system level. Partnerships in the UK and Switzerland provide a European - ,

engineering and production base.

Facilities •  Three facilities support our efforts to best meet our 

customers' needs. Our original Hinsdale, Illinois, location houses 

cable manufacturing, assembly production and product development 

activities. A new Willowbrook, Illinois, facility focuses on specialized 

cable assembly production and our facility in Mexico supports high 

volume manufacturing.

R M A N C E

Service  •  Storm Products-RF/Microwave Group is committed to 

total customer satisfaction based on quality products, backed by 

the personalized service of our knowledgeable sales team.

RF/MICROWAVE GROUP 
116 Shore Drive • Hinsdale, IL 60521 
TEL 630.323.9 121 • FAX 630.323.9398  
TOLL FREE 888.347.8676  
www.stormproducts.com

http://www.stormproducts.com


More than 20 yeärs experience supplying 
H I G H  P E R F O R M A N C E
i n t e r c o n n e c t s  F O R . . .

Spaceflight...
where our interconnects have more than
ten years of space heritoge. Outstanding 
thermal stabiiity over wide temperature spons 
and low  outgas materials. Special products to 
meet demanding PIM specifications.

Defense Electronics...
for needs rangi high power fo

: ' . i i' ' '
products to withstand the severe conditions 
of shipboard, airborne or ground-based 
operations, A low-density PTFE dielectric
reduces aften uation by up to 30% over 
convenfional. materials.

R actó .'.
systems, including phased array. Products 
and processes optimize phase tracking over 
frequency and temperature. Miniature 
products with blindmate connector interfaces 
such as GPO™ and GPPO™ allow increased 
packing density.

ïsh&Cötn.,.
systems and test gear. Our microwave 
products provide clear signa! transmission 
even as SONET rates exceed 10 Gb/sec; our 
optical products provide the same transparent 
performance outside the electrical world.

Wireless...
systems. The outstanding thermal stabiiity 
of our semi-rigid products eliminates 
dielectric expansion during automated ; 
soldering processes.

where our interconnects are used 
extensively due to their rugged construction 
and reputation for consistent performance.

RF/MICROWAVE GROUP 
116 Shore Drive • Hinsdale, 1L 60521

TEL :W’ 1 T WWVlvEjp;
TOLL FREE 888.347.8676  
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TECHNICAL FEATURE

SWITCHED-COUPLER
Measurements 
for High Power 
RF Calibrations
This article describes the design and operational theory behind a new high power 
measurement System recently developed at the National Institute o f  Standards 
and Technology (NIST). This new System utilizes the established low power 
bolometer calibration service and extends measurement capability up to 1 k W  in 
the 2 to 1000 M Hz frequency range.

In order to meet the demand for higher 
power calibrations, a new high power mea­
surement System had to be developed. 

The cascaded-coupler technique, originally 
discussed by Kenneth Bramall in 1971,1 was 
chosen for its ability to achieve an acceptable 
uncertainty at minimum cost. Specifically, the 
technique allows the calibration of a bolome­
te r m ount m easured on the existing mi- 
crocalorimeter System to be transferred to 1 
kW with measurement uncertainties on the 
order of two percent.

THEORY OF OPERATION 
The Cascaded-coupler Technique 
(Perfectly Matched Condition)

ln the cascaded-coupler technique, the cali­
bration of a low power (10 mW) bolometric 

cou \er chain ^ ectionâ  power sensor is sequentially transferred to sim-

ilar sensors on the sidearms of a coupler chain, 
as shown in Figure 1. The 10 dB coupler in- 
crement was chosen so that the bolometric 
sensors would operate from 1 to 10 mW, the 
range over which these sensors in combination 
with the NIST Type IV power meter have the 
lowest measurement uncertainty.2

Calibration of the coupler chain begins by 
connecting the calibrated sensor to the output 
port of the coupler chain and adjusting the pow­
er until the sensor reads 10 mW The sensor on 
the sidearm of the 10 dB coupler should then 
read approximately 1 mW due to the 10 dB 
coupling ratio. It is now possible to determine 
the ratio between the reading on the calibrated 
sensor and that of the 10 dB sidearm. This 
method calibrates the coupling ratio for the 10 
dB coupler and, to the extent that the system is 
linear, die ratio will remain constant. For now, 
perfecdy matched and linear conditions are as- 
sumed so that the effects of impedance mis­
match and nonlinearity can be ignored.

[Continued on page 24]

J. W ayde Allen
National Institute o f Standards 

and Technology (NIST)
Boulder; CO
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Single & Dual Directional • 10 MHz to 40 GHz • Wide Bandwidths
High Power • High Directivity • Low Insertion Loss • Low VSWR
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Stripline or Airline Construction 
Flat, Accurate Coupling 
Low Intermodulation 
Excellent Size to Power Ratio

SM A, N, BNC, INC, E IA , 7/16 
or Surface Mount

500. o r  750  
MIL-E-5400, Class 3 

ISO-9002 CerHfied 
Send fo r  Our 

Cata log Today! -i

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

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

RLC is your complete Microwave Component source...
Switches, Filters, Power Dividers, Terrriinations, Attenuators, DC Blocks, Bias Tees & Detectors.
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TECHNICAL FEATURE
Replacing the calibrated sensor 

with a matched load gives

where

Ps = power delivered to the 
calibrated mount 
(approximately 10 mW)

Px = power read from the 10 dB
sidearm (approximately 1 mW) 

P|i = power delivered to the load 
Plx = 10 dB sidearm power with Pjj 

delivered to the load

Solving Equation 1 for P|, gives

P l l = ^ P  (2)
M

If the power is now increased until 
the 10 dB coupler sidearm power 
reads approximately 10 mW, the pow­
er at the sidearm of the 20 dB cou­
pler will he close to 1 mW. Forming a 
new set of ratios between the detec­
tors on the 10 and 20 dB coupler 
sidearms results in

where

P| ] = load power referenced to the 
10 dB sidearm

P2 = power reading on the 20 dB 
sidearm with 10 mW on the 10 
dB sidearm

Pj2 = load power referenced to the 
20 dB coupler sidearm 

P2x = 20 dB sidearm power with P^ 
delivered to the load

Substituting Equation 2 for P^ and 
solving for P]2 gives

At this point, the 10 dB coupler is no 
longer needed and must be physically 
removed from the coupler chain before 
the power is further increased. Increas- 
ing the power without removing the 
coupler will overload the power detec­
tor on the 10 dB coupler sidearm.

Increasing the power, forming the 
ratio of powers and physically remov­
ing the lowest power coupler stage

$>TVÏTI

Mini 0CX0 Consumes < □ - MS Watts

Thermal s ta b ii ity  from tl-SSE-GCL to ±3-5ÜE-GOfc» over a 10D°C 
temp. range —  Herme.tically sealed package —  Low power 
consumption of <D-M5W 3 +ES°C —  Ideal for battary powered 
apps* —  Tuned to exact specs- —  C all: 17fl-4b5-Ü[lt.4

Frequency Range 3fi tlHz to 3
Aging 5-DOE-IXA/da

5-O0E-OO7/yr
Phase Noisei IDHz offset -60 dBc/Hz 
10Q kHz offset -lbO dBc/Hz

Output +7 dEm
Crystal Cut AT
Package Size 14 pinML.x •

can be continued to extend the power 
calibration as far as required. For the 
diagrammed coupler chain, the pow­
er equation for the final 50 dB cou­
pler is expressed as

p - W k i k l k , ,  (5)
PS P, P3 P2 Pi

Effect of Impedance Mismatch 
on the Cascaded-coupler Equation

In the preceding discussion it was 
assumed that all of the impedances 
are matched. In general they are not, 
and it is necessary to include a mis­
match correction in the cascading 
equation. Because the mismatch cor­
rection depends on the equivalent 
generator refleetion coëfficiënt (rg) of 
the coupler chain, it is important to 
understand how removing couplers 
from the chain affects the measure- 
ment. To understand the effect of cou­
pler removal on the mismatch correc­
tion, the definition of Tg must be con- 
sidered. This definition has been 
docum ented in several places by 
Glenn Engen,3-4 but can be summa- 
rized as follows. Consider the circuit 
shown in Figure 2. The scattering pa­
rameter representation of the emer- 
gent wave amplitude b2 produees4

^2

where

(6)

r d = a 3
b3

Since the coupler or sensor is not 
changing, both the scattering parame­
ters and r d are constant and the scat­
tering parameter representation can be 
simplified by writing it in the form

= b 3Scoupler+ a 2r g (V
where

r g = equivalent refleetion coëfficiënt4

Ak Fig. 2 A single coupler circuit.

[Continued on page 26]
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An i n f i n i t e l y  s m a r t e r  
and s a f e r  way 

t o  c r os s  t he  r o a d .

Coming from Anareni April EODD-
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TECHNICAL FEATURE

Switches

RF-Microwave Components

•  Immediate Delivery
•  High Performance
•  Low Cost 

Superior Seleclion 
o . a B s ^ e . s  b i u

Power Dividers 
Couplers 
Switches 
Hybrids
Isolators/Circulators
Attenuators
Terminations
“ ° rs is "™
Amplifiers 

ST Waveguide 
Custom Designs

See Online Catalog at: 
http ://www,irtcli.com

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

Microwave 
Communications 
Laboratories Inc.

7255 30th Avenue North 
St. Petersburg. FL 33710 

http://www.mcli.com

r = s s - ^  (8)
$31

and

In other words, the scattering para­
meter representation of the coupler 
can be replaced with the microwave 
equivalent of Thevenin’s theorem,4 as 
shown in Figure 3.

Of particular interest is that T„ de- 
pends only on the internal eharacter- 
istics of the directional coupler, not 
on anything that precedes the cou­
pler. More importantly, the ratio of 
the power delivered to the couplers 
sidearm and the power delivered to 
its load is not affected by anything 
preceding the coupler. Now note that 
during the initial calibration only the 
10 dB coupler is used. The other cou­
plers contribute only their insertion 
loss so the en tire  chain can be 
thought of as one large 10 dB direc­
tional coupler, as shown in Figure 4. 
Here, the only Tg of interest is the 
one measured for the entire coupler 
chain referred to the 10 dB coupler 
sidearm, and it can be used along 
with the values of Ts and T] to com- 
pute the impedance mismatch be­
tween both Ps and the test load.

In the next step, transferring the 
calibration from the 10 dB coupler to 
the 20 dB coupler sidearm, the power 
is increased until the power on the 20 
dB sidearm can be read. Nothing eise 
is changed, but it is now known how 
the power delivered to the load 
changes with respect to both the 10 
dB and 20 dB sidearm powers. At this

©

Y  = *

( S H ^ h

G h

bz = bj Scoopler + a2 Tg b2= bg + a2 Tg

J k  Fig. 3 An equivalent genen 
representation o f a directUmal c

Fig. 4 An equivalent circuit 
fo r  first-stage calibration. V

Z u ,

point, since the relationship between 
the 20 dB coupler sidearm power and 
the load power has been determined, 
the 10 dB coupler can be removed 
without affecting the calibration. The 
transfer to subsequent couplers con- 
tinues in the same way; as long as the 
test load is not changed, only the ini­
tial mismatch conditions need to be 
considered.

Since a measurement System can- 
not be constructed using perfect 
power sensors and perfect impedance 
matching between the components, 
Equation 2 must be modified to de- 
scribe the more general condition. 
This objective is accomplished by 
noting that the level indicated by any 
of the power meters will be only the 
power delivered to the meter multi- 
plied by the bolometer’s effective ef­
ficiency q so that

Ps =  M st| sP s (10)

Pl n„_  = (11)

P ,x„„„ = (12)

where
p

smeter = DC substituted power 
reading on the meter 
connected to bolometer Ps

Ms = mismatch between the 
coupler chain and the 
bolometer mount Ps

fis = effective efficiency of 
bolometer Ps

ps = net power delivered to 
bolometer Ps

Plmeter = power indicated by the 
sidearm meter P] with Ps 
attached

Mx = mismatch between the 
coupler sidearm and the 
bolometer

Bl = effective efficiency of 
meter PA

P i = net power delivered to 
meter Pl

P 1xmete,r = power indicated on meter 
Fl after attaching the load 
and increasing the System 
power

= net power delivered to 
meter P1 after attaching 
the load and increasing the 
System power

Similarly, the power delivered to the 
load is given by

Pijj._j =M tP, (13)

[Continued on page 28]
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High IP3

MODEL FREQJ GAIN NOISE FIG. 3RD ORDER ICP
NUMBER MHZ dB NOM dB TYP dB MIN

Cellular-Band Amplifiers
JCA01-C01 800-960 24 0.9 32
JCA01-C02 800-960 24 1.1 37
JCA01-C03 800-960 24 1.2 40
JCA01-C04 800-960 24 1.3 42
JCA01-C05 800-960 42 0.9 32
JCA01-C06 800-960 42 1.1 37
JCA01-C07 800-960 42 1.2 40
JCA01-C08 800-960 42 1.3 42

PCS-Band Amplifiers
JCA12-PC01 1710-1990 24 0.9 32
JCA12-PC02 1710-1990 24 1.1 37
JCA12-PC03 1710-1990 24 1.2 40
JCA12-PC04 1710-1990 24 1.3 42
JCA12-PC05 1710-1990 40 0.9 32
JCA12-PC06 1710-1990 40 1.1 37
JCA12-PC07 1710-1990 40 1.2 40
JCA12-PC08 1710-1990 40 1.3 42

WLL-Band Amplifiers
JCA23-W01 2300-2500 24 1.0 32
JCA23-W02 2300-2500 24 1.2 37 \V
JCA23-W03 2300-2500 24 1.3 40 M
JCA23-W04 2300-2500 24 1.5 42
JCA23-W05 2300-2500 41 1.0 32
JCA23-W06 2300-2500 41 1.2 37
JCA23-W07 2300-2500 41 1.3 40
JCA23-W08 2300-2500 41 1.5 42

•  Remouabte SIRR Connectors for 
Drop-in/microstrlp Applications

JCA can customize the above amplifier specifications to 
meet the customer's exact performance requirements 

for Cellular, PCS and WLL Bands.

•  Competitiue Priclng
•  Compact Slze
•  Quick Delivery

Delivery iin 2-4 weeks ARO
JCA's catalog can now be downloaded 

from the Web at www.jcatech.com

4000 Via Pescador, C am arillo , CA 93012 •  (805)445-9888

http://www.jcatech.com


TECHNICAL FEATURE
where

P] = net power delivered to the load 
Mi = mismatch between the coupler 

chain and the attached load

Solving Equations 10-13 
delivered powers yields

Pw

for the net

s Msr|s
(14)

P‘ M jt i,
(15)

pi*..,„ 
Pl1 ~  M ,ti ,

(16)

P| = Ml
(17)

These equations then caii be substi-
tuted into Equation 2 to produce

P l ^  

Mi and Ms

M, = -

Pi*.«, M, Ps„

PW Ms T|s

are defined4 as

i - f t l 2T i ’- l r J 2 !

(18)

(19)

and

U - r j  i - r j

Substituting these values into Equa­
tion 18 and generalizing for multiple 
coupler stages results in the correct- 
ed cascaded-coupler equation

Pi,
P„x.... P2k„„„ P l , ^

’ä P..,» „  "  P2 „ „  P '„ « ,  

pSmmr i-|r,f j i- rsr j 2 
C  i-|r,|2|1" r’rg|

(21)

SYSTEM DESIGN 
Hardware

The previous discussion shows that 
the hardware requirements for the 
construction of a cascaded-coupler 
System are relatively modest. Only 
the couplers required to create the 
coupler chain, power meters for the 
coupler sidearms and an RF signal 
source capable of delivering the re­
quired power are required. The cou-

Ak. Fig. 5 The measurement system’s block diagram.

pier chain itself can be manually con­
nected and the couplers removed as 
the measurement proceeds. This de­
sign works well for the occasional 
measurement but is less attractive 
when a regulär measurement pro­
gram is anticipated.

With this limitation in mind, the 
System developed at NIST is designed 
to perform these functions under 
computer control. Automating the 
measurement of the bolometer power 
levels is quite straightforward and is 
achieved through the use of commer­
cial digital Voltmeters (DVM), NIST 
Type IV power meters2 and a com­
mercial switch control unit or Scanner. 
Figure 5 shows a block diagram of 
the System.

Two DVMs have been used to 
minimize the time difference be­
tween the power meter readings. Ad- 
ditionally, two Type IV power meters 
are connected to each bolom eter 
mount. One of the power meters and 
the compensation element serve as a 
reference voltage generator. The oth­
er meter is connected to the RF mea­
surement thermistors. This configu- 
ration helps correct for thermal drift 
in the bolometer mount and keeps 
the output voltage from the com- 
bined power meters in the DVMs’ 
most accurate operating range.2’5 
Figure 6 shows the wiring diagram 
for each bolom eter. W ith this 
arrangement, the voltage can be read 
directly from the Type IV meter con­
nected to the RF measurement bead

^  Fig. 6 A power measurement circuit.

RF MEASUREMENT COMPENSATION 
ELEMENT ELEMENT

BOLOMETER

by opening switch S2 and closing Sl, 
or the voltage differenee resulting 
from the series connection of both 
meters is read by opening S l and 
closing S2.

Converting the DVM readings to 
RF power follows the procedure de- 
scribed by Clague.5 Initially, switch 
Sl is closed and the voltage read with 
no RF power applied to produce the 

['Continued on page 32]
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TECHNICAL FEATURE

Jk, Fig. 7 The switched-coupler chain.

initial zero power reading VAi at time 
tj. Next, switch S l is opened and 
switch S2 is closed, giving a new off­
power voltage Vlxi with the series 
combination of the Type IV power 
meters at time t2. The RF power is 
then turned on and, with switch S2 
still closed, voltage is measured at 
time t3. After the RF power has been 
turned off, the voltage of the series 
power m eter combination V]xf at 
time t4 is measured. Finally, switch 
S2 is opened and switch Sl is closed. 
The final off-power voltag e f c i s  
then measured at time t5. Combining 
these measurements so that

(22)

and 

AV =

(23)

provides the values needed for Substi­
tu tio n  in to  th e  Type IV p ow er 
equation5

p= K ^ ( 2Vl_AV)AV (24) 

where

Rq = operating resistance of the mount 
Kb= mount calibration factor

Computer control of the cascaded- 
coupler chain is achieved using a ma­
trix of RF switches connecting the 
couplers, as shown in Figure 7. This 
conriguration allows the computer to 
set the switches so that all die cou­
plers are connected at the start of the 
measurement cycle and to remove 
the appropriate couplers as the power 
level increases. Ilowever, the added 
insertion loss and power-handling ca-

pacity of the switch­
es put a limit on the 
power that can be 
switehed.

Typical insertion 
loss for high power 
coaxial switches is 
0.2 dB. Therefore, 
the inclusion of the 
eight switches adds 
approximately 1.6 

dB of loss to the coupler chain. Ig- 
noring the insertion loss of the cou­
plers means that the RF source 
would be required to supply nearly 
1.5 kW in order to overcome the loss 
in the switching matrix. This power 
level exceeds the 1.1 kW power rat­
ing on the switches used and the 
maximum power capability of the sig­
nal source. Simply excluding the final 
50 dB coupler from the switching 
matrix minimizes this problem. With 
this arrangement, the operator manu- 
ally connects the 50 dB coupler and 
calibrated bolometer Ps to the output 
of the switehed coupler matrix before 
starting the measurement.

The computer initializes the cou­
pler matrix by connecting all of the 
couplers in series and measures the 
power ratio between Ps and as 
previously described. The operator 
then replaces Ps with the RF load, 
and the com puter autom atically 
transfers the power calibration down 
die chain. This procedure sets up the 
calibration for die final 50 dB coupler 
and is sufficiënt for power measure­
ments up to 100 W.

In this mode, the generator only 
needs to supply approximately 150 W 
to overcome the switch losses. To 
measure powers higher than 100 W, 
the operator simply disconnects the 
50 dB coupler from the switched- 
coupler matrix and reconnects it di­
rectly to the RF generator. The pow­
er then can be increased until 1000 
W appears at the output of the 50 dB 
coupler and, assuming diat the cou­
pler has approximately 0.2 dB of in­
sertion loss, the generator only needs 
to supply 1050 W.

Software
The software for the measurem ent 

System was designed on the premise 
diat it is easier to test, troubleshoot 
and maintain several small programs 
rather than one very large program. 
This p rocedure allows the  code d e ­

velopment to be split among the peo- 
ple working on the project and has 
the added benefit of the separate 
programs performing consistency 
checks on each others data. For this 
project, the software was split into 
three main application groups: instru­
ment control, data analysis and report 
generation.

The instrument control program is 
the interface to the actual measure­
ment hardware. It defines the mea­
surement process and collects the 
data for final analysis. Only a minimal 
amount of computation, such as the 
conversion of the Type IV DVM 
readings to RF power, is accom- 
plished at this level. Data collected 
by the instrument control program 
are made available for subsequent 
processing as a pure ASCII file.

Data are analyzed by several Perl 
programs. One such program fonnats 
these data into a more human-read- 
able form (bramview) and another 
computes the Type B uncertainty 
(bramerr). Another program formats 
the output from the bramerr program 
into an ASCII grid suitable for import- 
ing into almost any spreadsheet pro­
gram. This procedure allows the re- 
sults from a series of measurement cy- 
cles to be combined into a single 
spreadsheet, summarized and the 
Type A uncertainty computed. The 
spreadsheet also faeilitates the cre- 
ation of a table of results that can be 
imported into a word processing pro­
gram that generates the final report.

Ultimately, as more experience 
with the idiosyncrasies of the system 
is developed, the final data analysis 
and report-generation functions may 
be automated. With the highly modu­
lar design of the systems data struc- 
ture, adding this functionality or 
changing the analysis does not re- 
quire a major rewrite of any large 
pieces of code with the subsequent 
danger of breaking the existing func­
tionality

UNCERTAINTY ANALYSIS
Following the conventions de­

scribed in M S T  Technical Note 
1297,6 the system uncertainty analysis 
is composed of three fundamental 
parts: Type A (Ua), Type B (Ub) and 
expanded uncertainty (U). Type A 
uncertainties are those based on any

[Continued on page 34]
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TECHNICAL FEATURE
valid Statistical method for data analy­
sis. Type B uncertainties are those 
determ ined by any other method. 
The expanded uncertain ty  is ex- 
pressed as

'•’y - a j u f + ü |  (25)

Type A Uncertainty
The cascaded-coupler system is nor- 

rnally used to compare the power indi­
cated by a high power detector (Pjllt) to

the calibrated power delivered to the 
detector by the coupler chain (Pf). The 
ratio of these two powers

K = Fj"‘ (26)

is the calibration factor for the meter 
and can be computed at any arbitrary 
power during the calibration of the 
coupler chain. Since the calibration 
factor K is the value reported to the

customer, this is the term that ulti- 
mately must be assigned an uncer­
tainty. In this ease, the Type A uncer­
tainty is determined by computing 
the Standard deviation of the mean 
values of K determined at each pow­
er over at least three full calibrations 
of the cascaded-coupler chain, or

where

Ua = sample Standard deviation of 
the calibration factor K 

Kj = calibration factor for any 
single measurement 

KaVg = average calibration factor 
n = number of measurements 

made

One difficulty with this approach is 
that it assumes that between any two 
calibrations the measurement system 
can be reset to any given power. In 
practice, the power only can be reset 
to within several tens of watts. Fortu- 
nately, over this range the Variation in 
K does not appear to be highly corre- 
lated with this Variation in power. This 
lack of correlation indicates that a 
more complex multivariate Statistical 
approach is not really warranted.

Instead, the fluctuation in power is 
simply ignored, and the average of 
the measured powers is reported. 
The reported value is effectively posi- 
tioned at the center of the ciuster of 
data and permits computation of the.“ 
random Variation or Type A uncer­
tainty of the calibration factor K as 
given by E quation 27. F igure  8

A l Fig. 8 The reported calibration factor 
K and its Type A uncertainty fo r  a typical 
raio data set.

[Continued on page 38]
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TECHNICAL FEATURE
shows how the reported value of K 
and its Type A uncertainty compare 
for a typical set of data.

Type B Uncertainty
Several modifications to Equa- 

tion 21 simplify the Type B uncer­
tainty analysis. First, the reflection 
coëfficiënt term s can be grouped 
together to define a general mis­
match term

l -  r, l - r r l
(28)

and, second,

Ps
F  _ w _  (29)

Tis

Thus, the solution for the first cou- 
pler stage is written as

0.5 flatness

high
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range
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Pu,, ] = | l= a i - F ,M  (30)

Next, taking the partial derivatives for 
each of the terms in Equation 30 and 
computing the fractional change in 
Plldelivered resillts “1 ^ ie expression

AP1X|[|c(e; AP)to||| AP's AM
P1Xineter + Plmc[cr + P’s + M

(31)
An additional uncertainty term can 
be found by noting that Equation 21 
assumes the directional couplers used 
in the system are linear, meaning that 
the coupling ratio

P'
Ci = ^ ~  W

is constant. Equation 32 can be sub- 
stituted into Equation 30 to produce

P»w™d =Pl*«hrC1M (33)

whieh indicates that the fractional 
change in P]i<ie]iveref} due to a change 
in the coupling ratio  is ACj/Cb. 
Adding this eoupler nonlinearity term 
to Equation 31 produces an expres­
sion for the fractional uncertainty due 
to the first eoupler stage:

Âli'ddivered APlxmetcr

APlmeter AFs AM AQ

Plmctcr + P'S + M C1
(34)

The solution for the second-stage 
equation can be written in terms of 
Equation 30 as

(35)

The approach used to derive Equa­
tion 31 is then applied to Equation 35 
to obtain

[Continued on page 41 ]
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TECHNICAL FEATURE
where C2 is the fractional change in 
the coupling ratio for the second di- 
rectional eoupler. Equation 36 can be 
general ized further so that the total 
uncertainty of any stage following the 
first one can be written as

APlr'dclivercd _ APnX,,,

Plndol l
AP>'„,,ter

(37)
Referring back to Equation 26, note 
that die calibration factor K only de- 
pends on the two values and
Pldelivered‘ SinCe for Siven mea~ 
surement P<jut is just the power read 
from the customers device, the un­
certainty Ub depends only on the un- 
c e r ta in ty in P ^ u ^ o r

(38)

A rectangular distribution is assumed 
for each of the terms in Ub. All that 
remains is to determine accurate esti- 
mates for each of the uncertainty 
terms: fractional uncertainty in the 
bolometric power readings (AP'S/P 'S 
and APn/Pn), fractional uncertainty in 
the mismatch term (AM/M) and cou­
pling ratio stability or nonlinearity 
term (ACn/Cn).

The calibrated power P's is deter- 
mined from the DC substituted pow­
er indicated by the Type IV power 
meter and the calibrated value of the 
mount’s effective efficiency (t|s) as

(39)

Consequently, the uncertainty in the 
value of P's is expressed as

AFs = J aP 2 ~ +Allf (40)

The value Aqs comes fforn the calibra­
tion of the mount Ps. The value for 
APsmeter is computed from the uncer- 
tainties in the Type IV power meter 
and the Voltmeter used to read the bias 
voltages. This computation has been 
coded directly into the software used to 
compute the DC substituted power 
since the raw power meter voltages are 
most readily accessible at this level. 
The computation of the DC substitut­
ed power uncertainty when using the
MTCROWAVF. tOURNAT. ■ MARCH 2000___

Type IV power meter has been covered 
in previous publications.2>7 For the 
power measurements made on the 
eoupler sidearms, a correction for ef­
fective efficiency is not required since 
these mounts are calibrated in place 
against the mount Ps. Only the mea- 
sured DC substituted power uncertain­
ty needs to be considered.

Measurement of the reflection co- 
efficients rj, Ts and Tg are made us­
ing either a vector network analyzer

or six-port network analyzer. The re- 
sulting uncertainties are on the order 
of 0.005 in the real and imaginary 
components. The uncertainty analysis 
software (bram err) computes the 
mismatch from the measured reflec­
tion coefficients T], Ts and T„ and the 
64 possible variations in the mis­
match due to the addition or subtrac- 
tion of 0.005 from the real and imagi­
nary components. The maximum dif- 
ference between M and one of the 64

IG H  1 E M P E R A T U R E
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TECHNICAL FEATURE
mismatch variants is used as the mis- Equation 21 assumes that the sys- 
match uncertainty AM. tem is linear and the measured power

ÉL Fig. 9 Test setup fo r  determining eoupler nonlinearity.

Sw itched F ilte r  Bank

ratios are constant. Unfortunately, the 
world is not perfect and the possibili- 
ty that the ratios depend on power 
must be considered. A direct mea- 
surement of the power coupling ratio 
is not possible because it would ex- 
ceed the dynamic range of the avail­
able power sensors and is the reason 
for building the cascaded-coupler Sys­
tem in the first place. However, as- 
suming that changes in the coupling 
ratio are most likely caused by ther­
mal expansion in the eoupler, an ex­
periment can be designed to produee 
a reasonable estimate for the uncer­
tainty due to eoupler nonlinearity.

The setup used for determining 
eoupler nonlinearity is shown in Fig- 
ure 9. The switches can be set so that 
a low power source can deliver a Sig­
nal that can be sampled by both pow­
er detectors P3 and P2. The attenua- 
tion factor (a) is chosen so that the 
detectors P3 and P2 are operating 
within their normal operating range 
and is assumed to be constant. These 
powers then can be used to compute 
the coupling ratio

Setting the switches so that the 
output of the eoupler is connected to 
the 1 kW load and applying a high 
power signal heats the eoupler with 
the RF in the same manner in which 
it is used in the eoupler chain. The 
powers P3 and P2 can be remeasured 
on the hot eoupler by turning off the 
heating power and immediately re- 
setting the switches to the low power 
circuit. The fractional uncertainty 
due to eoupler nonlinearity is then 
expressed as

cto -Croy
CeJd

where

Ccold= coupling ratio measured
before applying the heating 
power

Chot = resulting measurement 
afterwards

Tests conducted on water-cooled 
couplers produced values for the frac­
tional uncertainty ranging from 0.00008 
to 0.0005. Since this value Ls so small, 
creating a separate uncertainty for each 
eoupler was not worth the extra effort.

[Continued on page 44]
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into Narda switches, many of which 

are patented.

In addition, you get more than an 

assurance of Narda’s quality and reliability. 

You get our guarantee. Narda guarantees 

Operation of one-million to two-million 
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performance degradation.
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f  TECHNICAL FEATURE
The maximum value of 0.0005 was cho- 
sen to be a reasonable estimate of the 
fractional uncertainty due to nonlinear­
ity in each eoupler stage.

COMPARISON TEST RESULTS
To ensure continuity between the 

new switched-coupler measurement

HISTORICAL DATA 
SWITCHED-COUPLER 
SYSTEM ________

Jk  Fig. 10 Comparison o f historical 
calibration data with the switched-coupler 
system data at 30 MHz.

System and the older, low frequency 
Bramall system,8 comparison mea- 
surements were performed on a feed- 
through wattmeter. Figure 10 shows 
how these two Systems compare at 30 
MHz. This frequency is the only 
point where measurement data up to 
1000 W exist on the low frequency 
system. The data show that there is 
good agreement between both mea­
surement Systems.

Table 1 lists representative data tak­
en with the new measurement system. 
The AP/P uncertainty is the sum of the 
power ratio uncertainties given in 
Equation 37. As can be seen, typical 
uncertainties lie between one and two 
percent. Some degradation of the sys­
tem uncertainty at frequencies around 
850 MHz and higher caused by a de- 
crease in repeatability between multi­
ple calibrations of the eoupler chain is 
observed. However, this degradation 
could be due to increased amplifier 
noise. Work is continuing in an attempt

TABLE I
TYPICAL MEASUREMENT DATA

Frequency
(MHz)

Power
(w)

AP : 

(%)

AP ■ 
P" 

(%)
f f

(%)
(%>

U_
(%)

Ub
{%}

U
(%)

550 0.572 0.05 0.24 0.10 0.992 0.71 0.40 1.63

550 13.525 0.08 0.24 0.15 1.003 0.83 0.47 1.91

550 93.424 : 0.10 0.24 0.20 1.019 0.79 0.54 1.92

550 993.85 0.12 0.24 0.25 1.025 0.82 0.61 2.04

to reduce the random uncertainty in 
the higher frequency bands.

ACKNOWLEDGMENT
The material in this article was 

reprinted from NIST Technical Note 
1510, July 1999. ■  * 1

References
1. K.E. Bramall, “Accurate Microwave High 

Power Measurements Using a Cascaded 
Coupler Method,” Journal o f Research o f 
the National Bureau o f Standards, 75C(3 
and 4), July-December 1971, pp. 185-192.

2. N.T. Larsen, “A New Self-balancing DC- 
substitution RF Power Meter,” IEEE Trans- 
actions on Instrumentation and Measure­
ment, IM-25, 4, December 1976, pp. 28-32.

3. G.F. Engen, “Amplitude Stabilization of a 
Microwave Signal Source,” IRE Transac­
tions on Microwave Theory and Tech- 
niques, MTT-6, April 1958, pp. 202-206.

4. G.F. Engen, “Microwave Circuit Theory 
and FoundaÜons of Microwave Metrolo- 
gy,” IEEE Electrical Measurement Series 9, 
Peter Peregrinus Ltd., London, UK, 1992.

5. F. Clague, NIST Model PM2 Power Mea­
surement System fo r  1 m W  at I GHz, 
NISTIR 5016, National Institute of Stan­
dards and Technology, December 1993.

6. B.N. Taylor and C.E. Kuyatt, Guidelines 
fo r  Evahiating and Expressing the Uncer­
tainty o f N IS f Measurement Results, Tech­
nical Note 1297, National Institute of Stan­
dards and Technology, 1994.

7. N.T. Larsen, NBS Type IV RF Power Me­
ter Operation and Maintenance, NB SIR 
77-866, US National Bureau of Standards, 
October 1977.

8. G. Rebuldela and J.A. Jargon, “High Power 
CW Wattmeter Calibration at NIST,” Jour­
nal o f Research o f the National Institute o f 
Standards and Technology, 97(6), Novem- 
ber-December 1992,673-687.

COMMUNICATIONS ANTENNAS
SEAVEY ENGINEERING offers: 51,000 Sq. Ft. Manufacturing Facility
• Manufacturing • Currently Ship 5,000 Antennas/Month
• Design/Development
• Antenna Testing Services 
Testing Facilities:
• 100 - 4500 Ft. Outdoor Test Range
• Two Indoor Anechoic Test Chambers

CAD/CAM
Manufacturing Engineering 
J.I.T. Delivery
Fabrication & Machining 
CNC Machine Centers 
Heiiarc Welding 
Waveguide Bending

MANUFACTURING & DEVELOPMENT
' Contact us for your antenna manufacturing requirements.

SEAVEY ENGINEERING ASSOCIATES, INC.
28 Riverside Drive, Pembroke MA 02359

E-Mail: info@seaveyantenna.com • Web Site: http://www.seaveyantenna.c Phone (781) 829-4740 • FAX (781) 829-4590;

44 CIRCLE 150 ON READER SERVICE CARD MICROWAVE JOURNAL ■ MARCH 2000

mailto:info@seaveyantenna.com
http://www.seaveyantenna.c


i y . j j y . i j r a u  
V E F rm m

ie domain Simulation of waveforms 
in highly nonlinear microwave 

ï l  ! and optoeiectronic circuits

Complements frequency domain circuit
simulators allowing:
• prediction of voltacje waveforms at every 

node in a nonlinear circuit
• analysis of pulsed RF network responses
• analysis of filter stpp-function
• examination of transient and start-up times 

in oscillators
• visualization of swi^ching waveforms in fast 

digital circuits

Optotek
6 2  S t e a c f e .Q r i v 0 f 

. kanata , ONt 
] K 2K 2A 9

Rhone. (6:13) 's f |« a Ë  
North America (800),M l -2914 , 

Fax: (613)'5Öl4tó8WI!
www.optotek.com

sales@optotek.com

Imports ptmfëSSed S-parameter data. 
supportsmïsrancèd GaAs MESFET/HEMT 
models and integrates with the other 
components of Optotek’s MMICAD Suite 
for PCs.
•SCHEMATIC CAPTURE 
•LINEAR CIRCUIT SIMULATION 
•NONLINEAR WAVEFORM SIMULATOR 
•LAYOUT
•DATAACQUISITION 
•TEST EQUIPMENT CONTROL 
•YIELD ANALYSIS 
•FILTER SYNTHESIS

äfiB S K -A i'IS

MMICAD
i 1' ' i l ' il tif " ïl! fff fff ï <!, i

..the right tooi for the job

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


SURFACS MOUNT

RF TRANSFORMERS
off-the-shelf models...

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

surface mount transformers a great value. Our new ADT 
transformers are changing the face of RF transformer design 
with patent pending i t " Innovative Technology delivering 
small size, low cost, and better performance. This same 
leading edge transformer expertise can also develop your 
custom designs at catalog prices. So, simplify your transformer 
search...Big Time! Capitalize on the quality, design know-how, 
and off-the-shelf variety from Mini-Circuits. Call today!

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

C 3 Mini-Circuits' £ READERSEfMCECARD



NEWS FROM WASHINGTON

In collaboration with the 
Canadian Department of 
National Defence, Ray­

theon Systems Canada Ltd., 
a subsidiarv of Raytheon 
Co., has developed and suo 
cessfully demonstrated the 
HF SWR-503 long-range, 
high frequency surface- 
wave radar. The HF SWR- 
503 is a shore-based, ocean- 

ic surveillance system for monitoring illegal activities such 
as dmg trafficking, smuggling, piracy, illicit fishing and ille­
gal immigration. The surface-wave radar also can be used 
for tracking icebergs, environmental protection, search 
and rescue, resource protection, sovereignty monitoring 
and remote sensing of ocean surface currents and winds. 
lts long-range capability allows Coastal nations to monitor 
surface and low level airborne targets up to and beyond a 
200-nautical-mile exclusive economie zone (EEZ). The 
Canadian system consists of two land-based, long-range 
radars and an operational control center. The two un- 
manned radars will provide coverage of the Grand Banks 
region of Newfoundland as well as its fisheries and oil 
fields. Extensive performance; testing of the system was 
condueted using two fully funetional radars in conjunction 
with alternative surveillance sensors such as airborne 
radar, spotter aircraft and surface patrol craft, which veri- 
fied targets. The HF SWR-503 successfully detected and 
tracked all targets observed by the sensors, marking the 
worlds first successful demonstration of surface-wave 
radar technology that is capable of providing continuous, 
all-weather, real-time surveillance of EEZ waters.

O cean ic  

S urveillance R adar 

System Successfully 

D em o n stra ted

The National Aeronau- 
tics and Space Adminis­
tration^ (NASA) Goddard 

Space F light C enter has 
awarded a five-year con­
tract to Orbital Sciences 
Corp. for the design, pro- 
duction and testing  of 
small- and medium-class 
satellites used in space and 
E arth  Sciences and ad- 

vanced technology missions. Under the terms of the 
Rapid Spacecraft Acquisition contract administered by 
Goddards Rapid Spacecraft Development Office, NASA 
centers and laboratories and other govemment agencies 
will be able to procure five types of satellite platforms de­
veloped and manufactured by Orbital Sciences, including 
low earth orbit and geosynchronous orbit spacecraft. Each 
of the satellite platforms has a successful space flight her- 
itage based on an extensive history of 85 previous satellite 
missions performed by the Company during the last 18 
years. The flexible ordering structure is expected to re- 
duce NASAs satellite order-to-delivery cycle to as few as 
18 months. The contract has a maximum value of $1.5 B 
and is expected to cover orders until 2004.
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NASA Awards 

S a tellite  P ro d u ctio n  

C o n trac t

US Army Aw ards T h e  US Army has award- 
I  ed a contract to AAI 

C o n trac t fo r TUAV Corp., a subsidiarv’ of Unit­
ed Industrial Corp., for the 

Systems delivery of its new Tactical 
U nm anned Air Vehicle 
(TUAV) systems. The 
TUAV systems will provide 
Army com m anders with 
the capability to conduct 
reconnaissance, surveil­

lance and battlefield damage assessment. Under the 
terms of the initial contract, which is valued at more than 
$41 M, AAI will manufaeture and provide support for 
four low rate production TUAV systems for use by the 
Army in operational test and evaluation. The systems will 
feature the Shadow 200 air vehicle, which comprises 
three air vehicles, three ground control stations (including 
one portable ground control system), a hydraulic launcher 
and logistics support elements for deployment. Each air 
vehicle weighs approximately 325 lb fully loaded and mea- 
sures 13 ft between wing tips and 11 ft nose to tail. The 
entire system can be transported to the battlefield in two 
C-130 cargo aircraft. The Army also will have the option 
to purchase an additional six to 10 full-rate production 
systems follovving operational test and evaluation. AAI in- 
tends to deliver the first of four systems this year; the 
Army expects to purchase a total of 44 TUAV systems over 
the next five years, potentially exceeding the contracts 
value to more than $300 M. AAI has delivered more than 
230 UAVs worldwide.

Lockheed M artin  I  ockheed Martin Naval 
■■Electronics & Surveil- 

Receives A egis lance Systems (NE&SS), 
Moorestown, NJ, has re- 

P ro d u c tio n  A w ard ceive,| S175.3 M from the 
US Navy for the produc- 
tion of three Aegis weapon 
systems. The award is part 
o f a m ultiyear funding 
agreement between Lock­
heed Martin and the Navy 

that began in 1998 for the production of 13 Aegis weapon 
systems and includes an option for an additional system. 
The NE&SS is responsible for the design and integration 
of a complete shipboard, multiwarfare combat system that 
includes all detection, command and control, weapon and 
support systems for the Aegis dass of guided-missile 
cruisers and destroyers. The Aegis weapon system, which 
is designed and integrated into the Aegis combat system, 
includes the AN/SPY-1 phased-array radar, which is capa­
ble of simultaneously tracking multiple targets while 
maintaining aerial surveillance of an area. The multiyear 
agreement, including options, is valued at more than $926 
M. Delivery of the systems is scheduled to begin in Octo- 
ber and continue through January 2007. The work will be 
performed at Lockheed Martins NE&SS operating site in 
Moorestown, NJ.
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NEWS FROM WASHINGTON

The US G eneral Ac­
counting Office (GAO) 
has released a report, “Un- 

manned Aerial Vehieles: 
DoD’s Demonstration Ap- 
proach Has Improved Pro­
jec t O utcom es” (GAO/ 
NSIAD-99-33), which ex- 
amines the effectiveness of 
the D epartm ent of De- 
fense’s (DoD) Advanced 

Concept Technology Demonstration (ACTD) strategy for 
assessing Unmanned Aerial Vehicle (UAV) projects. The 
ACTD strategy focuses on mature technology and proving 
military utility before committing to a UAV project, there- 
by enabling the DoD to gain a stronger knowledge base 
for making well-informed aequisition decisions. To date, 
ACTD projects for the Predator and Outrider UAV sys­
tems have been completed, and an active ACTD project 
for the Global Hawk UAV system is currently underway.

Following the Vietnam War, the DoD initiated at least 
nine UAV aequisition programs that were later canceled 
before reaching completion, spending $4 B in the proeess. 
In 1994, as part of its aequisition reform efforts, the DoD 
adopted the ACTD strategy to more effectively assess 
UAV programs. Since its inception, the ACTD approach

has provided the DoD with a better basis for making UAV 
aequisition decisions. For example, the report notes that 
unsatisfactory ACTD results have led the DoD to discon­
tinue acquisitions, such as in the case of the DarkStar 
UAV, which crashed on its second flight trial and was ter- 
minated before its demonstration was completed. The 
ACTD determined that DarkStar was not aerodynamical- 
ly stable and correcting the design problems that caused 
the crash would become expensive and time consuming.

Prior to the ACTD approach, the DoD had allowed 
rograms to proceed with mueh less knowledge (and thus 
igher risk) of technologies, design and potential produc­

tion problems, as in the case of the Aquila UAV. As cited in 
the report, when the DoD committed to the Aquila UAV 
system in 1979, the system was not technologically mature. 
Several of the system’s key Subsystems, such as a miniatur- 
ized jam-resistant data link and a day/night sensor with 
laser designator, did not exist. By 1982, largely due to the 
problems of developing subsystem technologies, Aquila s 
costs quintupled and the Schedule slipped 27 months. At 
the time the DoD opted to continue the program, hut ter- 
minated Aquila in 1987 after spending more than $1 B in 
development funds. The report concludes that the DoD's 
ACTD approach is consistent with the best commercial 
practices, which require proof of technological maturity 
and performance before making commitments. ■

DoD ACTD 

S tra tegy  fo r UAV 

A ssessm ent 

Exam ined
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The International Tele- 
communications Satel­
lite (INTELSAT) Organisa­

tion has awarded a contract 
to Franco-British contractor 
M atra Marconi Space to 
build the INTELSAT NI- 
Alpha telecommimications 
satellite. Considered the 
largest and most powerful 
satellite ever procured by 

INTELSAT, the NI-Alpha will employ Matra Marconi’s 
high powered version of Eurostar 3000 to provide opera­
tors with a high number of transponders. The NI-Alpha 
will be outfitted with 36 C-band (4 to 8 GHz) transponders 
to cover North, Central and South America as well as west­
ern Europe, and 20 Ku-band (12 to 18 GHz) transponders 
to provide coverage in Latin America. Compatible with a 
range of launch vehicles, including the Ariane, Proton and 
Sea Launch rockets, the satellite will be located in the West 
Atlantic Ocean region at 310 degrees east longitude with a 
launch mass of 5000 kg and output on the order of 8 kW. 
Once in orbit, the spacecraft is expected to have a service 
life of 13 years. The NI-Alpha eurrently is seheduled to 
launch during the sumrner of 2002. INTELSAT eurrently 
owns and operates a global Communications satellite Sys­
tem that provides capacity for voice, video, corporate/pri- 
vate networks and the Internet in more than 200 coun­
tries and territories.

Racal In tro d u cés  I  |K  contractor Racal 
\ ^ D e f e n c e  Electronics 

Surveillance EW has unveiled a new range of 
land-based electronic war- 

Systems fare (EW) systems. Desig- 
nated under the generic 
name of Seeker, two mod­
els have been identified: 
Seeker 4 and 5. Seeker 4 Ls 
a 20 to 1000 MHz regulato- 
ry, direction-finding (DF) 

surveillance and monitoring system that comprises Racals 
RA3726 dual-receiver, a PC and examples of the Compa­
nys AE3007 (3 to 30 MHz band) and AE3020 (30 to 1000 
MHz) Adcock DF antennas. Designed speeifically for in- 
stallation in wheeled vehicles, shelters and fixed sites, the 
system utilizes digital Signal processing techniques with 
the capability to demodulate amplitude- and frequency 
modulated, frequency-shiff keyed, continuous wave, and 
upper and lower sideband Signals. Seeker 5, which is de- 
rived from equipment supplied to the British Army and 
Royal Marines, covers the 20 to 1000 MHz frequency 
band and offers search, DF, intercept and Signals analysis 
capabilities. System control of Seeker 5 is by means of a 
ruggedised computer (running a Windows® NT operating 
system). Seeker 5 can be deployed in a number of opera­
tional configurations; for example, comprising a DF base­
line of four sensors under the overall control of a vehicle- 
mounted command centre.

INTELSAT 

to  P rocure  

Telecom m unications 

S atellite

INTERNATIONAL REPORT
M artin  S tree tly , In te rn a tio n a l C o rre sp o n d e n t

R ohde £r Schwarz / ^ e r m a n  contractor 
W  Rohde & Schwarz has 

Launches EMC Test launched the Ultralog HL 
562, a universal electro- 

A n ten n a  magnetic com patibility 
(EMC) test antenna for in- 
terference field strength 
and susceptibility measure- 
ments. Operating over the 
30 to 3000 MHz frequency 
band, the HL 562 incorpo- 

rates biconical dipole and directional log-periodic ele- 
ments. A V conFiguration of radiators is employed to opti- 
mise antenna gain and provide rotationally symmetrical 
and congruent directional pattems in the E- and H-planes 
at frequencies above 200 MHz. To minimise measure­
ment ambiguities, the unit has been designed to meet a 
Polarisation isolation value of at least 20 dB. The HL 562, 
which measures approximately 0.60 m x 1.65 m x 1.68 m, 
features a single-piece log-periodic array in order to max- 
imise mechanical stability and is calibrated prior to deliv- 
eiy using the three-antenna technique combined with tol- 
erance analysis. Individual calibration records are sup­
plied with each antenna for transfer to the test system. 
For additional information on Rohde & Schwarz prod­
ucts, visit www.rsd.de.

The UK s Ministry of De- 
fence has issued an invi- 
tation to tender to several 

Companies regarding a con­
cept study contract that re- 
lates to the British Armys 
next-generation Sender un- 
manned aerial vehicle 
(UAV). The Sender UAV is 
primarily intended to per- 
form a tactical surveillance 

role and will be equipped with a range of payloads that are 
likely to include both electro-optic and synthetic aper- 
ture/moving target radar (SAR/MTI) sensors. (Other possi- 
bilities include EW and/or Communications relay equip­
ment.) Potential Companies that may show interest in the 
UAV include UK contraetors BAe Systems and Racal De- 
fence Electronics, Israels Elta Electronics and US contrac­
tor Northrop Grumman. Of these, BAe Systems’ con- 
tenders may leverage technology from the SAR capability 
that the Company has developed for its Sea Spray 7000 
maritime surveillance radar while Elta is likely to offer 
technology based on its EIVM-2055 UAV and EIVM-2060 
podded fast-jet SARs. Racal Ls expected to offer a system 
based on its podded fast-jet SAR/MTI demonstrator or the 
lightweight, low volume modular radar developed by its 
Wells, Somerset plant. Northrop Grumman s bid is likely to 
be based on a lightweight variant of its TESAR sensor that 
was launched in the UK in September 1999. As of press 
time, the Sender concept study contract is seheduled to be 
released by this montli with a service entry data for the Sys­
tem expected around 2008.

N e x t-g en e ra tio n  

UAV C o n cep t 

S tudy In itia ted
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INTERNATIONAL REPORT

German contractor Sie­
mens Information and 
Communications Networks 

(SIGN) has been awarded 
two contracts for the supply 
of telecommunications intel­
ligent network services 
(INS) in the Middle East 
and Asia. In the Middle 
East, Jordanian carrier Fast­
link has announced plans to 

acquire an INS pre-pay add on for its existing mobile 
telecommunications network based on Siemens INXpress 
INS platform. The contract builds upon an earlier Siemens 
contract with Fastlink that covered the supply of switching 
technology. In Asia, SICN has been awarded a contract by 
Chinese mobile telecommunications provider Unicom to ex- 
pand its existing pre-pay INS. Unicom’s pre-pay service will 
be expanded from the original base of Beijing, Guangzhou, 
Shanghai and Shenzhen to an additional 17 provinces within 
the Peoples Republic of China. The Unicom INS expansion 
also is based on Siemens INXpress INS platform. The con­
tract, which was launched in 1999, is valued at Euro 55 M. 
Siemens, a provider of complete GSM systems, has already 
supplied GSM Systems to more than 140 network operators 
in more than 70 countries. Additional information can be ob- 
tained at www.siemen.com/ic/networks/ca.

Siem ens A w arded 

Telecom m unications 

In te llig en t N etw ork  

C on trac ts

www. nitsuki. com
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Philips Develops Netherlands contractor 
P

M em ory fo r  CMOS 

Technology

ing complete product; 
module allows memory

'Philips Semiconductors 
E m bedded Flash has developed the CMOS18 

Flash memory module, a 
two-transistor cell for use in 
its 0.18-pm complementary 
metal oxide semiconductor 

- (CMOS) technology. Form- 
ing part of the Company’s 
Nexperia™ Silicon system 
platforms strategy for creat- 

a single chip, the new memory 
to be tailored to suit a partieular 

application rather than available off-the-shelf capacities. This 
optimised two-transistor approach has been achieved with­
out major increases in module size. The new cell has an 
overall size of 0.78 (im2 compared to a typical single transis­
tor cells size of 0.50 [im2. The two-transistor approach re- 
quires considerably less peripheral circuitry for program- 
ming and erasure. By way of example, the CMOS 18 design 
nti1iy.es Fowler-Nordheim tunneling for memory cell pro- 
gramming and erasure, thereby eliminating the large charge 
pump needed in a single transistor module hot-channel elec- 
tron programming technique. Other device features include 
memory control and testing circuitry design, which help to 
achieve Silicon area parity with single transistor devices to- 
gether with separated memory and selection fonctions. ■

u
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fottodudng the first

wirewound inductors
Little specks. Big specs.
O n c e  a g a in ,  C o i l c r a f t  p r o v e s  t h a t  y o u  

d o n ' t  h a v e  t o  g i v e  u p  p e r f o r m a n c e  t o  g e t  

a  s m a l l e r  f o r m  f a c to r .

n  h r i «  T h e s e  n e w  w i r e -Beiter Q fsctors i n i . .1
aai 1.8GHz w o u n d  0 4 0 2  c h ip  c o i l s

wo h a v e  Q  fa c t o r s  t h a t  a r e

c o m p a r a b le  t o  o u r  0 6 0 3  

e  c h ip s .  A n d  f a r  h i g h e r

I t h a n  c o m p e t i t i v e  p a r ts .

S R F s  r e m a i n  c o m -  

I  E l  f o r t a b ly  a b o v e  y o u r  o p -
22WW 15 H . ?7:.H - . '

e r a t m g  f r e q u e n c y .

A n d  c o m p a r e d  t o  

n o n - w i r e w o u n d  c o i l s ,  

o u r  0 4 0 2  i n d u c t o r s  

h a n d le  2 0 0 %  t o  3 0 0 %  

m o r e  c u r r e n t !

W e '1 1  b e  h a p p y  t o  

s e n d  y o u  f r e e  e v a l u a ­

t i o n  s a m p le s ,  o r  y o u  

c a n  o r d e r  D e s i g n e r ’ s 

K i t  C I 2 8  c o n t a in in g  ± 5 %  to le r a n c e  v e r s io n s  

o f  a l l  2 0  i n d u c t a n c e  v a lu e s .

F o r  ( C o m p le te  s p e c i f i c a t io n s  a n d  

s a m p le s ,  v i s i t  o u r  w e b  s i t e  o r  

c a l l  8 0 0 - 3 2 2 - 2 6 4 5 .
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HIGH PERFORMANCE 
astro-STEEL-flex®
Coaxial Cable A ssem blies
AstrolabTrue Flexible m in ib e n d ® C a b le  
is the most remarkable flexible cable

* '‘Patented U.S. Patent Office" „ |# J | |

Direct Replacement for.086" 
Diameter Semi-rigid Cable

• Precision Stainless Steel SMA 
Plug Connectors per MIL-STD-348

« Stock-Delivery on Standard Length;
Custom Lengths Available 

® Tripie Shielded for High Isolation 
Tested up to 24 GHz • Low Cost

• Stainless Steel Outer Braid for Impr

DESIGNERS & MANUFACTURERS OF Bi-REL MICROWAVE COMPONENTS & ASSEMBLIES 
4 Powder Horn Drive, Warren, New Jersey 07059-5105 j 
TEL.:732 560-3800 FAX: 732 560-9570
httpJwww.astrolab.com EMAIL: sales@astrolab.com
Visa, MasterCard and American Express Accepted | . 9
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THE COMMERCIAL MARKET

Globalstar USA, the ex­
clusive provider of 
satellite-based Communica­

tions services in the US, lias 
received authorization from 
the Federal Communica­
tions Commission (FCC) to 
market satellite phone ser­
vice on a limited basis to 
US Customers. The Global­
star system is a state-of-the- 

art mobile satellite service that extends the coverage of ex- 
isting analog and digital wireless services, allowing phone 
calls to be made and received virtually anywhere in the 
world and offering data capabilities such as e-mail and 
short messaging. In addition, the Company has announced 
an introductory monthly pricing plan targeted at a broad 
market. While Globalstar phones are similar in size and 
weight to earlier hand-held cellular phones, the Company 
intends to offer its services at a more affordable cost. For 
pricing information, visit wv.globalstarusa.com.

G lobalstar USA 

Licensed 

to  O ffer S atellite  

P hone  Service

According to a report is- 
sued by ElectroniCast 
Corp., global consumption 

of optical attenuators 
reached $178.8 M in 1998 
and is expected to incrcase 
to $1.5 B by 2008 as a re- 
sult of rapidly rising quanti- 
ty growth substantially off­
set by falling average 
prices. The consumption 

value of optical attenuators used for teleeommunications 
networks was $128 M in 1998, representing 71 percent of 
the total market. Cable television applications consumed 
$17 M, representing 9.4 percent, while military/aerospace 
applications spent $16 M, accounting for 8.8 percent. 
Specialty applications consumed $11 M and premise data 
networks spent $7 M. By 2(X)8, teleeommunications net- 
work applications are expected to spend $1.24 B, repre­
senting 86 percent of the total market value. Military/ 
aerospace applications are forecast to increase expendi- 
tures to $73 M, accounting for five percent, while cable 
television, specialty applications and premise data net- 
work users are expected to account for approximately 
three percent of the total market.

The report separates the optical attenuator market into 
three segments: fixed panel-mount, fixed cable assembly, 
and manual and electronically controlled variable. Elec- 
tronically controlled variable optical attenuators repre- 
sented 61 percent of global consumption in 1998 and are 
expected to dominate the market in 2008 with sales of 
$1.26 B, accounting for 87 percent. Fixed panel-mount 
types, which represented 8.1 percent in 1998, are forecast 
to drop to 2.1 percent by 2008. Manual variable types ac- 
counted for 14.5 percent in 1998 and are expected to de- 
crease to 5.9 percent while fixed cable assembly types are 
expected to decline from 16.8 percent in 1998 to five per-
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O ptical A tte n u a to r  

M arket 

to  R each 

$1.5 B b y  2 0 0 8

cent in 2008. For additional information, contact Theresa 
Hosking, ElectroniCast (650) 343-1398.

Anew report from IGI 
Consulting, “Wireless 
Web W onders,” predicts 

that smart phones and per­
sonal data assistants (PDA) 
will dominate the wireless 
Internet market. The num- 
ber of smart phones pro- 
duced is expected to in­
crease to 88 percent (330 
million units) in 2003 while 

PDA sales are expected to increase to 118 percent (35 
million units) during the same period. By 2003, the report 
forecasts that approximately 33 percent of an estimated 
one billion cellular subscribers will use smart phone- 
enhanced displays, data entry and storage capabilities to 
conduct e-commerce, access the Internet via mobile por- 
tals, run server-assisted applications and use location- 
based content and services.

The report also concludes that Palm Computing will 
dominate the wireless access operating system market 
while Microsofts Windows CE will continue to dominate 
certain vertical market segments. Ilandspring and Sym- 
bian are also forecast to compete for market share. In ad­
dition, the report analyzes the business opportunities 
available to Companies that are planning to profit from 
wireless Internet access. Qualcomms High Data Rate Sys­
tem, third-generation technologies, loeation-based tech­
nologies and smart phone access to wireless local area 
networks are described. For additional information, con­
tact Tony Carmona, IGI Consulting (617) 232-3111 or 
e-mail: tcarmona@igigroup.com.

Sm art Phones 

to  D om inate  

th e  W ireless Access 

M arket

The Strategis G roup’s 
report, “US W ire­
less Broadband: LMDS, 
MMDS and U nlicensed 

Spectrum ,” projects that 
wireless broadband rev- 
enues will increase from 
$11.2 M in 1999 to $3.4 B 
in 2003. Growth in local 
service and Internet access 
revenues and broadband 

wireless deployment are expected to be the driving factors 
for the significant increase. By 2003, 34 percent of US 
households and 45 percent of US businesses are expected 
to be serviced by broadband wireless networks. Wireless 
broadband technologies, such as local and multipoint dis- 
tribution Systems (LMDS), multichannel multipoint dis- 
tribution Systems (MMDS) and unlicensed spectrum Sys­
tems, are capable of providing voice, video, data and In­
ternet service. WTith the exception of cable modems, 
wireless broadband is the only technology capable of serv- 
ing all three markets. Wireless broadband technologies
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THE COMMERCIAL MARKET
can provide throughputs ranging from 64 kbps up to 15 
Mbps. Unlicensed spectrum networks are currently uti- 
lized in almost 200 markets nationwide while LMDS and 
MMDS Systems have not yet been widely deployed. How- 
ever, MMDS spectrum holders Sprint and MCI World­
Com have announced plans to begin MMDS deployment 
by the m iddle of this year while LMDS licensees 
NEXTLINK and HighSpeed.com began installations in 
late 1999. For additional information, contact The Strate- 
gis Group (202) 530-7500.

B oeing 

to  A cquire 

H ughes S a tellite  

Systems Business

The Boeing Co. has an­
nounced plans to pur­

chase the satellite Systems 
business of Hughes Elec­
tronics Corp. in an all-cash 
transaction valued at $3.75 
B. Under the terms of the 
acquisition, Boeing will ac­
quire Hughes Space and 
Comm unications Co., a 
Communications satellite 

manufacturer; Hughes Electron Dynamics, a supplier of 
satellite electronic com ponents; and Spectrolab, a 
provider of solar cells and panels for satellites. Boeings

large-scale integration capabilities, coupled with Hughes’ 
satellite Systems Operation, will enable Boeing to offer un- 
paralleled integrated space, air and terrestrial information 
and Communications Systems to its customers. As a result 
of the acquisition, Hughes will become one of Boeings 
largest customers with contracts in place for five HS 601 
HP satellites for PanAmSat and DIRECTV,® and five HS 
702 satellites for PanAmSat and the Hughes Spaceway™ 
broadband system. The transaction is subject to regulato- 
ry and governmental review and is expected to close by 
the middle of this year.

ln related news, Hughes has announced plans to nar- 
row the focus of its wireless business at Hughes Network 
Systems (HNS), Germantown, MD. The wireless business 
intends to discontinue its mobile cellular and narrowband 
local loop product lines after fulfilling outstanding obliga- 
tions for the discontinued products. As a result of the 
decision, the wireless business will concentrate on its 
broadband point-to-multipoint product line. The Compa­
ny expects to record a fourth-quarter pre-tax charge of ap­
proximately S275 M. Hughes Electronics is undergoing 
major changes in its corporate structure and business mix 
that are designed to sharply focus the Companys 
resources and m anagem ent a tten tion  on its high 
growth entertainment, information and business Commu­
nications services. ■

RF Cable Assembly
7610 M iram ar Road 
San Diego, CA 92126-4202 
Phone: (800) 233-1782 
or (858) 549-6340 
Fax: (858) 549-6345 
email: rfi@ rfindustries.com  
w w w .rfindustries .com

MORE THAN
3900 CABLE ASSEMBLIES
NOW AVAILABLE!
RF Industries announces the product launch of its 
coaxial cable assembly line offering nearly four thou- 
sand Standard stock items. All assemblies feature sol- 
dered center contacts and dual-wall tubing for strain 
relief. Over six hundred-fifty different variations of 
connectors terminating US manufactured coaxial 
cables are available. Standard stock lengths are 12”, 
24”, 36”, 48”, 60” and 72”. Custom assemblies made 
to customer specifications are quoted on a per item 
basis. These products are available from RF Connec­
tors Distributors throughout the US, Canada and 
Mexico. For product information call 800-233-1728 
or 858-549-6340. E-mail: rfi@.rfindustries.com 
Web: www.rfindustries.com 
CALL FO R YOUR FREE CATALOG TODAY.

56 CIRCLE 82 ON READER SERVICE CARD CIRCLE 143 MICROWAVE JOURNAL ■ MARCH 2000

mailto:rfi@rfindustries.com
http://www.rfindustries.com
http://www.rfindustries.com


W e make every th ing  from  spectrum  and netw ork 

analyzers to  a wide range of o th e r m easurem ent

in s tru m e n ts ----- including amplifiers and filters. We

are constan tly  racing beyond sta te -o f-the-art. O u r 

latest spectrum analyzers, fo r example, can measure 

y o u r w ireless Systems in  conform ance w ith  th ird  

generation mobile teleeommunications Standards like 

IMT-2000. W hich m eans they  can also test leading- 

edge W -CDM A  channels. A nd everything we make is 

supported w orldwide th rough  ou r own service netw ork 

as well as through  our partners Rohde & Schwarz in 

Europe and T ektron ix  in th e  U .S. If  you supply 

w ireless te leeom m unications Systems, yo u  need the 

best precision m easuring  equipm ent you  can get. 

You'11 find i t  a t A dvantest!

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

Europe: ROHDE & SCHWARZ Engineering and Sales GmbH +49-89-4129-3711, http://www.rsd.de 
North America: Tektronix, Ine. +1-800-426-2200, http://www.tek.com 

Asia: Advantest (Singapore) Pte. Ltd. +65-274-3100, tmi@asp.advantest.co.jp
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AROUND THE CIRCUITA T

INDUSTRY NEWS
■ M/A-COM, a subsidiary of Tyco Electronics, has an- 
nounced plans to acquire ITT Industries Inc.'s GaAsTEK
business unit. Under the terms of the agreement, GaAsTEK, 
which develops and manufactures GaAs MMICs for com­
mercial and defense markets, will operate as part of M/A- 
COM. Financial details of the agreement were not disclosed.

■  Alpha Industries, Wobum, MA, has signed a definitive 
agreement to acquire privately held Networic Device Ine.. 
Sunnyvale, GA, a provider of advanced technology GaAs IC 
design and fabrication. Under the tenns of die acquisition, 
the number of shares of Alpha common stock to be ex- 
changed for all of the outstanding shares and options of 
Network Device will be determined by a formula based on 
an average closing price for a specified period prior to the 
transaction’s closing. The acquisition, which is valued at ap­
proximately $141 M, is expected to be completed in 2001.

■  Kyocera America Ine. (KAl), San Diego, CA, has ac­
quired VisPro Corp., a supplier of LTCC multilayer ce- 
ramic Substrates and structural ceramic components. Un­
der the terms of the acquisition, VisPro will become a 
new division of KAI and continue operations from its ex- 
isting facility in Beaverton, OR. Financial terms of the 
transaction were not disclosed.

■  Electronic test tooi provider Fluke Corp., Everett, 
WA, bas acquired W avetek W andel G o lterm ann 's 
(WWG) Precision M easurem ent Division. Under the 
terms of the acquisition, WWG’s division will become part 
of the Fluke Industrial Group’s Calibration Business Unit. 
The acquisition is expected to accelerate product develop­
ment and total Solutions and improve customer service. In 
addition, Fluke has purchased WWG’s test tools product 
line, which includes digital multimeters, dampmeters, 
bench instruments and related accessories.

■  C onnecticut Microwave Corp., Cheshire, CT, has 
acquired the waveguide and coaxial termination line of 
Micronetics Wireless Ine., Hudson, NH. The acquisi­
tion will extend Connecticut Microwave’s line of passive 
components, directional couplers, ferrite eireulators, iso­
lators and other components.

■  Lockheed Martin Federal Systems, Oswego, NY, has 
purchased the model 9098 double-density universal grid 
test system from Everett Charles Technologies, Pomona, 
CA. In related news, Ibiden Circuits of America Corp.,
Elgin, IL, has purchased the Eclipse Linear Probe Test 
System from Everett Charles Technologies. The test sys­
tem offers an optical pattern reeognition LCR meter kit for 
measurement of reeognition, inductance and capacitance.

■  C om paq C o m p u te r C orp. has formed Compaq 
Teleeommunications to develop, market and deliver in- 
tegrated Solutions for global Communications carriers in 
the areas of enhanced network services, business and op­
erations support Systems, and customer premise equip-

ment. The new Organization will be headquartered in the 
Telecom Corridor near Dallas, TX with operations at sites 
worldwide.

■  Advanced electronic, mechanical and electro-optical 
system designer and manufacturer EDO Corp., New 
York, NY, and privately held AIL Technologies Ine., 
Deer Park, NY, have signed a definitive merger agree­
ment that is expected to create an integrated defense and 
aerospace technology Company with annualized revenue 
of approximately $240 M. Under the terms of the agree­
ment, all of AIL’s outstanding common and preferred 
shares will be exehanged or purchased for approximately 
6.6 million newly issued shares of EDO common stock as 
well as a cash payment of $13.1 M. The transaction, which 
is valued at $86.8 M, is subject to approval by both Com­
panies’ shareholders and regulatory authorities.

■  Rayan Staree and Chelton France, members of the 
Chelton Group Company, have merged to form Chel­
ton  Antennas SA. The merger will enable Chelton An­
tennas to develop a specialized market approach, provide 
Solutions adapted to specific customer requirements and 
strengthen its development and manufacture of ground, 
airbome and space antennas.

■  Radio frequency component and subassembly manufac­
turer RF Monolithics Ine. (RFM), Dallas, TX, has relocat- 
ed its European sales office to England. The new location, 
coupled with recent ISO 9001 certification, expansion of 
technical manufacturer representatives and additional 
sales personnel, strengthens the Companys presence in the 
European market. In related news, RFM has expanded its 
second-generation Virtual Wire® amplifier-sequenced hy­
brid technology product line to include more than 20 
transmitter, receiver and transceiver products.

■  Phflsar Semiconductor Inc. has opened a sales and 
marketing office in Tokyo to support its growing number 
of customers in the Asia/Pacific region, specifically in Tai­
wan, Korea, China, Singapore and Hong Kong.

■  Wireless and wired infrastructure equipment compo­
nent manufacturer Stanford Microdevices Inc. (SMl),
Sunnyvale, CA, has opened a new design center located in 
Kanata, Ontario, Canada. The new design center, which 
focuses on next-generation wireless infrastructure prod­
ucts, houses a state-of-the-art test facility. In related news, 
LDMOS RF semiconductor manufacturer UltraRF, Sun­
nyvale, CA, has formed a strategie alliance with SMI to 
supply LDMOS power devices to the; expanding base sta­
tion infrastructure markets. As part of the strategie al­
liance, UltraRF will provide SMI with LDMOS foundry 
support and, in turn, SMI will offer drop-in equivalents for 
several of UltraRF’s cellular infrastructure LDMOS de­
vices. The partnership is expected to leverage both Compa­
nies’ intellectual property and technologies and provide an 
aggressive growth platform.

[Continued on page 60]
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AROUND THE CIRCUIT

■  RFIC solution designer and manufacturer ANADIGICS 
Inc. has opened its third remote RFIC design center in 
Thames Valley, UK. The Company recently opened RFIC 
design centers in Dallas, TX and Newbury Park, CA. In re­
lated news, ANADIGICS has shipped its fïrst high effi­
ciency, heterojunction bipolar transistor (HBT) power am- 
plifier samples to major wireless handset manufacturers. 
The HBT power amplifiers operate from a single 3 V sup-

of the growing demand for value-added services within the 
wireless industry. The new office will provide customers 
with the design, coordination and licensing of microwave 
and satellite Systems.

■  Amplifïer Research, Souderton, PA, has announced 
the opening of its fourth distribution office in Amsterdam. 
EMV Benelux will distribute and service RF and electro- 
magnetic compatibility test equipment in the Nether- 
lands, Belgium and Luxembourg. The European EMV 
Group is a network of distributors with offices in Ger- 
many, France and England.



AT AML, SIZE REALLY 
DOESN'T MATTER.

We have the capacity to handle product volume & design 
complexify 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 

AML 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


AROUND THE CIRCUIT

into a strategie partnership to market US Semiconductor’s 
RHI-NO™ innovative wafer-thinning technology and pro- 
duction thinning processes for radiation hardening com­
mercial microelectronics. Under the terms of the agree­
ment, Space Electronics will provide all back-end IC as­
sembly, screening and qualification for space and military 
TC radiation hardening products for the RHI-NO line as 
well as international sales and marketing support.

H Andrew Corp., Orland Park, IL, and Channel Master
LLC have entered into an alliance that will enable each 
Company to offer a broader range of earth station antenna 
products. Andrew offers a full line of fïxed and motorized 
earth station antennas ranging from 1.2 to 9.3 m while 
Channel Master specializes in the design and production

equipment manufacturer customers. The radio design, 
which will complement ShareWave’s family of high per­
formance network controllers and Whitecap network pro­
tocol, incorporates RFMD’s 2.4 GHz radio chipset.

■  DC-to-DC Converter product supplier Lambda Elec­
tronics, an Invensys Company, has been selected by Rock­
well Collins and the US Navy Office of Naval Research to 
participate in a research project to develop three distinct 
point-of-use power conversion technologies for broad com­
mercial and defense applications. Lambda is expected to 
market power supply innovations for personal computers 
and other consumer applications. The $8 M project will span 
two years and operate under the Joint Services Dual-use Sci­
ence and Technology Program and the Office of Naval Re­
search Power Electronics Building Blocks Program.

■  Triton Network Systems Inc. has selected Palomar 
Technologies to fully automate the assembly of high fre-

y& rm  k  sßÄ ä  .«sssC ris:: ö f

'£S£$9K!3ïg.

:-:y- .

power supplies will 
E/P aircraft.

teleeommunications devices without buying, carrying or 
connecting cables.
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■  G.T. Microwave Inc., Randolph, NJ, has received 
ISO 9002 certification from the European Quality Assur- 
ance authority.

■  Ceramic capacitor and electronic component manufac­
turer Murata Electronics North America Inc.’s State 
College, PA manufacturing facility has received ISO 
14001 certification by Lloyd’s Register Quality Assurance 
for Environmental Management Standard.

■  Mini-Systems Inc.'s Thïn Film Division, Attleboro, 
MA, has announced that its MIL-PRF-55342 resistors 
have qualified for Life Failure Rate R, which indicates a 
maximum failure rate of 0.01 percent per 1000 unit hours. 
In order to qualify for this rating, Mini-Systems demon- 
strated more than 9.16 million hours of successful life 
testing without a failure.

■  Semiconductor IC manufacturer STMicroelectronics 
Inc.'s Region Americas, Carrollton, TX, has been award- 
ed the 1999 Malcolm Baldrige National Quality Award for 
performance excellence and quality achievement.

■ State of the Art Inc. (SOTA), State College, PA, has 
celebrated its 30th anniversary as a manufacturer of high 
quality, high reliability thick- and thin-film resistive prod­
ucts for the surface-mount. and hybrid electronic indus-

_________________________________________ fContinued on nare. 641

■  Intercept Technology Inc.. Atlanti 
into a d istribu tion  agreem ent wi 
Marubeni Solutions Corp. to mar kei
theon and MoZaiX software programs 
support and maintenance in Japan.

■  Anaren Microwave Inc. and Avnet 
keting have signed an enhanced distri 
whereby Avnet will directly distribute 
Group’s entire line of surface-mount pr 
abling customers in the Far East to pu 
wireless components from a single sourt 
distributes Anaren’s products throughoi 
ed news, Vishay Intertechnology Inc. 
entered into an international distributie 
Avnet to distribute its füll line of electrc

■  RF Connectors, a division of RF In 
Diego, CA, has signed an agreement 
Inc., San José, CA, to distribute RF Ce 
of coaxial and cable products. The agre 
to significantly expand RF Connectors’ 
and increase its coaxial connector capab

■  Proprietary RFIC provider RF Mii 
(RFMD), Greensboro, NC, has collabo 
Wave Inc., El Dorado Hills, CA, on tl 
duction radio currentlv nsed bv Sha



We can’t think of one single reason 
why we should be your 

microwave circuit manufacturer.
A  ctually, there are several 1) Precision Photolithography punch, rout or mill thin substrates

JTiLreasons why you’d want to The accuracy of our or thick metal backings with
trust Filtran to produce reliable circuit board imaging machining tolerances: ±.005”,
microcircuits for high-end applica- (1 mil lines and down to ±.001”. Wc also have a
tions like aerospace, air traffic spaces, ± .2 mil) ^ ySw close association with a local
control, satellite, automotive, approaches semi- /  /■ ? ' H D  laser machining facility.
and PCS—up to 100 GHz. conductor grade /  ' aW j  4) Proprietary Sodium Etchant

As a leader in our field since resolution through specially W i ' F Our Sodium Etchant formulation
1983, we’ve developed developed processes. for PTH and edge plating gives us
our own equipment 2 )  Sputtering Metatlization tight control of processing, result-

truly precisi* 
microstrip, 
bondcd 
stripline, thi< 
metal-backed 
PFTE and mixed 
dielectric multilayt 
circuits. Take a closer look at 
Filtran’s many superior manufac- 
turing capabilities, and you’11 see 
why we’re the manufacturer 
of choice for microwave 
circuit designers 
worldwide:

leader in the vacuum sputter- 
industry with scvcral patents,
.ve can sputter-deposit thin 
films, including resistors, onto 
a variety of hard and soft 
bstrates. Our Sputtered Blind 

Hole process offers a superior 
alternative to Chemical PTH on 
aluminum-backed PTFE substrates.

3 ) Accurate; On-site 

Machining Capabilities

Filtran maintains complete on-site 
manual and computer- 

aided machin­
ing facilities 
:o accurately

ing in reliable, high-performance 
circuits and excellent adhesion of 
copper to PTFE.

5 )  Strict Quality Assurance

Our stringent program of in- 
process inspection results in high 
yields on the most complex 
circuits. We strictly monitor all 
production processes, and our 
upfront engineering, SPC and 
final inspection all help to 
ensure that products comply 
with customer-specified 
Standards.

For more in form ation, or to g e t a quote, contact us today:

c a
FILTRAN 

Microcircuits Inc.

www.filtranmicro.com circle 46 on reader service card

2475 Don Reid Drive, Ottawa. Ontario K1H 1E2 Phone: (613) 737-0706 Fax: (613) 737-0495 E-mail: fmi@fHtranmicro.com Modem: (613) 737-7262
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tries. Founded in 1969, SOTA developed the current in- 
dustry-standard nickel barrier to eliminate solder leaching 
and inter-metallic formation.

FINANCIAL NEWS
■ STMicroelectronics Inc. reports sales of $1.5 B for 
the fourth quarter, ended December 31, 1999, compared 
to $1.1 B for the same quarter in 1998. Net income was 
$184.3 M (620/diluted share), compared to $121.8 M 
(420/diluted share) for the same period in 1998.

■  Andrew Corp. reports sales of $233.6 M for the first 
quarter, ended December 31, 1999, compared to $218.6 
M for the same period in 1998. Net income was $16.8 M 
(2l0/diluted share), compared to $23.2 M (280/diluted 
share) for the same quarter in 1998.

■  Teledyne Technologies Inc. reports sales of $200.4 
M for the fourth quarter, ended January 2, compared to 
$191.7 M for the fourth quarter of 1998. Net income was 
$11.7 (440/diluted share), compared to 88.7 M (3l0/dilut- 
ed share) for the same period in 1998.

■  RF Micro Devices Inc. reports sales of $73.2 M for 
the third quarter, ended December 31, 1999, compared 
to $41.5 M for the same period in 1998. Net income was 
$12.6 M (150/diluted share), compared to 85.6 M (80/di- 
luted share) for the same quarter in 1998.

■  E-TEK Dynamics Inc. reports sales of $72.5 M for the 
second quarter, ended January 1, compared to $38.7 M 
for the same period ending January 1, 1999. Net income 
was $14.4 M (200/share), compared to $6.8 M (110/share) 
for the same quarter last year.

■  ANADIGICS Inc. reports sales of $40.1 M for the 
fourth quarter, ended December 31, 1999, compared to 
$22.6 M for the same period in 1998. Net income was 
$4.4 M (220/diluted share), compared to a net loss of $3.9 
M (260/diluted share) for die same quarter in 1998.

■  Robinson N ugent Inc. reports sales of $22.8 M for 
the second quarter, ended December 31, 1999, compared 
to $17.5 M for the same period in 1998. Net income was 
$880 K (170/share), compared to $39 K (10/share) for the 
same quarter in 1998.

■  Microwave Power Devices Inc. reports sales of $18 M 
for the fourth quarter, ended December 31,1999, compared 
to $17.7 M for the same period in 1998. Net loss was $5.4 M 
(5l0/share), compared to a net income of $1 M (100/diluted 
share) for the same quarter in 1998.

■  Superconductor Technologies Inc. has completed a 
public offering of 2,473,701 shares of registered common 
stock, thereby providing the Company with gross proceeds 
of $8 M. The majority of shares were purchased by the 
State of Wisconsin Investment Board, and the remaindcr 
of shares were acquired by Wilmington Securities Inc., a 
wholly owned subsidiary of The Hillman Company.

CONTRACTS
■  Sanders, a Lockheed Martin Company, has been award- 
ed a $7 M foreign military sales contract by the US Anny’s 
Communications and Electronics Command to provide 
missile waming Systems for the Greek armed forces. Under 
the terms of the contract, Sanders will provide 17 AN/ALQ- 
156(V) missile waming Systems for Hellenic Arrny CH-47 
helicopters. The system is currendy operating on the CI 1-47 
Chinook and EH-60 Blackhawk helicopters and C-130 Her­
cules and C-23 Sherpa transport aircraft.

■ Signal Technology Corp .'s Signal Wireless Group
has received contracts from Spectrian Corp. to supply 
power distribution devices and Systems for CDMA base 
station applications in North America. The power distrib­
ution devices and Systems will be manufactured at Signal’s 
Olektron Operation in Beverly, MA. The contracts are 
valued at $1.7 M.

PERSONNEL
■ Screen aetress and frequency-hopping spread spec­
trum system inventor Hedy Lamarr died on Januar)' 19, 
2000 at the age of 86. Lamarr was only recently recog- 
nized for her eontribution to present cellular phone tech- 
nology. (See “A Starlet’s Secret Life as Inventor,” Mi­
crowave Journal, February 1999, pp. 70-74.)

■  Ted S h o n e c k  has been  nam ed 
CEO at Quad Systems Corp. Most re­
cently, Shoneck was COO at Cutting 
Edge Technologies.

■  Jo h n  Harris has been appointed 
chairm an, presiden t and CEO of 
RangeStar Wireless. Previously, Harris 
was senior VP at Uniden America and 
Mitsubishi Electronics America.

■  Electrocube has announced several new appointments, 
including Donald D uquette as president, L. Clay Parrill
as VP/general manager and Gloria Snyder as national 
sales manager. Duquette and Parrill each bring to the 
Company more than 20 years of manufactiiring and busi­
ness management expertise and, most recently, Snyder 
was customer service manager at the Company.

■  CTS Corp. has promoted Donald R. Schroeder to VP, 
business development and chief technology officer. 
Schroeder has been president of sales and marketing at 
the Company since 1995.

■  Signal Technology Corp.’s California Operation has ap­
pointed Joseph Mersereau acting president. Mersereau has 
been with the Company since 1991 and, most recently, was 
director of engineering. In addition, Signal Technology s Ari­
zona Operation has named Robert Levin VP and chief tech- 
nologist. Levin, co-founder of Comtech Wireless Inc., a sub­
sidiary of Comtech Teleeommunications Corp., brings to the 
Company more than 30 year of technological experience.

■  RELM Wireless Corp. has appointed Scott Hender- 
son senior VP and director of its Business and Industrial

ƒ Continued on page 66]
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sector and Thomas Morrow senior VP and director o f its 
G ovem m ent/Public  Safety sector. Prior to  jo in ing  the 
Company, Henderson was a sales and marketing executive 
at the E .F . Johnson, M idland and Uniden radio firms and 
M orrow was a sales and marketing executive at E .F . John­
son, G E  M obile Communications and Motorola.

■  Unitek Miyaehi Corp. has named Mark Rodighiero VP 
of its newly created Laser and Systems division. Rodighiero 
has been VP o f engineering at the Company since 1993.

■  Rocco J. Melchione has been  pro- 
m oted to the newly created position of 
VP o f  sales and  m arketing at H irose 
Electronics (USA) Inc. Melchione has 
been  sales and m arketing m anager at 
the  Company since 1998.

■  IF R  System s Inc. has ap p o in ted  
Mitch Stone VP of sales, Americas re- 
gion. M ost recen tly , S tone w as VP, 
sales and marketing at D atum  Inc.

■  Stanford Microdevices Inc. has nam ed Michael Van 
der Tol director o f its Ottawa design center. Most recent­
ly, Van der Tol was senior manager, RF Technology D e­
velopm ent for Nortel Networks’ Wireless Solutions busi­
ness unit.

prime reliability engineer for the Company and Thompson 
held positions at M-tron Industries and Dale Electronics.

REP APPOINTMENTS
■  DB Products Inc., Pasadena, CA, has appointed five 
Companies to represent its com plete line o f R F and  mi­
crowave electrom echanical sw itching products. Cain- 
Sweet Co. will cover W ashington, Oregon and  Canada; 
Jay Stone and Associates will cover Northern California 
and northern Nevada; Thorson Desert States Inc. will 
cover Arizona, New Mexico, southem  Nevada and El Paso, 
TX; The Thorson Co. will cover Arkansas, Louisiana, Ok­
lahoma and Texas; and W. Howard Associates will cover 
Colorado, Utah, Wyoming, Montana and Idaho.

■ Commercial Microwave Technology (CMT), D ia­
mond Springs, CA, has selected First Source Inc. as na­
tional representative for its full line o f quality microwave 
filters and assemblies, coaxial and waveguide duplexers, 
spread spectrum filters and duplexers.

■  G.T. Microwave, Randolph, NJ, has appointed foreign 
representatives in Belgium, Denmark, Finland, Germany, 
C reece, India, Korea, the Netherlands, Spain and Turkey 
to represent its PIN diode control components and sub- 
assemblies, thereby doubling its existing foreign coverage.

■  Toko America Inc., Mt. Prospect, IL, has selected 
Norris and Associates, Hingham, MA, to represent the 
co m p a n y ’s m in ia tu re  in d u c to r  a n d  f i l te r  p ro d u c ts  
throughout New England.

■  Lam s Corp. has named Gary M. Ensign director o f in­
ternational sales. Most recently, Ensign was director of 
sales at TransComm Technology Systems.

■  Lawrence Behr Associates Inc. has named Will Daugh- 
erty director o f product marketing. Most recently, Daugher- 
ty was director of marketing at Seaward International Inc.

■  Tally C osta has jo in ed  F iltro n ic  
Solid State as national director o f  sales 
a n d  m a rk e tin g  fo r  s e m ic o n d u c to r  
products. Costa has 14 years o f  sales 
and m arketing  experience and, m ost 
recently, was regional sales m anager at 
Richardson Electronics.

■  United M onolithic Semiconductors 
has appointed Sylvain Dumay regional 
sales m anager for Southern Europe.

■  UltraRF, Sunnyvale, CA, has appoin ted  Castle Mi­
crowave. Twyford, Berkshire;, UK, to represent its com­
p le te  line o f high power, high perform ance R F pow er 
sem iconductors in G reat Britain, Ireland, France, Italy, 
Belgium, Holland and Germany.

■  Cable, connector and assembly designer and manufac­
tu re r Storm Products -  RF/Microwave Group, Ilins- 
dale, IL, has selected MHz M arketing to rep resen t its 
line of high perform ance interconnect products in Mary­
land, Virginia and the District of Columbia.

WEB SITES
■  Antenna and power product designer and manufactur­
e r Centurion International Inc. has introduced a new 
W eb site that enables product designers and manufactur- 
ers to quickly and efficiently obtain information on anten- 
nas and pow er products. T he new site can be found at 
www.centurion.com.

■  P h i is a r  S e m ic o n d u c to r  In c . h as  n a m e d  H iroshi 
Tsuchiya sales director for Japan and the Asia/Pacific re- 
gion. Most recently, Tsuchiya was director o f  communica- 
tion products at VLSI Technology KK/Philips Japan.

■  Specialty material and service provider SEMX Corp., 
Armonk, NY, has launched a newly designed W eb site 
th a t p rovides upd a ted  Company info rm ation  and  new  
products. The site is located at www.semx.com.

■  In te rco n n ec t D evices Inc. has nam ed  Jay P reister 
product specialist. Preister has five years o f circuitry test- 
ing experience with Lucent Technologies.

■  Champion Technologies Inc. has appointed Raj Alluri 
applications engineer, North America, and Dick Thompson 
sales manager, North America. Most recently, Alluri was

■  Accumet Engineering Corp., H udson, MA, has in­
troduced a W eb site that provides teehnieal specifications 
for a broad range of Substrate materials produced with ex­
act repeatability consistency. The site, which is located at 
www.accum et.com , also details available precision lap- 
ping, polishing, laser m achining, d iam ond sawing and 
edge grinding capabilities.
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Characterization 
of Differential 
Interconnects 
erom Time Domain 
Reflectometry 
Measurements

Fig. I Differential 
signaling. ^

D if fe re n tia l signaling  schem es a re  a 
common approach to  achieving higher 
noise im munity for critical Signals in a 

high speed digital design. However, measure- 
m ent and m odeling o f the transmission lines 
carrying differential Signals pose several dif­
ferent challenges, which need to be addressed 
in order to achieve an accurate picture o f dif­
ferential signal transmission in digital System 
design and simulations.

A differential pair constitutes a set o f cou­
pled transmission lines and, therefore, can be 
m odeled and simulated as such. Short differ­
ential lines can be modeled using coupled LC 
matrices, bu t a distributed model is required 
for longer lines. In  this article, a technique for 
ex trac ting  such  a d is tr ib u te d  coup led  line 

m odel from  tim e  dom ain  re ­
flec to m e try  (T D R ) m easu re ­
ments is presented. This model 
can  b e  ea sily  u ti l iz e d  in  a 
SPICE or IBIS simulator, mak- 
ing it extremely usable for high 
speed differential interconnect 
m odeling and  Simulation. The 
resulting accurate models help 
the designer to achieve a better 
u n d e rs ta n d in g  o f  th e  d iffe r­
en tia l interconnects, resulting 
in higher perform ance System 
design.

DIFFERENTIAL LINE 
SIGNALING AND ANALYSIS

As shown in Figure 1, differential signaling 
m eans that two transmission lines and two Sig­
nals are used to  transm it a single data bit from 
a driver to a  receiver. The lines are  not com- 
pletely independent: W hen the signal on one 
line is logical low, the  signal on the o ther line 
is logical high and vice versa. In  addition, the 
two lines are typically laid out quite close to 
each o ther and exhibit signal coupling from 
one line to the o ther to a varying degree.

The reason for sacrificing precious space on 
a circuit board is to allow signal transmission 
between a driver and a receiver where a clean, 
reliable com m on ground betw een the driver 
and the receiver cannot be achieved. For exam- 
ple, this may be the case when the spacing be­
tween the driver and receiver is large. In  such 
an event, the  ground voltage potential o f the 
driver circuit actually may be different from the 
ground voltage potential of the receiver circuit.

As an additional benefit, differential signal­
ing schem es provide increased  im m unity to 
th e  com m on-m ode noise in th e  system  be- 

[Continued on page 70]

D im a  A . S m olyansky  
a n d  St e v e n  D . C o r e y  
TDA Systems Ine.
Portland, OR
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TECHNICAL FEATURE
cause the  receiver only sees relative 
(differential) voltage between the two 
transm ission lines in the  differential 
pair. In  addition, because the  fields 
radiated by each signal are of oppo- 
site polarity, they eancel out to signifi- 
can tly  red u ce  th e  rad ia ted  energy, 
w hich is the main cause for electro- 
m agnetic in terference betw een  de- 
vices. D iffe ren tia l Signals a re  also 
more im m une to signal attenuation in 
the transmission m edium because the

receiver design typically allows suffi­
c iën t gain to  reproduee the  original 
signal.' Typical applications o f differ­
ential Signals are low voltage differen­
tial signaling, fiber channels, disk dri­
ve flexible in terconnects and  Ram ­
bus™  clock Signals.

A DIFFERENTIAL LINE 
CIRCUIT DESCRIPTION

T he characteristic im pedance of a 
transm ission  line can  be described

using its series resistance and induc- 
tance and shunt capacitance and con- 
ductance per unit length:

z =  R+jcoL 

\  G+jcoC
(1)

This equation reduces fo r a lossless 
transmission line to

Z = (2)

Haverhili Cable and Manufacturing Corp.

EL (978) 372-6386 - FAX (978) 373-8024

P O. BOX 8222, Haverhili, MA 0 1835

Q u a l i t y  G r a f t e d ,  

F u l l s e r v i c e — :.

Cable 
Manufacturing
A.) HCMC manufactures and stocks 
fully tested Standard straight semi-rigid 
and flexible assemblids which can be 
hand formed We also provide cable 
assembljes to Customer specification:

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

C.) Utilizing our manufactured 
cable HCMC is providiftg miniature 
interconnect Component! to meet 
customer specified requirements for 
surface mount appBcatidns an printed 
circuits and microwave Substrates

The electrical length  o f such a line 
can be determ ined using

t = iVl C (3)

where

1 = physical length o f the line

Typically, d iffe re n tia l  lin e s  a re  
routed fairly close together. Because 
o f the  interaction (coupling) betw een 
the  lines, propagation  o f  the  signal 
th rough the  differential pair cannot 
be described by a single capacitance 
and inductance value per unit length, 
bu t instead is described as a set of L 
and C matrices per unit length:

L

C

where

Ctot =  C self +  C m

As shown in Figure 2, these quanti- 
ties are related to a physical circuit by 
an electrically short section (Al) of a 
transmission line in which Cseif is the

A  Fig. 2 An electrically short s 
o f a transmission line.

[Continued on page 72]
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TECHNICAL FEATURE
capacitance per unit length of one line 
to ground and Cm is the mutual capac­
itance per unit length between lines. 
T he quantities L self and Lm are the 
self-inductance per unit length of one 
line and  th e  m utual inductance p e r 
unit length between lines, respectively.

B u t w h at ab o u t th e  d iffe ren tia l 
and  com m on-m ode im pedances o f 
the lines, which are often used to de- 
scribe th e  differen tia l transm ission 
line b e h av io r?  D iffe re n tia l im pe-

dance is ty^pically defined as the im- 
pedance measured between two con­
ductors driven differentially, th a t is, 
with identical, bu t opposite, polarity 
Signals. O dd-m ode im pedance is the 
im p e d a n c e  o f  a s in g le  c o n d u c to r  
(transmission line) when the  two con­
d u c to rs  a re  driven  d iffe ren tia lly .3 
Even-m ode im pedance is the  im pe­
dance o f  e ither conductor w hen the 
differential pair is driven with identi­
cal, same-polarity (even- o r common-

m o d e ) s igna ls . V arious co m m o n - 
mode impedance definitions are used 
in th e  industry; th e  defin ition  th a t 
c o n sid e rs  th e  co m m o n -m o d e  and  
even-mode impedances to be identi­
cal will be used in this article.

In some cases, the differential im­
pedance alone is the param eter of in­
terest to a board designer. Based on 
the differential impedance value, a de­
signer can make a first eut at predict- 
ing  th e  p ro p a g a tio n  o f  th e  signal 
through d ie differential pair. In addi- 
tion, the  com m on-m ode im pedance 
can help analyze the comm on-m ode 
noise rejection; ff the common-mode 
im pedance is much higher than the 
differential impedance, the common- 
mode rejection will be high. If  the ra­
tio o f the common-mode signal to die 
differential signal p resent on the dif­
ferential transmission line pair and the 
values for the differential and  com ­
m on-m ode im pedances a re  known, 
the am ount o f com m on-m ode noise 
that will propagate through d ie differ­
ential interconnect can be estimated.

Odd- and even-mode impedances 
for a differential pair can be comput-
ed using

„
C tot+ C m

L r f + L m

C tot - Cm

and

Codd = l J ( L se f - L ,„ ) ( C M

W ., =  lV (L « l f + L »0(C io . - C m)

(6)
Using these definitions, it is easy to 
conclude that

^differential “  ^ o d d

w ith the  delays for differen tia l and 
o dd  m ode  and  com m on  a n d  even  
m ode being equal. N ote tha t in the 
case where no coupling between the 
lines in the  d ifferential pair is p re ­
sent, both even- and odd-mode im pe­
dance values simply collapse to the  
characteristic im pedance o f each line. 
Normally, coupling betw een the lines 
would be considered a negative char- 

[Continued on page 74]
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Some Purchases Are a Big Disappointment...
Don’t Make The Same Mistake with Your Microwave Cables

C on su lt G ore First For 
A ll Y our M icrow ave  

Test C ab le N ee d s
F o r  o v e r  2 0  y e a r s  G o re  h a s  p r o v id e d  m ic r o w a v e  

t e s t  a s s e m b l ie s  w i th  t h e  s ta b il i ty ,  r e p e a ta b i l i ty ,  a n d  

r e l i a b i l i ty  n e c e s s a r y  t o  p r o d u c e  d e p e n d a b le  te s t  

r e s u l t s .  O u r  e x te n s i v e  p r o d u c t  l in e ,  in - d e p th  

k n o w le d g e ,  a n d  b u l l e tp r o o f  r e l i a b i l i ty  e n s u re s  th e  

p r o d u c ts  w e  r e c o m m e n d  w i l l  m e e t  y o u r  t e s t in g  

n e e d s  t o d a y  a n d  i n  t h e  fu tu r e .

NEXT GENERATION® Assemblies:
P r o v e n  p e r f o rm a n c e  b e tw e e n  n e tw o r k  a n a ly z e r s  

a n d  d e v ic e  u n d e r  te s t .  T h e y  e n s u re  p r e c is e ,  r e p e a t -  

a b le  m e a s u r e m e n ts ,  a l l o w  g r e a t e r  r a n g e  o f  m o t io n ,  

g u a ra n te e d  lo n g  s e r v i c e  l i f e ,  a n d  a r e  r e f u rb i s h a b le .  

A v a i la b le  in  a  v a r ie ty  o f  c o n f ig u r a t io n s  o p e ra t in g  

to  2 6 . 5 , 4 0 , 5 0  a n d  6 5  G H z .

PHASEFLEX™ Assemblies.
P r o v id e  s u p e r io r  p h a s e  a n d  a m p l i tu d e  s ta b i l i ty  i n  a  

c ru s h - p r o o f ,  h ig h  f le x ,  g e n e r a l  p u r p o s e  t e s t  a s s e m -  

b ly , w i th  o f f - t h e - s h e l f  a v a ila b il i ty .  R e p la c e a b le  

in te r f a c e  o p t io n ,  p lu s  o p e r a t i n g  c o n f ig u r a t io n s  to  

1 2 .4 ,1 8 ,  a n d  2 6 .5  G H z  a re  a v a i la b le .

Wafer Probe/High Frequency Assemblies:
E x c e l le n t  f l e x ib i l i t y  a n d  r o u ta b i l i t y  a s  w e l l  a s  s u ­

p e r io r  p h a s e  a n d  a m p l i tu d e  s ta b i l i ty  to  e n s u re  

lo n g e r  l a s t in g  c a l ib r a t io n s .  C r u s h  r e s i s ta n c e  a v a i l ­

a b le  f o r  l o n g - t e r m  d u ra b il i ty .  A v a i la b le  i n  c o n f ig u ­

r a t i o n s  o p e ra t in g  to  2 6 . 5 , 4 0 , 5 0 ,  a n d  6 5  G H z .

RE ADYFLEX® Assemblies
H ig h  p e r f o rm a n c e  a l te r n a t iv e  to  S ta n d a rd  R G  a n d  

s e m ir ig id  a s s e m b l ie s .  C o s t  e f f e c t iv e  S M A  t o  S M A  

a s s e m b l ie s  w i th  f le x i b i l i t y  f o r  e a s y  in s t a l l a t i o n .  

A v a i la b le  in  b o th  . 1 4 5 ”  a n d  .1 9 5 ”  o u te r  d i a m e te r  

c o n s t r u c t io n s  o p e r a t i n g  to  18  G H z .

C a l l  n o w  f o r  m o r e  in f o r m a t io n .

1-800-445-4673

Worldwide
www.goremicrowave.com
CIRCLE 174 ON READER SERVICE CARD

http://www.goremicrowave.com


TECHNICAL FEATURE

Ak. Fig. 3 Even- and odd-mode impedance 
profiles obtainedfrom the differential TDR 
measurements.

Fig. 4 Differential pair model based 
on the even and odd impedance 
and delay values. ^

Fig. 5 A  simplified differential 
pair model. ▼

acteristic. However, in the differen­
tial signaling case, a higher common- 
m ode rejection  actually is ob tained  
due  to  coupling  betw een  the  lines. 
N ote that unless there is no coupling 
b e tw een  th e  lines, th e  even-m ode 
impedance will always be higher than 
the odd-m ode impedance.

It is also in te re s tin g  to  observe 
that the tim e delays for the even and 
od d  m odes will b e  d iffe ren t unless 
the ratio o f inductive and capacitive 
crosstalk in the two lines is the  same. 
The difference in delays and im ped­
ances for the even and odd modes for 
a symmetrie differential transmission 
line pair is shown in Figure 3  using 
the Z-line algorithm in TDA Systems’ 
IC onnect™  software. (N ote th a t in 
th e  p re sen ce  o f  coup ling  b e tw een  
the two transmission lines, the  even- 
mode im pedance will always be high­
er.) In  most practical cases, the  even- 
an d  o d d-rnode  de lays w ill b e  d if­
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ferent. Therefore, if a significant 
amount of common-mode energy is 
present in the differential signal, the 
designer will observe signal Splitting,4 
resulting in bit errors and intersignal 
interference.

DIFFERENTIAL LINE 
SIMULATION IN SPICE

How is the propagation of the dif­
ferential signal through the intercon- 
n ec t m odeled? Since a d ifferen tia l 
pair is typically just a pair o f closelv 
routed symmetrie and coupled trans­
mission lines, it would be logical to 
model them  as a symmetrie coupled 
pair. A coupled LC matrix is generally 
u se d  to  d e sc r ib e  su ch  a c o u p le d  
transmission line structure. However, 
a high num ber of lum ped LC compo- 
nen ts  will b e  req u ired  to  sim ulate  
transmission lines that are electrically 
long, which is often the case w hen a 
d if fe re n tia l  tra n sm iss io n  sch em e  
must be used.

The electrieal length o f each LC 
network must be significantly shorter 
than the rise tim e of the signal propa- 
gating through  the  in te rconnec t. A 
practical rule of a short or lum ped in­
terconnect can be described as

where L and C are the total capaci­
tance and inductance values, respec- 
tively, for the given interconnect seg­
ment. F o r a rise tim e o f 600 ps, this 
ru le  m eans th a t the  lum ped  m odel 
can b e  app lied  to an in te rco n n ec t 
segm ent no longer than 100 ps, or ap- 
proximately 2/3" in FR4 board m ater­
ial. F o r a  high num ber o f long tracés 
and  fo r com plex sim ulations, using 
the  lum ped model approach becomes 
impractical and cumbersome, slowing 
dow n th e  Simulation and  m aking a 
comprehensive signal integrity analy- 
sis more difficult to achieve.

O f course, an alternative is to  use a 
distributed approach. Single-line im­
p e d a n c e  c le a r ly  is n o t en o u g h  to  
characterize the differential transmis­
sion line pair since line coupling must 
b e  taken  into account. D ifferen tia l 
im pedance alone is no t enough either 
since com m on-m ode re jec tion  and 
propagation m ust b e  accounted  for.

The solution eomes from a relatively 
simple m athem atieal analysis of the 
d ifferential pair, w hich also can be 
viewed as a symmetrie coupled trans­
mission line pair. The model shown in 
Figure 45 is an accurate representa- 
tion o f a coupled  transm ission  line 
pair based on its even- and odd-mode 
impedances.

I t  is a sim ple exercise in circu it 
analysis to  d e m o n s tra te  th a t  th is  
transm ission line configuration will 
p re sen t tw ice th e  odd-m ode im p e­
dance to a differential signal and two 
separate even-mode im pedances to a 
co m m o n -m o d e  s ig n a l. S in ce  any  
signal can be decom posed in its dif­
ferential- and common-mode compo- 
nents, this model will predict propa­
gation o f any com bination o f differ­
en tia l- and  com m on-m ode signals, 
accurately representing the behavior 
o f the  differential transm ission line 
pair. Note that, for practical purpos- 
es, it may be preferable to avoid us­
ing a transmission line with a negative 
im pedance; however, th e  line w ith 
n ega tive  im p ed an ce  can  be easily  
substituted with a positive impedance 
line and a dependent voltage sou ree.

One disadvantage of this four-line 
model is its relative complexity. In  ad- 
dition, this m odel is difficult to  ex- 
tend  to  a  case o f more than two cou­
pled lines. However, if  the  common- 
m o d e  im p e d a n c e  is s ig n if ic a n tly  
larger than the differential-mode im­
pedance, the  com m on-m ode signal 
will be mostly re jected , and  mainly 
th e  d iffe re n tia l signal w ill b e  ob- 
served at the receiver end. T he high 
com m on-m ode rejection  will m ake 
th e  d iffe ren ce  in d iffe ren tia l-  and  
common-mode signal delay irrelevant 
d u e  to  th e  sm all am p litu d e  o f  th e  
common-mode signal, and will allow 
the use o f a simplified model, shown 
in Figure 5. Here,

Zr
2ZoddZeven

Zev,en -Z o ff
(9)

Again, under assumption o f todd = 
teven» ^  can easity shown that this 
model will accurately represent both 
differential- and com m on-m ode sig­
nal propagation through the  differen­
tial pair. This article focuses on the 
m easurem ent-based approach to ex- 
trac tin g  th e  even  and  o dd  im ped-

[Continued. on page 76] 

MICROWAVE JOURNAL ■ MARCH 200«



U L T R A -L O W  E E R
E S A  M i c r o w a v e  C a p a c i t o r s

L O W E S T  ESR IN  C L A S S  -  

T Y P IC A L L Y  80 mfl @ 1 GHZ

H ig h e s t  Wo rk in g  Vo lta g e  
FOR 0 6 0 3  NPO

B r o a d e st  Va lu e  Ra ng e

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

P E R F O R M A N C E  A N D  R E L IA B IL IT Y  

Y O U  E X P E C T  F R O M  ATC

I n t r o d u c i n g  A TC’S 6 O O S ULTRA-LOW  

E S R  C a p a c i t o r s , d e s ig n e d  a r o u n d  r f  

a n d  M ic r o w a v e  A p p l i c a t i o n s  t o  s u p ­

port REQUIREMENTS WHERE LOW LOSS

AND HIGH PERFORMANCE ARE PARAMOUNT. 

FOR USE IN:

CELLULAR BASE STATION EQUIPMENT 

HIGH Q FREQUENCY SOURCES

BROADBAND WIRELESS SERVICES

SATCOM

P o i n t -t o - P o i n t  /  P o i n t -t o - 

m u l t iP o i n t  R a d io

0 6 0 3

Tape a Reel Plus Options

Special Testing a Packaging

PH O N E : 5 1 6 - 6 2 2 - 4 7 0 0  •  FAX: 5 1 6 - 6 2 2 - 4 7 4 8  •  E-MAIL: SALES@ ATCERAM ICS.COM

CIRCLE 10 ON READER SERVICE CARD

mailto:SALES@ATCERAMICS.COM


TECHNICAL FEATURE
ances for the distributed differential 
line models presented previously.

OBTAINING A 
DIFFERENTIAL LINE MODEL 
FROM MEASUREMENTS

The modehng o f a differential line 
from m easurements is shown in Fig­
ure 6. The choice o f instm m entation 
fo r p erfo rm ing  th is  m easu rem en t- 
based  m odeling  w ork is lim ited  to 
frequency domain instm m ents such 
as vector network analyzers (VNA) or 
im pedance analyzers and  tim e  d o ­
main instrum ents such as the TDR.

For designers with significant mi­
crowave background, the frequency 
domain is quite often a more under- 
stood and more intuitive dom ain to 
work with. However, a problem  arises 
from  th e  fact th a t d iffe ren tia l n e t­
work analyzer measurements, or four- 
port measurem ents, require a multi- 
p o rt netw ork analyzer System. It is 
only recently that such a System has 
becom e available from  m ajor m ea- 
surem ent equipm ent manufacturers. 
A tw o-port VNA m easurem ent Sys­
tem  can be used to obtain four-port 
n e tw o rk  p a ra m e te rs , b u t th is  a p ­
p roach  requ ires a large n u m b er o f 
m easu rem en ts6 and  is n o t easy to 
complete or simple to analyze.

On the o ther hand, four and more 
ports in the  TD R  instrum ents have 
been readily available for quite some 
time. A TDR may o r may not support 
a com prehensive frequency domain 
ca lib ra tio n  p ro c e d u re  availab le  in 
most VNA Systems, bu t for purposes 
o f extracting the  even and odd im ­
pedances and delays the accuracy of 
the m easurem ent is more than suffi­
ciënt. Moreover, the propagation de- 
lay is more easily obtained in the time

dom ain due to  the  visual na tu re  o f 
this domain.

TDR MEASUREMENT BASICS
In  the simple TD R setup shown in 

Figure 7, the impedance o f the board 
tra c é  can  b e  d e te rm in ed  from  the  
waveform measured by a TD R oscillo- 
scope. T he measured waveform is the 
Superposition o f the  incident wave­
form at the device under test (DUT) 
and the reflected waveform, with the 
reflected waveform offset by two elec- 
trical lengths o f the cable intercon- 
necting  th e  oscilloscope T D R  sam ­
pling head to the DUT.1 The multiple 
reflection effects must be deconvolved 
to achieve b e tte r accuracy in im pe­
dance m easurem ents. A TD R  m ea­
su rem en t setup  for d ifferential line 
characterization is shown in Figure 8.

D ifferential TD R  m easurem ents 
can come in handy when it is difficult 
to achieve a good ground plane refer- 
e n ce , o r w h en  a d if fe re n tia l  line  
analysis m ust be performed. A virtual 
ground plane, c reated  by two TD R 
sources o f the same shape and differ­
en t polarity that arrivé simultaneously 
at a D U T interface, helps achieve the 
desired m easurem ent results.

It was m entioned previously that 
T D R  m easurem ent accuracy suffers 
from multiple reflection effects when 
multiple discontinuities are involved in 
the measurement. However, a  true im­
pedance profile o f the DUT can be ob­
tained through an inverse Scattering al- 
gorithm reported previously.8-9 Based 
on die incident step and TD R response 
of the System, the multiple reflections 
can be dynamically deconvolved from 
the  T D R  response; because o f  that 
process, another name used for this al- 
gorithm is dynamic deeonvolution.

E v en - a n d  o d d -m o d e  ana lysis, 
ba sed  on th e  even a n d  od d  im p e ­
dance profiles com puted from the dif­
ferential T D R  m easurem ents, is an 
extremely useful tool for characteriz- 
ing symmetrie transm ission line Sys­
tems, such as cables and connectors. 
T h e  o d d  im p ed an ce  p ro file  is o b ­
tained from a differential TD R  mea­
surem ent w ith two T D R  sources of 
opposite polarity; the even impedance 
profile is obtained through a measure­
m ent w ith two T D R  sources o f  the  
same polarity. In each case, only a  sin­
g le  T D R  ch a n n e l n eed s  to  b e  ac­
quired. A differential reference short 
is used for computing the impedance 
profile. The reference short waveform 
is most easily obtained by disconnect- 
ing the DUT and connecting the two 
Signals to ground in close proximity to 
each o ther, o r connecting  them  d i­
rectly to each o ther and then connect­
ing them  to ground. O nce th e  even 
and  odd  im pedance profiles o f  the  
d iffe ren tia l p a ir  a re  ob ta in ed , the  
model can be easily computed.

In  addition, the LC matrices can 
be easily extracted from the even and 
odd TD R  impedance profiles using

lutiial -j y  (^even^even ^odd^odd)

c  _ 1 \ tpdd U .  1
“ „tua! 2 A l[ Zodd Z „ „ J

From  a practical m odeling perspec­
tive, th e  capacitor and  inductor val­
ues from Equation 10, for example,
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erence step waveform. T he reference 
step waveform for a differential mea­
su rem en t can be ob ta in ed  by con ­
necting the Signals on both of the dif­
ferential TD R  channels to each other 
and then to ground, if  possible. W hen 
using cables w ith SMA connectors, 
the  easiest way to  achieve this m ea­
surem ent is to connect the cables us­
ing an SMA barrel interconnect. Only 
th e  w aveform  on one channe l o f a 
T D R  in s tru m e n t n e e d s  to  b e  ac­
quired; no additional adding or sub- 
t r a e tin g  o f  th e  w av efo rm s in  th e  
scope is necessary. T he resulting even 
an d  o dd  im p ed an ce  p ro file s  w ere 
shown previously and, based on these 
impedance profiles, the model for the 
D U T  is easily ex tracted . N o te tha t 
w ithout th e  im pedance deconvolu- 
tion algorithm , the im pedance p ro ­
files a re  subject to th e  m ultiple re­
flection effects in TD R  oscilloscopes 
and  th e  im pedance  read o u t values 
may not be correct at each point on 
the TD R  tracé.

After the im pedance profiles have 
been com puted, the im pedance pro­
file waveforms are partitioned in the 
sym m etrie  c o u p led  line  m odeling  
window, as shown in Figure 9. The 
distributed model is the  most appro- 
priate in this case since the  electrical 
length of the lines approaches o r ex- 
ceeds 1 ns. T he assumption that the 
even-mode delay is equal to the odd- 
mode delay is som ew hat difficult to 
m a in ta in , a n d  th e  m o re  a c c u ra te  
four-line model is more appropriate. 
W hen the model is saved, the equiva­
lent SPICE circuit that describes the 
model is obtained. A sample listing of 
such a circuit is given in Appendix A.

To verify the created model, a de­
signer must create a composite model 
using  th e  IC o n n e c t so ftw are. T he 
com posite  m odel com plem ents the 
e x tra c te d  D U T  m o d e l w ith  th e  
source and term ination tha t em ulate 
the T D R  m easu rem en t source and 
term ination. Using an in tegrated  in ­
terface to a SPICE simulator, the de­
signer can sim ulate  this com posite  
m odel and , based  on th e  resu lting  
Simulation waveforms, verify the  ae- 
c u ra c y  o f  th e  D U T  m o d e l. B oth  
even- and odd-m ode stimuli must be 
used in simulations to ensure that the 
model accurately predicts both even 
and odd modes of signal propagation, 
as shown in Figure 10. (Simulations 

[Continued on page 80]
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U L . i i ï ï L j O  (11)
Zm  Z™,

A m odel th a t does n o t satisfy th is 
constraint should not be used since it 
does not represent a physically realiz- 
able structure and could produce in­
accurate simulations.

A DIFFERENTIAL LINE 
MODELING EXAMPLE

As an example, a differential pair 
on an FR-4 board was measured and 
modeled. The lines in this DUT have 
SMA connectors as an interface to a 
T D R  o sc illo sc o p e . T h e  lin e s  a re  
closely coupled. (The spacing to the 
ground plane on the board was half 
the gap betw een the lines.) T he im­
pedance profiles for the same differ­
ential pair w ere shown previously.

After the  data were acquired from 
a T D R  o sc illo sco p e , th e y  w ere  
p ro cessed  u s in g  th e  Z -lin e  im p e ­
dance deconvolution algorithm in the 
IC o n n e c t softw are. As m en tio n ed  
previously, two waveforms are neces­
sary to com pute the im pedance pro­
file: the D U T waveform and the ref-

A k Fig. 9 Partüioning the impedance profile 
waveforms in the symmetrie coupled line 
modeling window.

Fig. 10 Verifijing the differential line model. ^

L se]fAl, m ay b e  c o m p u te d  i f  a 
lum ped model is desired. The above 
equations also dem onstrate that if  the 
mutual capacitance CInAl is to remain 
positive, it is necessary that
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w ith both even- and odd-mode stim­
uli are perform ed using an integrated 
in terface to a SPIC E sim ulator and 
the Simulation results are com pared 
to the measured data.) It can be seen 
that with the  exception o f th e  SMA 
connectors, which are not part of the 
differential line, the model accurately 
p red ic ts  the  signal propagation . In 
addition, the connectors can be mod­
eled  using  th e  IC onnec t softw are’s 
lum ped circuit modeling capability.

A simplified three-line model also 
can be used to model the differential 
transm ission lines if  th e  difference 
between the even- and odd-m ode de­
lays can b e  ignored. In  this m odel, 
the  even-m ode delay m ust be used 
for the main lines, and the  delay for 
the line responsible for the coupling 
in the structures m ust be adjusted to 
achieve good match between the Sim­
ulation and the  measurement.

Even- and odd-m ode analysis also 
can be utilized for characterization of 
lum ped interconnect structures, even 
when single-ended signaling schemes 
are utilized. Structures such as high 
sp eed  c o n n e c to rs , b a ll g r id  a rray  
packages and high perform ance auto­
matic test equipm ent sockets can be 
easily m odeled  using even and  odd 
T D R  m easu rem en ts  and  E quation  
10. Based on the even and odd im pe­
dance profiles, the  LC m atrices for 
the coupled structure are easily com­
puted, as shown in Figure 11. (Note 
that for long lines a large num ber of 
subsegm ents m ust b e  used to  accu­
rately model the line.)

CONCLUSION
A techn ique for extracting a  dis­

tr ib u te d  cou p led  line  m odel from  
TD R  m easurem ents has been dem - 
onstrated. This model can be easily 
u sed  in any  Standard tim e  dom ain  
sim ulator (SPIC E or IBIS) and can

accurately predict the propagation of 
a digital signal through a differential 
transmission line pair. As a  result, the 
digital System Simulation will predict 
the System behavior more accurately, 
resulting in higher perform ance Sys­
tem  designs. ■
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APPENDIX A

SAMPLE SPICE CIRCUIT iJSTING

8 Syntax: PSpice
8 Name: Antomaticallv Generated 
.subckt Symmetrie 1 2 3 4 5 
888088 Partition #1

Subseginent #1 88888
tl 1 6 5 Z0==49.7 TD==92.3p
t2 3 5 5 Z0==49.7 TD==92.3p

Partition #2
,'’8 Subsegr # 1 88
t3 8 9 10 zo==43.8 TD==345p
t4 7 8 11 10 Z0*=43.8 TD==345p
e l 12 8 12 13 2
e2 14 10 14 15 2
t5 12 13 14 15 Z0==21.9 TD==345p
t6 13 5 15 M f ZO ;299 TD=»385p

Partitiim #3
subsegrnent #1 88888 :

9 5 2 5 Z0==44.4 TD=»74.7p
t8 11 5 4 5 Zö==44.4 TD==74.7p
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TECHNICAL FEATURE

The Correlation between 
Thermal Resistance
AND CHARACTERISTIC
Impedance of Microwave 
Transmission Lines
Power dissipated in the center conductor o f a transmission line causes an increase 
in temperature, which is the determiningfactor in the power handling capability. 
Mathematical Solutions fo r  the thermal resistance o f the center conductor relative 
to the outer conductor and the electrical solution o f  the characteristic impedance 
Z Q are similar; however dielectric loss is not included and, therefore, makes the 
similarity invalid, A  simple technique is described that includes dielectric loss and 
preserves similarity, thus achieving an overall correlation between thermal 
resistance and Z0. The technique is applied to many important practical 
transmission line configurations.

T he pow er han d lin g  capab ility  o f  m i­
crowave transmission lines is based on 
the  analysis o f heat eonduction in the  

cross-sectional region between the  inner and 
outer conductors. The main param eter o f in­
terest is the tem perature increase T0 o f the in­
ner conductor with respect to the ou ter con­
ductor. Because o f  the  linearity  o f the heat. 
equation, T0 can be expressed as the superpo- 
sition o f two components:

To = To(e) + To®
where

T0(c) and T0/d) are the parts o f T0 caused by 
the therm al dissipation in the  inner conductor, 
Pc, and in the dielectric, Pd. R0^j is the ther­
mal resistance associated with heat flow from 
the inner conductor through the dielectric re­

gion to th e  cxternal conductor. R0(d) is the  
therm al resistance associated with hea t flow 
from the dielectric region to the external con­
ductor w here the heat is generated in the d i­
electric region due to dielectric loss tangent.

The distinguishing features of a given mi­
crowave transmission line are the cross-sectional 
shape o f the region between the center conduc­
tor and the outer conductor and the dielectric 
material used. The analysis of the eleetric and 
thermal fields in the cross-sectional region may 
be very complex, partieularly if the center con­
ductor has a different shape than the outer con­
ductor. Such cases can be more of a scientific in- 
vestigation into the solution of partial differential 
equations rather than an attempt at solving the 

[Continued on page 85]
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r TECHNICAL FEATURE
basic problem at hand. There are pub- 
lications1 that list Standard transmission 
line configurations along with Solutions 
usually ob tained by conformal map- 
ping, bu t to the  au tho r’s knowledge 
th e re  is no apparen t general listing 
in the literature of all types o f config­
u ra tio n s . T h e  re fe re n c e s  on h ea t 
transfer2 can supply Solutions for addi­
tional configurations such as tube in 
tube, the tube in filled form and the 
strip in filled form.

Once having obtained a long list of 
Standard Solutions, expressions can be 
developed for Z0 and R0(c). However, 
e x p re ssio n s for R 0(d) s till a re  n o t 
available. As m entioned  previously, 
power dissipated within the dielectric 
will add to the tem perature  increase 
in the transmission line. Accordingly, 
R0(d) accounts for the tem perature in­
c rease due  to  hea t gen e ra ted  from 
within the  d ielectric and flowing to 
the external conductor. This compo­
nent o f the power handling capability 
o f  transm ission lines has only been  
covered  in the  lite ra tu re  in one in- 
s tance —  a R ussian-language Jour­
nal.3 This article uses the  results of

that reference to relate dielectric loss 
to  Zq and applies the results to  many 
transmission line configurations.

F o r the condition where the exter­
nal conductor is m aintained at con­
stan t tem pera tu re , it will be  shown 
that the overall correlation between 
th e  th e rm a l re s is ta n c e s  R 0(c) and  
R^d) and impedance: Zo does indeed 
ex ist. I t  is n o t obv ious th a t R0(j) 
would be included in this result.

THEORY -  BEFORE ADDIN6 
DIELECTRIC LOSS

I t  is kn o w n 1 th a t for th e  basic  
TEM  mode in the cross-section S of a 
transm ission line filled w ith d ielec­
tric, the electric field is expressed by 
Laplaces equation:

A4) = 0 with <|> |lb =  4>c and <|> |eb = 0
(2)

where

A = Laplaces operator 
(f) = instantaneous value o f electric 

potential at any point in the 
cross-section S and a 
two-dimensional function over S

T he conducto rs  form ing  th e  in n e r 
and external boundaries o f S are  as- 
sum ed to  have high conductivity and, 
therefore, will coincide with the con- 
tours of equal potential such as <t> = <J)C 
and <(> = 0.

Equation 2 assumes charge is locat- 
ed on the inner and outer conductors, 
and not in the region S. The analogous 
heat equation is expressed as

AT = 0 with T  |ib = To(c) and T  |eb =  0
(3)

Since d ifferen tia l equations (E qua- 
tions 2 and 3) have the same form, it 
follows that (|) and T are similar,

T  _ T«c)

<l> <t>c

and congruent,

r (grartT .h)dl r (grad<]>,S)dl

where

C = any contour enclosing the  inner 
conductor
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TECHNICAL FEATURE
n =  unit vector, normal to the 

contour, outward from the 
enclosing surface

dl=  elem ental length o f the contour

Another way to view Equation 4 is that 
the two types of Solutions, (J) and T, nor- 
malized to the boundary condition on 
the center conductor are equal.

G auss’ Law provides for the  last 
step toward the  solution o f the trans­
mission line param eters. Keeping in 
mind such relations as

e j)Ë « d S  =  q  =  G<t>c,

i . - V * , Z 0 = | » d v . ^

the relationship between the electri- 
cal and therm al Solutions becomes

j> (grad n)dl =  -  (5)

and the thermal equivalent o f Gauss’ 
Law becomes

^ .i^ (g radT ,h jd l = - q l 2 (6)

where

= thermal conductivity 
ri = resistance o f the center conductor 
I =  current earried by the center 

conductor

is the capacitance per un it length of 
th e  transm ission  lin e .' B ecause o f 
Equation 4,

f (grad<|>,5)dl =  _ j Cj_

J <t>(. e0eiC TC

and

T = W l i 2
CiA-d

(8)

The result o f Equation 8 relates tem ­
perature  increase T0(c) to  the  trans-

mission line properties such as Zq and 
Z = Vm/8o according to Equation 1.

THEORY -  ADDING 
DIELECTRIC LOSS

H eat dissipation w ithin S due  to 
th e  d ie le c tr ic  loss ta n g e n t m akes 
E q uation  3 nonhom ogeneous. T he 
sim ilarity  b etw een  <}) and  T, w hich 
was relied on in the previous section, 
breaks down unless hom ogeneity can 
be resto red . W ith  th e  inclusion  of 
heat genera ted  in th e  d ielectric re­
gion, Poisson’s equation is

AT =

where
|_|2

(oe„e.? E
q(S) =  — J S -

(the energy density of 
dielectric heat loss for one 
unit length o f transmission 
line in the area S)

A,(] = therm al conductivity of the 
dielectric

[Continued on page 88]
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TECHNICAL FEATURE

%

O) =  angular frequency 
£() =  dielectric permittivity o f free 

space
imaginaiy part of the dielectric 
constant (equivalent of loss 
tangent)

E  = E(S) (the electric field in the 
area S)

E follows the definition

E = - (10)

The thickness 8ic and thennal con- 
ductivity Xlc o f  the inner conductor 
are assumed to be low and high, re- 
spectively, so th a t the  tem p era tu re  
across the inner conductor is constant 
and  eq u a l to  th e  te m p e ra tu re  in ­
crease T0. It is also assumed that the 
eooling o f the external conductor and 
8 ^  and X ^  are such that the region of 
th e  ex ternal conduc to r is a t a con ­
stant tem perature  as well. (It is evi- 
dentlv the case that only unusual val­
ues of 8et and Xcc could not warrant 
the constancy of tem perature on the 
entire area of the external conductor. 
T h e  m ic ro s tr ip lin e  w ith  one-w ay  
eooling4 could be an example.) W hen 
the region o f  the external conductor

is a t  a c o n s ta n t te m p e ra tu re ,  th e  
b o u n d a ry  c o n d itio n s  can  b e  ex ­
pressed as

T |lb =  To a n d T |eb =  0 (11)

Follow ing Yurov3 and starting  with 
w hat is generally  known as G reen s 
first identity,

div(<J) grad <)>) =  <|>A<j> + Igrad (j) |2
(12)

as well as taldng into account Equa- 
tions 2, 10 and 12, the expression for 
q(S) becomes

4 S)
(oe0e 2|gracH | '

2

Equation 9 now can be rew ritten in 
homogeneous form as

AO -  0 with O  |jc -  T0 and <I> |(.c = 0 
(14)

where

*  = t + “ sëV
'

(the electrotherm al potential)3 

The solution is the  superposition of 
the solution for conductor loss only, 
T, and the solution for dielectric loss 
only. The two Solutions each have an 
associated boundary  condition, the 
sum  o f  which p rovides th e  overall 
boundary condition To = To(c) +  To(d)> 
which now can be written as

= — ^-^-div(<J>grad<|)j 

=  div^ ^ f 2 

=
4

=  4  7 0 je0e2<|>!

TXa
- P + - (15)

(13)

To solve for the  power dissipation 
in the dielectric (analogous to Pc for 
the inner conductor), q(S) is integrat­
ed  in area S. Use is made o f the two- 
dim ensional form  o f  the divergence 

[Continued on page 90]
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TECHNICAL FEATURE
theo rem  and, by introducing  a cut, 
the  two adjacent sides on which the 
closed integral cancels. In addition, 
<J>(!C = 0.

Pa = ƒ q(s)ds

= — ƒ drv(<t> grad »t))dS 

= ^  ̂ (}) grad <{>, n^dl
i

+ ^  (<J> grad <J>, n)dl 

= (j)ic^(grad(t>,njdl

+ (|)ec j>(grad(|),n)dl 
o

= ^ T ^ -^ ic tg ra d ^ n J d l

Taking Equation 5 into consideration 
and noting tha t the  outward normal 
on C is opposite to that on I,

_ MSoEoC, a (16)
2£1£0

Inserting  the  expression for C j, the 
main result becomes

+ (i7)
0 Z 2 ZXj 11

F or most transm ission lines = 1, 
and so

Z =  p  
\ eo

= 1207t Q
Comparing Equations 17 and 1, 

=  MZ/,

=  ± R .Lo(e)

A  Fig. 1 The crosscut ofsome transmission lit

when the inner and external conduc­
to rs  a re  th e  e q u a l p o te n t ia l  and  
isothermal surfaces, and the potential 
and tem perature boundary conditions 
are alike.

Figure 1 shows some cases o f us­
ing the correlation fbund in Equation 
19 th a t will b e  review ed. T he first 
case is a coaxial line w ith conductors 
o f round  cross section w ith  radii r  ̂
and r0 (rj > r0). An exact expression 
for this case is1

ZoV̂ i":

Thus, i: npliance with Equation 19,

(18)
=  z o,VE

0<0) z x d
(19)

=  - i - l n
(20) 27IX,,

120nXd
(the scale factor depending on 
the physical param eters of 
dielectric, but not on the form 
and size o f the  feeder line)

It should be stressed that the simple 
and exact correlations achieved b e ­
tween Equations 19 and 20 are cor­
rect for every transmission line only

w hich is in ag reem en t w ith th e  fa- 
mous expression for the therm al im­
pedance.2

T he coaxial line with the  conduc­
tors of square section having the sizes 
of the arm o f the square aj > ao is the 
next case. T he exact expression for 
Z0V ^  obtained using the  conformal 
transformation is1

vy  4 K '(k)

w here

K(k) = full elliptie integral o f the first 
type

The value K/K' is identified in the lit­
erature.1 For the Situation in question, 
Wong2 recommends the expression

R 0(c) =

0.9252(. aj - nKA'\ a, . _
------—  ln — -  0.054 , -A- > 1.7
2nk(\ ^ a 0 )  a 0

The departure  o f the calculation re­
sults p ro d u ced  by th e  fo rm ula  fo r 
R0(c) from the exact result is 8 = -3 .3  
to -6.6% . W hen aj/a^ —> 1, this for­
mula becomes meaningless.

The main round conductor o f the 
r0 rad ius coaxial w ith  th e  ex te rna l 
conductor, made as a regulär polygon 
(n -num ber o f arm s) w ith each arm 
equal to a, is the third case. For this 
Situation an approximate formula that 
exists in the literature2 is

—  Inj (0 .1 8 n -0 .1 9 )-  
2kX, [V r

(The accuracy is n o t taken  in to  ac ­
count.) M ultiphing the above equation 
by ZAd yields the  expression for the

[Continued on page 92]
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TECHNICAL FEATURE
exists in the literature1 only for n = 3, 
4, 5 and 6 and  th ere  is no equation 
for design.

The symmetrical stripline with the 
strip o f zero thickness is the final case. 
T h e  d is tan ce  b e tw e e n  th e  g round  
planes is 2H and the widtli o f the strip 
is 2a. In the literature1 there Ls an exact 
expression for Z0Ve^, which can be 
transformed using the equation for ZÄ.d 
after dividing by such that

Ro(c) =
K'(k)

In addition, approximation formu- 
las exist that deviate from the exact 
solution by no more than 0.5 percent. 
For this case and a great num ber of 
others that do not fit the  examples of 
the crosscut for which there  are exact 
da ta ,1 th ere  is no such Inform ation 
available in the literature.2 Therefore, 
the way it was shown in the examples 
(using the correlation o f Equation 19 
and  equations or tabs th a t are  well 
known in microwave engineering for 
calcu lating  Z0) helps to  p rovide at 
least one o f the following results: to

determ ine the  unknown correlation 
for calculating R(,(c), to expand the 
scope o f param eters in which the  val- 
ue R0(c) can be calculated, to provide 
an approximate gauge for estimating 
th e  accuracy  o f the approxim ation  
models for calculating Ro(c) and to es- 
tablish the  expression for R0(c) in  a 
new form.

O n the  o ther hand, the correlation 
o f Equation 19 could be used for es- 
tablishing a new expression o r elabo- 
rating on the approximation expres­
sion for Z0 based on the Solutions for 
R0(c) (see exam ple 3). I t  should  be 
stressed that in case the exact calcula- 
tions for Zq and R ^ j  agree precisely 
with the coëfficiënt ZÄ^/VEi, the  ap­
proximate solution for Z() and R ^cj in 
the same Systems in microwave engi­
neering and thermophysics tradition- 
ally can exist in different forms and 
methodologies. Thus, for cases 2 and 
4 the  approximate expressions for Zq 
have been  obtained  from the  exact 
calculations using the approximation 
o f the elliptic functions in G unsten;1 
h ow ever, in  S h if fe r4 it w as o b ­
tained using the exact solution o f  the
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equation o f the therm al conductivity 
for the therm al equivalents approxi­
mate model.

The therm al equivalent comprises 
sim ple physics p r in c ip le s  and  th e  
equation for it is easily determ ined in 
com parison  w ith  v irgin Systems o f 
bo d ies , espec ia lly  w h en  th e re  are 
m u ltip le  System s h av ing  a s im p le  
form  and  th e  e rro r  o f  th e  solution 
happens to be acceptable for practice 
(and can be estim ated  beforehand). 
In  this way, using the  correlation of 
Equation 19 when deciding the  prob- 
lems connected with microwave engi­
neering  and therm ophysics can en- 
rich these fields.

Consider one more m ethod o f ex- 
pressing T 0 th a t is com fortab le  for 
practical calculations. From Equation 
17,

_  z o'l^i f p  + !
zv (l l

P<: + - P j

=  ZoM Pc

T0 = Z0M (2aic +  a d)P (22)

0CjC and a d are the decrem ents caused 
by the losses in the inner conductor 
and Volumetrie losses in the dielectric 
area (Neper/m), and P is the average 
pow er in the cut area o f the  strip in 
qu estio n . D e c re m e n ts  a ic an d  a d 
were used in Equation 22 referring to 
their definition:

ü .
2P

Using E quation 22, T0 is calculated 
for the  fine w ith unknown factor a d 
by taking into account theoretical and 
experim ental da ta  for to tal loss cc^ 
such that

a I = a c + a d (23) 
To d e te rm in e  T 0, E q u a tio n  22 is 
transformed keeping in mind that all 
tran sm iss io n  lines  w ith  th e  basic  
TEM -m ode yield

«d
(oe0e2 r, 

2

X
(24)

[Continued on page 94] 
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TECHNICAL FEATURE

TABLE I
POWER HANDLING CAPABIÜTIES OF TRANSMISSION LINES

HigbQ : 
1 Triplate m Unshielded 

Slab Line □
® Eccentric 

Coaxial; Line M Coaxial line

o Stripline

Triplate Line
I  willi Koimdi d
■ Off Strip

W

■ Reetangular 
Coaxial Line

■ Triplate 
1 Stripline #

X is the length of the wave and tg5 is 
the dielectric loss tangent o f the ma­
terial, filling the line

T, = Z J  2cCy -  -

Jt^tgS I

W hen the  decrem ent o f the line 
(obtained theoretically o r experimen-

tally) is known, the  to tal allowable 
power Pmax that the strip can hold out 
is d e f in e d  if  th e  to p  a llo w ab le  
overhead is equal to  T™3* (for exam­
ple , from  the  therm al condition  o f 
dielectric):

Praax =
2jtX(1r ,,ax

2 a y — g lnl 1.07

(25)

Two more cases will be examined us­
ing the results received.

Case 5 involves the central circular 
co n d u c to r o f  th e  r0 rad ius  coaxial 
w ith th e  external conduc to r tha t is 
made in the configuration o f the reg­
u lär heptagon  w ith th e  arm  a. The 
approximate formula for R0(c) is writ-

M aking use o f  th e  co rre la tio n s o f  
Equations 19 and 20 yields

Z0 =  - 4 = l n ( l . 0 7 - )
2nyje l v To)

Thus, the value o f maximum overheat 
w ith the help o f Equation 21 yields

C ase  6 involves a sy m m etrica l 
stripline with the symmetrical eooling 
o f the ground planes. The exact val­
ues o f Z0 and  a c are known for this 
line as

30nK(k)

Mk.)
(Cp + ZCf)

“ ic = a s V --------- f
2(C p + C f )

where

K(k) =  full elliptic integral o f the  first 
type

The connection k, k', Cp and Cf with 
the  sizes of the line and the expres­
sion for a s are provided by Shiffer.4 
Therefore, the exact expression for T0 
using Zq and ac is

K(k)
4XaK(k')

2(xic +
n ^ t g§

(26)

The correlation o f Equation 26 allows 
the exact calculation o f the maximum 
overheat o f the symmetrical stripline.

I t  should  be no ted  th a t Shiffer4 
provides only approximate estimates 
o f T0, which are usually decreased by

one and a half to two times because 
o f the approximation o f th e  calcula­
tion. Table 1 lists exam ples o f the 
power handling capabilities o f various 
transmission lines.

CONCLUSION
The connection betw een  therm al 

resistance and im pedance has been 
reviewed. T he scale factors depend  
only on physical qualities of the  d i­
electric material. With the help o f the 
scale factors using known Solutions of 
the electrodynamical task, all im ped­
ances that are necessary for calcula­
tion o f therm al behavior can be de- 
term ined . Moreover, if the  therm al 
resistance is known, it is possible to 
calculate the wave im pedance o f the 
microwave transmission line. The ex­
act correlation that is obtained allows 
the calculation of maximum overheat 
o f the inner conductor T0 com pared 
to the field in the  known case. In  ad- 
dition, th e  wave im pedance Z0 and 
the losses in the  inner conductor Pic 
and dielectric P j  can be determ ined 
along with the  decrem ents a c in the 
conduc to r and  in th e  d ielectric  
and the theoretical o r experim ental 
value o f the füll decrem ent a z . ■  * 1
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TECHNICAL FEATURE

IMD Products and 
Spectral Regrowth in 
CDMA Power Amplifiers
M any articles are devoted to spectral regrowth in wireless communication 
Systems. The most unpleasant consequences are created hy nonlinear effects in RF  
power amplifiers (PA) at high output power levels due to the nonconstant carrier 
envelope in many digitally modulated communication formats. This article 
considers the nonlinear effects’ influence on the spectral purity o f  an entire 
System utilizing the pseudoreal shapes and pseudorandom data streams o f  input 
drive voltages and analyzes the resulting effect on the time and frequency 
domains using a discrete Fourier transform. However; sometimes it is difficult to 
predict the hehavior o f  a PA by driving its input with a new signal. In this article, 
an obviously artificial physic-statistical approach is offered  based on a  two-tone 
analysis that predicts the correct values o f  spectral regrowth imposed by ihe RF  
PA nonlinearity at frequency offsets specified in CDMA Standards. Measurement 
data fo r  a wideband CDMA (W-CDMA) forrnat are presented 
as well.

It  is known that the output power o f  each 
phone  channe l o f a digitally  m odulated  
wireless communication System has a Sta­

tistical nature. M oreover, most o f these Sys­
tem s have an approximately log-normal power 
distribution.1 Consider an RF PA driven by a 
Statistical signal with an input power probabil- 
ity distribu tion  function g(Pjn). I t w ould be 
co rrec t to  re fe r  to  g(PiT1) as th e  density  o f 
th e  pow er probability  d istribution function, 
b u t conventional term inology  will be used. 
T h e  av erag e  v a lu e  o f  th e  in p u t p o w er is 
defined as

Pin = J Pi„g(Pin)dPi„ (1)

where

Pin = instantaneous value o f the input power

The instantaneous power of the PA is

Pout =  GPin (2)

where

G =  power gain

T he average value o f the output power is

p„„. = ƒ P„„.g(Pou.)dP<„, (3)

where

g(Pout) -  probability distribution function for 
the  output power

[Continued on page 98]
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Ék Fig. 1 The input power spectrum 
for a power amplifier.

The input and output powers are 
connected by functional dependence 
and thus their probabilities must be 
equal such that

g(Pin)dPin = g(Poul)dPout (4)

Pin[mW] =

|  P,„ [mw]g(pin [inW])dP,„ [mW]

= 4.342945j  g(ptJ) [dBm])dPto [mW]

The average output power i: 
Poul[mW] =

Jlt„,t[mW]g[polil[mW])dP„ll,[niW]
0

= J P„i[mW]g(pfa[mW])dPin[mW]

f P„„, mW= 4.342945 - = L
J P. Ir

(11)

J Pil[mW]

• ĝ Pj,, [dBmJJdPin[mW]

The output power probability distrib­
ution function then becomes

(5)

= 4.342945ƒ Ĝ P,,, [mW]j 

•g(pin[dBm])dPjn[mW]

The modulus sign is chosen so that 
the probability value cannot be nega­
tive. Taking into account the log-nor- 
mal character of the power probabili­
ty distribution function, it is more 
convenient for further investigation 
to consider the power values in milli- 
watt units (mW). Thus,

g(p[dBm])dp[dBm] =

g(p[mW])dp[mW] (6 )

g(p[mW]) = g( p [ d B m ] ) | ^ j | (7)

p[dBm] = 10iogP[mW] (8 )

dP[dH  = 1Q 1
dp[mW] In 10 • p|mW]

(10 )
For the average input power

= 4.342945J Ga(Pin )dPill [mW] (12) 
0

The function Ga = G(Pin)g(Pin) is an 
auxiliary gain function, meaning that 
the integral from this function is pro­
portional to the average output power 
of a PA. The function Ga is convenient 
for the graphical consideration of 
Equation 12 and directly represents 
the contribution of the input signal sta- 
tistics and gain eharacteristics of a PA 
at each drive Ievel to the average out­
put power. The square described by 
the curve Ga(Pjn) and Pin-axis is equal 
to the average output power with an 
accuracy coëfficiënt of 4.342945. In a 
common case the gain function G^P^) 
of a PA is the multitone gain for digital­
ly modulated Signals. Knowing 
g(Pin[dBm]), the average values of the 
PA input and output powers can be 
calculated using Equations 11 and 12 
for different modulated formats.

Consider the case when the PA is 
driven by the Statistical signal with an 
ideal rectangular flat shape of the av­
erage power spectrum that is a close 
approximation for CDMA signals. 
Figure 1 shows one-half of the ree-

[Continued on page 100]
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tangular flat spectrum in relative Coor­
dinates for a W-CDMA system at a 
4.096 MHz chip rate. It is assumed 
that all of the signal's useful informa- 
tion is restricted to ±2.048 MHz from 
the carrier frequency and the entire 
input power is placed inside these 
margins in the frequency domain. The 
power spectrum is solid due to the 
nonperiodic PA drive. Taking into ac­
count the physical entity of the Statisti­
cal signal average power spectrum, die 
signal can be represented in the fre­
quency domain in a Statistical manner 
with a flat probability distribution 
function within a margin of Af = 4.096 
MHz. This representation implies that 
each average power spectral compo­
nent inside the flat shape comprises an 
instantaneous input signal at the same 
frequency with the additional proba­
bility of a signal’s appearance at that 
frequency. Therefore, the probability 
of the appearance of the input signal 
spectral component inside the limits 
dfj is expressed as

At the same time the spectral compo­
nent inside the limits df2 exists with 
the probability

g(pfn) T d f 2dpin =

g (P ,« )^ d f 2dï;,„t (14)

The spectral components at dfj 
and df2 are assumed to be not corre- 
lated. This assumption is reasonably 
correct for the flat spectrum shape 
and the multichannel signal. These si- 
m ultaneous spectral com ponents 
cause instantaneous interimodulation 
distortions (IMD) of the PA output 
signal at frequency offsets deter- 
mined by the difference between dfj 
and df2. In this case the probability of 
the appearance of the IMD products 
at different frequency offsets may be 
represented as

g ( lM D ) - i -df,df,dIM D =
Af Af

g ( l M D ) ^ j  df,df2dIMD (15) 

[Continued on page 102]

100 CIRCLE 165 ON READER SERVICE CARD MICROWAVE JOURNAL ■ MARCH 2000

http://www.inmetcorp.com
mailto:techtrol@paonline.com
http://www.tci-ant.com


When you need Glarity and Power

Stanford Microdevices is the clear choice.
When clarity and power matter most, 
Stanford Microdevices delivers.
Stanford Microdevices, Ine. (SMI) is a leading supplierofRF 
integrated circuits for the wireless and wired telecommunications 
markets and a supplier o f choice of OEMs worldwide. Stanford 
Microdevices continues to be on the industry’s leading edge 
because o f our superior quality, outstanding value and innovative 
technological advances. SMI provides the tools to create wireless 
Communications equipment that is smaller, lighter, more powerful 
at market leading prices.

Our SGA 6000 series of Silicon germanium MMIC amplifiers 
offers the high intercept point, high efficiency and high integration 
level at high output power desired, while providing the low noise 
figure and low power consumption needed for all wireless 
applications.

SGA-6386 has 1dB compressed output power of+20dBm, 
output third-order intercept point o f +36dBm and 15.5dB 
o f gain at 900MHz. Pricing on the SGA-6386 is $1.21 in quantities 
o f 10,000 pieces with availability from stock to eight weeks.

www.stanfordmicro. com
M ake  us your home page!

SGA-6286
SGA-6289

SGA-6386
SGA-6389

SGA-6486
SGA-6489

Frequency (GHz) DC-3.5 DC -3.0 DC-1.8
Gain (dB) 13.8 15.4 19.7
TOIP (dBm) 34.0 36.0 34.0
P1dB (dBm) 20.0 20.0 20.0
N.F. (dB) 3.9 3.8 2.9
Supply Voltage (Vdc) 4.2 5.0 5.2
Supply Current (mA) 75 80 75

All data measured at 1GHz and - o '5ÖC Tj — 1 multonhrs (Rth = 97OW typ)

SiG e H B T  M M IC
features indude: m
■  Cascadable 50£2 ■  +20dBm 1 dB Compression Point

■  Single voltage supply

■  High output intercept

S t a n f o r d
Microdevices

■  Low current draw

■  Low noise figure

1-800-764-6642 U.S. Toll-Free
We Deliver RF Innovation 1 -408-616-5400 Outside U.S.

©2000 Stanford Microdevices. All Company and/or product names are trademarks and/or

http://www.stanfordmicro


TECHNICAL FEATURE
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A  Fig. 2 IMD frequency offset vs. power spectrum frequency offset.

where
g(IMD)= probability distribution function for IMD

products imposed by the instantaneous input 
Signal

Assuming that the main contributions to IMD products 
are produced by frequency components with equal power 
levels (thus, for the average value of IMD products at dif­
ferent frequency offsets),

oo Af2 Af2 , >.2

IMD = ƒ ƒ ƒ  IMDg(lMD) dfjdfjdlMD (16)
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The frequency spacing within which IMD products are 
defrned is calculated using

for IM3: Af, = f„-2.048[MHz] (17)

Af2 = Af, + 4.°96 [m h z] (18)

forIM 5: Af, = [MHz] (19)

Af2 = f» + 2  0 48  [Milz] (2 0 )

where

f0 = offset from the center frequency of the spectrum at 
which the spectrum regrowth Ls calculated

These offsets and spacings are shown in Figure 2. It can 
be observed that for the frequency offset of 5.23 MHz 
specified for the W-CDMA Standard IM3 is defrned at the 
spacing 3.182 to 3.639 MHz and IM5 at 1.591 to 2.426 
MHz. The difference in spacing is quite small and usually 
IMD products inside these margins alter less than 0.5 to 
1.0 dB for MESFET amplifiers. Thus, for further investi- 
gation, the mean values can be used. In this case, Equa­
tion 16 can be rewritten as

oo Af2 Af2 ,  N 2

IMD = ƒ ƒ ƒ IMDg(lMD). - 1-  | df1df2dIMD
- « Af, Af, '  '

= (̂ ZF̂ ") * ƒ IMD8fIMD)dIMD (21)
[Continued on page 104]
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TECHNICAL FEATURE
The function

plays the role of a weighting coëffi­
ciënt for the IMD average power val­
ue at different offsets and its shape in 
decibels was shown previously by the 
solid line for IM3 and by the dashed 
line for IM 5. For IM 3 F(5.23) = 
-19.05 dB and for IM5 F(5.23) = 
-13.81 dB. The spectral components 
at different offsets f0 may be repre­
sented in the simple additive form in- 
cluding the noise N0 at the output of 
the PA such that

IMDy = IM3 + IM5 + ... + N0
(2 2 )

where the individual IM components 
are calculated by Equation 21. Usual- 
ly IM3 is mucli higher than other 
IM D com ponents and the value 
19.05 -  13.81 = 5.24 dB is the addi­
tional measure of how close IM3 and 
IMg components are at 5.23 MHz 
frequency offset measured at the 
spacing determined by Equations 17 
through 20. Exeluding the weighting 
function F(Af),

IM3[mW] =

ƒ IM̂ inW'jgjr J

= ƒ IM3[mW]g(pin[inW])dPln[mW]
0

7 IMofmWl
= 4.342945 — f  

J Pjn[mW]

•  g(pin[dBm])dPin[mW]

= 4.342945ƒ T3(Pin[mW])
0

• ĝ Pjj, [dBm] jdPin [mWj

= 4.342945j* Ta3dPin [mW] (23)

The function T3(P in[mW]) = 
IM3/Pin is the transfer function for 
IM3. The function Ta = T(Pin)g(Pin) is 
called an auxiliary transfer function 
for IMD. The physical meaning of Ta 
is that the integral from this function 
is proportional to the IMD product at 
104

a given frequency offset f0. Analogous 
to the function Ga, Ta is very conve­
nient for the graphical consideration 
of Equation 23 and directly repre- 
sents the contribution of the input 
signal statistics and the IMD transfer 
characteristics of a PA at each drive 
level to the spectral regrowth at f0. 
Considering curves Ta vs. Pin, a cir­
cuit may be tuned to decrease IMD 
products at input power levels that 
contribute significantly to output 
power spectrum distortions. A can- 
cellation effect utilization2 is very at- 
traetive for this kind of procedure.

Finally, the power spectral compo­
nents at different frequency offsets f0 
are calculated as

P(f„) = lO lo g ^ ^ f d B ]  (24)

where IMD£ is defined by Equation 
22 and POIIt by Equation 12. The 
phase characteristics consideration is 
assumed to be eliminated because 
they are implied in self-evident form 
by IMD product measurements. No 
filtering characteristics were consid- 
ered at the PA output and Equation 
24 represents a spectral regrowth in­
herent only to the PA. The approach 
considered is valid for the AM-PM 
conversion inherent only to the non­
linear part of the PA. For this proper- 
ly designed PA, the contribution of 
ÄM-PM conversion to the spectral 
regrowth Ls negligible in comparison 
with AM-AM conversion even for 
high values of phase variations.3

CALCULATION RESULTS
The method proposed has been 

verified for the model HW3238 
three-stage GaAs hybrid PA module4 
destined for W-CDMA System use at 
3.4 to 3.5 GHz. The typical depen- 
dence of IM 3 products vs. output 
power at diverse frequency spacing is 
shown in Figure 3. The higher order 
IMD products are a minimum of 15 
dB less than IM3 up to the Saturation 
region and can be excluded from con­
sideration. From the data it is ob- 
served that at the 3.182 to 3.639 
Milz spacing IM3 varies less than 0.5 
dB. Even at 5 MHz spacing IM3 dis­
plays an accuracy of less than 1 dB.

Figure 4  shows two-tone gain and 
IM3 characteristics measured at f0 = 5 
MHz vs. output power for three sam­
ple PA modules. The characteristics

differ substantially. Sample 1 has a 
single-tone Pic|B = 30.9 dBm and 
small-signal gain Gss = 30.8 dB, sam­
ple 2 has Plc|B = 30.9 dBm and Gss = 
29.7 dB, and sample 3 has P j(iB = 
28.2 dBm and Gss = 31.5 dB. The 
phase characteristics start to shift at 
the hard saturating region and are not 
presented in this article.

For sample 3 an evident cancella- 
tion of IM3 and the sharp slope of the 
two-tone gain are seen. An analogous 
effect also is observed for sample 2 
but is not as obvious. Characteristics 
from the data are used for calcula­
tions including two-tone gain C(Pin) 
in Equation 12. The input power is 
assumed log-normal and calculations 
were provided for two normalized 
rms power values of 2 and 4 dB. The

----5 MHz OFFSET 4 MHz OFFSET
--- 3 MHz OFFSET 2 MHz OFFSET
--- 0.5 MHz OFFSET

ÉL Fig. 3 Measured IM3 vs. output power 
for different frequency offsets.
Fig. 4 Two-tone gain and IM3 vs. output 
power for three different power modules. ^
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—  SAMPLE 2
—  SAMPLE 3
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TECHNICAL FEATURE

JL. Fig. 5 Cumulative distribution function 
(CDF) of the input signal.

Fig. 6 Calculated output power spectral 
component values at 5.23 M ilz offset. ^

----SAMPLE 1
-- SAMPLE 2
-- SAMPLE 3

Pout (dBm)

Fig. 7 Auxiliary transfer function 
Tafor 1M3 of sample 3. ▼

4 dB rms power signal cumulative 
distribution function is shown in Fig­
ure 5 and demonstrates that such a 
signal is inherent to the multiple- 
channel CDMA System. The 2 dB 
rms power signal is less stressful. Cal­
culation results of IM3 spectral com­
ponents at a frequency offset of 5.23 
MHz are shown in Figure 6  for the 
three PA samples considered. It can 
be observed that for the 17 to 23 
dBm average output power values P 
(5.23 MHz) vs. Pout can be represent­
ed by straight lines with a slope of 2.0  
to 2.4 dB per 1 dB output power for 
an rms power change of 2 dB and a 
1.75 to 2.25 dB slope for a 4 dB rms 
power change. Only for sample 3 and 
an rms power of 2 dB can a deflec-

Pout (dBm)

Ék Fig. 8 Spectral component values with 
real noise lecel.

Fig. 9 The normalized experimental output 
power spectrum of sample 2.

tion from a straight line be seen due 
to the perceptible eancellation effect.

The 5.23 MHz offset spectral 
components increase by 8  to 9 dB for 
samples 1 and 2 and by 5 to 7 dB for 
sample 3 by elevating the rms power 
value from 2 to 4 dB. Moreover, un­
der those conditions the distance be­
tween the three lines becomes short- 
er. As an example, Figure 7 shows an 
auxiliary transfer function for IM3 of 
sample 3 for different drive levels at 
an rms power change of 4 dB. The 
eancellation effect influence can be 
clearly observed. For the chosen in­
put Signals the output signal of the 
PA achieves hard Saturation for a fair- 
ly large part of the total power. The 
presented data do not include the PA 
output noise. Depending on the noise 
and power spectral components the 
output power can differ significantly.

EXPERIMENTAL RESULTS
The three samples considered were 

driven by the 10-channel 4.096 
Mchips signal from the proprietary 
W-CDMA subscriber unit. Unfortu- 
nately, from the characteristics only a 
crest factor of 9.5 dB is determined by 
the IF voltage. The results are shown 
by solid lines in Figure 8. Theoretical 
results are shown as well for an rms 
power change of 4 dB taldng into ac­
count the real measured PA output 
noise level for each sample and drive 
level. Good agreement between ex­
perimental and theoretical results is 
observed not only by the figures, but 
by the shape, including the additive 
noise. Therefore, the input signal cho­
sen is very close to the real signal.

Figure 9 shows the normalized 
measured output power spectrum for 
sample 2 at two different power lev­
els. Normalization is provided at P 
(5.23 MHz). The theoretical curve of 
a weighting function F(Af) is present­
ed as well. It can be clearly observed 
that good agreement between mea­
surements and theory is achieved at 
4.2 to 5.6 MHz frequency offsets. 
The upper frequency limit Ls restrict- 
ed by the noise of the PA and by the 
IM5 product influence. At offsets less 
than 4.2 MHz, slight growth of the 
spectral components up to 2 to 3 dB 
is observed over the theoretical value 
and a small ripple is present on a 
spectral lobe due to the ripple in the 
baseband of the input signal and its 
nonrectangular power spectrum  
shape. The sharp growth of spectral 
components at less than 2.8 MHz fre­
quency offset is caused entirely by 
the input signal shape.

For samples 1 and 3 similar results 
are observed with even fewer devia- 
tions from the theoretical curve. Thus, 
it can be coneluded that by using the 
proposed method it is possible to ealcu- 
late an adjacent-channel power ratio 
(ACPR) with an accuracy up to 2 to 3 
dB for the entire bandwidth of the ad- 
jacent channel and with an accuracy 
less than 1 dB for spurious emissions at 
the most critical frequency offsets spec- 
ified in CDMA Standards. Of course, 
the method requires more meticulous 
verification with an initially known Sig­
nal and for an amplifier driven harder 
into its saturated region.

[Continued on page 108]
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TECHNICAL FEATURE
CONCLUSION

A method for calculating power 
spectral regrowth for a CDMA PA has 
been proposed based on two-tone 
measurements and the drive signal sta- 
tistics. Signal characterization in the 
frequency domain, the auxiliary gain 
function, the weighting function and 
the auxiliary transfer function for IMD 
products were introduced to facilitate 
the graphical representation of a PA’s 
physical behavior when amplifying the

Statistical Signals. Theoretical results 
show good agreement with experimen­
tal data even for a hard-driven nonlin­
ear PA. The method proposed is valid 
not only for CDMA Signals, but for dif­
ferent digitally modulated communica­
tion Standards with a flat power spec­
trum such as quadrature phase-shift 
keying (QPSK), Tt/4-differential QPSK, 
quadrature amplitude modulation and 
orthogonal frequency-division multi­
plex.3-5 6  The method works better

with an increase in carriers. Imple- 
menting the two-tone gain and repre- 
senting the spectral flat shape by a flat 
probability distribution function with 
noncorrelated spectral components for 
multiple-channel digital Signals in the 
frequency domain, sufficiënt data are 
available for calculations and an accu­
racy is obtained that is comparable 
with measurements obtained by con- 
ventional test equipment.

The frequency offsets at which to 
measure two-tone IMD products to 
determine correlation between their 
values and the spectral components’ re­
growth as well as ACPR were also dis- 
covered. It is senseless to look for a cor­
relation between the fixed values of 
IMD products and ACPR at a specific 
output power level. IMD product be­
havior must be considered through the 
entire power range where the signal ex- 
ists due to the appropriate characteris­
tics. Certainly; the method should be 
verified more extensively for different 
modulated formats and the first step is 
to expand frequency limits for the 
weighting function F(Af). The AM-PM 
conversion influence is a topic for fur- 
ther investigation. ■ * 1
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The Z-domain M ethod 
for Analysis and D esign 
of H igh Order D igital 
Phase-locked Loops

ig P i TECHNICAL FEATURE

U l
"n til now most phase-locked loops 

(PLL) have been analyzed using 
S-domain techniques and designed us­

ing analog circuitry. The purpose of this article 
ls to provide the system designer with the nec­
essary tools to analyze PLLs using Z-domain 
methods and design PLLs using digital cir­
cuits. Analog PLLs can drift with temperature 
Variations due to changes in the analog com­
ponent characteristics and are easily disturbed 
by shock and Vibration. An all-digital PLL 
eliminates these problems and enhances sys­
tem reliability. With the advent of numerieally 
eontrolled oscillators (NCO), advances in 
speed and density of field-programmable 
gate arrays (FPGA) and other digital applica- 
tion-specifie ICs (ASIC) and digital signal 
processors (DSP), digital PLLs can be easily

The Z transform ation will be applied to 
achieve an all-digital PLL. A typical analog 
PLL is shown in Figure 1. The transfer func­
tion of the PLL is expressed as

e„(s) S F(S)

A type 2 loop filter is shown in Figure 2 and 
has the following transfer function:

Applying the Z transformation to Equation 2 
results in the following Z-domain transfer
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TECHNICAL FEATURE

▲  Fig. 3 A digital type 2 filter. 

function for the loop filter:

f (z) = -K I-K 2I

RI

K2 = —
CR2

Ts = sampling period of the filter

The digitized form of the type 2 filter is shown in Figure 
3. Replacing the VGO in the type 2 PLL with an NCO, 
the Z-transfer function becomes

KpF(z)Kvj S )
x , KrFW Kvf TsZ_‘ 1N

Finally, substituting Equation 3 into Equation 4 results i 
the following Z-domain transfer function:

H(z) =

KpKvTs(K l- K2)z~2 - (KpKvTsKi )z_1

L K T  K 1-K 2

Equation 5 can be compared to the well-known char- 
acterized and Z-transformed control theory second-order 
closed-loop transfer function

(-2con̂ Ts +(o;Ts2 )z-2 +2to„?Tsz‘ 1

 ̂  ̂ (l -2ffl„^Ts +0)f1T!2 )7/ 2 + (-2  + 2a)ni;ïs)z-, +1

(On = natural frequency
C, = damping factor of the PLL
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TECHNICAL FEATURE
Equation 6  allows Kl and K2 to be 
defrned in terms of con and Thus,

KpKvTsKl

N
= 2conCTs

K_KVTS . N
- V ^ ( “ - K 2 ) =

-2(0ni;Ts + ft>„Ts2 

Solving for Kl and K2 results in

KpKv
(7)

K2 = - N1> »
K„KV

(8 )

Equations 7 and 8  com pletely 
characterize the design of a second- 
order type 2 digital PLL. In practiee, 
a PLL is used to lock onto an incom- 
ing reference signal or synthesize a 
clock or carrier with frequency fr  
The designer also can specify the 
loop bandwidth (BL) of the PLL, 
which is a compromise between lock- 
in range, tracking range and noise 
suppression. A general compromise is 
to specify the loop bandwidth to be 
approximately one percent of the ref­
erence signal, that is

BL = - L  (9)

As shown by Gardner, 1 the natural 
frequency (0n is related to the loop 
bandwidth by the following relation- 
ship:

0)„
2BL

(10)

where

Fnco dk = NCO clock rate 
nco_bits= number of bits in the

NCO phase comparator

An example and a complete Math- 
cad set of design and analysis equa­
tions for a second-order type 2 digital 
PLL (DPLL) are shown in Appendix 
A. The design is for a PLL circuit 
that locks onto a 1 MHz reference 
and multiplies it by 10  to generate a 
10 MHz phase-locked signal.

THIRD- AND  
FOURTH-ORDER LOOPS

A typical fourth-order PLL has a 
loop filter structure as shown in Fig­
ure 4. The transfer function of a 
fourth-order loop filter is expressed as

F(s) =

1 + 1 

(sT4 + 1) sTl ( l + T3s)

(12)

where

T l = R1C2 (R1 = 2Ra)
T2 = R2C2 
T3 = R3C3 
T4 = RaCl

In  th ird -o rder PLLs, T4 = 0; in 
fourth-order PLLs,

(13)

Following Przedpelskis2 optimization 
of third-order PLLs method, the time 
constants are derived from the open­
loop transfer function

The damping factor £ is typically 
0.707. The phase comparator gain Kp 
depends on the phase comparator 
type. The NCO gain K̂  is defined as

k v = 27CH ?  (ID

A  Fig. 4 A type 4 loop filter

. .  K K (jö)T2-l)
H(s)= , . 7 ---------- t (14)

' '  NTlco2 (jmT3+l)

Third-order loop stability is defined 
by phase margin, which is the differ­
ence between 180° and the phase of 

the open-loop trans­
fer function. In sec­
ond-order loops, 
the damping factor 
t, is typically 0.707; 
in third- and fourth- 
o rde r loops the 
phase margin <J) is 
typically 45°. From 
Equation 14, the
[Continued on page 116]
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Application Profile

Howto make Cell Phones Smaller and Lighter? 
BGAwith Integrated Components using DuPont Green Tape“.

National Semiconductor is a 
leader in applying the LTCC 
advantages of high-dcnsity 
interconnect capability, ability 
to integrate passive components 
and functions, and low-loss 
performance. In a recent design, 
National chose to combine its 
advanced ICs for wireless Com­
munications with Green Tape “ 
DuPont’s brand of LTCC tape 
dielectric material, to provide 
optimum performance in the 
smallest possible package.

Challenge:
Decreased Size and Cost, 
improved Performance for 

Wireless Devices

Portable wireless applications have 
quickly become the main driver for 
smaller, more cost-effective packaging 
and interconnects. For example, in 
the last few years, cell phones have 
evolved into lightweight, palm-size 
devices with a host of new functions. 
Their weight has decreased by a factor 
of 10, and the Wholesale selling price 
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OEM designers are now learning 
that integrating IC and package 
design to take advantage of the

unique properties of Low 
Temperature Co-fired Ceramic 
(LTCC) technology can yield 
decreased size and improved per­
formance in wireless devices.
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Green Tape™ LTCC Allows 
for High I/O Counts in Chip 

Scale Package

National’s newest chipsets use 
Green Tape'"packaging capabilities 
to provide a chip scale package 
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counts of a highly integrated RF 
analog front end using micro BGA 
(ball grid array) technology. The 
current package, only 9 x 9  mm, can 
provide 81 I/Os in a micro BGA 
array, plus topside pads for wire- 
bonding that interconnects to the

BGA pads on the backside. The 
high number of I/Os allows for 
multiple grounds to improve RF 
performance, while the embedded 
multilayer structure contains 14 
RF bypass capacitors constructed 
using a combination of high-K 
and low-K dielectrics.

The performance of the frequency 
synthesizer function can be 
enhanced through the use of an 
embedded VCO resonator that 
provides a high Q, and therefore 
lower phase noise, than that available 
using a VCO resonator located on 
the Silicon.

This approach, co-designing the Silicon 
and LTCC elements to achieve optimized 
size and performance, demonstrates 
the use of co-integration for wireless 
applications requiring smaller package 
size and higher performance at the 
lowest possible cost.

For more Information, 
call DuPont at 1-800-284-3382, 
press 3, or visit the DuPont 

Microcircuit Materials Web Site 
at http://www.dupont.com/mcm.
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TECHNICAL FEATURE

phase of the open loop is

$
, (t 2 + T3)(0

(-1 + T2T3©2)
(15)

A  Fig. 5 The open-loop phase response.

The open-loop response has an in- 
flection point at the unity gain fre­
quency f0. A typical open-loop phase 
response is shown in Figure 5. The 
slope of the phase at the inflection 
point is zero. Therefore, by differen- 
tiating the phase with respect to CO 
and setting the result to equal zero, a 
solution can be found for co0.

d(j) _ 
dco

~(T2 + T3)|l + T2T3o>2 J 

1 + T22 T32 o)-1 + | t 22 + T32 )ros

A  Fig. 6 The open-loop 
amplitude response.

= 0

Solving for (öq produces

CO,) =
] ( - T2T3) 

(T2T3)

(16)

(17)

Solving Equations 16 and 17 simulta- 
neously for T2 and T3 results in

k Fig. 7 A fourth-order digital loop fillt

a  b s m m  „mm „mm ,m
m-m-m-m aE 'I1B' Bi

m■ k' E* Ü’" ;B” 'gm SSI

Figure 6 shows a typical open-loop 
amplitude response. The gain of f0 
(the phase inflection point) should be 
1. Therefore, setting Equation 14 
equal to 1 and solving for TI results

T 1  | k pk v > t M | 
|n T1(ö2 (jtoT3 + l)| 

As stated earher, T4 is defined as

(2 0 )

(21 )

DIGITIZING HIGH ORDER PLLS
Converting Equation 12 to the Z 

domain results in

U a  + a ijz

(22 )

* T4
Ts is the loop filter sampling period. 
Equation 13 represents a fourth-or­
der digital loop filter. The strueture is 
shown in F igure  7. A p p en d ix  B 
shows a fourth-order analog and digi­
tal design example using Mathcad 
software. Figure 8 shows a simula- 

[Continued on page 119]
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APPENDIX A

5!:COND -ORDER OPiL OSSIGM AND ANALYSIS WITH M>

N -1 0  
 ̂-  0.707

K,>" ;
\C 0b fts  -  10 
NCOctk = 40 •  10*

4C
-^>„c
KnKv

Loop Filter Response

z;f) =

Open Loop Response
Tsz(f)~ 

i - z ( f r  

Closed Loop Response

Magnitude and Phase Open Loop Response

M(f) = 20log(t:GH<n i ) l’H f -  arg(GH(jj). 

Noise Reduction

Impulse Response

IRtÖ =

[Continued on page 120]

I V  -:etetics Corporation, founded 
in 1978, manufactures and sells 
microwave diodes and com po­
nents. Since 1979,the Company 
has supplied the microwave 
industry with high-quality products 
that are used in a w ide variety of 
commercial, Industrial, and high- 
reliability applications. Such appli- 
eations include high-frequency 
test instruments, mixers, detectors, 
and sensors for wireless Communi­
cations. Metelics' Product lines 
include:
■ Schottky diodes
■ Pin diode chips and beam 

leads for switch and attenuator 
applications

■ Step recovery diodes and 
tuning varactors

■ Chip capacitors
■ RF/microwave components 

and subassembiies
• Switches, limiters
• Detectors (Schottky, tunnel)
• Sampling phase detectors

TECHNICAL FEATURE
tion, using SystemView Simulation 
software by Elanix, of the fourth-or­
der design example. It is no surprise 
that the loop behavior of both the 
analog and digital loops is identical as 
the analog error and digital error Sig­
nal graphs indicate.

CONCLUSION
The Z-domain design and analysis 

theory and examples presented in this 
article demonstrate that it is easy to 
migrate from the traditional analog 
design of PLLs to digital PLLs. Be- 
sides duplicating loop dynamics and 
behavior, digital PLLs offer a more 
stable and reliable solution to the Sys­
tem designer. Unlike analog compo­
nents, digital circuits generally are 
not affected by temperature varia- 
tions, vibrations or shocks, and digital 
im plem entation can be easily 
achieved with DSP algorithms or 
FPGA/ASIC designs. ■
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APPLICATION NOTE

A Simple and Efficiënt 
Waveguide Calibration 
Procedure for a Vector 
N etwork Analyzer
Modem vector network analyzers (VNA) can be calibratedfor measuring 
Scattering parameters o f waveguide circuits without the need for an expensive kit 
o f Standard waveguide components. It is possible to specify the quality o f a low 
reflection load by using a sliding matched load o f lower quality and, therefore, 
use it as a Standard circuit. Similarity, the VNA can be used as a 
transmitter/receiverfor measuring geometrical parameters o f a reference circuit 
from which a Standard open circuit can be specified.

VNAs are generally calibrated before 
use with a kit of three Standard circuits: 
a short circuit, an open circuit and a 
matched load. The aceessory kit is typically a 

coaxial kit supplied with the main equipment. 
A separate kit, shown in Figure 1, is re-

THE PROBLEM
Consider a common user of an HP8714B 

VNA. This VNA is a low cost instrument that 
operates from 300 kHz to 3 GHz. It is com­
mon ly equipped with a Standard type N coaxi­
al kit. It is assumed that the user is concerned 
with measuring impedances and Scattering pa­
rameters in WR112/U waveguide between 2.4 
and 2.5 GHz. This frequency domain is the in­
dustrial, scientific and medical (ISM) band in 
which most microwave power industrial 
equipment operates for material processing.5

It is easy to construct a pair of transitions 
that transduce the coaxial line with the wave­
guide. Many transition designs have been de­
scribed in the literature.6 It is also easy to con­
struct a waveguide matched load by progres-

[Continued on page 125/
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APPLICATION NOTE
sively introducing an absorbing mater­
ial in the waveguide.7 A short circuit 
can be made with a single metallic 
plate closing the Hange, and an open 
circuit can be obtained with a X^4 dis- 
tance-shifted short circuit.

All of these circuits can be used to 
calibrate du* VNA. It makes sense to 
assume that the short and open cir­
cuits have no loss between 2400 and 
2500 MHz if the Hanges of the guide 
are mechanically well dressed and 
well soldered. Ilowever, the open cir­
cuit is not perfect between 2.4 and 2.5 
GHz because its phase, impedance 
and complex reflection coëfficiënt are 
a function of frequency and of the in­
side dimension a and length D of the 
waveguide section. The characteristics 
of the open circuit must be specified 
for use as a Standard circuit in the cal- 
ibration of the VNA.

THE OPEN CIRCUIT
The reflection coëfficiënt of the 

open circuit depends on frequency, 
such that

where

c = speed of light in vaeuum 
(299,792.5 km/s)

If D and the waveguide cutoff fre­
quency (öc are known exactly, the val­
ue of the coefficients C0, Ci; C2 and 
C3 that specify the open circuit can 
be calculated as the Mac Laurin se­
ries of the capacitance vs. (0:

C0 + CjCO + C2co2 + C3CO3 =
-0.02

This calibration is rccommended and 
explained in the VNA user’s guide.8 
Thus, by assuming that the eonstructed 
matched load has a low reflection coëf­
ficiënt, the three waveguide compo­
nents can be used to calibrate the VNA 
as is done with the Standard coaxial kit. 
The characteristics of the coaxial-guide 
transiti s need not be known; their 
defects are included in the calibration.

REFJNING THE PROCEDURE
The accuracy of the VNA mea­

surement can be increased by refin-

ing the specification of the Standard 
circuits.

Respedfying
the Matched Load Circuit

Assume that a m atched load is 
moved in a waveguide. Its complex 
reflection coëfficiënt will be repre­
sented by a circle on the Smith chart. 
The radius measures the amplitude 
of the reflection of the movable load; 
the center of the circle measures the 
residual reflection coëfficiënt of the 
matched load, which was used origi­
nale for calibrating the VNA. Figure
2 shows the eonstructed sliding load, 
which consists of a plastic carriage 
that supports a tapered block of rub­
ber, an inexpensive, lossy material. 
The carriage is guided inside the 
waveguide with nylon screws. Figure
3 shows the resulting circle on the

As Fig. 2 The sliding matched load.

Fig. 3 A plot o f the sliding matched load as a 
function o f the displacement. ̂
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APPLICATION NOTE

VNA

L ( 2 6  cm)

<*)

A  Fig. 4 VNA measurements for respecifying the 
section and (b) resonant cavity o f length L.

Smith chart. The residual |p°| of the 
m atched load is = 5 .IO-3  exp 
-  j42° The data plot also illustrates 
the high accuracy with which the low 
reflection coëfficiënt can be mea­
sured because the scale has been 
magnified around the low values of 
|p°|, even if the VNA has not been 
ealibrated. The resulting p£j can be 
used to specify the matched load as a 
Standard matched load for reealibrat- 
ingthe VNA.

Respecifying the Open Circuit
Refinement of the Q  parameters 

that specify the open circuit is also 
possible. The section of RG112/U 
waveguide in which the matched load 
carriage was previously sliding is 
closed with a plunger at L (= 26 cm) 
from the flange, as shown in Figure 
4. The reflection of this circuit can be 
measured at different frequencies 
with the VNA.

Inserting a metallic sheet (having 
an apertu re) between the fl an ge s 
eonverts the waveguide section to a 
rectangular cavity. Using the VNA, 
the resonant frequencies of the cavity 
can be measured even if the VNA is 
not fully ealibrated. Let (öm (cor2, cor3, 
cor4) be the frequencies of the TE10n 
(TE102, TE103, TE104) resonant 
modes. The cutoff frequency of the 
TE10 propagation mode (which cliar- 
acterizes the dim ension a of the 
waveguide) and the length L of the 
circuit can be accurately obtained 
from two or three measurements. 
The System of equations is expressed

(b)

■ open circuit with an (a) waveguide length L

From the optimized values Cöc and 
L, the phase (arg ps) can be calculated 
in the frequency domain in which it 
was previously measured. Therefore, 
it is possible to compare the experi­
mental values with the calculated 
ones. The values of (0C and L can be 
obtained with a relative accuracy of 
±1(H, and the agreement in phase lie- 
tween the measured and calculated 
values is ±0.5°. As a eonsequence, a re- 
fined list of Cj(co) can be determined 
and used for recalibrating the VNA.

D eterm ination of C^to) of the 
open circuit does not depend on any 
geometrical measurement, but only 
on frequency measurements. The 
VNA is used as a transmitter/receiver 
for eharacterizing a chosen second 
reference circuit. Óf course, this pro­
cedure can be repeated with different 
L values and at different frequencies. 
The results also can be interpreted as 
a variable short circuit calibration 
method. The procedure can work 
over a broadband domain if the open 
circuit is broadband, or with other 
waveguide circuits.

As a final advantage, this self-con- 
tained procedure does not require 
equipment other dian the VNA itself. 
It should be applicable in many Cir- 
cumstances other than the VNA cali-

[Continued on page 128]
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APPLICATION NOTE
bration for providing reference cir­
cuits, for directional coupler mea­
surements or for permittivity mea­
surement of industrial materials.9

CONCLUSION
This article has presented a VNA 

waveguide calibration procedure. Al- 
though the procedure is not espeeial- 
ly new, it is very accurate and re- 
quires only some simple and inexpen- 
sive waveguide components. ■
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COVER FEATURE

A Universal 
Power Sensor

The universal power 
r’s block diagram. ^

Power is a fundamental measurement 
that has been made by RF engineers 
since the first days of radio transceivers. 

The basic theory of accurate power measure­
ments has not changed since that time as ther­
mal absorption and diode rectification remain 
the foundation of all power measurements. 
These two technologies have satisfied the in- 
dustry’s requirement to perform measure­
ments on CVV Signals or carriers with relatively 
narrowband modulation schemes. The intro- 
duction of wide bandw idth modulation 
schemes including CDMA, high definition 
television, direct audio broadcasting and satel-

lite Communications has made such traditional 
sensor technologies inadequate. As a result, a 
new universal sensor that integrates a patent- 
ed architecture has been developed to over- 
come the limitations of previous-generation 
sensors and allow for highly accurate power 
measurements on wide bandwidth signals.

SENSOR PERFORMANCE
Designed for use with the ML2400A and 

ML2430A power m eter series, the model 
MA2481A universal power sensor has a conven- 
tional diode sensors fast response time and low 
power sensitivity as well as ä wider dynamic 
range for true RMS detecting. The conventional 
diode detector has a low level sensitivity of -70 
dBm, and a diode sensor operating in true RMS 
mode has 50 dB of dynamic range. The univer­
sal power sensor increases the overall sensor dy­
namic range to 80 dB by combining three sepa­
rate diode detection elements into a single sen­
sor. The power at a given input that each 
element detects in relation to the sensor input 
power varies, and the element with the maxi­
mum detection voltage is selected to be used for 
a given input power. Simultaneously, the appro- 
priate element is maintained within its square- 
law region of Operation. Figure 1 shows the 
universal power sensors block diagram.

[Continued on page 132]
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drawings, tape and reel specifications, and application notes, 
as well as our complete product catalog and custom VCO 
inquiryform.
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Specialty Corj
has been in the basiness of prodncing 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 wide variety of 
antenna types for various commercial and 
military applications.

•  Reflector An te nn as
•  Radomes
•  Hom Antennas 
» Omni Antennas
•  Helix Antennas
•  Log Periodic Antennas
•  Arrays

(including microstrip)
•  Auto-Tracking Antennas

For more information, 
call or visit our website at:

immv.inicrowavespecialty.com

MICROWAVE
SPECIALTY
CORPORATION

Designers and Manufacturers 
of Microwave Antennas 

and Related Components

520 E. Carmel Street 
San Marcos, CA 92069-4499 

(760)744-1544 
fax (760)744-1565
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É l. Fig. 4 Two-element measurement speed.

The new sensor has been designed 
to have improved dynamic range over­
all despite the fact that each of the 
three elements has a 50 dB individual 
range. Although a diode element de- 
tects very accurately over its 50 dB dy­
namic range, the detected voltage at 
the lower 10 dB power levels ap- 
proaches the noise level. Even at the 
diode elements lower 30 dB power 
levels, measurement averaging is re- 
quired to accurately piek out the de­
tected voltage from random noise volt­
age. This averaging significantly im­
pacts measurement speed, as shown in 
Figures 2 and 3.

The universal power sensors first 
element covers the +20 to -3  dBm 
power input range, the second ele­
ment covers -3  to -20 dBm and the 
third element covers -20 to -60 dBm. 
While the power meter will slow down 
when the input power falls below -45 
dBm (due to the laws of physics), it ex- 
cels at -3  to -20  dBm (the power 
range where most engineers and prod­
uct personnel conduct the majority of 
their measurements). At this middle 
power range, the three-element uni­
versal sensor is much faster, easier and 
more accurate than competitive Solu­
tions. Figure 4 shows measurement 
speed as it relates to the input power 
of a two-element power sensor. In 
contrast, the three-element universal 
sensor requires < 2 0  ms per measure­
ment with < 0.05 dB of reading 
fluctuation.

At +13 dBm input to the sensor, 
element 1 begins to leave square law 
and enter the transition detection re­
gion. The transition region of the 
diode changes slowly and the devia- 
tion from square law is < 0.1 dB over 
a 10 dB range. This small deviation 
can be easily corrected without ad- 
versely affecting the true RMS accu­
racy. On the o ther hand, the 
erossovers of element 1 to element 2 
and element 2 to elem ent 3 were 
made so that large square law over- 
laps exist betw een the crossover 
elements.

Since w ideband CDMA (W- 
CDMA) can have a 14 dB crest fac­
tor, the extended square law overlap 
in the universal power sensor ensures 
that the ever-changing power peaks 
and troughs of W-CDMA are detect­
ed accurately in square law and inte­
grated, resulting in an accurate aver­
age power measurement. The sensor 
will accurately measure even wider- 
bandwidth signals as they become re- 
quired by the next modulation Stan­
dard or even dual-tone signals.

The greatest challenge in achiev- 
ing sensor linearity is to have the 
three elements operate seamlessly 
without discontinuity in the linearity 
curve. Each diode element has its 
own tem pera tu re  and frequency 
characteristics. The universal power 
sensor/meter has extremely accurate 
built-in temperature correction. The 
importance of the temperature cor-

[Continued on page 134]
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PIN DIODE 
CONTROL DEVICES
PIN DIODE______________

ATTENUATORS
• 0.1-20GHz

Broad & narrow band 
models

* Wide dynamic range 
- Custom designs
Attenuator types offered are: Current Controlled, 
Voltage Controlled, Linearized Voltage Control­
led, Digitally Controlled and Digital Diode At­
tenuators.

PIN DIODE

SWITCHES
0.1-20GHZ 

Small size 
Custom designs

SPST thru SP8T and Transfer type 
models are offered and all switches are low loss 
with isolation up to 100dB. Reflective and non- 
reflective models are available along with TTL 
compatible logic inputs. Switching speeds are 
1 f is e c — 30nsec. and SMA connectors are Stan­
dard. Custom designs including special logic in­
puts, voltages, connectors and package styles 
are available. All switches meet MIL-E-5400

PIN DIODE_________________

PHASE SHIFTERS
• 0.5-20GHZ
- Switched Line
• Varactor Controlled
• Vector Modulators
- Bi-Phase Modulators
• QPSK Modulators
• Custom Designs

SUBASSENIBUES
Passive Components and Control Devices can 
be integrated into subassemblies to fit your spe­
cial requirements. Call for more Information and 
technical assistance.

Custom Designs
CALL OR WRITE

waveiine
SOLID STATE NC

P.0. Box 718, West Caldwell. NJ 07006 
(973)226-9100 Fax:973-226-1565 

E-raail: wavelineinc.com

COVER FEATURE
A 2 C CHANGE FROM 25 C 

RESULTS IN A TOTAL CHANGE 
OF 0.1 dB BETWEEN 
THE TWO ELEMENTS.

X

TEMPERATURE ( C)

Ék Fig. 5 6 GHz calibration factor changes 
vs. temperature.

A  Fig. 6 CW  linearity.

A  Fig. 7 W-CDMA linearity.

rection error is evidenced by the fact 
that if the temperature correction er­
ror is as little as 2°C, a linearity dis- 
continuity of 0.1 dB can occur. Fig­
ure 5 shows the temperature charac­
teristics of three diode elements.

With proper frequency and tem­
perature characterization, the univer­
sal power sensor has a CW, W- 
CDMA and dual-tone linearity of 
better than three percent, as shown 
in Figures 6, 7 and 8. Table 1 lists 
the specifications for the sensor. Be­
cause the universal power sensor al- 
ready has the same hardware as a 
regulär diode sensor, the least attenu- 
ated element of the sensor is fully 
characterized and data stored in the 
sensors electronically erasable pro- 
grammable read-oniy memory are

A  Fig. 8 Dual-tone linearity fo r  various 
tone separations.

TABLE I
UNIVERSAL POWER SENSOR 

SPECIFICATIONS

Frequency range 10 MHz to 6 Gïlz

Dynamic range (dBm) -60 to +20

SWR
10 to 50 MHz < 1.90
50 to 150 MHz < 1.17
0.15 to 2 GHz < 1.12
2 to 6 GHz < 1.22

linearity!%) f <3

sim ilar to data from a Standard diode
sensor. W hen the power m eter is 
switched to a CW m easurem ent 
mode, CW signal power can be mea­
sured with the speed and accuracy of 
a Standard diode sensor.

CONCLUSION
A new power meter sensor is now 

available that combines the accuracy 
of a thermal sensor with the speed of 
a diode sensor while delivering more 
than 80 dB of dynamic range. The 
model MA2481A universal power 
sensor features a patented technology 
that permits fast and accurate mea­
surement of complex modulated sig­
nals over a wide operating region. 
This new technology may render pre- 
vious power measurement methods 
obsolete. Contact the Company for 
priee and availability information.

An rits u C o.,
Morgan HUI, CA (800) 267-4878.
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www.sigtech.com/systems/nfl

Does your radio spectrum sound like a crowded room? Add 

signal dynamic range to your existing and emerging receiver 

applications with programmable notch filters from Signal 

Technology’s Systems Operation. These patented devices allow 

you to selectively attenuate strong signals without affectingthe 

balance of the reception band. This allows receivers to operate 

with reduced front-end attenuation and less AGC. The result is 

improved reception and near elimination of de-sensitization and 

analog to digital Converter over-range. Now you can set the range 

of receivable signals by the receiver s sensitivity or noise floor,

Model:
Center Frequency: 
Frequency Resolution:
NotchShape Factor: 
Notch Depth: 
Passband Gain:
VSWR:
Impedance:

ratherthan the strongest in-band signals.

To learn more, visit our Notch Filter web page at 

www.sigtech/systems/nfl. 3? Sutto

----- ■ ~  TECHNOLOGY CORPORATION

SYSTEMS OPERATION

i Road, Webster, MA 015P0 • 508-943-P440 • Fax 508-949-1804 
www.sigtech.com
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WEB UPDATE

www.alphaind.com

0  Coaxial Connectors
and Cable Assemblies

This Web site offers a source for reliable, 
high frequency microwave connectors and 
cable assemblies, off-the-shelf items and fast 
custom interconnect Solutions. The Compa­
nys SMP, 2.92 mm, SMA, SSMP, TNC, N 
and coaxial assemblies for commercial, mili­
tary and space-qualified telecommunication 
applications also are leatured.
Connecting Devices Inc. (CDI),
2400 Grand Ave.,
Ixtng Beach, CA 90815

WW W .
connectingdevices.com

•  Dielectric and Microwave
Materials

This new Web site provides technical infor- 
mation on dielectric and microwave inateri- 
als and anechoic chambers as well as facilitv 
processing and QA equipment. Question­
naires for designing anechoic test facilities 
and direct links to kéy personnel also are

Cuming Microwave Corp., 
a subsidiary o f  Cuming Corp.,
225 Bodweïl St., Avon, MA 02322

www.cumingcorp.com

136

•  Microwave Office 2000
This Web site enables visitors to download a 
fully functioning 30-day evaluation copy of 
Microwave Office 2000 next-generation RF 
and microwave design automation software, 
which features apowerful MMIC layout edi- 
tor that Is seamlessly integrated with linear, 
nonlinear and EM Simulation tools.
Applied Wave Research Inc. (AWR),
I960 East Grand Are., Suite 530,
El Segundo, CA 90245

www.mwoffice.com

•  Microwave Division
This Web site offers fast access to data 
sheets and technical information as well as a 
software engine for constructing valid part 
numbers from user inputs. The site also 
highlights the Companys products with links 
to the its three divisions.
DB Products Inc.,
253 N. Vinedo Ave., Pasadena, CA 91107

www.dbp4switches.com
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RF & Microwave Signal Processors

201 McLean Boulevard, Paterson, NJ 07504 
Tel: (973) 881-8800 Fax: (973) 881-8361 
E-mail: sales@synergymwave.com 
Web Site: www.synergymwave.com

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


WEB UPDATE

t  CapCad V3
This Web site descrilx*s the CapCad V3 ca- 
pacitor modeling software, which features 
part number entry, new products and Smith 
chart plotting. A full-line product catalog is 
also available. Application notes are includ- 
ed. Two parts can be displayed simultane- 
ously for comparison.
Dielectric Laboratories,
2777 Route 20 Kast,
Cazenovia, NY 13035

www.dilabs.com

•  RF and Microwave Design 
Software

This Web site highlights the new GENESYS 
7 RF and microwave design software. Users 
can download Videos that demonstrate fast 
and easy use of the software. Application 
notes and manuals, frequendy asked ques- 
tions and answers, and on-line Consultants 
also are available.
Eagletcare Corp.,
4772 Stone Dr., Tucker, GA 30084

www.eagleware.com

9  Base Station 
Antenna Products

This Web site features a fiill product catalog, 
including photographs, drawings and pat- 
tems. A product specifier enables users to 
search products based on criteria most im­
portant to the application. Propagation pat­
tem files can be downloaded in 18 different 
software formats, and an on-line quote re- 
quest eapability has been added to the site. 
EMS Wireless,
5060 Avalon Ridge Parkwaïj, Suite 300, 
Norcross, GA 30071

www.emswireless.com

9  C ontact Products
This Web site offers a variety of Solutions for 
high frequency, high volume testing and 
products such as the K-50 coaxial probe, 
which supplies superior broadband charac­
teristics and a universal open-tip architec­
ture, thereby eliminating the requirement 
for a special contact target.
Everett Charles Technologies,
700 E. Harrison Ave.,
Pomona, CA 91767

www.ectinfo.com

#  High Performance
Wire and Cable

This Web site describes high performance, 
high frequency coaxial cables for the RF and 
microwave markets, including strip braid 
and spiral strip shield designs to maximize 
shielding effectiveuess while maintaining 
flexibility. The Companys PTFE dielectrics 
and foamed polyethylene yield performance 
expected from more costly alternatives. 
Harbour Industries,
4744 Shelbum e Rd.,
Shelbum e, VT 05482

www.harbourind.com
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Phase-Locked Coaxial Resonator

OSCILLATORS
Phase Noise at 4 GHz

FREQUENCY OFFSET FROM THE CARRIER (Hz

Phase Noise at 8 GHz

FREQUENCY OFFSET FROM THE CARRIER I Output frequency (Fixed)

Phase Noise at 15 GHz

FREQUENCY OFFSET I : CARRIER (Hz

F E A T U R E S
• 4 -1 5  GHz with 1 -2 0  MHz Input Reference
• Superior Phase IMoise
• Compact Loop Design
• Competitive Performance in a Smaller Package
• 100%  Environmental Screening

For further Information, please contact AI Annarumma at (516) 439-9172 
or e-mail aannarumma@miteq.com.

(IjjjWlITSI* 100 Davids Drive, Hauppauge, NY 11788 
TEL.: (516) 436-7400 • FAX: (516) 436-9219/436-7430 

--------------------------------------------------- www.miteq.com

TYPICAL PHASE NOISE

ELECTRICAL SPECIFICATIONS

Output power +13 dBm, minimum I
Output power Variation ±1 dB, maximum |
Input reference frequency range 1 to 20 MHz
Input reference power range -3 to +3 dBm
Output spurious Signals -65 dBc minimum
Output harmonies -50 dBc minimum
Output impedance 50 Ohm nominal
Load VSWR 1.5:1 nominal
DC voltage (Customer specified) 15, 20 or 24 V

^ DC current 600 mA typical ^

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


WEB UPDATE

•  Microwave Systems
This revised Web site features several design 
options for frequeney generation specialists 
in the electronic warfare and commercial 
markets. The Companys components and 
Subsystems are optimized for exacting high 
speed logic, preeise wideband microwave 
performance, low spurious levels and low 
phase noise.
IT T  Industries, Microwave Systems,
59 Technology Dr., Lowell, M A 01851

www.ittmicrowave.com

5BT -500/1000-5-N/N

This Web site now offers e-commerce capa- 
bilities through the Companys Order On­
lin e  system. The site gives customers exclu­
sive Web access to discount pricing for prod­
ucts such as base station duplexers, tunable 
filters and harmonie rejection filters.
K b L  Microwave Inc.,
2250 \o rthw ood  Dr.,
Salisbury, MD 21801

www.klmicrowave.com

#  High Performance Filters
This Web site provides information on high 
performance filters, diplexers and subassem- 
blies from 500 kHz to 40 GIlz including 
ISM, MMDS, LDMS and commercial wire­
less Communications frequencies. Ceramie, 
waveguide, cavity and discrete element 
topology filters in fixed and tunable designs 
also are described.
Lorch Microwave,
1725 North Salisbury Blvd.,
Salisbury, MD 21802

www.lorch.com

www.lonamw.com www.micronetics.com

•  Vector Attenuators
This Web site features vector attenuators 
and attenuator phase slufters for feedfor- 
ward amplifiers and RF predistorters used in 
PCS base stations. The site also describes 
the company’s thick-film capabilities and ser­
vices such as printed Substrates and hybrid 
microcircuits. Application notes and techni­
cal features also are available. 
Micro-Precision 
Technologies Inc. (MPT),
12-B Manor Parkway, Salem, NH  03079

www.micropt.com
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3 ounce average Insertion force 

W Q  impedance rated at 1.20:1 VSWR 
at 3GHz and 1.40:1 up to 6 GHz max. 

Exceptional continuity under shock 
and Vibration

This advanced coax design
provides new performance for
rack and panel, quick release
cable. and custom designs for high contact
count assemblies, portable computers,
test equipment and wireless devices. The
Hypertronics’ coaxial COAXTAC" contacts with
dual concentric Hypertac sockets provide a new
level of performance.

H Y P E R T R O N I C S
C O R PO R A T IO N

“New Horizons in  C onnectors”

16 Brent Drive Hudson, MA 01749-2978 978-568-0451 • Fax 978-568-0680
c a i i  800-225-9228,888-HYPERTAC o r  v is it o u r  w e b  s ite  a t www.hypertronics.com

Hypertronics is a part of Hypertac Interconnect and Smiths Industries
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WEB UPDATE

#  A u to m a te d  W lre 
and  Die B onders

This Web site provides information on the 
Companys complete line of automated wire 
and die houders and in-line systems for first- 
level interconnect. Customer service con- 
tacts, software options and refurbished 
equipment as well as current news, articles 
and trade show information are available. 
Palomar Technologies,
2230 Oak Ridge Way, Vista, CA 92083

www.bonders.com

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

The Web site offers technical and mechani- 
cal information on various RF and mi­
crowave products, including high Q base sta­
tion filters, duplexers, multiplexers, dielee- 
tric filters, complete subassemblies, and 
transmit and receive filters. Low noise am­
plifiers, power monitors and high power am­
plifiers for the PCS cellular market also are 
introduced.
Salisbury Engineering Inc.,
RR #1  Stage Rd., Delmar, DE 19940

D ev elo p m en t 
a n d  M anufac tu ring

This redesigned Web site features the com- 
pany’s 1999 Standard Product Catalog, 
which offers more than 1300 Standard an­
tenna designs. The site also includes the 
company’s history and capabilities as well as 
antenna testing services and engineering in­
formation.
Seavey Engineering Associates Inc.,
28 Riverside Dr., Pembroke, MA 02359

WW W .
seaveyantenna.com

#  Signal Switching
This redesigned Web site offers several new 
matrices for digital, fiber-optic, RF and mi­
crowave applications as well as a new line of 
notch filters and VXIA'ME switch cards. 
The site also features full fan-out nonblock- 
ing designs that allow several inputs to com- 
municate with several Outputs with little to 
no signal degradation.
Signal Technology Corp.,
Systems Operation.
37 Sutton Rd., Webster, MA 01570

www.sigtech.
com/syjtems

#  Passive a n d  A ctive
C o m p o n en ts  a n d  Subsystem s

This newly designed Weh site describes 
more than a dozen new' passive and active 
components and Subsystems for wireless, 
EW and space requirements up to 18 GHz 
as weD as new lines of switch combiners and 
multifimction logarithmic amplifiers. A com­
plete listing of data sheets available in PDF 
format is included.
Signal Technology Corp.,
Olektron Operation,
28 Tozer Rd., Beverly, MA 01915

www.sigtech.
com/olektron

•  M icrow ave Coaxial 
C o n n ec to rs

This Web site provides information on mi­
crowave connectors with high performance 
SMA and extended pow'er SMA as well as 
2.92 mm and 2.4 mm connectors for mi­
crostrip and stripline circuits. Designed for 
applications up to 50 GHz, the rugged con­
nectors offer low SWR, low loss and high 
performance for space, military and com­
mercial applications.
Southu'est Microwave Inc.,
900 S. McKemy St., Tempe, AZ 85284

www.southwest
microwave.com

142 MICROWAVE JOURNAL ■ MARCH 2000

http://www.bonders.com
http://www.sigtech
http://www.sigtech
http://www.southwest


'.VC. ' * ;;;
gu'aranteed'cabte assetriblies ör 

taöes and conpectars " 

unassembled.

Tliese cables ar. m u i 

simply “improved 

MIL C-17“ cables, but 

feature materials

3 Stacks all "populär coiiiVectofs 

including SMA, FTNC, - N, SC, 7mm, 

3.5mm, 2.4mrn and I.85mm. 

Al! connectors are designed 

■specifica] ly for e;k;ti cabte group.

Technical assistance is 

available. Contact us for 

complete details.

MICROWAVE PRODUCTS DIVISION 
20 East Franklin Street • Danbury, CT 06810 

Tel: 203-791-1999 • Fax: 203-748-5217 
www.iw-microwave.com 

e-maii: saies@iw-microwave.com
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WEB UPDATE

•  Wireless, Space
and Defense Products

This Web site provides quick, current and 
accurate information on wireless, space and 
defense products offered by the Company. 
The site also features new products, Compa­
ny profiles, articles, technical terms and con­
tact information.
Trak Communications Inc., 
a Tech-Sym Company,
4726 Eisenhoicer Blvd.,
Tampa, FL 33634

www.trak.com

#  Power Supply Information
Tli is new, Interactive Web site is designed to 
make product, corporate news and applica- 
tion information more easily accessible for 
current and potential customers. Product 
data sheets and an expanded library of cus­
tom and application-specifie product infor­
mation also are available;.
Advanced Conversion Products (ACP), 
a division o f Transistor Devices Inc. (TD1), 
85 Horsehm Rd., Cedur Knolls, NJ 07927

www.tdipower.com/acp www.trans-techinc.com

t  Microwave and RF
Components and Subsystems

This Web site delivers a variety of technical 
and corporate information, including prod­
uct data sheets, instruction manuals, techni­
cal articles, an on-line sales representative 
search engine and links to other MCE Com­
panies' sites. A Java-applet navigation bar 
and a keyword site search also are includcd. 
Weinschel Corp.,
5305 Spectrum Dr..
Frederick, MD 21703

www.weinschel.com

#  EMI Design Center
This Web site provides an extensive Compila­
tion of technical, product and Standards in­
formation for designers facing electromag­
netic interference (EMI) shielding prob- 
lems. A primer on basic design for EMI 
control that covers kev issues and terminolo- 
gy, electrical and mechanical design mod­
ules, and rapid prototyping services also is 
provided.
W.L. Gore *b Associates Inc.,
750 Otts Chapel Rd., Newark, DE I97J3

www.gore.com/
electronics/emicenter

( j r * "— : - “>«ÄäSR 
- - - - - - - - -___H a___ _____ !

•  VCOs
This Web site features the company’s line of 
patented, ultra-low noise, voltage-controlled
oscillators (VCO) that deliver performance
in a low cost, surfac■e-mount solution. Appli-
cation engineers a so can be contacted via
telephone to discu a customers particular
needs.
Z-Communication Inc.,L-c.ommunicauons inc.,
9939 Via Pasar, San Diego, CA 92126

www.zcomm.com
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Since its founding in 1950 M/A-COM hos led the world in deveioping ond manufacturir 
RF and microwave devices, components and Subsystems fo r wireless Communications. 

The M /A  -COM yeors have been an ero of explosive growth and change in 
Communications technologies. Yet, through these changing times, M/A-COM has 
remained at the cutting edge, offering its customers innovative and Creative products 
thaf kelp them to keep pace with the Communications revolution.

We've held our lead by investing substantially in research and development of new 
proidöcts, and by employing the industry's most advanced manufacturing techniques. 
We've learned that just deveioping ond 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.

With this proud history behind us, our commitments to innovation, quality and service 
and cjur faith in the future of wireless are strongér than ever. Today, M/A-COM is 
helping to shape the future by laying the foundations fo r global wireless 
Communications for the next fifty-years. W ith our unmatched resources in research, 
manufacturing and peqpta^ yre're prepored to remain the leader in wireless w e l into 
the nev*. Century. ’ ^ f i O s K  j ß
If your Company is Seeking innovativfe Solutions in cellular te te p fo ^V ire le s s  local 
area ne* 'emote data gpthe. > ,f<>misskm, interactive
CATV, vehiclé sensors and mobil p < < w n m u G Ö M  is 'mé place to^ook. 
We're helping tb the f^rhÄtf of w ire llw fc lf^ M

M/A-COM, headquarlered in Lowell, MA, is a leading supplier of radio frequency (RF), microwave and millimeter 
wave semiconductors, components and IP Networks to the wireless telecommunications and defense-related 
industries. M/A-COM's products include semiconductor devices, RF integrated circuits, passive control devices, 
antennas, Subsystems and Systems. Employing more than 2,800 people,
M/A-COM has offices and manufacturing facilities worldwide.
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PRODUCT FEATURE

Digital Baseband 
Simulation 
in Design 
Verification

Time to market and time to volume play 
an essential role in the eompetitive en­
vironment of today’s wireless communi­

cation business. One of the most important el­
em ents enabling w ell-m anaged product 
launches is systematic design verification in all 
phases of product development with the 
quiekest possible feedback from testing to de­
sign. The cost of design flaws to product de­
velopment in terms of rnissed schedule for 
product launch, reduced profit margins and 
resources needed for corrective actions de- 
pends on the design phase where the flaw is 
detected — the earlier the flaw is deteeted, 
the less expensive it is to fix. In the case of de­
veioping key components, such as chipsets, 
these elements become even more important 
to emerging high volume, highly eompetitive 
markets like the approaching third-generation 
(3G) mobile System. The most important 
strategie design decisions are usually made at 
a very early phase and have a dramatic impact 
on the rest of the design process. Consequent- 
ly, the role of baseband signal processing is 
constantly growing in wireless system design.

One of the most critical parameters for 
measuring wireless communication system 
performance is the relationship between bit 
error rate (BER) and signal-to-noise ratio 
(S/N). Since BER is highly dependent on ra­
dio channel characteristics such as fading, 
Doppler effects and the number of multipath 
components, it is important to use a realistic 
radio channel when evaluating which design

Option will work best in a real end-user Situa­
tion. Radio channel simulators, also known as 
multipath fading simulators, are commonly 
used to generate this realistic environment in 
laboratory conditions. Traditionally, these tests 
have been conducted at RF or sometimes at 
analog baseband levels.

The PHOPSim DBB digital baseband radio 
channel simulator introducés new possibilities 
for performing such tests al ready at digital 
baseband level. Additional benefits include 
the capability to test algorithms against a real­
istic channel without any hardware, the ability 
to reveal design errors in the pre-application- 
specifïc IC (ASIC) phase and the option to 
skip the macromodel design phase.

The simulator can be configured for one or 
two channels and is capable of generating up 
to 312 independent fading paths. Both realis­
tic channel models and standardized test cases 
can be used. The Standard product inciudes 
two channel-modeling software packages for 
creating static or dynamic user-defïned chan­
nel models. The use of real measured channel 
data also is possible.

The new simulator generates fully dynamic 
channels (represented by smoothly sliding de­
lays), which make it particularly useful for test­
ing advanced features in 3G mobile and fourth- 
generation (4G) experimental Systems such as

[Continued on page 148]

E lek tro bit  Lt d .
Oulu, Finland
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THkkt G E N tk A l lO N S  L M  t i l ,
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INTRODUCING TH E N I S - \ 0 0 0  % vov^y. 
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Some phase noise analyzers are great in the 
iab, but too slow for production. Still others 
are easy to use, but limited in versatility 
and performance. But only the NTS-1000B 
combines exceptionally high speed, broad 
dynamic range, füll automation, and high 
precision. It's no wonder the NTS-1000 
Series continues to be the choice for both 
development and production at the world's 
largest manufacturers of wireless chip sets, 
mobile phones, and base station equipment.

R D L Frequency Generation 
and Noise Measurements 

INC. for Critica! Applications

7th Ave. & Freedley St., Conshohocken, PA 19428 
Telephone: 610-825-3750 Fax: 610-825-3530

The NTS-1000B performs 10 complete 
measurements (1 to 100 kHz), including 
calibration, in 12 seconds - all o f the data, 
not just one data point. You can make 
three separate downconverted-band 
measurements in less than 7 seconds, 
including all hardware and software 
latencies, using the IEEE.488 interface 
. . .  all for less cost than "eompetitive" 
instruments.

To find out more about RDL's NTS Series 
phase noise test system, contact RDL at 
(610) 825-3750, or v is it our web site 
at rdl-instrumentation.com.

www.rdl-instrumentation.com
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PRODUCT FEATURE

A l Fig. 1 Development phases in digital wireless 
communication Systems.

RAKE receiver finger tracking and allocation. 3G Partner­
ship Project channel models are available on CD-ROM.

A MODERN DESIGN CYCLE
A typical product development process of digital wire­

less communication Systems can be broken down into 
general phases, as shown in Figure 1. These phases in­
clude software-based algorithm development and perfor­
mance tests, hardware emulation engine-based validation 
and performance tests, and prototype development-based 
performance tests in the analog baseband and RF do­
main s. The digital baseband radio channel simulator en- 
ables performance tests in a realistic environment during 
the first two steps of the design verification cycle.

As shown in Figure 2, decisions made during the meth- 
ods and algorithm design phase are usually the most impor­
tant because they affect the remainder of the product de­
velopment cycle. Pressure to shorten the product develop­
ment cycle requires advanced testing to be started at an 
earlier phase, which means moving more and more testing 
toward baseband signal processing. Realistic channel Simu­
lation at this stage gives the designer a new tool with whieh 
to compare different algorithms and methods under vari- 
ous conditions and boost the selection process. Using a dig­
ital baseband simulator together with a hardware emulation 
engine improves the possibilities of revealing design errors 
in the pre-ASIC phase. Advanced systematic design verifi­
cation helps to achieve better overall quality and lower the 
cost of the total design. In all of these cases, testing results 
can be immediately fed back to the design process for pos­
sible eorrective actions as opposed to the significant delay 
often experienced in the traditional design verification 
process due.to limited testing possibilities.

148

At the system level, the digital baseband radio channel 
Simulator can render unnecessary the building of dedicat- 
ed hardware test benches to test system-level functions of 
the design. Instead of trial and error, design verification 
can be accomplished with the digital baseband simulator 
and a Workstation or PC. The simulator provides the user 
with realistic information on the design characteristics at 
the moment when the major design decisions are made. 
This capability significantly reduces the risk of having to 
redesign the ASIC at a later stage.

SIMULATION WITH THE DIGITAL 
BASEBAND SIMULATOR

The PROPSim DBB digital baseband channel simula­
tor provides a 10-bit in-phase and quadrature (I&Q) input 
and 12-bit I&Q output, and uses an external clock for scal- 
ing the Simulation speed. In a real-time Simulation the 
clock provides the signal sampling frequency; in semi-real- 
time Simulation it can be a slower user-defined clock 
frequency.

In traditional RF-fading simulators it has been up to the 
simulator equipment manufacturer to choose the sample 
rate for the data that are fed into the simulator — assuming 
that the simulator implementation is digital. However, with 
the digital baseband simulator the end user is free to 
choose any sample frequency necessary to perform the Sim­
ulation. This capability is very challenging to the channel- 
modeling tools since the modeling software typically main- 
tains a very dose relationship to simulator hardware. 
PROPSim DBB channel-modeling software is capable of 
handling these signal sample scaling issues in a flexible way.

Semi-real-time Simulation is required in software Simu­
lation and hardware emulation environments due to the 
relatively slow speed of the Simulation and emulation 
hardware. The PROPSim DBB simulator can be used to 
accelerate this process by assuming the load of simulating 
the radio channel. Although the Simulation is slowed 
down, all of the samples from the original sampling fre-

[Continued on page 151]
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Easily combines RF+DC signals 

test requirements.
' DC

Now up to  500mA DC current 100kHz-6GHz
With Mini-Circuits Bias-Tees, you can DC connect to the RF port of an active 
device without effecting its RF properties...modulate a laser, apply DC to an 
amplifier output, and more! Using statistica! process control plus combining 
magnetics and microstrip, large DC currents may p 
through the Bias-Tee without Saturation and 
degradation of performance. At 1/3 to 1/4 the 
price of eompetitive 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-Tee:

Mini-Circuits.. s redefining what VALUE is all about!

G5 Mini-Circuits’
P.O. Box 350166jBrooklyn. New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information : 

Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At:http:/M
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What Do These Numbers Mean to You? 

2 .4  2 .9  3 .5  7 .0

□ A. Legal Alcohol Content in California Beer?
□ B. Your College Grade Point Average?
□ C. Designations for Hard-to-Find High-Frequency

Connectors and Adapters!

If you checked “C” call us today 
to receive your free SRI 
Connector Gage High Frequency 
Connectors catalog.

We are proud to offer the füll line 
of products from SRI Connector 
Gage Company, which specializes 
in the design and manufacturing of 
custom and Standard connectors, 
adapters and interface gages.

C.W. Swift & Associates is the 
original RF and microwave 
stocking distributor, providing 
delivery and personalized sales 
and service for over 40 years.

Call 1-800-CW SWIFT (1-800-297-9438)
In-stock orders received before 4:00 p.m. PST are shipped the same day! 
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C.W. SWIFT & Associates, Inc.
15216 Burbank Blvd., Suite 300, Van Nuys, CA 91411 
800-CW SWIFT • 818-989-1133 • 818-989-4784 (fax)



PRODUCT FEATURE
quency are run through the simula­
tor. This downscaling of signal speed 
is shown in Figure 3.

CONCLUSION
The ever-inereasing eompetition in 

the wireless Communications business 
and the proliferation of wireless Sys­
tems and products to new applica­
tions have put considerable pressure 
on wireless system developers to re- 
duce the time to market and time to 
volume of new products. Companies 
deveioping products for new high 
volume markets, such as the emerg- 
ing 3G market, are especially faced 
with these requirements. This need 
represents challenges to develop new, 
improved test procedures and to start 
advanced systematic design verifica­
tion at the earliest possible phase of 
product development.

The PROPSim DBB digital base­
band radio channel simulator intro­
ducés new possibilities for testing 
wireless system designs in realistic, dy­
namic multipath fading environments 
in the digital domain prior to hard­
ware development. It mis the gap be­
tween testing in the early design phase 
and the system integration phase. In 
addition, the simulator facilitates im- 
mediate feedback from testing at the 
earliest possible phase when fixing de­
sign errors is least expensive and de­
sign decisions have the most signifi­
cant effect on subsequent phases.

The new PROPSim DBB digital 
baseband radio channel simulator also 
enables performance tests of methods 
and algorithms against a realistic 
channel environment and reveals de-

SAMPLING FOUR SAMPLES PER 
HALF-WAVE AT FREQUENCY X

PLAYBACK AT FREQUENCY Y

Al  Fig. 3 Real-time and 
semi-real-time signals.
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sign errors in the pre-ASIC phase. 
Advanced performance tests at an 
early design phase may also provide 
the opportunity to skip the macro- 
model design phase. The new simula­
tor can be integrated into a software 
Simulation environment or operated 
in conjunction with a hardware emu­
lation engine. It can be configured 
with one or two channels and is capa- 
ble of simulating up to 312 indepen­
dent fading paths. The simulator gen-

erates smoothly sliding delays, which 
make it particularly useful for testing 
advanced Systems including 3G mo­
bile and 4G experimental Systems. 
Additional information can be ob­
tained from the Companys Web site at 
www.elektrobit.fi.

Elektrobit Ltd.,
Oulu, Finland 
+358-400-308-396.

C ircle N o . 3 01

-------------------------sivERsam—

VCO 3-24  GHz
Ultra wide band oscillators

Parameter VO3260S VO3260C VO3260X VO3260P VO3260K
V03262S V03262C VQ3262X V03262P VQ3262K

The oscillators cover the range within 3-24 GHz with a guaranteed 
frequency overlap. They are ail fundamental frequency versions and have 
built-in regulators, buffers amplifiers and an output filter.

Typical applications are microwave instruments, cellular test instruments, 
measurements sensors, m ilitary 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 Ki sta/Stockholm 
Sweden
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PRODUCT FEATURE

A M iniature
900 MHz
Frequency-hopping 
Spread Spectrum 
Radio

W ireless Communications is fast be- 
coming recognized as a flexible and 
reliable method for data telemetry 
applications. The technology offers numerous 

benefits over hard-wired Solutions, including 
lower cost, less environmental impact, system 
protection and greater flexibility. The radios 
eliminate the need for miles of expensive 
waring as well as the high costs of installation in 
new sites and retrofitting existing sites. In ad- 
dition, burying cable and stringing wire are en- 
vironmentally invasive and require a large In­
vestment to restore the area to its original 
state. Radios significantly reduce the footprint 
in these installations, minimizing the impact 
and damage to the area. Furthermore, radios 
allow for isolation of sensitive equipment, 
thereby redudng the chance of system failure 
due to a power surge or lightning strike, and 
eliminate the chance of broken eonnections 
due to damaged or severed cables. In addition, 
sensors and controllers are no longer tied to 
the location of the hard-wired terminal, offer- 
ing flexibihty’ when relocating equipment with­
in a building or over large distances outdoors.

The recently introduced 900 SS Micro- 
H opper™  900 MHz frequency-hopping

spread Spectrum data radio provides a high 
performance, low cost solution to many of the 
described problems. This miniature radio is 
ideal for applications such as hand-held data 
collection, facility access and Security Systems, 
irrigation Systems, heavy equipment and crane 
Controllers, remote cameras and electronic 
signs. The MicroHopper is a miniature ver­
sion of the award-winning 900 SS Hopper dig­
ital transceiver released earlier and incorpo- 
rates a proprietary Secure-Sync™ coding 
technology that dramatically reduces the over­
head inherent in other coding methods. The 
software adds security, increases throughput 
efficiency and provides faster effective com­
munication speeds at a much low'er cost.

The 900 SS MicroHopper transceiver incor- 
porates networking features typically found only 
in more expensive Systems. For example, it sup­
ports multiple network configurations, including 
point-to-point, point-to-multipoint and multi- 
point-to-multipoint Operation with both client- 

[Continued on page 154]

W o rld  W ireless 
C o m m unications I n c . (W W C)
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Depend on PST's proven track record of reliability for your HIGH POWE R AMPLTFIERS. 
Our versatile product line spans the frequency range of 1.5 MHz through 3 GHz 
with output power levels from 2 watts to multikilowatts.

Am plifier Series Frequency Range | Power Output
W ire less Band Linears 800 to  3000 MHz ■ n r i i T i v

General Purpose Linears —  ■ 1 IM  1 ^ 2 to 200 W
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Let PST's experience and reliability in state-of-the-art solid state 
power amplifiers provide your next system solution.
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« f f  II .ISO 9001,

105 Bavlis Road. Melville, NY 11747 g T T  U
Tel: 516-777-8900 Fax: 516-777-8877
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Web: www.comteehpst.com
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PRODUCT FEATURE
TABLE 1

MICROHOPPER SPECIFICATIONS

Operating frequency (MHz) 902 to 928

Radio type frequency-hopping spread spectrum digital transceiver

Modulation system direct FM

Frequency control PLL synthesizer, 100 kHz step size

Transport protocols transparent or addressablc (guaranteed delivery mode)

Mode füll duplex when usüig guaranteed delivery mode

Interface asynchronous serial -  TTL RS-232C

Channel capacity 25 channels, up to 1600 group codes

Channel spacing (kllz) 400

Repeating capability t 

RF data rate (max) (kbps)

ser selectable up to seven radios in guaranteed delivery mode 

20

Range® (m) 500 line of sight

Rx sensitivity (dBm) -94

RF bandwidth (kHz) 300

System deviation (max) (kHz) 100

Input voltage (V DC) 5

Power consumption (W)' 1.5

Current consumption (mA) 300

Output power (mW) 10,50 and 100 (user selectable)

Connector ineluded in 20-pin header

Board size (") - \ 1.750 x 2.470 x 0.375

Temperature range (°C) -40 to +80

Antenna connector SMA female

Antenna impedance (nom) (f2) 50

° Range will vary deponding uppn antenna seleetion, board Integration, 
physical environment and the OEM s deviee.

fïg. 1 The MicroHopper transceiver's mechanical outline. ▼

MOLEX 20-PIN 2 mm 
CONNECTOR

REVERSED
SMA

CONNECTOR Ly
3x0.125" 
DIAMETER 

THRU HOLES

server and peer-to-peer configurations. 
The MicroHopper transceiver extends 
its networldng capabilities with a fully 
addressablc guaranteed delivery mode. 
When operating in this mode, the re­
ceiver will confinn the successful re­
ceipt of each data packet. If the trans- 
mitter does not receive delivery confir- 
mation witliin a specified time frame, 
it will automatically resend the data 
until the packet is successfully deliv- 
ered. In addition, the MicroHopper ra­
dio can act as a repeater radio in the 
fully addressable mode, thus extending 
the network’s range and overcoming 
difficult transmission environments.

Users also can create multiple in­
dependent networks via group codes. 
Using group codes, only radios within 
the assigned group may eommunicate 
with one another, thus isolating other 
networks of MieroIIoppers as well as 
other radios. Additional benefits and 
features of the MicroHopper include 
Windows®-based software for radio 
configuration, industry-standard TTL 
serial or RS-232 interface versions 
and compliance with FCC Part 15 
rules for unlicensed spread spectrum 
Communications. The unit supports 
interface data rates from 2400 bps to 
19.2 kbps with an over-the-air rate of 
2 0  kbps, and effeetive communica­
tion distances of five miles (line of 
sight) are possible. Table 1 lists the 
900 SS MicroHopper transceivers 
general specifications.

The 900 SS MicroHopper Devel­
oper Kit is available to aid potential 
users in evaluating the MicroHopper 
transceiver. The kit includes two 900 
SS MicroHopper transceivers, two 
customer interface modules with RS- 
232 DB-9 connections, two flexible 
whip half-wave antennas with SMA 
connectors, serial cables and power 
supplies for both radios, a u ser’s 
guide/quick start guide and an easy- 
to-use Windows configuration utility.

The MicroHopper circuit assembly 
measures just 2.50" x 1.75" as shown in 
Figure 1, and sells for less than $100 
each in original equipment manufac- 
turer (OEM) quantities. Additional in­
formation may be obtained from the 
Companys Web site at www.worldwire- 
less.com.

World Wireless
Communications Inc. (WWC),
West Valley City, UT 
(801) 575-6600.
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Innovative Mixers
■smaller size.beiter performance lower cost 200kHz to 4200MHz F / 'f f

43»

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

innovative Innovative Technology built into Mini-Circuits 
techno logy  ADE mixers. Smaller 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 
better performance 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 allows water wash to drain and eliminates 
the possibility of residue entrapment. Another 
ADE high point is the lower cost...priced from 
only $1.99 each (qty.10-49). So, if you’ve been 
searching high and low for a mixer to exceed 
expectations...ADE is it™

ADE Mixers...Innovations Without Traditional Limitations!

ADE* TYPICAL SPECIFICATIONS:

W  SS IP3(dBm) PriceßeaJ

Component mounting area on customer PC board is

C 3 Mini-Circuits’ IW  INrL± t i
£ READER SERVICE CARD

P.O.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & 
\ b r 3  ‘The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com
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PRODUCT FEATURE

A10 MHz 
to 1 GHz
Spectrum 
Analyzer Adapter

The explosive growth in wireless instru­
ments has made spectrum analyzers an 
indispensable tool for testing and trou- 

bleshooting wireless equipment and Systems. 
Realizing the need for a moderately priced, 
fully functional spectrum analyzer, the model 
7700 10 MHz to 1 GHz digitally synthesized 
spectrum analyzer adapter has been devel- 
oped. This unique device connects to a dual- 
cnannel oscilloscope and converts it into a 1 
GHz spectrum analyzer with all of the fea­
tures and functions needed to make precise 
frequency and power measurements.

The model 7700 spectmm analyzer adapter 
is the front end of a spectrum analyzer, which 
includes the mixers, local oscillators, log am­
plifiers and synchronizing circuits. The users 
oscilloscope provides the display and sweep 
circuits. This design results in a compact pack­
age that is easily transportable from site to site 
in a toolbox or under the users arm. It also 
provides lower power consumption than most 
spectrum analyzers. The actual power con­
sumption is less than 1 A.

The Spectrum analyzer adapter has many 
applications and uses in the communication 
and service industries. It is also a valuable tool

in technical school laboratories for demon- 
strating the principles of spectrum analysis by 
connecting a complex electrical signal to the 
RF input and displaying on an oscilloscope the 
resultant harmonie frequency components 
and their mathematical relationships. The So­
lutions to Fourier transform problems also 
may be verified in the same mannen The unit 
can be put to use in a multitude of industrial 
applications, including checking and trou- 
bleshooting IF and RF circuitry in wireless 
products such as two-way radios, PCS and cel­
lular telephones in addition to cable TV Sys­
tems, wireless remotes, wireless microphones 
and video equipment.

All spectrum parameters, such as center 
frequency, resolution bandwidth and reference 
level, are accessed via menus displayed on a 
back-lit liquid crystal display. All menu items 
are selected from front-panel keys and their 
values can be entered or changed by numeric 
or up/down arrow keys, thus making Set­
ups fast and easy. In addition, two frequency 

[Continued on page 158]

P ro tek  I n c .
Northvale, NJ
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www. ericsson. comlrfpotver

De livering Technology Choices

10160
FTF 10036:
PTF 10020

' 470-860MHz
470-860MHZ 
860-960MHz 
860-960MHz 
860-960MHZ 
860-960MHz 
926-960MHz
1.4- 1.6 GHz
1.4- 1.6 GHz 
1.9-2.0 GHz
1.8- 2.0 GHz
1.8- 2.0 GHz
2.1- 2.2 GHz 
2.1 -2.2 GHz
2.1- 2.2 GHz

Ericsson Microelectronies

Gain Supply
dB Volts

IMD Efficiency
dBc %

No Tricks 
R equired

12.0 32 -32 50 Input Matched
12.0 32 -35 58 Input Matched
16.0 26 -30 54 I/O Matched
11.0 28 -30 55 Input Matched
11.0 28 -30 55 Push Pui!
12.0 28 -30 47 Input Matched
16.0 26 -30 50 input Matched *
11.0 28 -30 48 I/O Matched i
11.5 28 -30 45 I/O Matched :
11.0 28 -30 35 I/O Matched \
11.0 28 -28 41 I/O Matched :
10.0 28 -30 40 I/O Matched
10.0 28 -30 39 I/O Matched ;
95 28 -30 39 I/O Matched j

10.0 28 -30 36 I/O Matched

You don’t have to 
do tricks to get
the G0LDM0S™ 
RF Power 
Transistors 

you need.

Just go to our 
web site TODAY 

at www.ericsson.com/rfpower

Detailed product datasheets, application 
notes a n d  contact information for sample 
’equests are a ll available on our web site.

R F  Power Products
1-877 GOLDMOS (465-3667) United States 
+46 8 757 4700 International
CIRCLE 43 ON READER SERVICE CARD___________

ERICSSON ^
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Ä  microwave

To see one's work in print 
is th e  rightful re  ward o f every 
Creative engineer and scientist. 
The editors o f M icrow ave J o u r ­
n a l  invite you to  subm it your 
technical m anuscripts fo r con­
s id e ra tio n  to  be published  in 
o n e  o f  o u r upcom ing issues. 
Technical artic les, applica tion  
notes and tutorial articles based 
on the monthly editorial themes 
a re  e n c o u ra g e d . E d ito ria l 
them es include wireless, radar 
and an tennas; RF com ponents 
and Systems; te s t and measure­
m ent; amplifiers and oscillators; 
se m ic o n d u c to r s  an d  MMICs; 
com m ercial applica tions; IVHS 
and ITS; dual technologies; Com­
m unications and  PCN; passive 
c o m p o n e n ts ; and  co n tro l d e ­
vices, modulation and DSP.

D esign fe a tu re s  sho u ld  
c o n ta in  n ew  a n d  in n o v a tiv e  
technical ideas o f  practical use 
and  in te re s t  to  o u r predom i- 
n a n tly  e n g in e e r in g  re a d e r s .  
Papers should be 14 to  16 dou- 
ble-spaced pages and contain 8 
to  12 visual aids in th e  form of 
sketches, graphs, photographs 
or tables.

Papers should be subm it- 
te d  to  th e  a t t e n t io n  o f  th e  
Technical Editor and will be re- 
viewed promptly by our Editori­
al Review Board prior to  accep- 
ta n c e . A rticles ou tside  o f  th e  
monthy them es also will be con­
sidered.

Se n d  all  m a te r ia l  t o =
M icrow ave J o u rn a l  
685 Canton S treet 

Norwood, MA 02062 
(781) 769-9750 

Fax (781) 769-5037

PRODUCT FEATURE

A l Fig. 1 The display o f a 100 MHz carrier 
modulated with a 20 kHz tone.

markers can be selected from the 
menu. These markers may be moved 
to any position on the waveform via 
the front-panel keys to display the fre­
quency and amplitude values.

The model 7700 offers features 
and functions critical to the needs of 
the wireless industry. These capabili- 
ties include zero span for monitoring 
the amplitude of a carrier signal in 
the time domain. This mode will dis­
play any variations in the carrier am­
plitude over a period of time. Thus, 
long-term trends and carrier irregu- 
larities may be observed and noted. 
The instrum ent also provides fre­
quency spans from 2 kHz/div to 100 
MHz/div. These spans are sufficiënt 
to cover most wireless applications in 
the industry today. The 2 kHz/div 
span is narrow enough for viewing 
small frequency deviations, closely 
spaced adjacent carrier signals and 
sidebands. It is also useful for testing 
RF output-type sensors where a 
change in the sensor input value pro- 
duces a proportional change in RF 
carrier deviation. Figure 1 shows the 
instruments display of a 100 MHz 
carrier frequency modulated with a 
20 kHz tone. The Spectrum analyzer 
adapters settings for this display are a 
100 MHz center frequency with a 20 
kHz frequency span and a -30 dBm 
reference level.

An average noise level of -140 
dBm/Hz provides a noise floor as low 
as -105 dBm. This low noise level 
with a wide 120 dB input measuring 
range is critical for detecting and 
measuring weak fringe area interfer- 
ence signals as well as a receiver’s ba­
sic sensitivity. Table 1 lists the spec­
trum  analyzers key perform ance 
specifications. The unit operates from 
a 12 V DC (1.5 A) power adapter. A 
type N female connector is used for 
the RF input while the video output is

TABLE I
KEY PERFORMANCE SPECIFICATIONS

Frequency range 10 MHz
to 1 GHz

Frequency resohition (kHz) 1

Frequency stability (ppm) ±10

Frequencyspans 0 span, 2 kHz/div 
to 100 MHz/div

Resolution bandwidth
3 kHz, 30 kHz, 

220 kHz 
and 4 MHz

Input range {dBm) -100 to +20

Display range (dB) 75
Reference level 
range (dBm) -30  to +20

Accuracy (dB) ±1.5 to 80 MHz

Linearity (dB) ±1.5
over 70 dB range

Flatness (dB) ±1.5 (10 MHz/div)

Average noise level 
(typ) (dBm/Hz)

-140

Phase noise
(typ) (dBc/Hz)

-87
at 10 kHz off set

Input attenuation 
selections (dB)

0, 10. 20,30. 
40 or 50

Maximum input level (dBm) +20

via a BNC connector to the channel 1 
oscilloscope input and a trigger out­
put BNC to the channel 2 input. Ac- 
cessories include an AC/DC adapter. 
A tracking generator and extended 
frequency range to 2.6 GHz are avail­
able as options.

In addition, the Company intends 
to release software that will allow the 
user to control the 7700 from a PC 
via an RS-232 interface or modern. 
The software also will download the 
spectrum and its settings (span, cen­
ter frequency) and display them on 
the PC monitor.

The model 7700 spectrum analyzer 
adapter retails for 81600. Complete 
details and specifications are available 
upon request. Additional information 
can be obtained at the Companys Web 
site: wwav.hcprotek.com or via e-mail: 
hcprotek@hcprotek.com.

Protek Inc.,
Northvale, NJ (201) 767-7242.
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12.5 to3000MHz

SURFACE MOUNT VCO's J1395
Time after time, you’ll find Mini-Circuits surface mount voltage 
controlled oscillators the tough, reliable, 
solution for your wireless designs. JTOS \ 
span 12.5 to 3000MHz with linear tuning chat 
low -120dBc/Hz phase noise (typ. at 100kHz offset), and 

-25dBc (typ) harmonie Suppression. JCOS low noiseIBc (typ) t 
yexhibitmodels typically exhibit -132dBc/Hz phase noise at 100kHz offset, 

and phase noise for all models is characterized up to 1 MHz c 
Miniature J leaded surface mount packages oc 
minimum board space, while tape and reel 
availability for high speed production can 
rocket your design from manufacturing

JTOS/JCOS SPECIFICATIONSModel “».Sr .S S . r-s; S r

11 ï ' f f 1 i i W
I I a a f 1 I l 1
S I ï, ! 1 i ■I 1

S I i 1 f X I« 1
ass g 1 i7v t e a

Ä ?  a s  io  "ä "
and JCOS-1100LN is 0 to 20V. For additional spec information and details about 5V tuning models available,

G J Mini-Circuits'
I5-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information : 
Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://v\

tmmioii—nsRMsmMmzaBmtm*:

U S «  « r i l

F Rm/ F

http://v/


PRODUCT FEATURE

M icrowave 
Quick Connect/ 
Disconnect 
Coaxial 
Connectors

When testing microwave devices it is 
desirable to have an RF connection 
that can be made quickly while pro- 

viding low SWR, high isolation and, most im- 
portantly, repeatable measurements. In addi­
tion, the connection should be stable and not 
require extemal fixturing to ensure repeatabil- 
ity. Various patented quick disconnect coaxial 
connectors exist today; however, all of these 
designs employ relatively complex and costly 
methods for achieving a quick connect/discon- 
nect feature.

A newly designed male slotted connector 
has been developed, which incorporates a 
compression ring that provides additional sup­
port to the slotted and spread fingers of the 
outer conductor, resulting in electrically re­
peatable couplings. The QT3.5mm™ Quick 
Test male connector (patent pending) is capa- 
ble of being mated to a female connector and 
connected and disconnected using just a sim­
ple push on/pull off motion. The simplicity 
and ease of use of this new connector, plus its 
low manufacturing cost, provide the user with 
a low cost alternative to the more complex and 
costly methods currently available.

In addition, the connector may be used 
with an optional integral coupling nut that al­
lows the Option of a threaded coupling when 
performing calibration or measurement verifi­

cation tasks. When used, the coupling nut of­
fers an engagement of one-half to one-and- 
one-half threads, providing the ability to 
quickly thread or unthread the mating con­
nectors or perm itting a Standard torque 
wrench to be used to complete the mating. 
Another Variation of the connector employs a 
solid outer conductor structure with a com­
pression ring.

The QT3.5mm connector can be used to 
measure devices that utilize various types or 
sizes of female connectors, such as SMA, 2.92 
mm or 3.5 ihm. The female connector of these 
connector series conventionally mates with a 
male connector that is screwed on and typical­
ly requires five or six full revolutions of the 
coupling nut to securely mate. This approach 
is also adaptable to other connector types such 
as N, TNC, 2.4 mm and other sexed connec­
tors with similar construction.

The QT3.5mm Quick Test connectors are 
supplied in four configurations: the models 
8006E1 with no nut, 8006E11 with a 3/8" nut, 
8006E21 with a 9/16" nut and 8006Q1 with a 
guide sleeve. Other models are available that 
adapt to 7 mm, NMD3.5, N, NMD2.4 and 2.4 

[Continued on page 163]

M aury M icrowave C orp.
Ontario, CA
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froi 11D C u p to 2 0 G H z
From FM to cellular to satellite communication circuits, these 
terminations end all...the broadband KARN-50, ANNE-50, and 
ROSE-50 terminations from Mini-Circuits. Until now, microwave 
terminations were usually very expensive, especially custom designs 
for higher frequencies. But thanks to quantum leaps in design and 
manufacturing techniques by Mini-Circuits, you could replace high

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

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

N Type Male Connector SMA Male Connector SMB Plug Connector 
$1195 qty.1-9 | $1195 qty.1-9 $995 qty.1-9
$749qty.1000 $749 qty. 1000 \ $735qty.1000

Freq. Range Return Loss Freq. Range Retu-n Loss Freq. Range Räum Loss 
(GHz) (dB. Typ) (GHz) (dB,Typ) (ÖHz) (dB, Typ)

Note: Power ratings at 70X1: ANNE-50 and ROSE-50 is 0.50W. derate rmearty 
at 0.005W/X3 from 70X3 to .35W at 100X3. KARN-50 is 2W, derate iinearty 
at 0.025W/X3 to 1.25Wat 100X3.

£ □  Mini-Circuits
P.O.Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information si Ybn, ‘The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://w

_____ _________________ 1
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M o r e  T est  C a p a b i l i t y  a n d  S p e e d  i n  O n P  

L it t l e  B o x  T h a n  A n y o n e  T h o u g h t  P o s s i b l e

CSZ9010 Fully Integrated 
Wideband Distortion Test'Set.
• Arbitrary 

Waveform Generation
• Data Recording
• Up/Down Conversion

For cellular, PCS, satconr, LMDS 
and other Systems operating in 
complex multi-cbannel and 
multi-signal environments.

Because creating innovative test Solutions for 
the industry's toughest challenges is what we do. 
Introducing the CS29010 Wide Band Distortion Test 
Set, a complete signal generation, data acquisition 
and record/playback end-to-end solution. The 
CS29010 delivers a level of capability you'd never 
expect in an off-the-shelf product - huge 
bandwidth (45 MHz @ 12 bits), deep memory (4 
GB RAM), and blazing fast speed (600 MHz 
Pentium III based). Based on an open architecture 
design, intuitive software and Standard module 
cards, this single platform tooi can simplify and 
enhance your test, measurement and analysis 
capability.

ADJACENT CHANNEL POWER RATIO Cellular, 
PCS or satcom (dual band, multi-channel). For 
broadband Communications amps with any test 
signal such as CDMA and noise. Multi-channel 
capability for crosstalk measurements and 
evaluation of components and subsystems.

N Q IS L E Q M fjM D Q  TWTs, amplifiers, 
telecom switches, cable (modems). RF and 
data NPR test capability that surpasses anything 
available. Additional functions include Power in/ 
Power out, device gain and phase delay as a 
function of power.

THIRD ORDER INTERMQD Active microwave 
and electronic component testing. 3IM test and 
measurement for non-linear components and 
sub-assemblies such as filters and amps.

All this capability is packaged in one easy-to-use 
box featuring Windows NT/Pentium Controls for 
efficiënt integration into your test system and 
plan. Check out the details at www.csidaq.com 
or call 888-274-5604 for more information.

M o r e  D a t a . M o r e  S p e e d . M o r e  F l e x ib il it y .

Celerity Systems
10411 Bubb Road, C upertino, CA 95014 • Phone (888) 274-5604 • w w w .csidaq.com

CIRCLE 68 ON READER SERVICE CARD

http://www.csidaq.com
http://www.csidaq.com


f  PRODUCT FEATURE

F ig . 1 Q T 3 .5 m m  s lo tte d /N M D 3 .5 F  co n n e c to r  r e p e a ta b il i ty ; (a) to r q u e d  to  8  in /lb , (h )  h a n d - to r q u e d  a n d  (c) u n to r q u e d .

TABLE I
QT3.5mm SPECIFICATIONS

Frequency range DC to 26.5 GHz

SWR product dependent

Repeatability DC to 18 GHz 18 to 26.5 GHz
Ptish-on mode (dB) >50 >35
Torque mode (dB) >50 >50
Hand torqued (dB) >50 >50

mm male and female connectors. 
Figure 1 shows the repeatability of a 
QT3.5mm slotted/NMD3.5F connec­

tor torqued to 8.5 in/lb, hand-torqued 
and untorqued. Table 1 lists typical 
specifications for the QT3.5mm male

connector when torqued to 8  in/lb or 
hand-tightened.

Repeatability and life tests are cur­
rently underway. No degradation has 
been detected thus far after more 
than 2000 Connections. The 2B-060 
data sheet (available from the Compa­
ny) describes in detail the connectors 
and their performance parameters. A 
simple product demonstration may 
be arranged by contacting a Company 
representative.

M aury M icrow ave C orp .,
O n ta r io , CA (9 0 9 )  9 8 7 -4 7 1 5 .

Circle No. 3 0 4

Allow us to Propose Another 
Solution

- <*■*
*RF SAW Filter

0  THOMSON-MICROSONICS 399, route des Crêtes. BP 232 - 06904 Sophia-Antipolis. FRANCE
http://www.microsonics.thomson-csf.com Tél (+33) 04 92 96 40 00 Fax (+33) 04 92 96 30 25
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NEW PRODUCTS
COM PONENTS
■  High Iso lation

N onreflec tive  SPDT Switch
The model AS 186-302 positive control, 
GaAs FET IC single-pole, double-throw 

(SPDT) nonreflec­
tive switch pro­
vides high isola- 
tion o f 50 dB at 
0.9 and 1.9 GHz. 
Housed in a min­
iature MSOP-8 
cxposed pad pack­
age, the AS 186- 
302 is an ideal 

building block for base Station applications 
where synthesizer isolation is critical. The switch 
also can 1k; used in conjuncüon with die model 
AS 165-59 single-pole, single-throw switch to 
meet GSM synthesizer isolation requirements. 
Price: S3.25 (10,000).
A lp h a  I n d u s t r ie s ,
W o b u m ,  M A  (8 0 0 )  2 9 0 -7 2 0 0 .

Circle No. 215

! A lum inum  N itride 
High P ow er Term inations

used, these nontoxic components are a good al­
ternative solution. The units are available in 
sizes and configurations identical to Standard 
BeO terminations. A flangeless PowerPak Ver­
sion also is available.
F lo r id a  R I1' I x ib s  I n c . ,
S t u a r t ,  F L  ( 8 0 0 )  5 4 4 -5 5 9 4  
o r  (5 6 1 )  2 8 6 -9 3 0 0 .

Circle No. 219

■  V ersatile
S urface-m o u n t Induc to r

The model E66 miniature surface-mount in- 
of circuit 

board space and 
can be wound as a 
com m on-m ode 
choke, a high Q

pulse transformer. 
(Winding config­
urations can be 
e ither b ifilar or 

separate.) The E66 provides 1.0 to l(XX) pH of 
inductance with corresponding current ratings 
of 1000 to 150 mA. DCR range (max) is 0.01 to 
3.50 Q and operating temperature range is 
-20° to +105°C. Price: 65c (100,000). (Tape- 
and-reel is available through special order.) 
Delivery': stock to six weeks (ARO).

G a r d e n  G r o v e ,  C A  (8 0 0 )  2 3 4 -2 6 4 5 .
Circle No. 217

■  M ultiple C ap ac ito r Array

ing symmetry enables greater ease in design 
and reduces board space by more than 50 per­
cent. The individual values available within the
array vary, but specific combinations include 
100 pF/0.01pF (101/103) and 0.001 gF/0.1 pF 
(102/104). Ratios of up to HX) are possible in 
two capacitance values. Price: 22c (100,000). 
Delivery: stock to eight weeks (ARO).
AVX C o r p . ,
M y r t l e  B e u c h ,  S C  (8 4 3 )  9 4 6 -0 4 1 4 .

Circle No. 218

■  6 -  1 5 GHz
D o u b le-ba lanced  Mixer

The model IIMC142C8 miniature, double-bal­
anced mixer offers high dynamic range and 

third-order inter- 
cept of +20 dBm 
and is capable of 
handling larger 
signal levels than 
most active mix­
ers. Best suited 
for point-to-point 
microwave radio 
and very small 

aperture terminal ground equipment applica­
tions where small size and surface-mount com- 
patibility are critical, the mixer can also be 
used as an up- or downeonverter. Its MM IC 
design provides good balance in the circuit, re­
sulting in high LO/RF and LO/IF isolation of 
> 30 dB and unit-to-unit consistency. Conver­
sion loss is 8.5 dB. Housed in a nonhermetic, 
ceramic surface-mount package, the mixer also 
is available in tape-and-reel packaging.
H i t t i t e  M ic r o w a v e  C o r p .,
C h e lm s fo r d ,  M A  (9 7 8 )  2 5 0 -3 3 4 3 .

Circle No. 220

■  WLL N o tch  Filter

The model WSN-00049 high performance wire­
less local loop (WLL) notch filter is configured 
with passbands of DC to 23<X) MHz and 2320 to 
2500 MHz. Rejection is 40 dB over 10 Milz, 
passband power handling is 100 W CW and 
passband return loss is 10 dB (min). Designed

for WLL and FCC type acceptance testing ap­
plications, the notch filter exhibits passband in- 
sertion loss of 2.0 dB (max). Operating tempera­
ture range is 0° to +50°C and storage tempera­
tu re  range is -40° to  +85°C. SMA female 
connectors are included at all ports. Size: 10.0" 
x  4.85" x  2.75'; exeluding connectors.
K<bL M ic r o w a v e  I n c . ,
S a l i s b u r y ,  M D  ( 4 1 0 )  7 4 9 -2 4 2 4 .

Circle No. 221

■  6P7T E lectrom echan ieal 
Switches

The model KSW670E8B000 6P7T electro- 
mechanical switch for IMT2000 applications

GHz with power 
handling capabili­
ty of up to 200 W 
at 1 GHz. This 
multipole, multi- 
throw  switch 
measures 2.44" x 
2.17" x 2.18" and 
can be used in 
switch matrix and 

test equipment applications. For reducing Sys­
tem size, the Company also offers the model 
KSW67058B000 slim-type 6P7T switch which 
measures 2.40" x 1.42" x 2.13".
K M W  I n c . ,  C e r r i to s ,  C A  (5 6 2 )  9 2 6 -2 0 3 3 .

Circle No. 222

■  Therm al Fusible R esistors
The FTR series cement, wirewound thermal 
fusible resistors incorporate a thermal fuse 

within its cement 
bases, which are 
designed to open 
in 20 to 30 sec­
onds when c u r­
rent overloads 
and/or high ambi-

are reached. The 
resistors save space on crowded PC boards 
since the units perform functions usually re- 
quired by separate over-current and over-tem- 
perature fusing devices. Seven models are avail­
able ranging from 1.5 to 3.5 W. Price: 40c to 
69c (1000). Deliveiy: two to four weeks (ARO). 
L a u b e  T e c h n o lo g y ,
C a m a r i llo ,  C A  (8 8 8 )  3 5 5 -2 8 2 3 .

Circle No. 223

■  Sw itched  B it S tep  A tte n u a to r
The model SAB-2DR/DT-A is an SP2T 

that operates from 
0.5 to 18 GHz (or 
from 10 MHz to 
18 GHz). In ser­
tion loss is 2.75 
dB (typ), SWR is 
1.9 and flatness is 

is < 40 ns. Supply 
voltages are +5 V, -12  V or -5  V at 50 mA.
(Other voltages also ;ire available.) The attenu-
ators are available in step sizes of 3, 6, 10, 20,
30 and 40 dB or any <L-ombination. Weight: 0.75
oz. Size: 1.30" x 0.70'1 x  0.40'!
A m e r ic a n  M ic ro w a i•;e C o r p . ,
F r e d e r ic k ,  M D  (3 0 1 )  6 6 2 -4 7 0 0 .

Circle No. 216

switched bit step attenuator

±1.5 dB. Switching speed
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■  Low Drop-out Regulator

The model MIC39100 low drop-out (LDO) 
regulator for 3.3-to-2.5 V conversion features a 
low drop-out voltage of 500 mV. Manufactured 
in the space-saving SOT-223 package, the 
MIC39100 features fast transient response, re- 
verse battery, and current limit and thermal 
shutdown. Maximum input voltage is 16 V and 
drop-out voltage at füll load is 410 mV. Operat­
ing temperature range is -40° to +85°C.
M ic r e l  S e m ic o n d u c to r  I n c . ,
S a n  J o s é ,  C A  (4 0 8 )  9 4 4 -0 8 0 0 .

Circle No. 225

■  Lowpass F ilter

The model 3322-W/DD (50) lowpass filter for 
head-end applications passes all sub-band 
channels up to channel W (36). Insertion loss is 
< 3 dB at channel W and rejection is > 50 dB 
from channel DD (40) to 1000 MHz. The low­
pass filter eliminates unwanted channels for 
reinsertion purposes on upper channels. In- 
tended for indoor use, the unit includes 75 Q F 
connectors. (Weatherized housing for outdoor 
use and other connector options also are avail­
able.) Size: 1.00" x 2.25" x 6.00'!
M ic r o w a v e  F i l te r  C o m p a n y  I n c .  (MFC), 
E a s t  S y r a c u s e ,  N Y  ( 8 0 0 )  4 4 8 -1 6 6 6  
o r  (3 1 5 )  4 3 8 -4 7 4 7 .

Circle No. 226

■  DC -  2 .5  GHz
High Iso lation  SPDT Switch 1

The model RSW-2-25P SPDT switch is capa- 
ble of operating with positive Switching volt-

1 dB is +27 dBm. Maximun 
1 W and control voltage 
switch is best suited for isolating transmitters 
and receivers. Price: $3.95 (10-49). 
M in i -C ir c u i t s ,
B r o o k l y n ,  N Y  (7 1 8 )  9 3 4 -4 5 0 0 .

Circle No. 227

The Pyraflat high vacuum waveguide flange 
system utilizes stainless-steel knife edges to 
capture a coppcr gasket, providing a fully bake- 
able ultrahigh vacuum joint. Designed specifi- 
cally for RF imaging, direeted energy industrial 
processing and high energy aecelerators for 
partiele physies research, the Pyraflat also pro­
vides a zero clearance flange joint configuration 
that minimizes waveguide wall discontinuities 
due to the coppcr gasket. Standard and custom 
flange sizes also are available for waveguide ap­
plications in the 450 MHz to 2.5 GHz frequen­
cy range. Custom bonded stainless-steel-to- 
eopper flange transitkms also are available. 
T h e r m io n ic s  V a c u u m  P r o d u c ts  I n c . ,
P o r t  T o w n s e n d ,  W A  (8 0 0 )  9 6 2 -2 3 1 0 .

Circle No. 232

■ Waveguide Flanges
The models AT10-0009, AT10-0017, AT10- 
0019 and AT65-0008 voltage-variable attenua- 
tors (WA) operate over the 800 to 1000 MHz, 
1700 to 2000 MHz, 50 to 1000 MHz and 900 
to 2250 MHz frequency bands, respectively. 
These PIN diode-based WAs are particularly 
well suited for multichannel communication 
and high volume applications. Available in 
Standard Joint Electron Device Engineering 
Council plastic surface-mount packages, the at­
tenuators offer higher linear operating power 
and an increase of 15 to 20 dB of third-order 
input power over traditional GaAs WAs. 
M /A - C O M ,
a  s u b s i d ia r y  o f  T y c o  In te r n a t i o n a l  L td . ,  
iM w e l l ,  M A  (8 0 0 )  3 6 6 -2 2 6 6 .

Circle No. 224

■  Voltage-variable A ttenuators

....Th e

F u t u r e

O f
T u n e r s Junc 13-15, Boston, MA

P R E M A T C H I N G

eL (514) 335-6227
info@locumicrowaves

Prematching Tuners for High VSWR Load Pull Testmg

PMT is a new family of programmable tun 
uses two independent RF probes to genera 

VSWR (-200:1). PMT allows load pull testing 
transistors without using quarter wavelength

ers, which 
e very high j 
of high power

Programmable Prematching offers 
several advantages, such as:

1
Adjustable target tuning area 
High calibration accuracy 
High power handling 
High instantaneous bandwidth
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■  V oltage Passing A tten u a to rs
The model 9093 voltage passing attenuators 
operate in the 5<X) MHz to 2 GHz frequency 

range with atten- 
uation values of 
10 dB and 20 dB.

ate RF signals 
and pass DC volt­
age and current 

while offering 2 W of RF power. DC voltage is 
100 V (max) and current is 1 A (min). Type N, 
SMA and TNC connectors are available. 
l n m e t  C -orp .,
A n n  A r b o r ,  M I  (8 8 8 )  2 4 4 -6 6 3 8 .

Circle No. 277

■  High P ow er Transm it Filter
The model FF6434-1 high power transmit fil­
ter is designed specifica!Iv for transmit band 
filtering in land/mobile radio base stations. In­
sertion loss is < 0.65 dB, return loss is > 25 dB 
(max) and rejection is > 20 dB (min) at 823 and 
900 MHz. Power handling is rated at 200 W 
CW and 900 W (pk). Type-N connectors are 
ineluded, but alternate interfaces also are avail­
able. Size: 4.13" x 3.21" x  1.00" including the 
mounting flange.
S a g e  L a b o r a to r ie s  I n c . ,
N a t i c k ,  M A  
( 5 0 8 )  653-0844.

Circle No. 231

■  S tan d ard  C om bline Filters

The 315 series combline bandpass filters cover 
the 700 to 3500 MHz frequency range. The 
five-pole Chebyshev design features a mini­
mum 1 dBe bandwidth of 1.5 percent at the 
center frequency. (Any center frequency can 
be specified from 700 to 3500 MHz.) Price: 
less than $400 (prototype quantities). Delivery: 
two weeks (ARO).
T T E  I n c . ,
L o s  A n g e le s ,  C A  (8 0 0 )  7 7 6 -7 6 1 4  
o r  (3 1 0 )  4 7 8 -8 2 2 4 .

Circle No. 233

■  W ireless Iso lator
The model CTC01 A l723-01 wireless isolator 
for amplifier output stage protection operates 
over the 1700 to 2300 MHz frequency range. 
Insertion loss is 0.3 dB (max), isolation is 22 dB 
(min) and SWR is 1.15 (max). Input power is 
rated at 25 W  and operating temperature range 
is 0° to +55°C. Delivery: stock.
N a r d a  M ic r o iv a v e - W e s t ,  
a  d i v i s i o n  o f L - 3  C o m m u n ic a t io n s ,
1 'o ls o m , C A  ( 9 1 6 )  3 5 1 -4 5 0 0 .

Circle No. 228

■  D rop-in  Iso lator
The model 0380IED high temperature, broad 
bandwidth, drop-in isolator provides 20 dB of 

isolation with low 
insertion loss of 
0.4 dB over the 
3.4 to 4.2 GHz 
frequency band­
width. (Isolators 
and circulators in 
o the r frequency 
bands also are 
available.) The 

circuit tabs are designed to offer high reliabili­
ty during circuit assembly. SWR is 1.25. Oper­
ating temperature range is -20° to +85°C and 
storage temperature range is -50° to +125°C. 
Size: 0.75" x 0.75" x 0.25". Delivery: stock.
N o v a  M ic r o w a v e ,
M o r g a n  H i l l ,  C A  (4 0 8 )  7 7 8 -2 7 4 6 .

Circle No. 229

■  1805 -  1880  MHz Dual Iso lator
The Companys dual isolator operates in the 
1805 to 1880 MHz frequency band and is de- 

" signed to provide 
low insertion loss 
at an affordable 

Reverse 
power rating is up 
to 50 W and typi­
cal isolation is 

> 45 dB. (Similar stripline models are available 
up to 3 GHz.)
B A D 1 T E K , S a n  J o s é ,  C A  (4 0 8 )  2 6 6 -7 4 0 4 .

Circle No. 230

[Continued on page 168]

350 Volt, 2 ns tR 
Pulse Generator

M odel A V L -2-B

High voltage pulser -  featuring IEEE-488.2 GPIB control

Data sheets and pricing on the Web! http://www.avtechpulse.com 
The AVL-2-B is a high amplitude 350 Volt pulser featunng IEEE-488.2 GPIB bus 
control (and RS232) and providing flat-topped pulse Outputs with 2 ns rise time, pulse 
repetüion frequencies to 5 kHz and pulse widths variable from 5 to 100 ns. Accessory 
transformers will boost Outputs to 700 Volts to 200 f2 or 28 Amps to 3 fi.
Other Models in the AVL series will provide 0.6 ns rise time (300 Volts) and 1.0 ns rise 
time (450 Volts)
Call us or visit our web site for Information or to request our new 113 page catalog (Cal 
No. 10) featuring over 500 models including puisers. laser diode drivers, amplifiers and

Need Coaxial Relays?
Typical Matrix Relay Modules

■ Rack Mount Module R.F., 
Audio and Video Systems

■ Modularsystems
■ R. F, Systems
■ High Voltage Systems
■ Video Systems
■ Audio Systems
■ Digital Systems
■ Low Leakage Systems

J V  Distribution Amplifiers &

MATRIX Ä -2301 <r
FAX (818)222-2304 or -

‘$177 R bódglas Br M  'E-Mail: tech@matriicsystems.coni 
«atasas, et 91302 www.matrissystems.com.

We Specialize In Specials
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Next Generation, Low Cost 
YIG Components for Test and Measurement

"Lookto  the Leader in  YIG-Technology“

S  MICRO 
m 1 LAMBDA, INC.

Micro Lambda, Inc., the leader in YIG 
technology offers the widest product 
range of YIG-based devices for the Test 
and Measurement Market. Designed 
specifically for Spectrum Analyzers, 
Signal Generators, Synthesized 
Sources and a multitude of general 
purpose Test and Measurement 
equipment. Micro Lambda's YIG-based 
components will put you ahead of the 
competition in performance.

Whether your requirements are for low 
noise, wide tuning bandwidth's, low 
power consumption, miniature size or 
low cost devices, Micro Lambda has 
a solution for the most stringent 
applications. Fast delivery of prototype 
or evaluation units will help you meet 
those impossible delivery schedules.

Covering the frequency spectrum of 
500 MHzto 46 GHz, units are available 
for 19" rack, VXI and VME configured 
instruments.

YIG-Tuned Fundamental 
Oscillators 500 MHz to 30 GHz
• Double Frequency Outputs 

to44GHz
• 1.75" Cylinders
• 1.0" & 1.25" Cube
• VXI & VME Miniature Format
• PC Board Interface
• Frequency Synthesizers

YIG-Tuned Bandpass Filters 
500 MHzto 46 GHz
• 1.7", 1.4" & 1.0" Cube
• VXI & VME Miniature Format
• PC Board Interface

YIG-Tuned Multipliers 1 GHz 
to 20 GHz
• 1.7" & 1.4" Cube

Driver Controls
• Analog 0-10 Volts
• Digital 12 Bit Parallel
• Remote Location
• FM Coil Drivers

BP um üü
48041 Fremont Blvd. Fremont, CA 94538 (510)770-9221 mcrolambda@aol.com www.micro-lambda.com

mailto:mcrolambda@aol.com
http://www.micro-lambda.com
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tors to thick film at 900°C, eliminatdng tlie pos- 
sibility of lead movement during installation. 
B i r d  C o m p o n e n t  P r o d u c ts  (B C P ) ,
L a r g o ,  F L  (7 2 7 )  5 4 7 -8 8 2 6 .

Circle No. 274

■  M iniature  Trim m er C apacitors

The model \I_ I2  miniature trimmer capaci­
tors an- offered m printed eireiiit board and 
surface nimmt teclmologx mountings. With 13 
tnms of ad just ment and positive stops, the ca­
pacitors are best suited for tuning applications 
in amplifiers, filters and oscillators. Qs are 
> 1000 at 200 MHz and self-resonance is 1.2 
GHz at 12 pF. High voltage and nonmagnetic 
versions also are available. Price: $4 (> 1000). 
V o ltr o n ic s C o r p . ,
D e n v i l le ,  N J  ( 9 7 3 )  5 8 6 -8 5 8 5 .

Circle No. 234

■  D ual-junction  D rop-in  Iso lator
The model 2K4NK dual-junction drop-in isola­
tor features high isolation and lower loss char- 

acteristies than 
two single-jtinc- 
tion devices in se­
ries. D esigned 
specifically for

tion applications, 
»■ in on. «it .I.MCii 

and operates in the 0.80 to 0 96 GHz and I SO 
to 2.70 GHz fre(]iiency ranges. Standard loads 
handle 60 W forward and 60 W  reverse. Op- 
tions for termination type and location, power 
handling, mounting holes, broader tempera­
ture ranges and circulation direction are avail­
able upon request.
R e n a is s a n c e  E le c tr o n ic s  C o r p . ,  
B o x b o r o u g h ,  M A  (9 7 8 )  2 6 3 -4 9 9 4 .

Circle No. 269

H  M echanical Phase Shifters
phase shifters offer 
to 3, 7 and 12 GHz

with different in- 
cremental phase 
shift adjustments. 
O ptim ized for 
wireless original 
equipment manu- 
facturer applica­
tions, the shifters 

are well suited for phase trimming in densely 
packaged Systems with minimum accessibility. 
A self-locking mechanism eliminates the need 
for l(x.'king nuts. SWR is 1.45 and input power 
is rated at 10 W. Operating temperature range 
is -50° to +85°C and storage tem perature 
range is -50° to +125°C. Ruggedized SMA 
connectors also are included.
W e in s c h e l  C o r p . ,
F r e d e r ic k ,  M D  (8 0 0 )  6 3 8 -2 0 4 8  
o r  (3 0 1 )  8 4 6 -9 2 2 2 .

Circle No. 235

The 980 series mechanical 
frequency ranges from DC

■  A tte n u a to rs  a n d  T erm inations
These attenuators and terminations are manu- 
factured with the Companys T2 eopper tech- 

~  nology, which r

and greater ton 
silc  strength. 

m  M a n u fa c tu rc d  
with a cost rffec 
live <lir< cl hond

connection, the attenuators and terminations 
have greater tensile strength, greater connec­
tion reliability and increased resistance to lead 
peeling than conventional soldered Connec­
tions. The company’s proprietary manufactur­
ing process bonds eopper thick-film conduc-

■  T hree-w ay Pow er Sp litte r

The model D3-14FN three-way power Splitter 
operates in the 800 to 2200 MHz frequency 
range and evenly splits high power signals with 
minimum rellections, passive intermodulation 
or insertion loss up to 500 W average power. Its 
mechanical shape allows simple attachment to a 
pole or wall using the bracket provided, and the 
hex-style N connectors allow consistent tighten- 
ing to a specified torque. Designed specifically 
for mini, micro and high power base stations, 
and Leaky-Line applications, the reactive power 
Splitters are more ruggedly eonstructed than 
conventional power Splitters with no resistors to 
bum out, fewer solder joints for enhanced relia­
bility and less power back to the transmitter. 
M ic r o la b /F X R ,
L iv i n g s t o n ,  N J  (9 7 3 )  9 9 2 -7 7 0 0 .

Circle No. 278

■  Sw itch F ilter Bank
The model SFB-200-4P microminiature switch 
filte r  bank operates from 50 MHz to 

3 GHz while of- 
fering 60 dB of 
isolation per 
channel. Insertion 
loss is -2 .5  dB 
and SWR is 1.5 
(typ). The switch 
operates from a 
single +5 V DG at 
200 mA with TTL 
control logic. 
(O ther logic is 

available.) Size: 2.50" x 2.50" x 0.50" including 
removable SMA connectors. (Other frequen­
cies and options are available.)
P la n a r  F i l te r  C o .,
F r e d e r ic k ,  M D  ( 3 0 1 )  6 6 2 -7 0 2 4 .

Circle No. 281

■  High Dynam ic Range 
SWR D e tec to r

The model P-2000 SWR detector has 50 dB of 
forward power dynamic range and 20 dB of re­

turn loss range. 
The P-2000, in 
conjunction with 
a high directivity 
directional cou- 
pler, is intended 
for use as an an­

tenna monitor in mobile phone base stations or 
other transmitters where large variations in 
output power occur. The unit has a wide band­
width from 25 MHz to 2 GHz, making the de- 
vice w'ell suited for spread spectrum applica­
tions, and operates on a single +12 V supply. 
Output voltage is proportional with the mea­
sured return loss in decibels. Custom options 
for digitizing monitor signals are available. 
P o la r  L a b ,
R o d o v r e ,  D e n m a r k  + 45  3 6 7 2  7 2 4 5 .

Circle No. 282

■  W aveguide C eram ic 
Block Filters

These high dielectric constant, high power and 
high Q ceramic block waveguide filters are ex­
treme^ temperature stable and compact in size. 
D esigned specifically for AMPS and PCS 
diplexer, trunking/repeater, and GSM applica­
tions, the filters are available in surface-mount- 
able form or with SMA interface. The filters can 
be custom designed to customers specifications. 
S o la r r fP o la r  L L C ,
A lh u q u e r q u e ,  N M  (5 0 5 )  7 9 2 -3 8 7 8 .

Circle No. 284

■  RF Coaxial C o n n e c to r  A dap te rs
These custom fabricated RF coaxial connector 

of interface prob- 
lems, including 
between series or 
in-series gender 
changing, Con­
verting Standard 
connectors into

types and com- 
patib ility  be- 
tween large to 
small series con­
nectors and in- 
compatible plugs,

_______________ jacks and rccep-
tacles. Manufactured to customer specifica­
tions, these adapters include LC to N, LC to 
QDS, QDM to N, QDM to BNC and many 
other combinations. Materials, back-end plat- 
ing, insulators and gaskets can be specified, 
and Standard tooling exists for more than 100 
different types of connectors with interfaces 
per MIL-C-39012 an MIL-STD-348. 
T r u -C o n n e c to r  C o r p .,
P e a b o d y ,  M A  (8 0 0 )  2 6 2 -9 8 7 8 .

Circle No. 288

■  E lec trom agnetic  
In te rfe re n c e  Shield

The BOLDT SHIELD II™ Standard off-the- 
shelf electromagnetic in terference (EMI) 
shield features a unique design that provides 
easy access to inspect or repair electronic com­
ponents without haring to de-solder the SMT

[Co page 170]
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WHEN YOU NEED YOUR CABLE ASSEMBLIES 
RIGHT AND RIGHT NOW, CALL THE LEADER.

To be more efficiënt and more eompetitive, call a Company that's more efficiënt 
and eompetitive. Dynawave. For over ten years, we've been designing and manu­

facturing low cost, superior quality cable assemblies, delay lines, and harnesses for 
the wireless and military markets. Our on-demand and just-in-time delivery systems 
can satisfy the most stringent procurement requirements. And s r  & m ic r o w a v e  

we can deliver prototypes, short runs, and high volume produc­
tion with the same efficiency.

For high quality flexible, semi-rigid, delay lines, phase matched, 
and harnesses when you need them, call us today. Or send for 

a free brochure. Either way, it's time to switch to Dynawave.

H u n a u u Q u e .
I M C Q R P Q R A T  E  D  W

135 Ward Hill Ave., P.0. Box 8224, Haverhili, MA 01835 U.S.A.
Tel: 978-469-0555 /  Fax: 978-521-4589 /  E-mail: connect@dynawave.com / Website: www.dynawave.com
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shield. The BOLDT SHIELD II combines 
high shielding performance, SMT reliability 
and newly added flexibility for prototype ad- 
justment, allowing fast time to market, and 
lightweight shields and contacts at a low Instal­
lation cost. Packaged in Standard EIA410 tape- 
and-reel or automated board level installation, 
the unit Ls available in JEDEC sizes, including 
52-pin quad flat pack, 256 position ball grid ar­
ray and 84-pin plastic leadless chip carrier 
packages.

B o l d t  M e tr o n ic s ,  a  u n i t  o f  B M I  I n c . ,  
P a la t in e ,  I L  (8 4 7 )  9 3 4 -4 7 0 0 .

Circle No. 272

■  C eram ic Bandpass Filters
The 301-IX series ceramic bandpass filters in­
clude the model 301-10010 for receive and the 

model 301-10011 
for transm it and 
operate at center 
frequencies of 
836.5 and 881.5 
MHz, respective- 
ly. Primarily used 

in CDMA transmitters and receivers for base 
Station applications, the four-pole, surface-

Visit the Artech House 
Online Bookstore...
■ Keep up-to-date on the latest Artech House titles throughout the year 
aSee full descriptions and complete tables of contents for all titles 
aEnjoy convenient, secure online shopping
•  Quickly search our entire library of books and software using keyword, title, f ♦
subject area, or other criteria

w w w .a r te c h h o u

P lu s , ta k e  a d v a n ta g e  o f  th e s e  e x c lu s iv e  fe a tu re s :

b Special previews of soon-to-be-published titles. Be among the' first to see them!
« Published titles in their entirety available for browsing online \  : J | f | | | |  II 
aDiscounts on fortheoming titles ; i !  rH H p H  'j

In addition to comprehensive descriptions of our entire list of titles,'> 
w w w .a r te c h h o u s e .c o m  provides you with free sample charters, demonsträfion 
software, postings of up-to-date book reviews, and a secure online ordering
system that guards your name, address, and credit card Information"

Your instant 

connection 

to the latest insights 

and answers from

Artech House!
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mount. filters offer low insertion loss of -3.0 
with a bandwidth of ±15 MHz and SWR of 1.7 
(max). The filters’ small size provides a low 
profile for efficiënt assembly integration. Tape- 
and-reel packaging is available.
T r o k  C o m m u n ic a t io n s  I n c . ,
A d v a n c e d  F i l te r  S o lu t io t i s ,
F r e d e r ic k ,  M D  (8 1 3 )  8 8 4 -1 4 1 1 .

Circle No. 287

■  C o m p act RF
Transceiver M odule

The model TR-XXX-SC transceiver module 
i advanced synthesized superhetero- 

dyne architecture 
and features a di­
rect interface for 
analog and digital 
information, fully 

_______ qualified UART
npatib le  data ou tpu t, received signal 

strength indication, low power consumption, 
wide operational voltage, on-board transmit 
and receive switching, and surface acoustic 
wave front-end filtering. The transceiver offers 
fast settling and tumaround times and can ac- 
commodate data rates up to 33.6 kbps, making 
the transceiver well suited for a range of bi-di- 
rec tional com m unication requ irem ents . 
Housed in a compact, through-hole package, 
the transceiver requiras no tuning or external 
RF components, allowing for straightforward 
integration. Price: $29.70 (1000).
L in x  T e c h n o lo g ie s ,
G r a n ts  P a s s , O R  (5 4 1 )  4 7 1 -6 2 5 6 .

Circle No. 289

■  M agnetfcally  Shielded  Induc to rs

The DSI608BL series tiny shielded inductors 
feature high breakdown voltage and good effi­
ciency with 10 to 60 percent lower DC resis­
tance than existing inductors. Designed specifi­
cally for demanding backlighting applications, 
these magnetically shielded inductors are heat 
resistant to ensure troublefree assembly and 
reflow soldering. Seven inductance values 
ranging from 1 to 10 mH are available. Custom 
inductors also are  available. Price: 65p 
(10,000). Delivery: stock.
C o ilc r a f t ,  C a r y , l L  ( 8 4 7 )  6 3 9 -6 4 0 0 .

Circle No. 293

AMPLIFIERS
■  Pulsed  A m plifier/Tram sm itter
The series 1134 pulsed amplifier/transmitter 
operates over the 1030 to 1090 MHz frequen­
cy range with a frequency stability of ±10 kHz 
over the operating range. RF power is rated up 
to 2500 W (pk) and duty cycle is up to 10 per­
cent. Harmonie suppression is 30 dBc, pulse

[Cnntinued on page 172]
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Still searching for the right 

amputier for your latest design?

Successful searches end up at 
www.stanfordmicro.com
Stanford Microdevices, Inc. (SMI) is a leading supplier 
o f RF integrated circuits for the wireless and wired telecom- 
munications markets and a supplier o f choice o f OEMs 
worldwide. Stanford Microdevices continues to be on the 
industry’s leading edge because o f our superior quality, 
outstanding value and innovative technological advances. 
SMI develops and markets the components needed to create 
wireless Communications equipment that is smaller, lighter, 
more powerful and priced right.

SGA-2000 product family ofFers wideband Operation of up 
to 5 GHz, high output linearity, flat gain response and low 
noise figure with very low power consumption. These 
devices are available in industry Standard SOT-363 and 
85mil plastic packages from stock to eight weeks.

SGA-2163
SGA-2186

SGA-2263
SGA-2286

SGA-2363
SGA-2386

SGA-2463
SGA-2486

Frequency (GHz) DC-5.0 DC-3.5 DC-2.8 DC-2.0
Gain (dB) 10.5 15.0 17.4 19.6
TOIP (dBm) 20.0 20.0 20.0 20.0
P1dB (dBm) 7.0 7.0 7.0 7.0
N.F. (dB) 4.1 3.2 2.9 2.S
Supply Voltage (Vdc) 2.2 2.2 2.7 2.7
Supply Current (mA) 20 20 20 20

:s typical. MTTF® - I  Pillenhrs. (Rth = 970V1/typ)

SiG e HBT MMIC
features include:
■  Cascadable 50Q ■  Low current draw

0 '
■  Single voltage supply ■  Low noise figure

■  High output intercept

Bä Stanford
Microdevices

We Deliver RF Innovation
1-800-764-6642 u.s. m-Free 

1-408-616-5400 Outside u.s.www.stanfordmicro. com
Make us your home page!
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PRODUCTS
width is 32 ps (max) and operating tempera­
ture ränge is -45° to +75°C.
T e c h n ic a l  S e r v ic e s  L a b o r a to r y  In c .  ( T S L ) ,  
F o r t  W a l to n  B e a c h ,  F L  (8 5 0 )  2 4 3 -3 7 2 2 .

Circle No. 243

■  50  W GaAs FET

NEW

Pow er Am plifier

The model ARD88258-50 power amplifier op­
erates over the 800 to 2500 MHz frequcney 
band with 50 W of output power at 1 dB com­
pression point. Gain is 47 dB (min) with a 
noise figure of 10 dB (typ). An integral IEEE- 
488 interface provides full monitoring and con­
trol of all amplifier functions.
C o m te c h  P S T ,
M e lv i l l e ,  N Y  ( 5 1 6 )  7 7 7 -8 9 0 0 .

Circle No. 236

■  PCS an d  B roadband  Amplifiers

The models JCAI2-PC08 and JCA08-B01 am­
plifiers cover the 1710 to 1910 MHz and 0.1 to 
8.0 GHz frequency range, respectively. The 
JGA12-PC08 exhibits nominal gain of 40 dB, 
noise figure of 1.3 dB (typ), gain response of 
±0.5 dB (typ) and TP3 of +42. Input/output 
SWR is 2.0. This unit features a compact, 
drop-in style package. The JCA08-B01 features 
a minimum gain of 25 dB, gain flatness of ±1.5 
dB, power output of +20 dBm and noise figure 
of 3.0 (typ). Input/output power SWR is 2.0. 
This unit includes SMA removable connectors 
for drop-in and microstrip applications. Both 
units can be customized to provide optimal 
performance for a customers individual re­
quirements.
J C A  T e c h n o lo g y  I n c . ,
C a m a r i llo ,  C A  (8 0 5 )  4 4 5 -9 8 8 8 .

Circle No. 237

■  C ellu lar an d  PCS 
Low N oise A m plifiers

These compact, dual-low noise amplifiers 
(DLNA) offer good noise figure and intercept 
performance. The DLNA packages feature 
high isolation and low current Operation and

172

offer typical noise figures of 1 dB. Typical in­
tercept point is greater than +40 dBm. Avail­
able in both low and high gain models, the am­
plifiers are well suited for OEM cellular base 
stations, and PCS mini- and microcclls as well 
as AMPS, GSM, TDMA and CDMA formats. 
N a r d a  M ic r o w a v e -E a s t ,  
a  d iv i s io n  o f  L -3  C o m m u n ic a t io n s ,  
H a u p p a u g e ,  N Y  (5 1 6 )  2 3 1 -1 7 0 0 .

Circle No. 239

■  8 -  12 GHz Am plifier

The model MSH-6642601 amplifier delivers 
output power of 1 W at a 1 dB compression 
point. Operating from 8 to 12 GHz, the amplifi­
er can be used as a traveling-wave tube driver 
and on testing platfo rms for military and com­
mercial applications. The amplifier also in­
cludes an internal voltage regulator and oper­
ates at +15 V DC while providing over-voltage 
and reverse-polarity protection. Noise figure is 
3.0 (max), gain is 40 dB and input/output SWR 
is 2.0. Designed with GaAs FETs and hybrid 
technology, the amplifier is unconditionally stä­
hle. (Low phase and TTL designs also are avail­
able.) Delivery: stock to four weeks (ARO). 
M ic r o w a v e  S o lu t io n s  I n c . ,
N a tio n a l  C it y ,  C A  (6 1 9 )  4 7 4 -7 5 0 0 .

Circle No. 238

■  2 1 0 - 7 1 0  MHz Log A m plifier

The model MCWL-4-4562 wideband, sub- 
ininiature logarithmic amplifier instantaneous- 
ly covers an ultrawide RF input frequency 
range of 200 to 700 MHz. L o g  linearity is ±1.0 
dB (typ), log video slope is 30 mV/dB ±10 per­
cent as defined by the best fit straight line of 
video output voltage. SWR is less than 2.0 and 
limited IF  output power is -2  dBm (nom) 
measured over a typical input signal range of 
-65 to +5 dBm. The unit requires a power sup­
ply of ±5 V with total consumption of less than 
1 W and is best suited for next-generation elec­
tronic warfare and high performance commer­
cial applications. Price: S1100 (5-9).
S ig n a l  T e c h n o lo g y ,  O le k t r o n  O p e r a tio n ,  
B e v e r l y ,  M A  (9 7 8 )  5 2 4 -7 2 1 1 .

Circle No. 241

■  M edium  P ow er RF A m plifiers
The models PA512 and SMPA512 medium 
power RF amplifiers operate in the 10 to 500

M ilz  frequency 
range while gen- 
era ting  up to 
+27.5 dBm at 1
dB compression 
point. T hird-or­
der in te rcep t 
point is +33 dBm 
and small-signal 
gain level is 1.7 

dB. The units are available in hermetic packag­
ing in both TO-8 and surface mount. An SVIA 
connector Version is optional.
S te l le x  M ic r o w a v e  S y s t e m s  I n c . ,
P o lo  A l to ,  C A  (8 0 0 )  3 2 1 -8 0 7 5 .

Circle No. 242

■  RF Pow er Am plifier

The model GRF2035 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 range, the amplifier also 
features a built-in, voltage-regulated bias supply, 
and electromagnetic and RF interference filters. 
High efficiency Operation is achieved by em­
ploying unique microstrip networks and ad- 
vaneed GaAs FET devices.
O p h ir  R F , Los Angeles, CA ( 3 1 0 )  3 0 6 -5 5 5 6 .

Circle No. 240

■  B roadband  S o lid -s ta te  
P ow er A m plifier

The model P/N 30005-201 high power, broad­
band solid-state power amplifier (SSPA) oper-

point of 39 dBm. Noise figure is less than 4 dB 
and power-added efficiency is greater than 25 
percent. Gain is > 20 dB from 1.0 to 3.2 GHz, 
gain flatness across any 200 MHz bandwidth is 
< ±0.5 dB, input SWR is < 2.0 and output SWR 
is < 1.5. Input and output connectors are SMA 
female Standard. Size: 6.50" x 3.25" x 1.00" 
A e th e r c o m m  I n c . ,
S a n  M a r c o s ,  C A  ( 7 6 0 )  5 9 8 -4 3 4 0 .

Circle No. 273

DEVICES
■  RF P ow er Transistors
The model PTF 10149 RF power transistors ex- 
hibit a linearity- of ±0.25 dB over the 920 to 960 
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monolithic 

semiconductors

UMS is the key supplier of Integrated 
Circuits covering the Telecom 
requirements from very Low Noise 
to High Power, using PHEMT processes 
up to  94GHz

DISTRIBUTED BY
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NEW  
PRODUCTS

MHz band and 
emplov the Com­
pany’s GOLD- 
MOS technology 
which significant­
ly improves RF 
p e r f o rm a n c e .  

Best suited for GSM mobile pbone base station 
transmitters, the transistors offer output power 
of 70 W and gain of 16 dB. The rugged units op- 
erate from a Standard 28 V supplv and have a 
minimum drain-source breakdown voltage of 65 
V. Load mismatch tolerance Ls 5 and dass AB 
two-tone third order inlermodulation distortion 
is -39 dBc at 20 W peak envelope power. 
E r ic s s o n  M ic r o e le c t r o n ic s ,
R ic h a r d s o n , T X  (8 7 7 )  4 6 5 -3 6 6 7 .

Circle No. 244

■  MOSFET Transistors

The S series MOSFET transistors operate up 
to 500 MHz while providing 90 and 120 W of 
RF power. Designed for both narrow  and 
wideband data and voice communication appli- 
cations, the transistors cxhibit a low C ^ . Data 
sheets, S parameters and SPICE models are 
available.
P o ly fe t  R F  D e v ic e s ,
C a m a r i llo ,  C A  (8 0 5 )  4 8 4 -4 2 1 0 .

Circle No. 245

30  GHz SiGe B ipolar Transistors
ie model IIBT30 series Silicon germanium 

(SiGe) low phase noise, high frequency transis­
tors are designed 
for oscillator ap­
plications up to 
16 GHz. The de- 
vice exhibits low 
l/f noise o f -142 
dBc/Hz at 100 Hz 
offset and pro­
vides + 17 dBm 
output power at 
the  1 dB gain

. O pörated 
a single sup­

ply voltage with appropriate external passive 
components, the transistors offer > 50 percent 
power-added efficiency when used as an ampli­
fier and provide high thermal conducüvity and 
low junction temperature.
SiCe M ic r o s y s te m s  I n c . ,
O t ta w a , O n ta r io ,  C a n a d a  (6 1 3 )  7 4 8 -1 3 3 4 .

Circle No. 315

■  High Linearity LDMOS 
Pow er Transistors

These high linearity power transistors are 
based on laterally diffused metal oxide Silicon 
(I.DMOS) technology that supports designs for
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The Component Company
Attenuators

'equency Ranges 
3 - 1 8  GHz

uwer Ratings 
- 1,000 Watts

3 Rating
1,02, 03, 06, 10, 20, 
3

onnectors
MC, IEC 7 /1 6 , N Type, 
VIA, TNC

Loads

•equency Ranges 
3 - 6 GHz

3wer Ratings 
-1 ,000 Watts

Dnnectors
MC, IEC 7 /1 6 , N Type, 
VIA, TNC

wider /  Combiners

•equency Ranges 
30 - 2,000 MHz

jwer Ratings 
) to 150 Watts

Dnnectors 
VIA, N Type

Plus application specific designs for your demanding requirements.
B C P

1 0 9 5 0  72nd Street N„ Suite 107 
Largo, FL 3 3 7 7 7 -1 5 2 7  
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PRODUCTS
emerging third-generation markets, CDMA 
and wideband ('DMA. Fabricated with gold 
mctallization, gold bond wire interconnects 
and gold-plated packages, the transistors are 
tuned for communication frequencies from 
800 to 2400 MHz with power levels from 10 to 
120 W. Designed specifically to meet the de- 
mands of today’s linear communication Sys­
tems, the devices offer high reliability at a re- 
duced system cost.
S ta n fo r d  M ic r o d e v ic e s  In c .  (S M I) ,  
S u n n y v a l e ,  C A  ( 4 0 8 )  6 1 6 -  5 4 0 0 ,  e x t .  4 0 6 .

Circle No. 246

NEW

SOFTWARE
■  EDA Sim ulation  S oftw are
The Advanced Design System (ADS) electron­
ic design automation (EDA) Release 1.3 soft­
ware provides real-time interactive tuning of 
multiple parameters, analysis and synthesis of 
transmission lines, filter synthesis, matching 
network synthesis, improved noise analysis and 
faster large-scale circuit envelope simulations. 
The software operates on most UNIX system 
platforms as well as PCs using Windows* 95, 
98 and Windows NT 4.0 Systems. Priee: starts 
at $21,000.
A g i le n t  T e c h n o lo g ie s ,
P o lo  A l to ,  C A  (8 0 0 )  4 5 2 -4 8 4 4 ,  e x t . 6 8 5 0 .

Circle No. 253

■  H arm onie Load-pull S im ulator
The Web-based Harmonie Load-pull Simula­
to r (HeLPS) is a next-generation RF/mi- 
crowave design tool that dramatically reduces 
design time and lowers costs to improve circuit 
performance. HeLPS utilizes the Companys 
proprietary large-signal modeling technology 
and Standard SPICE models to allow designers 
to perform first-round optimization óf circuits 
without prototyping or testing in hardware. 
The Software solution uses a Standard Internet 
browser and Java Apple-based graphical user 
interface to determine optimum circuit design 
parameters.
G ig a h e r t z  D e s ig n  T e c h n o lo g y  I n c . ,
L o s  A l to s ,  C A  ( 6 5 0 )  5 3 3 -7 5 0 1 .

Circle No. 254

■  M icrow ave S tudio  S oftw are

The CST MicroWave Studio (MWS) (version 2) 
is a state-of-the-art software tooi designed 
specifically for the calculation of high frequency' 
fields on a Windows-hased PC. The software in- 
eorporates the Perfect Boundary Approxima-

176

tion™, an extension of the Finite Integration 
technique, for precision and performance; a 
modeller that enables the fast definition of com­
plex structures; a three-dimensional Eigenmode 
solver; and built-in power macro language, 
which allows thorough integration of MWS into 
Windows. Typical applications of MWS include 
the Simulation of waveguides, couplers, power 
Splitters, filters, planar structures, connectors

C S T  o f  A m e r ic a  I n c . ,
C a m b r id g e ,  M A  (6 1 7 )  5 7 6 -5 8 5 7 .

Circle No. 270

INTEGRATED
CIRCUITS
■  DC/DC C o n v erte r
The Companys DC/DC Converter has been in­
tegrated into the Palm VII™, the first hand­
held organizer equipped with a wireless anten­
na that allows users to access the Internet, eon- 
duct e-commerce transactions, and send and 
receive instan t messages. The Companys 
patented DC/DC Converter design provides 
the Palm VII organizer with a small, highly ef­
ficiënt power management IC. Manufactured 
using GaAs MESFET technology, the DC/DC 
Converter perform s at high frequencies and 
uses an oscillator that operates outside of the 
audio band. Housed in an SOT-25 package, the 
converter measures less than 3 mm x 3 mm. 
A N A D I G I C S  I n c . ,
W a r r e n ,  N J  (9 0 8 )  6 6 8 -5 0 0 0 .

Circle No. 247

MMIC RFIC dow

! Fully In teg ra ted  D ow nconverte r
The model C2304 fully in tegrated  GaAs 

•onverter is designed for 
*! 2.4 GHz industri­

al, scientific and 
medical band ap­
plications where 
low cost and high 

j volume manufac- 

hiring are Prima'
original equ ip­

ment manufaeturers in the digital wireless 
Communications markets. The downconverter 
features gain of 26 dB, noise figure of 4 dB, 
output IP3 of 27 dBm over a single voltage 
supply of +5. Housed in an industry-standard 
SOIC-14 package, the unit comes with sepa­
rate RF amplifier, mixer/LO amplifier and IF 
amplifier cells.
P a c if i c  W ir e le s s ,
A p t o s ,  C A  (8 3 1 )  4 1 9 -5 1 1 9 .

Circle No. 248

■  MMIC C h ipse t Solu tion
The models CHV2241 VCO, CHV2242 multi- 
function chip and CHM2179 single-channel 
mixer comprise a complete MMIC chipset so­
lution for frequency-modulated continuous 
wave radar. The CHV2241 provides a 38 GHz 
signal output, a frequency tuning range from 
150 MHz to 38 GHz, phase noise better than 
-75 dBc/Hz at 100 kHz from carrier and out­
put power of 7 dBm. The CHV2242 combines 
a reference oscillator at 19 GHz and a second- 
o rder harm onie mixer at 38 GHz. The 
CHM2179 offers conversion loss of 7.5 dB and 
noise figure of 13 dB at 1 MHz IF. The combi­

natiën of the three paris provides radar manu- 
facturers with optimized chip size, on-chip 
self-bias circuits, high level performance and a 
eost-effeetive solution.
U n i te d  M o n o l i th ic  S e m ic o n d u c to r s  (V M S ) ,  
O r s a y ,  F r a n c e  +33 (1 )  6 9  3 3  0 3  3 5 .

Circle No. 249

■  Small F o o tp rin t Synthesizer
The model PSS-861 small footprint synthesizer 
for wireless applications operates over the 860 
to 925 MHz frequency range with a current of 
less than 35 mA and a 5 V supply. Phase noise 
is -102 dBc/Hz at 10 kHz offset and -122 
dBc/Hz at 100 kHz offset from the center fre­
quency. Harmonie suppression is better than 
10 dBc and spur suppression is better than 65 
dBc. Operating temperature is -40° to 85°C. 
Size: 0.75" x 0.75".
P r in c e to n  E l e c tr o n ic  S y s te m s  I n c .  (P E S ) ,  
P r in c e to n ,  N J  (6 0 9 )  2 7 5 -6 5 0 0 .

d rc le  No. 280

ANTENNAS
■  1 0 - 4 0  GHz R adio A n ten n as
The FlatFire™ point-to-point radio antennas 
provide superior sidelobe and gain eharacteris- 
tics while eliminating the conventional bulky 
shroud, resulting in a smaller, more rugged, at- 
tractive antenna. The antennas exceed all 
FCC, ETSI and BAPT requirements as well as 
EIA-195-C and EIA-222-F Standards. Al- 
though well suited for indoor mounting, the

G a b r ie l  E le c tr o n ic s  I n c . ,
S c a r b o r o u g h ,  M E  (2 0 7 )  8 8 3 -5 1 6 1 .

Circle No. 276

■  A irb o m e H elical Array A n ten n a
The model 9930-800 airbome helical array an­
tenna comprises eight individually sealed helix 

e lem ents ar- 
ranged in a ring

strip  feed n e t­
work is used to 
combine the ele­
ments electrical­
ly. Operating in 
the 2200 to 2290 
MHz frequency 
range, the anten­
na offers 100 W 
CW of pow er 
handling, gain of 
20 dBi and SWR 
of 1.5 with right- 

hand circular polarization. A base plate is pro- 
vided at the connector end of the array for 
mounting provisions. Type N female connec­
tors are included.
S e a v e y  E n g in e e r in g  A s s o c ia te s  I n c . ,  
P e m b r o k e ,  M A  (7 8 1 )  8 2 9 -4 7 4 0 .

Circle No. 283

■  Biconical an d  Log 
P eriod ic  A n ten n a

The model EM-6917B Biconicalog antenna is 
a hybrid combination of the industry-standard 
biconical and two log periodic antennas deliv- 
ering both 26 MHz to 3 GHz frequency cover-

[ C o n tin u e d  on  pa g e  1 78]  
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Designed for Ultimate Quality

Your Com plete Switching 
Solution from  KM W
■  6P7T switch is designed for IMT2000 (6-sector Redundancy)

Product Code No. KSW12OI2S000 KSW6704AB001 KSW45O48L000
Switch Type SPDT 6P7T 4P5T

Frequency Range DC -  18GHz DC -  3GHz DC -  3GHz
Insertion Loss (Max.) 0.2 -  O.SdB 0.2dB 0.2dB

VSWR (Max.) 1.15:1 -  1.5:1 1.15:1 1.15:1
Isolation (Min.) 80 -  60dB 80dB 80dB

Operating Mode TTL Latching with IND. Latching with IND. Latching
Actuating Voltage 12Vdc± 10% 20 -  30Vdc 24 -  30Vdc
/Current (Max.) /240mA (@12Vdc, 25°C) /95mA (@24Vdc, 25°C) /85mA (C4>26Vdc, 25°C)

I/O Port Connector SMA(F) / SMA(F) SMA(F) / SMA(F) SMA(F) / SMA(F)
RF Power Handling 100W CW (@1 GHz) 200W CW (@1 GHz) 250W CW (@1 GHz)
Dimension (inch) 1.339*1.575*0.528 2.441*2.043*2.177 1.626*1.874*1.626

Higher Frequency available on Multi-Pole Multi-Throw, up to  18GHz
Power Handling capability of 4P5T Switch, up to 250W CW &  4Kw Peak @1 GHz
Slim type 6P7T Switch, 2.409*1.417*2.216 (inch), also available.

I  Available Options
Internal Termination, Indicator Circuitry, Suppression Diode, TTL Logic,
Seif De-Energizing Circuitry, Various I/O Connector type, Other Operating Voltage

■  5 million life cycle SPDT switch is available now.

13131 East 166th Street, Cerritos, CA 90703-2202 
1-800-8320-KMW • www.km winc.com  
tel: 562-926-2033 • fax: 562-926-6133
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PRODUCTS
age and high power handling capability. The 
EM-6917B eliminates the need for adjust- 
ments or switching antennas in most test appli­
cations up to 3 GHz without comprising power 
handling capability for transmit applications. 
The antenna is supplied with an integral balun 
that minimizes the effect of cable placement 
on measurements and is individually ealibrated 
for field strength measurements from 26 GHz 
to 3 GHz. Telescopically collapsible biconical 
elements are available for improved perfor­
mance at lower frequencies.
E le c tr o - M e tr ic s  I n c . ,
J o h n s t o w n ,  N Y  
( 5 1 8 )  7 6 2 -2 6 0 0 .

Circle No. 298

■  W ide B eam w idth  
P ane l A n tennas

NEW

These high performance wide beamwidth pan­
el antennas for 2.4 GHz wireless local area net­

work (LAN) ap-

models with 180° 
horizontal beam­
width and gains 
o f  3.5, 6.0, 7.5, 
8.5, 9.5, 10.5 and 
11.5 dBi. SWR is 
less than 1.5 over 
2.4 to 2.483 GHz. 
The an tenna’s 
length varies from 
4.5" to 20" and all 
o f the antennas 
have the  same 
width (2") and 
thickness (1"). 
The antennas are 
bottom-fed with 
SMA, N, TNC or

types.
S u p e r P a s s  
C o m p a n y  I n c . ,  
W a te r lo o ,  
O n ta r io ,
C a n a d a
(5 1 9 )  8 8 6 -5 1 8 6 .  

Circle No. 286

■  In teg ra ted  M ast A n tenna
This integrated mast antenna comprises three 
antennas in the 30 to 420 MHz frequency

nas are guyeci at 5 
and  10 in, sup- 
porting the mast 
againstwindload-

the  low est fre ­
quency antenna. 
The fiberglass 
mast consists of 

12 1 m sections, allowing the antenna to be 
broken down to a convenient size for portabih- 
ty. Total weight is 2 kg, permitting one person 
to carry the entire antenna System. The base

plate is hinged and can be pegged into the 
ground for fast erection.
P o y n tin g  I n n o v a t io n s ,
B r a a m fo n te in ,  J o h a n n e s b u r g ,  S o u th  A fr ic a
+ 2 7 1 1  4 0 3  0 3 8 0 .

Circle No. 297

■  M edium  Gain A n tennas
The Direct Link™ series medium gain anten - 

s offer live mounting options to optimize 
“ “ “  challenging instal- 

! lation situations, 
including a ±30° 
articulating wall 
mount, Standard 
wall mount, mast 

ixnt and un i­
versal wall/mast 
mount, which 

I perm its up to 
i ±90° of vertical or 

horizontal main 
lobe steering. The 
model S57212- 
AMP10SMF an­
tenna is designed 
specifically for 

transmission and reception of linearly polar- 
ized signals in the 5725 to 5875 Milz industri­
al, scientific and medical band. The antenna 
uses a two-element patch array to provide a 
minimum gain of 12 dBi across the frequency 
range with a front-to-back ratio of be tter 
than 25 dB.
C u s h c r a f t  C o r p . ,
M a n c h e s te r ,  N H  
( 6 0 3 )  6 2 7 -7 8 7 7 .

Circle No. 292

■  B roadband  C om m unications 
A n tennas

The Broadband Communications Antennas 
(BCA) series has added the BCA series high

tive coverage for 
■ hgnin

sector antenna covers the 24.25 to 26.5 GHz 
frequency band while delivering 20.5 dBi of 
gain performance at 90° azimuth coverage. 
(Azimuth sizes of 45° and 90° in either vertical 
or horizontal polarization are available.) The 
elevation pattern is cootoured to give the re- 
quired signal strength inside the cover area 
f'ree of nulls. The Mark II antennas provide en- 
hanced, robust pattem performance and good 
cross-polarization rejection. The antenna’s 
azimuth patterns ensure minimum response 
outside of the sector region, which results 
in reduced sector-to-sector and in terce ll 
interference.
A n d r e w  C o r p . ,
O r la n d  P a r k ,  1L  
( 8 0 0 )  2 5 5 -1 4 7 9 .

Circle No. 296

MATERIALS
■  High P erfo rm an ce  Lam inates

The R04000* and R03000* series laminates 
are designed to support the economical pro­
duction of high volume circuits for specific ap­
plications in wireless Communications designs. 
The laminates feature good electrical charac­
teristics, including stable dielectric constant 
over temperature and low dielectric loss. The 
RT/duroidf DUROID® and TMM® laminates 
support the highest requirements for very de­
in anding applications.
R o g e rs  C o r p . ,  R o g e r s ,  C T  (8 6 0 )  7 7 4 -9 6 0 5 .

Circle No. 250

The Gore-Shield® high performance, surface- 
mpatible gasket for elee

m factor and 
the Companys GS5200 material, a nickel-filled 
expanded polytetrafluorocthylenc that is well 
suited for wireless applications. Available in 5.5 
mm, 8.0 mm and 12 mm lengths, and 1.25 mm 
and 1.1 mm widths, the gaskets provide good 
low pressure EMI shielding and very fast in- 
stallation times.
W .L . G o r e  A s s o c ia te s  I n c . ,
N e w a r k ,  D E  ( 3 0 2 )  368-2575.

Circle No. 251

SOURCES
■  M in iatu re  VCXOs
The CFPV-41/42/43/44 series miniature sur- 

led crystal oscilla­
tors (VCXO) are 
designed for 
S O N E T /S D H  
transmission Sys­
tems in local tele- 
phone exchanges 
and local or wide

The oscillators of­
fer a high degree 
of frequency 
pulling (control of 

the output frequency via an applied voltage), 
therehy allowing degraded incoming signals to 
be correeted to nominal frequency via a phase- 
locked loop. Frequency pulling is up to ±50 
ppm (CFPV 41/42) and up io  ±100 ppm 
(CFPV 43/44). The VCXOs operate over a 
temperature range of -10° to +70°C at any 
output frequency between 1.0 and 52 MHz, in- 
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Thought you had to sacrifice performance for reliability?

Think again.
Introducing PureSource. Lasting re liab ility  at last.

with low microphonics, low phase jitter, low spurious 

products and low aging. For clean performance, low 

bit error rate, and maintenance- 

free reliability there's only one 

word to think about.

PureSource.

Now there’s PureSource. Engineered for mainte- 

nance-free performance and generating very little 

heat, these high performance sources are tweak-free 

for at least ten years. The PureSource lines are engi­

neered to get the maxium performance out of your 

. system

L a s tin g  r e l ia b i l i t y  at la s t .
A Microwave dB product »Tel: 805-499-0410 
Fax: 805-498-0054 • www.microwavedb.com
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NEW
PRODUCTS

cl IIding the Standard fixed-line teleeommunica- 
tion frequencies at 8.192, 10 and 38.88 MHz. 
Price: from $3.50 tp 811.30.
C -M A C  F r e q u e n c y  P r o d u c ts ,
D u r h a m ,  N C  (9 1 9 )  9 4 1 -0 4 3 0 .

Circle No. 294

■  Subm in ia tu re  TCXO
The model 312BE subminiature temperature- 
compensated crystal oscillator (TCXO) has a

ppm at 25°C and 
frequency stabili- 
t\' is -2.3 to +2.5

ture range of -20° to +75°C. Designed for sur- 
face-mount applications, the TCXO has low 
profile packaging with a ceramic base and a

letal c
mm. The unit requires a supply voltage of be­
tween +2.85 and +3.15 V and input current is 
2.0 mA (max). Storage temperature range is 
-40° to +80°C. Price: $8 (1000). Delivery: 
eight to 10 weeks (ARO).
F o x  E le c tr o n ic s ,
F o r t  M y e r s ,  F L  (8 8 8 )  4 3 8 -2 3 6 9 .

Circle No. 255

■  V o ltag e-co n tro lled  O venized 
Crystal Oscillators

The K2000 series voltage-controlled ovenized 
crystal oscillators YCOCXO: are designed 

specifically for 
Stratum 3 timing 
and synchroniza- 
tion applications. 
Housed in a com­
pact, hermetically 
sealed D IL  14 

package, the VCOCXOs operate with +5 or 
+12 V DC power supply voltages. With a +12 V 
supply, frequency stability is less than ±100 
ppb over the temperature range of 0° to 70°C. 
Overall frequency stability including tempera­
ture, voltage, load and aging is less than ±370 
ppb/day. Phase noise is less than -95 dBc/Hz at 
10 Hz and voltage control (pull-in/hold-in) 
function is greater than ±10 ppm with devia- 
tion linearity less than 10 percent. Standard 
frequencies are available up to 20 MHz with 
optional frequencies up to 38.88 MHz. Price: 
starting at $75 (1000).
C h a m p io n  T e c h n o lo g ie s  I n c . ,
F r a n k l in  P a r k ,  I L  
(8 0 0 )  8 8 8 -1 4 9 9

Circle No. 275

■  C om m ercial W ideband VCO

-30  dBc, respectiveiy. Housed in a surface- 
mount, pick-and-place reflow-compatible pack­
age, the unit measures 0.50" x 0.50" x 0.18" 
V a r i -L  C o m p a n y  I n c . ,
D e n v e r ,  C O  (3 0 3 )  3 7 1 -1 5 6 0 .

Circle No. 257

■  Low N oise VCO
The model MW500-1109 wideband, low noise 
voltage-controlled oscillator (VCO) covers an 

octave from 1250 
to  2500 MHz 
while maintaining 
a low phase noise 
o f-117 dBc/Hz at 
100 kHz offset 
and -93 dBc/Hz 
at 10 kHz. Output 

■ g* • power is +6 dBm, 
■ • supply voltage Ls 5

to 12 V and tuning voltage is 0 to 18 V. De­
signed for satelhte communication, frequency 
synthesis, test equipment and video transmis­
sion applications, the VCO is capable of high 
FM rates and modulation BW over 40 MHz. 
Operating temperature range is -40° to +85°C. 
Size: 0.50" x 0.50" x 0.14".
M ic r o n e t ic s  W ir e le s s  I n c . ,
H u d s o n ,  N H  (6 0 3 )  8 8 3 -2 9 0 0 .

Circle No. 256

The model VC0190-1500BT generates frequen­
cies from 1000 to 2000 MHz with control volt­
ages from 0.5 to 20 V. The unit typically requires 
23 mA of current from a supply voltage of 8 V. 
Phase noise Ls -94 dBc/Hz at 10 kHz offset (typ), 
output power is +6 dBm (typ), and typical sec- 
ond and third harmonie suppression is -20 and

■  8 0 5 - 8 2 5  MHz VCO
The model V580ME09 high performance VCO 
covers the 805 to 825 MHz frequency range

[C o n tin u e d  o n  pa g e  183]
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.fr
Our precise
new spcitial
averaging meter 
is so easy to use, 
proctically 
onybody can 
do it.

Just touch the ground iv th the probe. °ress tne 

metcr's start/stop key. Slowly move the prcbe 

fron toe to heao. Press the key again That's it.

And for those four baby steps yoi 

irstantly get an naedibiy precise. spatiaily- 

averaged measurement based on about 400 

separate roadings Now you know with certainty 

if you're within threshold limits.

Put this powertu1 microorocessing 

ability to work for you. You’ll have the 

precision you need to successfully 

deal with the increasingly complex 

signal environments created by the 

exploding wireless industry.

Our new meter also babys you 

with other great features I :<e a 

bnght seven segment nurreric display. 

Analog aar graph. An aud o alarm that 

sounds if input exneods the probe s rneasure- 

ment range. And a varao e alarm that can be 

set to sound at any level.

How close are other meters to ohermg 

you al! these advantaces?

Theyre still m d-apers.

Ca l Narda Today at 631 -231 -1700.

munications, Inc. 
v.nardamicrowave.com

narda
microwave-east

f t ’s  N a r d a  t o  b e  p r e c i s e .
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Direct Engineering Interface
Your first contact ot Reactel will be with an engineer. With 
typically 20 years of experience. And the responsibility to

When yoll need 
h ig h  p e r f o r m a n c e  

custom filters, 
can Reactel. we 
deliver results—
not compromises.

The Quality System in force at Reactel has 

been certified by FMRC of the US and SCS of 

the UK to ISO 9001 Standards. m:
8031 Cessna Avenue • Gaithersburg, MD 20879 

Phone: (301)519-3660 Fax: (301)519-2447 F-mail: reactel@reactel.com Web Site: www.reactel.com

produce.what he promises. On time and within budget. 

Full Product Line
Front 2 kHz to 20 GHz; from surface mount to high 
power. With technology matched to your reguirements—  
lumped constant, tubulär, cavity, or suspended Substrate. 
We also provide integrated sub-ossemblies such as 
switched filter banks.

Rugged, Proven Performance
All Reactel filters are built to full MIL-SPEC.— One of the 
reasons why our rate of return is less than 0.5%. And 
why 90% of our business is from repeat customers.

Complete ln-house Capability
•  Circuit design, machine shop, assembly and final test. We 

control the guality at each step in the process. And the 
delivery schedule. So you can meet your commitments.

Quick Response
Give Reactel a call. Or fax us a copy of your specs. You 
will find that our capabilities will provide a good match to 
your reguirements. At a very eompetitive price.

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


NEW  
PRODUCTS

with a tuning volt­
age o f 0.5 to 4.5 V 
DC, allowing 
quick and easy im- 
plernentation into 
phase-locked loop 
circuits. The unit 
provides 5.5 ±2 
dBm o f output 
power into a 50 Q  

load. Phase noise is -110 dBc/Hz at 10 kHz off­
set, input capacitance Ls 120 pF (max) and see- 
ond harmonie suppression is -12 dBc (typ). Op­
erating temperature range is -30° to 85°C. The 
VCO is well suited for spread 'spectrum radio, 
data link and digital cellular applications. Size: 
0.50" x 0.50" x 0.13". Price: $15.95. Delivery: 
stock to six weeks.
Z -C o m m u n ic a t io n s  I n c . ,
S a n  D ie g o ,  C A  (8 5 8 )  6 2 1 -2 7 0 0 .

Circle No. 258

m  1 0 0 - 8 0 0  MHz VCXOs

The M303 series VCXOs have expanded to in­
clude frequencies from 100 to 8(X) MHz. Orig- 
inally designed for SONET applications, these 
high performance VCXOs are well suited for 
high speed Computing or telecommunications 
applications as well as network computing, 
base stations, high end Servers, data Communi­
cations transmission and automatic test equip­
ment. A Standard device provides temperature 
stability' of less than 30 ppm over an operating 
temperature range of 0° to 70°C. Delivery: 
stock to 12 weeks (ARO).
M ic r o  N e tw o r k s /A n d e r s e n  L a b o r a to r ie s ,  
W o r c e s te r , M A  (5 0 8 )  8 5 2 -5 4 0 0 .

Circle No. 279

PROCESSING
EQ U IPM EN T
■  Laser Stencil
The LPKF Stencil Laser features new concepts 
for control technology' of XY-coordinates-tables 

and a laser source 
with a pulse rate 
up to 5000 Hz. 
Optimally adjust- 
ed to stencil pro­
duction, die Sten- 
cilLaser provides 
accuracy between 
3 and 5 pm. The 
Company also of­

fers its QuickCheck and ScanCheck quality

MICROWAVE JOURNAL ■ MARCH 2000

management options which measurc seleetcd 
pads directly after die cutting process and pad 
geometries and stencil completeness.
L P K F  L a s e r  i?  E le c tr o n ic s  A G ,
G a r b s e n ,  G e r m a n y  + 49  (0 )  5 1 3 1  7 0 9 5  0 .

Circle No. 252

■  F iber-optic  Buffer 
a n d  C oa tin g  S tripper

The FiberStrip 7030 portable fiber-optic buffer 
iting stripper is designed specifically for

ering system, 
and dweil time System and a rate-controlled 
Stripping system. The Standard unit includes a
carrying case with an AC-to-DC power adapter 
and other accessories. A rcchargeable battery 
pack also is available for field use.
S c h le u n ig e r ,
M a n c h e s te r ,  N H  ( 6 0 3 )  6 6 8 -8 1 1 7 ,  e x t .  5 0 0 .

Circle No. 290

SUBSYSTEMS
■  3 0 0  W P ow er Supply

The NT30I series e ompact, multiple oiitput,
3(X) W power •supply has a 3.3 V high current
main output and actrk'e input power factor cor-
rection (PFC). The ;active PFC circuitryr pro-
vides compliai th EN61000-3-2 ar.dac-
commodates a wide- input voltage range of 90
to 264 V7 DC for global applications. The PFC 
input stage is followed by a two-transistor for­
ward Converter that provides a proven archi­
tecture for high reliability' requirements. All 
Outputs are fully isolated and regulated. Stan­
dard features include power fail waming, re- 
mote inhibit and remote sense. Price: from 
$370(100).
C i? D  T e c h n o lo g ie s  I n c . ,
P o w e r  E le c tr o n ic s  D iv i s io n ,
T u c s o n , AZ (8 0 0 )  5 4 7 -2 5 3 7 .

Circle No. 259

■  SiGe P o w ered  GPS R eceiver
The highly integrated Global Positioning Sys­
tem (GPS) receiver features the Companys Sili­
con germanium (SiGe) process technology, en- 
abling die direct conversion of RF signals to 
digital information and eliminating the need 
for IF support circuitry' such as mixers, oscilla- 
tors and filters. The GPS receiver has 12 paral­
lel processing channels which simultaneously 
track and process GPS signals from up to 12 
satellites, improving the performance and pro- 
liferation of satellite navigation technology in

[C o n tin u e d  o n  p a g e  185]
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project?”
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fromZ-COMM.

Frequency
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I n t e r n a t i o n a l  M i c r o w a v e  S y m p o s i u m

B o s t o n ,  M a s s a c h u s e t t s

I E E E  M i c r o w a v e  T h e o r y  a n d  T e c h n i q u e s  S o c i e t y

J  j : :  j  '{  —  j  g  _ 2 0 0 0
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J o h n  B . H y n e s  V e t e r a n s  M e m o r ia l  C o n v e n t io n  C e n t e r

T O  A TTE N D  T H E
2 0 0 0  IE E E  M T T - S  I n t e r n a t i o n a l
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automobile, marine and recreational applica­
tions. The system also includes a PowerPC 401 
embedded processor and comprehensive sup­
port features such as memory, a GPS reference 
crystal, connectors and a real-time clock Size: 
40 mm x 66 mm.
I B M  M ic r o e le c t r o n ic s D iv is io n ,
H o p e w e l l  J u n c t io n ,  N Y  ( 9 1 4 )  4 9 9 -1 9 0 0 .

Circle No. 260

■  0 . 1 5 - 3 . 0  GHz 
M ultip lier Subsystem

The model SYSX20-3A integrated three-stage 
multiplier Subsystem is suitable for receiver 

LO generation 
using a reference 
VHF stabilized or 
voltage-tuned in­
pu t source. In ­
dustry Standard 
size amplifier and 
m ultiplier mod­
ules are used in- 
temally to make 
the  un it easily 

modified for custom frequencies with 55 dBc 
spurious levels.
M I T E Q ,  H a u p p a u g e . N Y  (5 1 6 )  4 3 9 -9 4 2 3 .

Circle No. 261

■  Radio M odem  M odules
The SLM-C module for the RF9600 s 
dio modems provides

The
in be configured 

for 0 to 5 V input 
or 0 to 20 mA in-
put or configured 
as Outputs for the
same ranges. The

machine current changes control loop circuit­
ry and temperature monitoring.
R F  N e u l i n k ,  a  d i v i s i o n  o f  R F  I n d u s t r i e s ,  
S a n  D ie g o , C A  ( 8 0 0 )  2 3 3 -1 7 2 8  
o r  ( 8 5 8 )  5 4 9 -6 3 4 0 .

Circle No. 262

■  32  x 3 2  Coaxial M atrix

The model 10840 coaxial matrix offers a band­
width of 5 to 20 MHz that covers the HF and 
VHF bands as well as the IF frequencies of 70 
to 160 MHz. The unit provides switching con- 
figurations from 32 inputs to 32 Outputs in any 
comhination under RS-232 or IEEE-488 eon- 
trol, and features unity gain at full fanout, en-

abling a high degree of versatdlity. Speed setup 
time (up to 40 stored switching configurations) 
may be recalled. The matrix also features 
crosspoint verification, front panel keyboard 
control and liquid crystal display.
M a tr ix  S y s te m s  C o r p . ,
C a la b a s a s ,  C A  ( 8 1 8 )  2 2 2 -2 3 0 1 .

Circle No. 271

■  Coaxial Sw itch M atrix

The model 2104 coaxial switch matrix is config­
ured with up to four single-pole, 10-throw 
switch assemblies. Designed specifically for au­
tomatic testing equipment. environmental/lab- 
oratory test equipment and programmable 
patch panel/interconnect applications, the 
switch matrix provides a solid-state controller 
with a front panel liquid crystal display and
kevpad for manual override and two remote in­
terfaces (RS-232 and IEEE-488 general-pur- 
pose interface bus). Im pedance is 50 Q, 
switching speed is 20 ms and input power is 85 
to 264 V AC (47 to 440 Hz). Operating tem­
perature is 0° to +50°C. The switch matrix 
measures 1.75" x 19.0" x 20.0" with the four 
switches mounted extemally at the rear. 
D o w -K e y  M ic r o w a v e  C o r p .,
V e n tu r a ,  C A  (8 0 5 )  650-0260.

Circle No. 291

TEST EQ U IPM EN T
■  M easu rem en t Softw are 

fo r  RF P ow er M eters
The 4530 series RF power meters and the 
model 4500A RF peak pow'er meter/analyzer 
now include software that provides highly com­
plex Statistical analysis features for added capa­
bility in measuring power of next-generation 
wideband modulation schcmc signals such as 
wideband CDMA, EDGE and third-genera- 
tion. Designed for produetion automatic test­
ing equipment, the 4530 series can measure 
Signals from 10 kHz to 40 GHz (depending on 
the sensor) across a 20 MHz video bandwidth 
with an effective sampling rate up to 50 Msarn- 
ples/sec for repetitive signals. The model 
4500A operates over the 1 MHz to 40 GIIz 
frequency range and can perform a number of 
measurements quickly with an effective sample 
rate up to 5 Gsamples/sec. The softw'are fea­
tures include Statistical modes that provide 
ustfis with the capability to fully analyze power 
distribution, including peak pow'er over time, 
and a unique time gating capability to calculate 
average power for more accurate measure­
ments of wideband signals. Price: starts at 
$3650 (4530 series) and $15,000 (model 
4500A). Delivery: 12 weeks (ARO).
B o o n to n  E le c tr o n ic s  C o r p .,
P a r s ip p a n y ,  N J  (9 7 3 )  3 8 6 -9 6 9 6 .

Circle No. 299
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s u p e r  lo w

CLV0 7 6 9 E
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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

Crnne %  source ... 
• Z-COMIVt.

_Z-Communications, Inc.
9939 Via Pasar 

San Diego, CA 92126 
(619) 621-2700 • Fax (619) 621-2722 
http://www.zcomm.com/solutions.html
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Microwave Office ” 200 0

T h e  W o r l d  o f  R F  &  M i c r o w a v e  
D e s i g n  h a s  C h a n g e d  F o r e v e r !

Microwave Office 2000 is the revolutionär/ 
high-frequency design solution that is ehanging 
all the rules! This award winning design suite now 
includes the ultimate microwave layout solution, 
Statistical design capabilities, yield optimization, 
MMIC foundry library support, plus new EM 
based discontinuity models for incredibly 
accurate simulations up to millimeterwave 
frequencies and beyond. New schematic data 
translators will import Agilent EEsof Series IV or 
ADS designs directly into Microwave Office. 
Finally you can say good bye to the expensive and 
cumbersome Solutions of the past. For more 
information call your AWR sales representative!

Applied Wave Research, Inc.
I960 E. Grand Avenue, Suite 530, El Segundo, CA 90245 

Tel: (310) 726-3000 Fax: (310) 726-3005
__________________ CIRCLE 19 ON READER SERVICE CARD__________________
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◄
Personal

Probe
Station

Very Low Cost 
High Function

@ .......

A Probe S t at i o n On E v e r y  Bench
CIRCLE 60

www.labtechcircuits.com

high specification 
microwave printed circuitry 
email: sales@labtechcircuits.com

t tsat
K u  to  L -b a n d  T ra n s c e iv e r , 2 W

Completely Integrated, total weight 2 kg
• HPC, OMT, TRE LNC.
• Microcontroller 

Two cables Interface:
• Rx IF, 10 MHz ref and 24 DC
• Tx, HPA on/off 

For more information:
Fax: +47 6677 4401 • e-mail: info@tsat.no

CIRCLE 171

PO. Box 469 ■  Concordville, PA 19331 
(610)358-0200 FAX (610) 558-1019 

damaskos@aol.com_____

„  DAMASKOS, INC.
(u/e Measurement Solutions

W a v e g u i d e  S e t u p s

400 M H z-1 1 0  GHz 
Universal Platform 
Cal Standards 
Sample Holders 
MU-EPSLN™ Sfwr

CIRCLE 36

Microwave Filter Co., Inc.

F iÜ e fs

^  y fj G H z

800-448-1666 • 315-438-4700 
Fax: 315-463-1467 

Toll Free Fax: 888-411-8860 
http://www.microwavefilter.com 

mail: mfcsales@microwavefilter.c

WAVEGUIDE 
SWITCH SPECIALISTS

Think SECTOR MICROWAVE 
for your switch requirements.

Request your “R-F Switch Slide Guide”

e
 SECTOR MICROWAVE 

INDUSTRIES, INC.

aas urand Blvd., Deer Park, New York 11729 
(516) 242-2300 • FAX: (516) 242-8158 • Telex: 673-2151

Waveguide Design and Analysis Software 
Windows ’95/NT/Alpha 

Full EM Field Modeling Based

Lowpass. Bandpass. Bandstop, 

Diplexers &  Multiplexers:

Transformers:

Power Dividers & Couplers: 
Hybrids and N-Way 
OMTPolarizers & Horn 
Antennas

POLAR WAVES CONSULTING

MICROWAYF imiPM lT192 CIRCLE 88

http://www.labtechcircuits.com
mailto:sales@labtechcircuits.com
mailto:info@tsat.no
mailto:damaskos@aol.com
http://www.microwavefilter.com


The new mid-range prodigy 
(and the proud parents)

So you know all about spectrum analyzers from 
Rohde & Schwarz? Top of the ränge instruments 
for the most demanding requirements, Superlative 
performance that naturally comes with a match- 
ing price tag? Then think again!
And take a good long look at this 
box of tricks: 
extremely fast, big colour dis­
play, with a specification to blow 
the soeks of all the Opposition in 
the market for mid-range spectrum analyzers. 
Features like high-speed zero span? Built-in. 
GPIB, RS232 and printer interfaces? Standard. 
PC-compatible screenshots? At the touch of a but­
ton, no conversion software needed. 10 Hz to 10

M Hz bandwidths? The complete range. Time- 
gated analysis? No extra charge. Plus a range of 
features not to be found in a rival mid-range ana­
lyzer for love or money. Such as the RMS detec­

tor, or statistic measurement func­
tions like CCDF. O r highly selec- 
tive FFT filters and the fast ACP 
measurement function. Not bad, 
you are thinking, but teil me 
about the price for such a 

parade of technology. Certainly we'll teil you 
about the price: very, very eompetitive. Just 
another feature. By the way our mid-range prodi­
gy is called the FSP. You can fitid out all about 
the FSP on the Internet. O r give us a call.

Discover more: www.fsp.rsd.de

<#>
ROHDE&SCHWARZ

NetheHands (30) 6 00 17 00 New Zealand (< 
Russian Federation (095) 2 34 49 62 

Switzeriand (31) 9 22 15 22 Taiwan (2)

M 50 02 • BraziUl))

i(1252)8l 13 771

8FABFR SFBVICE CARD

http://www.fsp.rsd.de


NEW PRODUCTS
■  2 4 -c h a n n e l N oise G en e ra to r
The model UFX9736 modular, multichannel noise generator provides 
uncorrelated, time-varying, random noise signals for each channel, al- 
lowing realistic bum-in conditions to operate with every possible input 
signal level. The channels can be switched from noise to extemal signal 
input levels for testing with real data during burn-in channels. Designed 
for simultaneous bum-in and multichannel system testing, the unit fea­
tures custom frequency ranges, a local keypad and a remote general pur- 
pose interface bus system control, two to 24 channel capacity, and mod­
ule Upgrades and additions to original Systems.
N o is e C o m , P t i r a m m , N J  ( 2 0 1 )  2 6 1 -8 7 9 7 .

Circle No. 267

■  Firm w are an d  C alibration  Kits
The Version 1.05 firmware and the models 3750LF and 3753LF calibra-

network an­
alyzers, which can per-

ments on active devices 
used in wireless Com­
munications. The new 
firmware can display 
four active on-screen 
markers per channel 
and external voltages 
can he displayed and 
read via an analog in­

put connector, thereby allowing voltages from ±25 V to be measured 
with extemal instruments. The calibration kits contain two precision 
male and female terminations, and one male and female open and short. 
A n r i t s u  C o . ,  M o r g a n  H M , C A  (8 0 0 )  2 6 7 -4 8 7 8 .

Circle No. 264

m GSM T est Set
The IFR 2935/PhoneTest GSM test set ineludes an in-channel spectrum 

ied for applications such 
as Go/Nogo test, mo­
bile alignment and re- 
pair to final QA audit 
assessment, the unit of­
fers improved level ac­
curacy, SWR and pow­
er burst analysis. Op­
tional softw are that 
provides maintcnance 
and production facili- 
ties for mobile test and 
repair is available with 
the PhoneTest test set, 
giving users the bene- 
fits of a complete re ­
pair process solution. 

I F R  L td . ,  S t e v e n a g e ,  H e r t f o r d t h i r e ,  U K  + 44  (0 )  1 4 3 8  7 4 2 2  0 0 .
Circle No. 266

! Frequency  C oun ters
models 905 and 905R frequency counters are designed for 

t equipmi Systems and calibra­
tion labs. Both models 
fulfill the requirements 
for calibrating cellular 
telephone base station 
m aster clocks with a 
short warm-up period

* I of less than 10 n
;r-friendly

trigger control, plus an 
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SN m c R 0 w p t t é ”
RF Connectors • Cable Assemblies • Resistive Products

h a s  y o u r  r f  c o n n e c t o r  s u p p l ie r ...

a) Been swallowed up by a huge conglomerate?

b) Moved to a new location and lost the recipe?

c) Changed names and forgotten yours?

If so, SV Microwave can solve your problems by providing:
• An accessible engineering staff
• A supportive and helpful sales team
• Quick responses
• Short lead times
• Direct equivalents
• An array of Mil Qualified items

Tired of being treated like a number? Feeling misplaced in the 
confusion? Being turned away on special design projects? 
Give us a call. We haven’t lost the personal touch!

v r ^ . c 0* '

3301 Electronics Way, West Palm Beach, Florida 33407 
Tel: 561-840-1800 • Fax: 561-844-8551 • E-mail: sales@svmicro.com

mailto:sales@svmicro.com


NEW
PRODUCTS

on-screen signal strength indicator to guide the 
user. Both models offer high resolution of 10 
digits at one second measuring time and DC to 
30Ó Milz Standard bandwidth (up to 2.7 GHz 
optional). The 905R features a built-in Rubidi­
um frequency reference and maintains a 50 
tim es margin to base Station master clock fre­
quency accuracy specifications for 10 years 
without adjustment. Priees: $1.695 (model 905) 
and $9995 (model 905R).
W a v e te k  C o r p . ,
S a n  D ie g o , C A  (6 1 9 )  2 7 9 -2 2 0 0 .

Circle No. 316

■  High Frequency  Test S ocket
The model 3750 high frequency test socket 
Landler provides the clearance required for the

■
 Daym arc 717 

plunge mecha- 
nism and align-

m ate with the 
handler. The lid 
assembly contains 
a compliant lead- 
backer tha t en- 
sures contact 
with the compa- 
ny’s patented Mi- 
crostrip  (Ion- 

tacts™ on the board. (Use ot the contacts re­
sults in a minimal contact self-inductance of

0.01 nH.) This pressure-mounted test interface 
Rts all TSSOP-173 devices from 14 to 28 leads. 
Price: $2457.00. Deliveiy: six weeks (ARO). 
A r ie s  E le c tr o n ic s  I n c . ,
F r e n c h to w n , N J  (9 0 8 )  9 9 6 -6 8 4 1 .

Circle No. 263

■  RF In te g ra te d  C ircu it Test 
System Softw are

The model 84000 series RFIC and IFIC test

and new software 
that will improve 
tim e-to -m arke t 
with target deliv- 
eries o f eight 
weeks rather than 
three rnonths and 
increase through- 
put up to 15 per­
cent. The A.03.00 
software provides 
incrementally ex- 
pandable mixed- 
signal resources 
and measurement 
capabilities for 
meeting emerg- 
ing production 
te st needs. The 
te st Systems are 
capable of testing 

error-corrected S parameters and provide 
noise figure and power measurements on up to 
12 RF ports. (Frequency coverage extends 
from 10 MHz to 3 GHz or 18 GHz.) The soft­
ware also simplifies copying and pasting of

multiple lines within a test plan to enable engi- 
neers to leverage entire sections more effi- 
ciently. Price (test Systems): less than $500,000. 
H e w le t t -P a c k a r d  C o .,
P a lo  A l to ,  C A  ( 8 0 0 )  4 5 2 -4 8 4 4 .

Circle No. 265

TUBES
■  Traveling-w ave Tube

The model TH 3875 traveling-wave tube 
(TWT) utilizes two technologies: the helix de­
lay line, which ensures large instantaneous 
bandwidth, and a Wehnelt eleclrode in the 
electron gun, which allows modulation of the 
output Signal. (The tubes can operate in CW or 
pulse mode, depending on the type of scram- 
bling required.) Designed specifically for milli- 
metric-wave electronic eountermeasure Sys­
tems, the TWTs provide the power needed for 
effective jamming over a very broad frequency 
range. The TH 3875 delivers 80 W CW power 
from 18 to 40 GHz, requiring fewer tubes for a 
given performance level.
T h o m s o n  T u b e s  E le c tr o n iq u e s ,  
M e u d o n - lM -F o r e t ,  C e d e x ,  F r a n c e  
+33 (1 )  3 0  7 0  3 6  4 3 .

Circle No. 268

SOFTWARE DEVELOPERS

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 
eompetitive salary and exceptional benefits.

POSITIONS AVAILABLE:
• 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; or, send a résumé to jobs@eagleware.com.

JJJJJ 4772 Stone Drive • Tucker, Georgia 30084 
—  FAX: 770-939-0157

RF a n d  M ic r o w a v e  D e s ig n  S o f t w a r e  E-mail; jobs@eagleware.com
€nGl€(UAR€!
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RF/IF MICROWAVE COMPONENTS

12V VCO FOR PCS HAS \$ 2 1 .9 5 /  
LINEAR TUNING
Mini-Circuits new ROS-2500 voltage 
controlled oscillator features 1600MHz to 
2500MHz broad band linear tuning from 
a miniature 0 .5”x0.5”x0.18” industry 
Standard package. The VCO targets PCS 
applications delivering low -90dBc/Hz 
SSB phase noise typical at 10kHz offset, 
wide 3dB modulation bandwidth of 
6000kHz typical, and 0.5 to 14 minimum 
to maximum tuning voltage. Typical 
power output is 6.5dBm. Affordably 
priced and available off-the shelf.

0.5 TO 600MHz TRANSFORMERS 
WITH 4:1 IMPEDANCE RATIO 
Mini-Circuits ADT4-6WT surface mount 
transformers provide 4:1 impedance ratio 
0.5 to 600MHz. Typically, in 1dB band­
width, these transformers display excellent 
0.1 dB amplitude and 1 degree phase 
unbalance plus excellent 20dB return loss. 
Referenced to midband loss (0.4dB typ), 
insertion loss is 3dB bandwide. Low profile 
package stands only 0.155” high (max.) 
and applications include balanced amplifiers 
and impedance matching.

12dB DIRECTIONAL COUPEER 
IDEAL FOR CATV
Mini-Circuits has started shipment of the 
broad band RCM-12-4-75, a 75 ohm low 
cost directional coupler providing accurate 
power sampling for CATV applications in 
the 20MHz to 1000MHz band. With 
12.6dB±0.5 nominal coupling (±0.9dB 
max. flatness), this open case surface 
mount model displays low 0.7dB typical 
insertion loss, 15dB directivity typical at 
midband, and good 1.20:1 (typ) VSWR. 
Power input capability is up to 1 watt.

2WAY 75 OHM SPUTTER 
FOR5TO 1000MHz
Mini-Circuits has introduced a 2way-0° 
power splitter/combiner for CATV applications 
in the 5 to 1000MHz band. The TCP-2-10-75 
typically displays low 0.3dB insertion loss 
(above 3.0dB) with excellent 0.4dB  
amplitude and very good 1.0 degree 
phase unbalance. The unit is housed in a 
miniature 0 .16”x0 .15”x0 .16” surface 
mount package with solder plated leads 
for excellent solderability. External resistor 
and capacitor required.

DC TO 20GHz TERMINATION HAS 
SMA FEMALE CONNECTION 
The ANNE-50 is a broad band DC to 
20G H z precision termination from 
Mini-Circuits exhibiting a return loss of 
40dB typical up to 4GHz and 20dB typical 
from 10 to 20GHz. Ibis low cost, off-the-shelf 
50 ohm solution is capable of a tftoad 
range of applications that might otherwise 
require a more expensive custom  
design, including cellular and satellite 
Communications. Power rating is 0.50W  
to 70°C ambient. Actual test data is available 
on YONI at the Mini-Circuits web site.

PATENTED 0.1 
PERFORMS 2800 TO 5900MHz
The MBA-591 level 7 (LO) frequency mixer, 
part of Mini-Circuits patented family of 
Blue Cell™ mixers, operates over 2800MHz 
to 5900MHz with 36dB L-R, 26dB L-l isola­
tion and low 6.5dB midband conversion loss 
(all typ). The Blue Cell™ mixer series delivers a 
unique combination of low conversion loss, 
superb temperature stability, thin profile, and 
low cost for higher frequency designs. This 
model is ideal for satellite, ISM, and PCMCIA 
applications. Available off-the-shelf.

P.O.Box 350166, Brooklyn, New York

< J f e T ,,’e£ tes' "

□  Mini-Circuits
11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information i 
ïers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://w

MsEMgaËHSMmt___

US f f  14 iNTL'iïS
CIRCLE READER SEFMCE CARD 

:ee MINI-CIRCUITS CATALOG & WEB SITE
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NEW LITERATURE
■ M icrowave A bsorber Data Sheets

These data sheets provide information on the 
LS series low density, high loss flexible ab­
sorbers, the MLP series broadband multilayer 
absorbers and the KT series reticulated foam 
absorbers, (Other data sheets also are available.) 
Specifications and graphs are included.
ARC Technologies Inc.,
Amesbury, MA (978) 388-2993.

Circle No. 200

■ 50th A nniversary 
New Product Catalog

This 24-page new product catalog features 
more than 50 of the company’s best-selling 
products, including IC testers, programmable 
power supplies, and eable and video monitor 
testers as well as a full line of accessories. Pho- 
tographs, Specifications and pricing informa­
tion are providcd.
Bi?K Precision Corp.,
Placentia, CA (714) 237-9220.

Circle No. 201

■ Speed and Proximity Sensor 
Brochure

This brochure features an expanded line of 
speed and proximity sensors, including the MP 
series magnetic proximity sensors, the GS series 
Geartooth speed sensor assemblies, the SD se­
ries Geartooth speed and direction sensors and 
the VN series vane sensors. Photographs, dia- 
grams and specifications also are provided. 
Cherry Electrical Products,

Circle No. 202

■ A ntenna Development Guide 
for Bluetooth A pplications

The Design Guide for Bluetooth Antenna Sys- 
teins provides extensive information on antenna 
seleetion, orientation and attachment as well as 
antenna tuning and testing for developers and 
manufacturers utili/.ing Bluetooth technology 
tbr portable computer device design.
Centurion International Inc.,
Lincoln, NE (402) 467-4491.

Circle No. 203

■ M ilitarized Rubidium Atomic 
Frequency Standard Data Sheet

This data sheet contains information on the FE- 
5600M series mbidium atomic frequency Stan­
dard, which meets M1L-E-5400 Class II and 
can operate from raw aircraft power. Technical 
characteristics, a functional description and an 
outline drawing also are included.
FEI Communications Inc.,
Mitchel Field, NY (516) 794-4500.

Circle No. 204

■  2000 COMPUTER-BASED 
Measurement Catalog

This 672-page catalog provides detailed infor­
mation on all of the Companys hardware and 
software measurement products, including dig­
ital m ultim eters, electrom eters, precision 
sources, Voltmeters, power supplies, switching 
Systems and data acquisition boards with an ar­
ray of software. A reference guide with appli- 
cation examples also is provided.
Keilhley Instruments Inc.,
Cleveland, OU (888) 534-8453 
or (440) 248-0400.

Circle No. 205

■ Coaxial Delay Line A pplication N ote

This application note addresses three major 
concerns when selecting delay lines for feed- 
forward amplifiers: cost, configuration and 
size, and electrical length stability and toler­
ante. Determining length based upon clectri- 
cal characteristics, cable types and packaging 
also is discussed.
MICRO-COAX,
Cottegeville, PA (800) 223-2629.

Circle No. 206

■ Frequency Control Solution 
Catalog

This eight-page catalog introducés frequency 
control Solutions for commercial and aerospaee 
applications such as oven-controlled crystal os­
cillators- temperatu re-controlled crystal oscilla­
tors, resonators and crystal filters. The Compa­
nys fabrication, processing and testing capabil- 
ities also are described.
Piezo Technology Inc. (PTl),
Orlando, FL (407) 298-2000.

Circle No. 207

Manufacturers
of RF & Microwave Filters & Diplexers 

from DC to 20 GHz.

HF VHF UHF Cellular PCS
Miniature filters, Combline, 

Helical, Surface Mount, 
Bandpass, Lowpass, 

Highpass,
Band reject filters

LUNA Microwaves, Inc. offers a 
complete line of RF & Microwave 
filters and diplexers, from DC to 
20 GHz. At very low prices. Call 
at 301-926-0380.

LUNA Microwaves, Inc. 
7610-V Rickenbacker Dr. 
Gaithersburg, MD 20879

Tel. 301-926-0380 
Fax. 301-926-0359 

E-mail: luna@erols.com
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■ DC-to-DC  Converter Brochure

This brochure describes the new LPD301 se­
ries 50 to 200 W DC-to-DG Converters, which 
eroploy an innovative topology similar to a 
Standard forward Converter and special inte­
grated magnèfScs to reduee component count 
over competing Converter designs.
Powercube, a Natel Company,
Chatsworth, CA (800) 866-3590.

Circle No. 208

■ Plenum Cable Catalog

This new 20-page catalog features the compa­
ny’s LMR® LLPL high perform ance 50 Q 
plenum coaxial cables, connectors, accessories 
and tools for difficult in-building installation 
where flexibility and ease are critical. Pho­
tographs and specifications are provided.
Times Microwave Systems,
Wallingford, CT (203) 949-8489.

Circle No. 209

■ 2000 RF Power 
Semiconductor Catalog

This 300-page data catalog, UltraRF Power, 
contains information on all of the Companys 
cellular infrastructure devices. Detailed speci­
fications and application information for linear 
and high power design also are provided. 
UltraRF, Sunnyvale, CA (877) 206-5657.

Circle No. 210

■ M M IC Design Brochure

This six-page brochure describes state-of-the- 
art GaAs technologies, MMIG design and 
foundry services. The company’s front-end 
wafer and back-end processing capabilities also 
are described.
United Monolithic Semiconductors (UMS), 
Orsay, France +33 1 69 33 03 08.

Circle No. 211
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AMPLIFIERS • MIXERS • SYNTHESIZERS • SUPERCOMPONENTS

• From 2 kHz to 60  GHz
• Optimized for Louu Power Dissipation
• Meeting MIL-PRF-38534 or MIL-STD-883
• Capable of Withstanding the Rigorous 

Demands of Long Mission Life

• SATCOM LIMAs '
• Spaceborne Radar
• Transmitter Drivers
• Radiometrie Sensors
• ELIIMT Receivers

ITH 100 Davids Drive> Hauppauge, NY 11788 
TEL: (516) 436-7400 • FAX: (516) 436-7430 

www.miteq.com

For further information. p leitte  contact David Krautheimer 
at (516) 439-9413 or e-rrtÉ(dkrautheim er@ miteq.com

CIRCLE 121 ON READER SERVICE ■
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THE BOOK END
■ RF Circuit Design:

Theory and Applications
Reinhold Ludwig and Pavel Bretchko 
Prentice Hall
641 pages plus CD-ROM; $97 
ISBN.-0-13-095323-7

■ M.I.T. Radiation Laboratory Series

Various Radiation Laboratory Staff members
Artech House Inc.
CD-ROM (set of two); $325, £223

This book is intended to bridge the gap between a highly 
theoretical text based on electromagnetic (EM) theory 

and a practical circuit design manual based on Kirchoff’s 
laws. The objective of this book is to develop RF circuit de­

sign aspects in such a way that 
the need for transmission line 
principles is clear without 
adopting an EM field ap­
proach. Lengthy mathemati- 
cal derivations are either rele- 
gated to the appendices or 
placed in examples. As a re­
sult, some of the examples 
contain considerable detail 
and have been simulated in 
MMICAD for the linear cir­
cuit models and the Advanced 

Design System for nonlinear oscillator and mixer models.
The book begins with a general explanation of why ba­

sic circuit theory breaks down as the operating frequency 
is increased to a level where the wavelength becomes 
comparable with the discrete circuit components. Next, 
transmission line theory is developed to replace low fre­
quency circuit models. The Smith chart is introduced as a 
generic tool used to describe impedance behavior on the 
basis of reflection coëfficiënt.

Two-port networks are also covered, along with their 
flow chart representations and how they are described us- 
ing scattering parameters. The network models and Scat­
tering parameters then are utilized to develop passive RF 
filter configurations.

A review of key semiconductor fundamentals is pre- 
sented, followed by their circuit model representations. 
Impedance matching and biasing of bipolar and field-ef- 
fect transistors that aim at eliminating potentially danger- 
ous reflections and providing optimum power flow are 
discussed. A number of key high frequency amplifier con­
figurations are presented along with their design intrica- 
cies for low noise and high power applications. Finally, the 
reader is introduced to nonlinear Systems and their use in 
designing oscillator and mixer circuits.

The book is an extraordinarily clear and concise treat- 
ment of RF circuit design theory and will be easily under- 
stood and instantly useful to practicing design engineers. 
Used as a course text, students should gain good practical 
design knowledge and an ability to use it more effectively. 
To o rd e r  th is  boo k , c o n ta c t :  P ren tice  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 .

...an
extraordinarily
clear and  concise

'
imerd o f  RF 

circuit design

The M.I.T. Radiation Laboratory was responsible for 
dramatic advanees in microwave and radar technology 

between 1941 and 1945. The laboratory’s work made 
practical radar technology a reality and produced many 
advancements in microwave Communications and other 
related technologies. Beginning in 1947, 28 volumes de- 
tailing the laboratory s innovations in practical microwave 
and radar applications were puhlished in an effort to 
make this valuable information readily available to scien- 
tists and engineering professionals. These 28 books are 
considered the foundation of modern microwave technol­
ogy and are now available on two fully searchable CD- 
ROMs, making them useful resources for todays practic­
ing microwave technologists.

The set includes volumes on Radar System Engineer­
ing, Radar Aids to Navigation, Radar Beacons, Loran, 
Pulse Generators, Microwave Magnetrons, Klystrons and 
Microwave Triodes, Princi- 
ples of Microwave Circuits, ;*■:*;~
Microwave Transmission | | | f e ~  , ■  »
Circuits, Waveguide Hand- OOOhS
book, Techniques of Mi- f a re  considered the 
crowave Measurement, Mi- f f i B f f l ï t ? : : : ; ; ** - 
crowave A ntenna Theory -foundation o f 
and Design, Propagation of  ̂ - \ i :::
Short Radio Waves and Mi- B>odern mscrowave 
crowave Duplexers. Also in- Technology..." 
cluded in the set are Crystal H H j i l l f f fff»
Rectifiers, Microwave Mix- £ *; ll
ers, Components Handbook,
Vacuum Tube Amplifiers, Waveforms, Electronic Time 
Measurements, Electronic Instruments, Cathode Ray 
Tube Displays, Microwave Receivers, Threshold Signals, 
Theory of Servom echanism s, Radar Scanners and 
Radomes, and Computing Mechanisms and Linkages. 
The final volume is a comprehensive index to the set and 
its many topics and subjects.

To view and search the 28 volumes contained on the 
two CD-ROMs requires the use of the Adobe Acrobat 
Reader. This software is available free from Adobe and is 
provided on the CDs along with instructions for installa- 
tion. Once installed the entire set can be easily searched 
for key words and phrases applicable to specific subjects 
required by the user.
To o rd e r  th is  CD-ROM se t, c o n ta c t :  A rtech  H ouse 
Inc., 6 85  C an to n  S t., N orw ood , MA 0 2 0 6 2  
(7 8 1 ) 7 6 9 -9 7 5 0 , ex t. 4 0 0 2 ; o r 4 6  G illingham  St., 
London SW1V 1HH, UK + 44 (0 ) 171 9 73  8077.

Frank Bashore
Frank Bashore is a member o f the Microwave Journal stajf.
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You don't want any surprises when the part that performed so wel during 

Simulation is built and tested. No shifted gain. No premature saturated power 

or unaccounted spectral regrowth...and certainly no oscillations.

Successful amplifier designs demand optimal ACPR, power, IP3, nonlinear 

stability and yield. That's why many engineers are turning to 

Harmonica, the most powerful high-frequency circuit design solution 

available for the PC desktop. With physics-based distributed 

models and a time-tested 

Harmonie Balance engine. 

Harmonica delivers superior 

speed, accuracy, power and 

functionality. And as a part of 

Ansoft's Serenade Design 

Environment, Harmonica 

offers seamless links to 

layout, system Simulation, 

electromagnetics, and third-party tools.

After all, every dBm counts.

Discover the difference Harmonica makes in the 

design of amplifiers, mixers, oscillators, filters, 

matching networks and other components in 

your wireless design.

For your free evaluation copy of Harmonica or 

any of the tools in Ansoft's Serenade Design 

Environment call 412-261-3200 

or send e-mail to mfo@ansoft.com. 

CIRCLE 17 ON READER SERVICE CARD

mailto:mfo@ansoft.com


A
D

V
E

R
T

IS
IN

G
 I

N
D

E
X Circle No . Advertiser Page No. Phone Fax Web/E-Mail Address

1 Advantest Corporation ............... ...........57 . . . . . .+81-3-3342-7500 WWW.
advantest.co.jp/index-e.htmI

2,3, Agilent Technologies.................. ....... COV2, .. . . .  .800-452-4844 415-857-5518 www.agilent.com
4,5, .........103,
6,7 .......... 129
8 Alpha Industries ........................ ...........77 . . . . . . .  .781-935-5150 617-824-4579 www.alphaind.eom
9 Amcoin Communications Inc...................128 . . . . . .  .301-353-8400 301-353-8401 www.amcomusa.eom
10 American Technical Ceramics . . . ...........75 . . . . . . .  .516-622-4700 516-622-4748 www.atceramics.com
11 Amitron.................................................114 . .. . . .  .978-686-1882 978-686-0622 www.amitron.com
12 AML Communications .............. ...........61 . . . . . . .  .805-388-1345 805-484-2191 www.amlj.com
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In stock, fu lly  specified cable assemblies with selected lengths and connector combinations.

Cable Code
Flexible Semi- Semi- Semi- Semi- Semi- Semi- Semi-
Low loss Hex Fiex Plus Fiel II Flex Flex Plus Flex II Q-Flex Q-Flex Flex RG31B

301 bUU 620 617 601 621 618 461 463 604 187
.195 .086 .115 .086 ,141 .180 .141 .110 .170 .047 .102

MCX Straight / / /
MCX Right Angle / ✓ /
SMA s / / / / / / / / /
SMA Right Angle / / /
Type N / ✓

Data sheets available at www.qmiinc.com

MADE IN THE USA

Tensolite ______SH
Microwave

= * ^ ■ ▼ ■ 1  In terconnects
A GSEE Company

1-800-362-FLEX
301 Ballardvale St. Wilmlngton. MA 01837 

FAX: (978) 988-9393 www.qmiinc.com Email: sales@qmiinc.com

"Do it Vourself - call OMI for cable 
and connector price and availability. 
Selected options and lengths in 
stock for immediate delivery from 
QMI's Worldwide Distributor:

A\ Richardson 
Vf/ Electronics
Engineered Solutions
1-800-RF-PQW ER

http://www.qmiinc.com
http://www.qmiinc.com
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Convergence Analysis

2heck out "The Tife o f  James Clerk Maxwell", the complete 1882 biograph; 
>f Maxwell ...now on the Sonnet web site!
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Sonnet means accuracy and in electromagnetics, 
accuracy means success. Sonnet is the only 
tooi with quantified accuracy. While everyone 
likes to show the classic "Good Agreement" plot, 
we go further because designers need:

• Quantitative knowledge of accuracy.

• Accuracy to better than ±1%, or even ±0.1%.

• Accurate analysis on PC or UNIX.

• Easy interface to all major RF software.

• Best support of any EM tooi in the world.

When you need accuracy, call Sonnet. 
After all, success is more than just luck.
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■low conversion loss •thin profile •superb temperature stability -low cost

Unleash extra performance from your higher frequency designs by 
upgrading now to Mini-Circuits level 0 to level 17 (LO) Blue Cell™ mixers.
State-of-the-art automated manufacturing using multilayer thick film 
ceramic construction delivers superb temperature stability, low 
conversion loss, high repeatability, and very low cost per unit. This 
process also results in a phenomenally thin package standing only 
0.07 0” high! Scoop the competition and upgrade to the next level 
of performance in your higher frequency products...contact 
Mini-Circuits for Blue Cell™ mixers today.
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