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AWM s made real.

To those who won't rest until wir means
limitless. The vision is communications without
boundaries. And you're responsible for making
the vision real. But you're not alone. Whether
you'e trying to be first to market, reduce costs, or
improve customer service, Agilent Technologies
has a range of products and services to help

you deliver the next generation of wireless

technology. Who knows how far you'll go

Agilent Technologies
Innovating the HP Way

Agilent Technologies is a subsidiary of Hewlett-Packard Company. www.agilent.com
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Maury Gives You The EDGE

System Sof
for Wind

Maury's MT993D01 opfion includes the latest digital formats:

* NADC ¢ cdmaOne-Fwd ¢ EDGE
e PDC ¢ cdmaOne-Rev e GSM
¢ PHS ¢ TWO-TONE * WGN

Now you 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 su'nulauon tools. This
ensures the validity of comparisons made between d data and simul

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 of Harmonics (MT993H) in Phase and Magnitude!!

* Dynamic Pre-matching for less than 0.5 ohm Devices!!
¢ Gamma-In Measurement Capability!!

MAURY MICROWAVE For more information contact our SALES DEPARTMENT ot
CORPORATION Tel: (909) 987-4715 « Fax: (909) 987-1112
2800 Infand Empire Bivd., Ontario, CA 81764, USA Email: maury@maurymw.com

Visit us on the World Wide Web at hittp://Wwww.rnauryrw.com
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eDC to 8GHz $119

(up to +18.50Bm output) From (1000 aty.)

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,

N T EAA1 ERA-ISM

FIERS

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

*fteq  Gain  Ma PonerOut DynamicRange @I
Model (M) () (B @1BCamg) NFB) IP3cBm) Curentind) s;,m )0y
ERA DC-8000 118 "7 53 20 180
ERA-ISM  DC-8000 118 113 55 260 18
B2 DC6000 155 128 41 0 1%
ERA-25M  DC-6000 152 124 46 260 200
A3 DC300 208 121 38 20 210
ERA-3SM  DC-3000 202 115 38 280 215
A4 DO4000 135 170 55 amb 415
ERA-4SM  DC-4000 135 4168 530 (amD 40
ERAS  DC4000 188 a3 45 B0 41
ERASSM  DC-4000 185 aigd 43 a5 4%
BRAS D400 113 185 84 k5 i1 415
ERAGSM  DC-4000 113 178 84 a%0 7 40

Not: Specs ypical at 26#z, 25°C. Excepion: a ncicales typ. numbers tsted at 16Kz
= Low frsquency culoff celemined by exernal coupling capasiors

DESIGNER'S AMPLIFIER KITS:
ich B

KI1-ERA: 10 of ea (80 pleces) orly $49.95

ERA, 10 of sach ERA4, (20 plece
K2-ERASM: 1 (20 pieces) only $69.95

Coupling Capacitors at 12 sach (50 min,)

S i Ve

80x50 10,22, 47, 68, 100, 220, 470, 680,
1000, 2200, 4700, 6800, 10,000 pi

120460 002, 047,

Typicel Biasing Fojgy (ot

Configuration ERA

ircuits

P.0 Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com
For detailed specs on all Min-Circuits products refer to » 760- pg. HANDBOOK « INTERNET » THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY * EEM

 Price (ea) Qy.1000: ERA-1 $1.19, -2$1.33, 3 31,48, -4, -5 or 6 5295, SM oplon samé price

»<1 SRS 10 aach EPA 4oM oM, 690 (30 pieces) only 599,95

?:!i

L ERS, 30a s EA 1511 201 oM (0 ces) crly 849 95
9,95

F
Packed with comprehensive

technical support. Shipped with
order, or cal foryour free copy today.
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« New DC-2500 MHz Low Cost/High Performance series

|
« Solid-State, wide band models
l | I I ‘ ’ S ? i i ’I I « Models with frequency ranges up to 5Ghz
Y e « GPIB controlled models available

+ 50 and 75 ohm impedances available
JFW has designed and manufactures over 1200 different

Programmable attenuators. Features include wide attenuation . . o

ranges, optional step sizes, various package styles and ij lndustrles’ Inc °
connector options to provide system designers the flexibility 5134 Commerce Square Drive ¢+ Indianapolis, Indiana 46237
required in today’s global market. Tele. (317) 887-1340 Fax (317) 881-6790

Internet— http://www.jfwindustries.com
E-mail- sales@jfwindustries.com
ISO 900! Certified
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Primary loop delay filter assemblies
integrate high power cavity delay filters,
couplers and isolators into a single comp
module for performance improvement, spac

savings and cost reduction.

Secondary loop miniature delay filters utilize a Pate
Pending topology to provide delay equalization. The filt
exhibit excellent delay and phase flatness in a miniatul
surface mount package. The 3G model measures a m
1.5”L x 0.60”’W x 0.4”H and can be mounted directly of
your PWB with pick and place machinery.

New! Buy K&L Filters over the we
www.klmicrowave.co

UsA EUROPE

Phone: 410-749-2424  Phone: 440)-1262 605500 | MICROWAVE INCORPORATED
FAX: 410-749-2788 FAX:  44:(0)-1262 605504 . ®
www.kimicr com * E-mail: wir ave.com BOVER ) TECHNOLOGIES COMPANY
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TECHNICAL FEATURES
for High ine’;RFCalibraﬁom

J. Wayde Allen, National Institute of Standards and Technology (NIST)

The design and operational theory behind the new high power RF’
measurement system recently developed by NIST

= ization of Dif S
from Time Domain Reflectometry Measurements

Dima A. Smolyansky and Steven D. Corey, TDA Systems Inc.
A technique for extracting a distributed coupled line model from time
domain reflectometry measurements

The Correlation b Thermal Resi:

i Ch i Improd of Mi T ition L
Michael Parnes, 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

IMD and Spectral Reg h
in CDMA Power Amplifiers

Oleksandr Gorbachov, Hexawave Inc.

A proposed method for calculating power spectral regrowth for a CDM.
power amplifier based on two-tone measurements and drive signal statistics

The Z-domain Method for Analysis and Design
of High Order Digital Phase-locked Loops
Basel F. Azzam

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

APPLICATION NOTE

v
ON THE COVER

This month’s cover features a
universal power sensor that
utilizes a patented architecture
and allows for highly accurate
power measurements on wide
bandwidth signals
Cover art courtesy of Anritsu Co.
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We specialize in amplifiers.
Kalmus gives you a genuine
choice of performance, features and bandwidth for any
application that requires RF power amplifiers. Frem
radar, MRI, EMC and high energy physics to EW,
communications, broadcast and automotive - Kalmus has
the right amplifier.

Choice means savings. Kalmus has worked closely with
our customers to develop the industry's widest variety of
RF amplifiers. We offer solid-state, cavity and tube
amplifiers in broad-band, narrow-band
or single frequency configurations.
From 10 kHz to 10 GHz and beyond,

Kalmus builds the Widest Variety of RF Amplifiers

e is Yours

from a few watts to several kilowatts, there's an amplifier
in each [requency 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
existing 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
nearest Kalmus represen-
tative, just visit our web site
or call us toll free (US) direct.
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A digital baseband radio channel simulator that i
for testing wireless system designs in realistic, dynamic mll[hpat]] fading
environments prior fo hardware development

A Miniature 900 MHz Frequency-hopping
Spread Spectrum Radio
World Wireless Communications Inc. (WWC)

A miniature radio that incorporates proprietary Secure-Sync™ coding
technology as well as networking features typically found only in more
expensive systems.

A 10 MHz to 1 GHz Spectrum Analyzer Adapter
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 make
precise frequency and power measurements

Coaxial C

Quick C IDi
Maury Microwave Corp.

Low cost male slotted connectors zlm are capable of being mated
to female and d usinga simple push
on/pull off motion
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hm and 75 \ 2mm HM e
ble 2 ot ultrasound probes
ectors - y C s8] 7mm typen

Tensolite Builds in the Quality Tensolite Provides One Great Price
There is no sorting or special price The value is in the cable with all the features
for excellent performance during flexure for one great price.

and vibration.

i
1
}

Mex
i

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

Tensolite n
g M ° RF/Microwave

Interconnects
A Company

E@_ ? mgm_gﬁz_FLEx Data sheets available at

¥ — www.gmiinc.com
301 Ballardvale St. Wilmington, MA 01887

FAX: (978) 988-9393 www.qmiinc.com Email: sales@qgmiinc.com
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RO4000

circuit board
materials
fabricate like
epoxy glass, but
\ perform like

\ PTFE.

There’s no need to sacrifice
high frequency perfor-
\\ mance for the ease of
fabrication you get
from epoxy glass.
RO4000 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,

P!opmy

Rogers Corporation
Em:

5
CTEZ Axis
Dimensional Stability
Flexural Strength
Copper Peel Strength
Flammability Rating

ROGERS

wave Materials Division » 100 S. Roosevelt Avenue, Chandler, AZ 8522 » Tel: 480-961-1382 FAX: 480-61-4533
htr

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

Introducing flame
retardant RO4350°.

With all the processability
and performance characteris-
tics of RO4000, new RO4350
is for those who require flame
retardant high performance
without the drawbacks of FR-4
and PTFE,

R04003 and RO4350 Laminate Propemes

Dielectric Constant, .
Dissipation Factor
Water Absorption

T

Introducing
ROGERS EXPRESS,
the new standard in
customer service!
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 for more
information.

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
samples.

Web site:
04000 s a licensed trademark of Rogers Corporation.



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

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

cs: Wireless
2 s systems, in
cluding local multipoint distribution sy
low and medium earth orbit satellites and third-
generation cellular, and supporting technolo-
s, inchuding mm-wave MMICs, digital signal
processing,digial flers ‘m\xs sma
systems, softw o, wireless ATM
coding and modulation xdn emes, wire
structure equipment, and Internet standards
and protocols. Contact: Dr. Gailon Brehm
TriQuint Semiconductor (972) 994-8571 or e-
mail: ghrehm@tqtx.com. Additional informa-
tion is available at www.ieeedallas-ets.org.

s
24th Workshop on Compoand
Semiconductor Devices a»

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 (MESFET, HEMT
HBT); novel device technologies and quantur
electronics; and reliability and characterization
Contact: Dimitris Pavlidis iversity of
Michigan, Dept. of Electrical Engineering and
Computer Science, 1301 Beal Ave., Ann Ar-
bor, MI 48109 (734) 647-1778 or e-mail:
pavlidis@umich.edu. Additional information is
available at www.cecs.umich.edw/dp-group/
Wocsdice.html,

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

Sponsor: TEEE MTT-S. Topics: Highly inte
grated ICs and system IC wluqom in the
Ri/microwave freq e, SOI
CMOS, BICMO! IMOS, GaAs w] TnP).
mixed-signal, cellular/PCS/TSM,
transmitter, and microwave and mm-
multifunction ICs and multichip mmmln
RE/microwave subsystems; integrated
and antennas; and packaging, testing and re
bility. Contact: Christian Kermarrec (781) 937-
1217 or e-mail: christian kermarrec@analog.
com. Additional symposium inforn
available at www.ims2000.org rfic.htm.

e
2000 IEEE MTT-S Interational
Microwave Symposium and Exhibition
June 11-16, 2000
Boston, MA
Sponsor: IEEE MTT-S. Topics: Analysis and
design; components and assemblies; passive

P o T A e P S SR LA o i)

hnology kded:

and active microwave tec

greater than 30 GHz
and test; phased a
quasi-optic techniques

ay de
and systems;

7 l.com
tion, integration
and applications;
broadband

terrestrial and satellite communication; and

wireless and
Staecker (781
ert
tact Kris
ns, 685 Canton St
781

cellular
For symposium information, contact Peter
61-7643 or e-mail:
For exhibition information, co
n Dednah, Horizon House Publica-
Norwood, MA 02062
9-9750, fax (781

unications

Communications
June 14-19, 2000
Silicon Valley, CA

p.staec]

769-5037 or e-mail

Take the

COMING EVENTS

Additional informa-

tion is mm].J;k m www.ims2000.0rg.

IEEE Intemnational Conference
on Third-generation Wireless

Topics: Third-generation (3G) mobile commu
nications, including CDMA and v

reless Inter-
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of differential
circuit design
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differential input signal is bein

mode?

been eluding

S-parameter
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101 Billerica Avenu
877-ATN-TOOLS + 9
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st Sys

have never been so easy to find.

atNmicrowave

Tools for Advanced Products

North Billeric:
X 978-667-8

. MA 01862-1

ck out the new ATN-4000 Multiport
tem at www.atnmicrowave.com

8 + www.atnmicrowave.com
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It's Not Aliel”?
Technology
Honest.

Instead we US d

the sarne hard wor

we always have-

< OFF/
e spmasanty

When the time came to introduce 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 reason- *
able price. The result is a group of leading edge ATE compo-
nents that have specifications like experimental units but act like the
Trilithic products you've come to depend on. The only problem we’re lmm{.
is convi g 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 forget to ask for your free catalog.

¥ TRILITHIC

Hard Working Engineers-Like You

5484
E-Mail: sales@trilithic.c

X
w.trilithic.com
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net access and protocol, cdmaOne and
cdma2000, General Packet Radio Service
(GPRS) network planning and wireless mobile
asynchronous transfer mode; resou

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

ment in al Mobile Tels
ystems; low cost mobile receivers, bit error
rate analysis and joint phase-lock detection;
and 3G satellite multiple accesses. For confer

ence information, contact Willie Lu, 1960 Lin-
den Lane, Milpitas, CA 95035 or e-mail

wwlu@icee.org. Additional information is avail

able at www.3Gwireless.com

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

Sponsors: Automatic RF Techniques Group
(ARFTG) and [EEE MTT-S. Topics: Coherent
characterization, modeling and simulation tech-
niques quantifying large-signal behavior of R
devices, circuits and systems; calibration of
large-signal measurement systems; definition of
ignal network parameters; creation of
signal models: and simulation and mea-
surement of high frequency, large-signal behay-
ior. For additional information, contact Michael
Fennelly, Roos Instruments, 328 Forest St.,
orth Andover, MA 01845 (978) 258-4101 or
c-mail: m.fennelly@ieee.org. Additional confer-
ence information is available at www.arfig org.

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

Sponsor: TEEE Topics: Electro-
magnetic compatibility (E \1() manager
certification and a
ing and grounding, electrostatic discharge,
spectrum efficiency and monitoring, product
and environmental safety, iternational govern-
ment standards, new product designs, commer-
cial and military trends, new personnel and lab
oratory ideas for EMC corporate nm.,.;,wwm
For symposium information, contact William

uff, nces Corp. \.03 914-8450
or e-mail: wduff@esc.com.

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

Call for Papers. Sponsor: IEEE MTT-S.
Topics: Interdisciplinary aspects of radio fre-
quency technology and communications sys-
tem design, including system architecture and
pmfnmum(‘e antennas and propagation, active
e devices, wireless data, smart anten-
ultrawideband systems and software radio

architectures. Paper submissions should be
submitted electronically via www.rawcon.org.
Deadline

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.
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2000 Asia-Pacific Microwave Conference
(APMC 2000)

December 3-6, 2000

Sydney, Australia

Call for papers. Sponsors: CSIRO Telecom-
munications and Industrial Physic
New South Wales and South Australia

COMING EVENTS

and IEEE MTT-S. Topics: Computational
electromagnetics, CAD, EMC/EMI, ferrite
and solid-state devices, MMIC technology, mi-
crowave superconductivity, high 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.aw/apme.
Deadline: April 1, 2000. For additional in-
formation, contact ICMS Pty Ltd. +61 2 9290
3366 or e-mail: apme@icms.com.au.
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t Company Inc’s

line of custom waveguide circulators

High power differential. dual j 3unct|on and

telecommunications
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available from

MDC in a variety of
configurations an
wavegtuide sizes.
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and see why the word is
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MICROWAVE
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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
B Topics: Microelectronics and
packaging technologies for space and
aeronautic applications, and electron-
ic radiation characterization.

B Site: Washington, DC

B Date: April 3-5, 2000

M Contact: Ann Bell, IMAPS, 1850
Centennial Park Drive, Suite 105, Re-
ston, VA 20191 (703) 758-1060, fax
(703) 758-1066, e-mail: IMAPS@
l!l\dl)S nrg or visit \\'\\"\\Jmaps.org.

ApvANCeD ELECTRONIC
WARFARE PRINCIPLES

B Topics: Electronic warfare tech-
niques and development, receiver
processor architectu multiple-
channel radar receivers, dual-source
techniques and parametric agility.

B Site: Atlanta, GA
B Date: April 4-7. 2000

Contact: Continuing Education,
Georgia Institute of Technology, At-
lanta, GA 30332 (404) 385
e-mail: conted@gatech.edu. Addition-
al information can be obtained at
www.conted.gatech.edu.

How 10 DEsiGN RF Circurrs

: A comprehensive overview

circuits as \vell as transmission line
theory and RF printed circuit board
design. Fee: £95 (IEE member).

M Site: London, England

B Date: April 5, 2000

W Contact: Liam Devlin +44 (0) 1799
533 261, fax +44 (0) 1799 533 201
or e-mail: Imd@plextek.co.uk.

PHASED-ARRAY
RADAR SYSTEM DESIGN

B Topics: Fundamental concepts for
understanding the link between oper-
ational requirements and the design
of phased-array radar systems. Fee:
$1195.

M Site: Smyrna, GA

B Date: April 18-21, 2000

B Contact: Continuing Education,
Georgia Institute of Technology, At-
lanta, GA 30332 (404) 385-3502,
e-mail: conted@gatech.edu or visit
\mw.mnte(l.gutt‘c%.edu.

MEMS: TECHNOLOGY, DESIGN
AND APPLICATIONS

B Topics: Fundamentals of micro-
electromechanical systems (MEMS)
fabrication technology, sensor and ac-
tuator component design and system
integration issues. Fee: $1695.

B Site: Los Angeles, CA

M Date: April 24-28, 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.

HicH ErFICIENCY

AMPLIFIERS FOR WIRELESS

COMMUNICATION SYSTEMS

B Topics: Linear power amplifier de-

sign and system issues, high efficiency

techniques, harmonic terminations

and circuit topologies.
Site: Helsinki, Finland

B Date: May $-10, 2000

: CEI-Europe, PO Box

Finspong, Sweden +46

5 70, fax +46 122 143 47 or
e-mail: cei.curope@cei.se.

ANTENNAS: PRINCIPLES, DESIGN
AND MEASUREMENTS

W Topics: Antenna fundamentals, ar-
rays, wire and hl’(‘)ddbdﬂd antennas,

¢ nmpahbl]\l\ topics
nents.

B Site: Orlando, FL

M Date: May 22-25, 2000

B Contact: 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
Wwww.usit.com/antenna.

RF/MicrROWAVE CIRcuIT DESIGN

B Topics: Active device performance

, unilateral and bilateral
techniques, small-signal linear RF and
microwave amplifiers, and CAD appli-
cations and layout considerations,

B Site: CAmbndwe UK

5 95 Finspong, Gweden +46
70, fax +46 122 143 47 or


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

hoisc:..

T ] products, applications or how we
your pr oducts e
2 Phone: (201 1-8797 F: 01
ul t mail: info@noisecom.com
° web Site: http:/www.noisecom.

CIRCLE 129 ON READER SERVICE CARD


mailto:info@noisecom.com

HIGH PERFORMANCE

We are e Storm Products—RF/Microwave Group...a leading manufacturer
of high performance interconnect products for makers of telecom, wireless,

aerospace, military and test equipment systems.

We provide ® Engineered inferconnect solutions designed to

meet demanding applications through 50GHz.

L I

M Growth e Storm Products—RF/Microwave Group has been supplying high
e for more than 20 years. This year we increased our investment, expanding

e T T s our capaily and adding new copabilfes o meet he evolving needs of the
% s rapidly growing wireless and telecom industries.

performance transmission line products to domestic and international markets

Capabilities ® Design and devel of cables, and blies are
P o P

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

and fiber optics engineering and manufacturing capabilities supports convergence of these -

engineering and production base.

technologies at the system level. hips in the UK and Switzerland provide a European \1\
i
\
LY

A\

\

Facilities ® Three facilities support our efforts to best meet our
\

customers’ needs. Our original Hinsdale, lllinois, location houses A

cable manufacturing, assembly production and product development \ |

ictvifies:/A new Willswbeook, Hllinos; Racilify focuses cn speciolizesd

cable assembly production and our facility in Mexico supports high v

volume manufacturing. %

Service ¢ Storm Products-RF/Microwave Group is commitied to
total customer satisfaction based on quality products, backed by

the personalized service of our knowledgeable sales team.

1 > RE/MICROWAVE GROUP
Elillllm 116 Shore Drive ® Hinsdole, IL 60521
Frosucrsco.w oeswws masncone s TEL 630.323.9121 @ FAX 630.323.9398
TOLL FREE 888.347.8676

www.stormproducts.com
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Spaceflight... .

where our inferconnects have more than
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thermal stability over wide temperature spans
~ and low ouigas materials. Special products to
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B TECHNICAL FEATURE

Fig. 1 Aseries directional
coupler chain. §'

22

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 of Standards
and Technology (NIST). This new system utilizes the established low power
bolometer calibration service and extends measurement capability up to 1 kW in

the 2 to 1000 MHz frequency range.

power calibrations, a new high power mea-

surement system had to be developed.
The cascaded-coupler technique, originally
discussed by Kenneth Bramall in 1971.! was
chosen for its ability to achieve an acceptable
uncertainty at minimum cost. Specifically, the
technique ‘allows the calibration of a bolome-
ter mount measured on the existing mi-
crocalorimeter system to be transferred to 1
kW with measurement uncertainties on the
order of two percent.

In order to meet the demand for higher

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

In the cascaded-coupler technique, the cali-
bration of a low power (10 mW) bolometric
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, the ratio will remain constant. For now,
perfectly 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. WAYDE ALLEN

National Institute of Standards
and Technology (NIST)

Boulder, CO
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B TECHNICAL FEATURE

Replacing the calibrated sensor
with a matched load gives

B g o
B By
where

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

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

Pjy = power delivered to the load

Py, = 10 dB sidearm power with Py,
delivered to the load

Solving Equation 1 for P} gives

©

P
m =i, (
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 be close to 1 mW. Forming a
new set of ratios between the detec-
tors on the 10 and 20 dB coupler
sidearms results in

i

Z«éga.

g¢

INFO. BOLRE

R

B B
Py By

3)
where

Pyy = load power referenced to the
10 dB sidearm

P, = power reading on the 20 dB
sidearm with 10 mW on the 10
dB sidearm

Py, = load power referenced to the
20 dB coupler sidearm

Py, = 20 dB sidearm power with Py
delivered to the load

Substituting Equation 2 for Pj; and
solving for Py, gives

By
Py P, P,
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

)

24 CIRCLE 123 ON READER SERVICE CARD

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

_ Do Py By Py By

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 reflection coefficient (T'y) 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 T', must be con-
sidered. This definition has been
documented in several places by
Glenn Engen,>* 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 b, produces*

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

S

by =bsScoupier +a2Ty (1)

where

I, = equivalent reflection coefficient*

A Fig. 2 Asingle coupler circuit.
[Continued on page 26]
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In other words, the scattering para-
meter representation of the coupler
can be replaced with the microwave
equivalent of Thevenin’s theorem,* as
shown in Figure 3.

Of particular interest is that ', de-
pends only on the internal character-
istics of the directional coupler, not
on anything that precedes the cou-
pler. More importantly, the ratio of
the power delivered to the coupler’s
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 entire chain can be
thought of as one large 10 dB direc-
tional coupler, as shown in Figure 4.
Here, the only T, 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 T and T} to com-
pute the impedance mismatch be-
tween both P 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 else
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

@Jri ‘::‘; oY

b by Scoupler + 22 Tg

A Fig. 3 An equivalent generator
representation of a directional coupler.

S S
31

By=bgta;Tg

Fig. 4 An equivalent circuit
for fi /‘rst -stage calibration. '

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 1) so that

B, = Mnp (10)
P, =MnP (1)
B, =MmP, (2
where
Py crer = DC substituted power

reading on the meter
connected to bolometer P
M, = mismatch between the
coupler chain and the
bolometer mount Py

N, = effective efficiency of
bolometer Py
Py = net power delivered to

bolometer P,

= power indicated by the
sidearm meter Py with P
attached

= mismatch between the
coupler sidearm and the
bolometer Py

it = effective efficiency of

meter Py

Py = net power delivered to
meter Py

= power indicated on meter
P, after attaching the load
and increasing the system
power

= net power delivered to
meter P, after attaching
the load and increasing the
system power

Pineter

M,

Proneter

P

Similarly, the power delivered to the
load is given by

Pl = MR (13)
[Continued on page 28]
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MODEL FREQ)  GAIN  NOISE FIG. 3RD DRDER icp
NUMBER MHZ dBNOM dBTYP

CELLULAR-BAND AMPLIFIERS
JCA01-C01 800-960
JCA01-C02 800-960
JCA01-C03 800-960
800-960
800-960
4 800-960
JCA01-C07 800-960
JCA01-C08  800-960

PCS-BAnD AMPLIFIERS
- 710-1990
1710-1990
JCAT2-PCO3  1710-1990
JCA12-PC04  1710-1990
JCA12-PC05  1710-1990
JCA12-PCO6  1710-1990
JCA12-PCO7  1710-1990
JCA12-PC08  1710-1990

WLL-BaND AMPLIFIERS |
JCA23-WO01  2300-2500
JCA23-W02  2300-2500
JCA23-W03  2300-2500
JCA23-W04  2300-2500
JCA23-WO05  2300-2500
JCA23-W06 2300-2300
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where

P; = net power delivered to the load
M, = mismatch between the coupler

chain and the attached load
Solving Equations 10-13 for the net
delivered powers yields

P
P, = e (14)
Mo,
B >
P = e 15
M,
by
G e
YoM e
P an
M,

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

S (18)

M; and M are defined” as
EIiE
M=——2——~2 (19)
|1 = g‘
and
M, =

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

P

: P,
= P moer X mster

Plases = 3
s

Pic

P,

eter

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-
28

B 7ECHNICAL FEATURE

5 The measurement system’s block diagram.

pler 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 regular 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 meters? 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 bolometer
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.25
Figure 6 shows the wiring diagram
for each bolometer. With this
arrangement, the voltage can be read
directly from the Type IV meter con-
nected to the RF measurement bead

WV Fig. 6 A power measurement circuit.

by opening switch S2 and closing S1,
or the voltage difference resulting
from the series connection of both
meters is read by opening S1 and
closing S2.

Converting the DVM readings to
RF power follows the procedure de-
seribed 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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Fig. 7 The switched-coupler chain.

initial zero power reading V); at time
t. Next, switch S1 is opened and
switch S2 is closed, giving a new off-
power voltage V,; with the series
combination of the Type IV power
meters at time t,. The RF power is
then turned on and, with switch $2
still closed, voltage Vs, is measured at
time t5. After the RF power has been
turned off, the voltage of the series
power meter combination Vi at
time ty is measured. Finally, switch
$2 is opened and switch S1 is closed.
The final off-power voltage V) is
then measured at time t;. Combining
these measurements so that

i

and

AV =

ts
Vax ’{Vxn *[
t

ts ,
e ]
oG
(23)
provides the values needed for substi-

tution into the Type IV power
equation?

P= Vi -AVJAV (24
KyRo ! ) (24)

where

Ry = operating resistance of the mount

Kj,= mount calibration factor

Ted

~ pacity of the switch-
es put a limit on the
power that can be
switched.
Typical insertion
- loss for high power
coaxial switches is
0.2 dB. Therefore,
he inclusion of the
eight switches adds
approximately 1.6
dB of loss to the coupler chain. Tg-
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 [{"um the switching
matrix minimizes this problem. With
this arrangement, the operator manu-
ally connects the 50 dB coupler and
calibrated bolometer P, to the output
of the switched 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 P, and P; as
previously described. The operator
then replaces P, with the RF load,
and the computer automatically
transfers the power calibration down
the chain. This procedure sets up the
calibration for the final 50 dB coupler
and is sufficient 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
30 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 that the cou-

Computer control of the =
coupler chain is achieved using a ma-
trix of RF switches connecting the
couplers, as shown in Figure 7. This
configuration allows the computer to
set the switches so that all the cou-
plers are connected at the start of the
measurement cycle and to remove
the appropriate couplers as the power
level increases. However, the added
insertion loss and power-handling ca-
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pler has appr ly 0.2 dB of in-
sertion loss, the generator only needs
to supply 1050 W.

Software

The software for the measurement
system was designed on the premise
that it is easier to test, troubleshoot
and maintain several small programs
rather than one very large program.
This procedure allows the code de-

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 other’s 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 formats
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 facilitates 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 system’s 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 NIST Technical Note
12976 the system uncertainty analysis
is composed of three fundamental
parts: Type A (U,), Type B (U},) and
expanded uncertainty (U). Type A
uncertainties are those based on any

[Continued on page 34]
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valid statistical method for data analy-
sis. Type B uncertainties are those
determined by any other method.
The expanded uncertainty is ex-

pressed as
U2 + U}

Type A Uncertainty

The cascaded-coupler system is nor-
mally used to compare the power indi-
cated by a high power detector (Py,,) to

U=

25

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

(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
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customer, this is the term that ulti-
mately must be assigned an uncer-
tainty. In this case, 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

5

U_:—]—\jx( Koug)

where

U, = sample standard deviation of
the calibration factor K

K; = calibration factor for any

ngle measurement

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 cluster of
data and permits computation of the
random variation or Type A uncer-
tainty of the calibration factor K as
given by Equation 27. Figure §

ig. 8 The reported calibration factor
Kand its Type A uncertainty for a typical
raw data set.

[Continued on page 3]
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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
coefficient terms can be grouped
together to define a general mis-
match term

1*\1"1\
1-nf

1—1"1"
]—FF

M=

(28)

and, second,

(29)

s

Mg

Thus, the solution for the first cou-
pler stage is written as
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P"Mmm\

e
Next, taking the partial derivatives for
each of the terms in Equation 30 and
computing the fractional change in
Pl gedivereq TeSUlts in the expression

AR
LIS
AR AR, AP AM
Plxm ter llmvlcr P‘\ 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

a1

= (32)

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

L Rl GME GY
which indicdtu that the fractional
clnnge in Py ivered due to a change
in the coup‘hng ratio is AC,/Cy.
Adding this coupler mmlmeanty term
to Equation 31 produces an expres-
sion for the fractional uncertainty due
to the first coupler stage:

Ml 0
B on
AP AP, AM L AC
leclu P‘s b Cl
(34)

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

(35)

Bl ot

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

AP s _ APt
Plzdc\wcm« PZ"vmn
AF AP,
G A(‘jz 4+ Maeng (36)
le.. Cy Uostrersa
[Continued on page 41]
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where C, is the fractional change in
the coupling ratio for the second di-
rectional coupler. Equation 36 can be
generalized further so that the total
uncertainty of any stage following the
first one can be written as

AP, AP,

delivered

P\u VALY Pn‘( meter

AP, AC,
A

Do 4 A%

C

APy y)

debvered

P h B

37)
Referring back to Equation 26, note
that the calibration factor K only de-
pends on the two values Py, and
Py elivored” Sinc.e .fur any given mea-
surement Pg,, is just the power read
from the customer’s device, the un-
ortainty Uy, depends only on the un-
certainty in Py q o1

(38)

-

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

The calibrated power P'; 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 (1) as

P, +AP, -
Py = S e (39)
+AM,

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

(40)

The value An, comes from the calibra-
tion of the mount P,. The value for
APy et i 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

MICROWAVE TOURNAIL ® MARCH 2000

Type IV power meter has been covered
in previous publications.27 For the
power measurements made on the
coupler sidearms, a correction for ef-
fective efficiency is not required since
these mounts are calibrated in place
against the mount P,. Only the mea-
sured DC substituted power uncertain-
ty needs to be considered.
Measurement of the reflection co-
efficients I, T; and T, 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 (bramerr) computes the
mismatch from the measured reflec-
tion coefficients I, T 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
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mismatch variants is used as the mis-
match uncertainty AM.

Equation 21 assumes that the sys-
tem is linear and the measured power

HIGH
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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 ded-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 coupler, an ex-
periment can be designed to produce
a reasonable estimate for the uncer-
tainty due to coupler nonlinearity.
The setup used for determining
coupler 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 Py and Py. The attenua-
tion factor (o) is chosen so that the
detectors P; and Py are operating
within their normal operating range
and is assumed to be constant. These
owers then can be used to compute
the coupling ratio

(41)

Setting the switches so that the
output of the coupler is connected to
the 1 kW load and applying a high
power signal heats the coupler with
the RF in the same manner in which
it is used in the coupler chain. The

owers Pz and Py can be remeasured
on the hot coupler by turning off the
heating power and immediately re-
setting the switches to the low power
circuit. The fractional uncertainty
due to coupler nonlinearity is then
expressed as

ac
Cc

ot =€,

cold A5
= 42)

cold

where

Ceola= coupling ratio measured
before applying the heating
ower
Ch,t = resulting measurement
fterwards
Tests conducted on water-cooled
couplers produced values for the frac-
tional uncertainty ranging from 000008
to 0.0005. Since this value is so small,
creating a separate uncertainty for each
coupler was not worth the extra effort.
[Continued on page 44]
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The maximum value of 0.0005 was cho-
sen to be a reasonable estimate of the
fractional uncertainty due to nonlinear-
ity in each coupler stage.

COMPARISON TEST RESULTS
To ensure continuity between the
new switched-coupler measurement

system and the older, low frequency
Bramall system,® 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

+—+— HISTORICAL DATA
- SWITCHED-COUPLER

A Fig. 10 Comparison of historical
calibration data with the switched-coupler
system data at 30 MHz.

good 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 coupler chain is
observed. However, this degradation
could be due to increased amplifier
noise. Work is continuing in an attempt

Power

Frequency
(! (w)
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to reduce the random uncertainty in
the higher frequency bands.
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Oceanic In collaboration with the

Canadian Department of

Surveillance Radar National Defence, Ray-
32 5 Cpals theon Systems Canada Ltd.,
2
Y Y as of Raytheon
Co., has developed and suc-
Demonstrated cessfully demonstrated the
w1 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 drug 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.
Its long-range capability allows coastal nations to monitor
surface and low level airborne targets up to and beyond a
200-nautical-mile exclusive economic 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 opriie of the Grand Banks
region of Newfoundland as well as its fisheries and oil
fields. Extensive performance testing of the system was

NEWS FROM WASHINGTON

US Army Awards he US Army has award-
ed a contract to AAI

Contract for TUAV  Corp., a subsidiary of Unit-
ed Industrial Corp., for the

Systems delivery of its new Tactical

Unmanned Air Vehicle

(TUAV) systems. The
TUAV systems will provide
Army commanders 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, AAT will manufacture 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 Ib 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 purcluce an additional six to 10 full-rate production

conducted using two fully functional radars in
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
world’s first successful demonstration of surface-wave
radar technology that is capable of providing continuous,
all-weather, real-time surveillance of EEZ waters.

systems fi | test and evaluation. AAT in-
tends to deliver the first of four i
Army expects to purchase a total of 44 TUAV
the next five years, potentially exceeding the contract’s
value to more than $300 M. AAI has delivered more than
230 UAVs worldwide.

Lockheed Martin ockheed Martin Naval
Electronics & Surveil-
Receives Aegis lance Systems (NE&SS),
3 Moorestown, NJ, has re-
Production Award  ccived $175.3 M from the
US Navy for the produc-

R

NASA Awards he National Aeronau-

ics and Space Adminis;

Satellite Production tration’s (NASA) Goddard
Space Flight Center has

Contract ,yurded a five-year con-
PR Orbital Sciences

Corp. for the design, pro-
duction and testing of
small- and medium-class
satellites used in space and
Earth sciences and ad-
vanced technology missions. Under thc terms of the

tion of three Aegis weapon
systems. The award is part
of a multiyear funcﬁng
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 NI E&SS is responslble for the design and integration
ofa board, multiwarfare combat system that

Rapid dpau,nraft Acquisition contract admini d by
Goddard’s Rapid Spacecraft Development Office, NASA
centers and laboratories and other government agencies
will be able to procure five types of satellite platforms de-

includes all detection, command and control, weapon and
support systems for the Aegis class of guided-missile
crmsers and destroyers. The Aegis weapon system, which

veloped and manufactured by Orbital Sciences, includ

is designed and i d into the Aegis combat system,

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 ordcnng 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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mcludes 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 Martin’s NE&SS operating site in
Moorestown, NJ.
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DoD ACTD he US General Ac-
counting Office (GAO)

Strategy for UAV  has released a report, “Un-
manned Aerial Vehicles:

Assessment )oD)5 Demonstration Ap-

= proach Has Improved Pro-

Examined }vc( ()qu()!llt}:\" (GAO/
R NSIAD-99-33), which ex-

amines the effectiveness of
the Department 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 U. AV} prmﬂt there-
by enabling the DoD to gain a stronger knowledge base
for making well-informed acquisition 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 acquisition programs that were later canceled
before reaching completion, spending $4 B in the process.
In 1994, as part of its acquisition reform efforts, the DoD
adopted the ACTD strategy to more effectively assess
UAV programs. Since its inception, the ACTD approach

NEWS FROM WASHINGTON

has provided the DoD with a better basis for making UAV
acquisition 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
programs to proceed with much less knowledge (and thus
higher 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, but 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,

WE HAVE WHAT IT TAKES

do

(O o8 provucrs, nc.

www.dbprod.com
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MEETING OUR CUSTOMERS
CHALLENGES SINCE 1974.
Manufacturer of RF and
Microwave Electromechanical

Switches.

Phone  626-449-3790
Fox 626-449-7169
E-mail dbmw@deltanet.com
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Specs are what you are given...
brilliance is what you give back

|
1 begin with Ansoft HFSS

Design microwave connectors, Ic

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

Success is something that engineers, the world over, are realizing with Ansoft's
High Frequency Structure Simulator (HFSS). They recognize that using 3D
electromagnetic simulation to extract electrical parameters is the right solution
for tough design challenges. Ansoft HFSS is preferred because the intuitive
interface simplifies design entry, the field solving engine automatically converges
to accurate solutions, and the powerful post-processor provides unprecedented

insight into electrical performance.

And now with Optimetrics™, the new
parametric analysis and optimization
module, Ansoft HFSS is the most
powerful electromagnetic design tool

on the market

For a free evaluation copy of Ansoft HFSS

or any of the tools in Ansoft's Serenade

Design Environment call 412-261-3200 or

Use Ansoft HFSS to
send e-mail to info@ansoft.com calculate and optimize
fields and s-parameters
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HIGH IP3 MIXERS

+30dBm IP3

510 2200MHz . 514,

The popularity of wireless communication services is soaring, but when
signal overcrowding creates intermodulation distortion... Mini-Circuits has
the solution! Our full range of low distortion, high IP3 SYM mixers provide the
muscle it takes to suppress noisy intermods and unwanted signals. At the
same time, these affordable surface mount solutions achieve low conversion
loss and excallent L-R, L isolation. Developed for both analog and digital
use, applications include airphone, cellular and
cordless phones, radar, satelite, FM Broadcast,
ISM, PCS, and PCN. Achieve the high performance
your customers expect. Specify low loss, high IP3
SYM mixers from Mini-Circuits. It's the clear choice!

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

[JMini-Circuits

TYPICAL SPECIFICATIONS:
1P3 Isolation  Con. Loss

Freg. Mdband (0B Midband  Price Sea.
Model MH  (dBm) LR LI ) Qty. 1-24
SYM-1eH 5-1800 30 45 40 6.
YM-15VH 101500 31 45 35
SYM-12H 1001370 30 3% 30
SYM-10DH  800-1000 3t 45 29
SYM22H 15002200 30 33 38 5
SYM20DH 17002000 32 3% 3 1495

Alm surtace mount and avaiabie in tape and reel.
(O oxceps ST 16V LO<s2008m

@w

P.0.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS cmwe &WEBSITE

a;{ " The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At h
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INTELSAT 'he International Tele-
communications Satel-
to Procure lite (INTELSAT) organisa-

tion has awarded a contract

Telecommunications , Franco-British contractor
NI M Soce to

Satellite 1,14 he INTELSAT NI-

ey P2 telecommunications

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 Gz) transponders
to cover North, Central and South America as well as west-
em 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 ite will be located in the West
Atlantic Ocean on at 310 degrees east longjtude 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 ice
life of 13 years. The NI-Alpha currently is scheduled to
Taunch during the summer of 2002. INTELSAT currently
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.

K contractor Racal
Defence Electronics
has unveiled a new range of
land-based electronic war-
fare (EW) systems. Desig-
nated under the generic
name of Seeker, two mod-
els have been identified:
Seeker 4 and 5. Seeker 4 is
a 20 to 1000 MHz regulato-
1y, direction-finding (DF)
surveillance and monitoring system that comprises Racal’s
RA3726 dual-receiver, a PC and examples of the compa-
ny’s AE3007 (3 to 30 MHz band) and AE3020 (30 to 1000
MHz) Adcock DF antennas. Designed specifically for in-
stallation in wheeled vehicles, shelters and fixed sites, the
system utilizes digital signal processing techniques with
the (debl]ltV to demodulate amplitude- and frequency
hift keyed, conti wave, and
upper and Tower 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.

Racal Introduces
Surveillance EW
Systems
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INTERNATIONAL REPORT

Martin Streetly, International Correspondent

Rohde & Schwarz German contractor
Rohde & Schwarz has
Launches EMC Test launched the Ultralog HL
562, a universal electro-
Antenna magnetic compatibility
(EMC) test antenna for in-
T 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 patterns 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 calit d prior to deliv-
ery 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.

Next-generation The UK’s Ministry of De-
fence has issued an invi-

UAV Concept tation to tender to several
o companies regarding a con-
Study Initiated cept study contract that re-
lates to the British Army’s

EETERRTISERA <

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 contractors BAe Systems and Racal De-
fence Electronics, Israel’s Elta Electronics and US contrac-
tor Northrop Grumman. Of these, BAe Systems’ con-
tenders may leverage technology from the SAR capability
that the company %Aas developed for its Sea Spray 7000
maritime surveillance radar while Elta is likely to offer
technology based on its EL/M-2055 UAV and EL/M-2060
podded fast-jet SARs. Racal is expected to offe
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 ]ikvlv 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 scheduled to be
released by this month with a service entry data for the sys-
tem expected around 2008.

51


http://www.rsd.de

Siemens Awarded Gemmn contractor Sie-
mens Information and
Tel icati (& ications Networks

(SICN) has been awarded

Intelligent Network 1, contracts for the supply
of telecommunications intel-

Contracts ...t network services
AT (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
bg expanded from the original base of Beijing, Guangzhou,
Shanghai and Shenzhen to an additional 17 provinces within
the People’s 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.

www.nitsuki.com

Nitsuki's microwave, millimeter wave
and digital technology,
the mainstay of the 21'st Century.

7-4-12 Fukami Nishi
Yamato-Shi Kanagawa
242-0018

info@nitsuki.com
www.nitsuki.com
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INTERNATIONAL REPORT

letherlands contractor
Philips Semiconductors
has developed the CMOS1S
Flash memory module, a

Philips Develops
Embedded Flash

Memory for CMOS o transistor cell for use in
Technology s 0-183m complementary

8Y  metal oxide semiconductor

e (CMOS) technology. Form-

ing part of the company’s
Nexperia™ silicon system
platforms strategy for creat-
ing complete products on a single chip, the new memory
module allows memory size to be tailored to suit a particular
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 § > of 0.78 pm? compared to a typical single transis-
tor ize of 0.50 pm?. The two-transistor approach re-
quires considerably less peripheral circuitry for program-
ming and erasure. By way of example, the C! MOSI8 design
utilizes Fowler-Nordheim tunneling for memory cell pro-
gramming and erasure, thereby eliminating the LLrge 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 functions. M

Microwave Waveguide Components

Where reliabifty and qualty are paramount.

Quasar are Europe's leading manufacturer of high quality

flexible/twistable waveguide, from WG8 (WR430) to

WG24 WR19) with flanges and jackets manufactured for

customer specific applications.

® Fixed and Variable Attenuators

® Cross Guide and Broadwal Directional Couplers

® Broadband Waveguide Horns

® Fixed and Siiding Load Terminations

® Rigid Waveguide

® Tee Junctions

® Coaxial and Taper Transitions

® Filters & Diplexers

@ Couplers, Splitters and Combiners

® Rotary Vane Attenuators.

Designed and manufactured in our purpose bult actory i the

UK 01509001 fast lead times and at low cost. Just take a

look at nm NEW “On-Line catalogue” on our NEW website.
ver the application rely on Quasar.

Quasar Microwave Technology Limited
Battle Road, Heathfield, Newton Abbot,
Devon TQ12 6XU, England >
Tel: +44 (0)1626 834222

Fax: +44 (0)1626 832994

Email: sales@gmtl.com

See our NEW WEBSITE www qratl.com
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Introducing the first

T e mwd

wirewound inductors

Little specks. Big specs. tgwrowent  And compared co

non-wirewound coils,

Once again, Coilcraft proves that you #8. goestsz = our 0402 inductors

don'’t have to give up performance to get handle 200% to 300%
a smaller form factor. . more current!

Better @ factors These new wire- ) " o We'll be happy to

0at 1.8 Gz wound 0402 chip coils send you free evalua-

m}‘ Collcraft 0402 have Q factors that are

I Nor-sirewound

tion samples, or you
comparable to our 0603 can order Designer’s
chips. And far higher  Kit C128 containing +5% tolerance versions
than competitive parts.  of all 20 inductance values.

SRFs remain com- For complete specifications and
fortably above your op-  samples, visit our web site or
erating frequency. call 800-322-2645.

) ﬁ
GO'CZWJ. s
Cary IL 60013 847-639-6400 Fax 847-639-1469

www.coilcraft.com  info@coilcraft.com
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Globalstar USA lobalstar USA, the ex-
clusive provider of
Licensed satellite-based communica-

tions services in the US, has
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 www.globalstarusa.com.

to Offer Satellite
Phone Service

Optical Attenuator ceording to a report is-
L Asued by ElectroniCast

Market Corp., global consumption

of optical attenuators

to Reach cichied $178.5 M in 1998

and is expected to increase

$1.5B by 2008 ¢’ 5 by 9008 as a re-
e S/t 0f rapidly rising quanti-

rowth substantially off-

set by falling average

prices. The consumption
value of optical rs used for tel ication:
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 2008, telecommunications 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 optn_a] attenuator market into
three segments: fixed p t, fixed cable bl
and manual and electmum(nllx 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 a
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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cent in 2008. For additional information, contact Theresa
Hosking, ElectroniCast (650) 343-1398.

Smart Phones Ancw report from 1GI

Consulting, “Wireless
Web Wonders,” 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 Microsoft's Windows CE will continue to dominate
certain vertical market segments. Handspring 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. Qualcomm’s High Data Rate sys-
tem, third-generation technologies, location-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.

to Dominate

the Wireless Access
Market

TR

Wireless Broadband The Strategis Gr\({up's

report, “US Vire-
less Broadband: LMDS,
MMDS and Unlicensed

Revenues

to Reach

Spectrum,” projects that

= wireless broadband rev-

$3.4 B in 2003 enues will increase from
s 0112 M in 1999 to $34 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. With 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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can provide throughputs ranging from 64 kbps up to 15
\lhps 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 middle 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.

Boeing The Boeing Co. has an-
nounced plans to pur-

to Acquire chase the satellite systems
- business of Hughes Elec-
Hughes Satellite ;onics Corp. in an all-

Systems Business

transaction valued at
B. Under the terms of the
acquisition, Boeing will ac-

quire Hughes Spdce and
Communications Co., a
communications satellite
manufacturer; Hughes Electron Dynamics, a supplier of
satellite electronic components; and Spectrolab, a
provider of solar cells and panels for satellites. Boeing’s

THE COMMERCIAL MARKET

large-scale integration capabilities, coupled with Hughes
satellite systems operation, will enable Boeing to offer un-
paralleled integrated space, air and terrestrial information
and ications systems to its As a result
of the acquisition, Hughes will become one of Boeing’s
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 sui)]ut to regulato-
ry and governmental review and is expected to close by
the middle of this year.

In 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 $275 M. Hughes Electronics is undergoing
major changes in its corporate structure and business mix
that are designed to sharply focus the company’s
resources and management attention on its high
growth entertainment, information and business commu-
nications services. W

FILTERS / DIPLEXERS

MICROWAVE
CIRCUITS, INC.
6856 Eastern Avenue, NW
Washington, DC 200]
2) 8293030 FAX (202) 829-2639

WAVE CIRCUITS INCALLRIGH S RSSIRVED.

cmail: filters@micckis.com
Website: _www.micckss.com

RF Cable Assembly
7610 Miramar Road

San Diego, CA 92126-4202
Phone: (800) 233-1782

or (858) 549-6340

Fax: (858) 549-6345

email: rfi@rfindustries.com
www.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 127,
247,36”,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 FOR YOUR FREE CATALOG TODAY.
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ADVANTEST RACES
BEYOND
STATE-OF-THE-ART!

Advantest is

one of the world's

leading suppliers of wireless

L ions measuring

We make everything from spectrum and network
analyzers to a wide range of other measurement
instruments — including amplifiers and filters. We
are constantly racing beyond state-of-the-art. Our
latest spectrum analyzers, for example, can measure
your wireless systems in conformance with third
generation mobile telecommunications standards like
IMT-2000. Which means they can also test leading-
edge W-CDMA channels. And everything we make is
supported worldwide through our own service network
as well as through our partners Rohde & Schwarz in
Europe and Tektronix in the U.S. If you supply
wireless telecommunications systems, you need the
best precision measuring equipment you can get.

You'll find it at Advantest!

R3267 Spectrum Analyzer

For IMT-2000!

The R3267 is a high performance spectrum analyzer designed to meet the
needs of the new communication technologies like 3rd generation mobile
(IMT-2000), microwave digital broadeast, high-speed multimedia mobile
access (MMAC), and satelite-based services. It features a frequency spen
accuracy within 1% and a dynamic range of -154dBe/Hz (typ.) in the
2GHz band.

ADVANTEST
Japan: ADVANTEST CORPORATION

Europe: ROHDE & SCHWAR +49-89-4129-3711, ursil
North America: Tektronix, Tnc. +1-800-426-2200, http://wvrwtek.com
Asia: Advantest (Singapore) Pte. Ltd. +65-274-3100, tmi@asp.advantest.cojp

CIRCLE 1 ON READER SERVICE CARD


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

INDUSTRY NEWS

B 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.

B Alpha Industries, Woburn, MA, has signed a definitive
agreement to acquire privately held Network Device Inc.,
Sunnyvale, CA, a provider of advanced technology GaAs 1C
design and fabrication. Under the terms of the 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.

B Kyocera America Inc. (KAI), 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.

B Electronic test tool provider Fluke Corp. Everett,
WA, has uupnred k Wandel G ‘s
(WWG) Precision Measurement Division. Under the
terms of the acquisition, WWG's division will become part
of the Fluke ]nduslndl 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, clampmeters,
bench instruments and related accessories

B Connecticut Microwave Corp., Cheshire, CT, has
acquired the waveguide and coaxial termination line of
Micronetics Wireless Inc., ITudson, NH. The acquisi-
tion will extend Connecticut Microwave’s line of passive
components, directional couplers, ferrite circulators, iso-
lators and other components.

B 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 .,
Elgin, IL, has purchased the Eclipse Linear Probe Test
System from Everett Charles Technologies. The test sys-
tem offers an optical pattern re ogmnon LCR meter kit for

of e and c:

P

B Compaq Computer Corp. has formed Compaq
Telecommunications to develop, market and deliver in-
tegrated sol for global ications carriers in
the areas of enhanced network services, business and op-
erations support systems, and customer premise equip-
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ment. The new ion will be headq d in the
Telecom Corridor near Dallas, TX with operations at sites
worldwide.

B Advanced electronic, mechanical and electro-optical
system designer and manufacturer EDO Corp., New
York, NY, and privately held AIL Technologies Inc.,
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 ATL’s outstanding common and preferrul
shares will be exch d or purchased for 2 1
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.

B Rayan, Starec 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,
airborne and space antennas.

B Radio fr and sul bl f
turer RF Monollﬂlm Inc. (RFM) Dallas, TX, has relocat-
ed its European sales office to England. The new location,
coupled with recent 1SO 9001 certification, expansion of
technical manufacturer representatives and additional
sales personnel, strengthens the company’s presence in the
European market. In related news, REM has expanded its
second-generation Virtual Wire® amplifier-sequenced hy-
brid technology product line to include more than 20
transmitter, recciver and transceiver products.

B Philsar 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.

B Wireless and wired mfrastmcture > equipment compo-
nent Inc. (SMI
Sunnyvale, CA, has opened a new design center located in
Kanata, Ontario, Canada. The new design center, which
focuses on next-generation wireless mfmntmcture prod-
ucts, houses a state-of-the-art test facility. In related news,
LDMOS RF semiconductor manufacturer UltraRF, Sun-
nyvale, CA, has formed a str:

supply LDMOS power devices
tion infrastructure markets. As part of the strategic 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 e xp( dod to leverage both compa-
nies’ intell | prope: chnologies and provide an
aggressive growth plutfurm

[Continted on page 60]
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M 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 first 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 su

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.

B Amplifier Research, Souderton, PA, has announced
the opening of its fourth distribution office in Amsterdam.

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-

@ 1995 Uielectnc Lavorarones;
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into a strategic 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
IC radiation hardening products for the RHI-NO line as
well as international sales and marketing support.

B Andrew Corp., Orland Park, IL, and Channel Master
LLC have entered into an alliance that will enable cach
company to offer a broader range of earth station antenna
products. Andrew offers a full line of fixed and motorized
earth station antennas ranging from 1.2 to 9.3 m while

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

B DC-to-DC converter product supplier Lambda Elec-
tronics, an Inve company, has beer cted 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.

M Triton Network Systems Inc. has sclected Palomar

Channel Maste

speualmeq in the design and production

will
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B G.T. Microwave Inc., Randolph, NJ, has received
1SO 9002 certification from the European Quality Assur-
ance authority.

B 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.

B Mini-Systems Inc.’s Thin 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.

B Semicond c I STMicroel o
Inc.’s Region Americas, Carrollton, TX, has been award-
ed the 1999 Malcolm Baldrige National Quahtv Award for
performance excellence and quality achi

H 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-

[Continned on nace 641
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¥ Intercept Technology Inc., Atlant
into a distribution agreement wi
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® Anaren Microwave Inc. and Avnet
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Group’s entire line of surface-mount pr
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distributes Anaren’s products througho
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B RF Connectors. a division of RF In
Diego, CA, has signed an agreement

Inc., San Jose, CA, to distribute RF C
of coaxial and cable products. The agre
to significantly expand RF Connectors
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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

B 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 (62¢/diluted share), compared to $121.8 M
(42¢/diluted share) for the same period in 1998.

W 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
(21¢/diluted share), compared to $23.2 M (28¢/diluted
share) for the same quarter in 1998.

M 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 (44¢/diluted share), compared to $8.7 M (31¢/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 (15¢/diluted share), compared to $5.6 M (S¢/di-
luted share) for the same quarter in 1998.

B 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 (20¢/share), compared to $6.8 M (11¢/share)
for the same quarter last year.

B ANADIGICS Inc. reports sales of $40.1 M for the

CONTRACTS

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

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

PERSONNEL

M Screen actress and frequency-hopping spread spec-
trum system inventor Hedy Lamarr died on January 19,
2000 at the age of 86. Lamarr was only recently recog-
nized for her contribution to present cellular phone tech-
nology. (See “A Starlet’s Secret Life as Tnventor,” Mi-
crowave Journal, February 1999, pp. T0-74.)

B Ted Shoneck has been named
CEO at Quad Systems Corp. Most re-
cently, Shoneck was COO at Cutting
Edge Technologies.

B John Harris has been appointed
chairman, president and CEO of
RangeStar Wireless. Previously, Harris
was senior VP at Uniden America and
Mitsubishi Electronics America.

A Ted Shoneck

B Electrocube has announced 5e»e|41 new appointments,
i L

fourth quarter, ended I ber 31, 1999, compared to
$22.6 M for the same period in 1998, Net income was
$4.4 M (22¢/diluted share), compared to a net loss of $3.9

M (26¢/diluted share) for the same quarter in 1998.

B Robinson Nugent 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 (17¢/share), compared to $39 K (1¢/share) for the
same quarter in 1998.

B 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
(51¢/share), compared to a net income of $1 M (10¢/diluted
share) for the same quarter in 1998.

HS d Technol 1

Inc. has la
publu 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 rcmdmdu
of shares were acquired by Wilmington Securities Inc.,
wholly owned subsidiary of The Hillman Company.
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Donald Dug as p Clay Parrill
as VP/general manager and Gloria Snyder as national
sales manager. Duquette and Parrill each bring to the
company more than 20 of manufacturing and busi-
ness management expertise and, most recently, Snyder
was customer service manager at the company.

B 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.

B Signal Technology Corp.’s California Operation has ap-
pointed Mersereau acting president. Mersereau has
been with the company since 1991 and, most recently, was
director of engineering. In addition, Signal Technology’s Ari-
7ona Operation has named Robert Levin VP and chief tech-
nologist. Levin, co-founder of Comtech Wireless Inc., a sub-
sidiary of Comtech Telecommunications Corp., brings to the
company more than 30 year of technological experience.

B RELM Wireless Corp. has appointed Scott Hender-
son senior VP and director of its Business and Industrial
[Continued on page 66]
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sector and Thomas Morrow scnior VP and director of its
Government/Public Safety sector. Prior to joining the
company, Henderson was a sales and marketing executive
at the E.F. Johnson, Midland and Uniden radio firms and
Morrow was a sales and marketing executive at E.F. John-
son, GE Mobile Communications and Motorola.

M Unitek Miyachi Corp. has named Mark Rodighiero VP
of its newly created Laser and Systems division. Rodighiero
has been VP of engineering at the company since 1993.

H Rocco J. Melchione has been pro-
moted to the newly created position of
VP of sales and marketing at Hirose
Electronics (USA) Inc. Melchione has
been sales and marketing manager at
the company since 1998.

B IFR Systems Inc. has appointed
Mitch Stone VP of sales, Americas re-
gion. Most recently, Stone was VP,
sales and marketing at Datum Inc.

A Rocco). Melchione

B Stanford Microdevices Inc. has named Michael Van
der Tol dircctor of its Ottawa design center. Most recent-
ly, Van der Tol was senior manager, RF Technology De-
velopment for Nortel Networks’ Wireless Solutions busi-
ness unit.

M Larus Corp. has named Gary M. Ensign director of in-
ternational sales. Most recently, Ensign was director of
sales at TransComm Technology Systems.

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

H Tally Costa has joined Filtronic
Solid State as national director of sales
¢ and marketing for semiconductor
products. Costa has 14 years of sales
and marketing experience and, most
recently, was regional sales manager at
Richardson Electronics.

B United Monolithic Semiconductors
has appointed Sylvain Dumay regional
sales manager for southern Europe.

"CA Tally Goska

B Philsar Semiconductor Inc. has named Hiroshi
Tsuchiya sales director for Japan and the Asia/Pacific re-
gion. Most recently, Tsuchiya was director of communica-
tion products at VLSI Technology KK/Philips Japan.

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

REP APPOINTMENTS

B DB Products Inc., Pasadena, CA, has appointed five
companies to represent its complete line of RF and mi-
crowave electromechanical switching products. Cain-
Sweet Co. will cover Washington, Oregon and Canada;
Jay Stone and Associates will cover Northern California
and northern Nevada; Thorson Desert States Inc. will
cover Arizona, New Mexico, southern 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.

mC I Mi Technology (CMT), Dia-
mond Springs, CA, has selected First Source Inc. as na-
tional representative for its full line of quality microwave
filters and coaxial and ide duplexe
spread spectrum filters and duplexers.

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

B Toko America Inc., Mt. Prospect, IL, has selected
Norris and Associates, Hingham, MA, to represent the
company’s miniature inductor and filter products
throughout New England.

® UltraRF, Sunnyvale, CA, has appointed Castle Mi-
crowave, Twyford, Berkshire, UK, to represent its com-
plete line of high power, high performance RF power
semiconductors in Great Britain, Ireland, France, Ttaly,
Belgium, Holland and Germany.

B Cable, connector and assembly designer and manufac-
turer Storm Products - RF/Microwave Group, Hins-
dale, IL, has selected MHz Marketing to represent its
line of high performance interconnect products in Mary-
land, Virginia and the District of Columbia.

WEB SITES

B Antenna and power product designer and manufactur-
er Centurion International Inc. has introduced a new
Web site that enables product designers and manufactur-
ers to quickly and efficiently obtain information on anten-
nas and power products. The new site can be found at
‘www.centurion.com.

B Specialty material and service provider SEMX Corp.,
Armonk, NY, has launched a newly designed Web site
that provides updated company information and new
products. The site is located at www.semx.com.

B Interconnect Devices Inc. has named Jay
product specialist. Preister has five years of circuitry test-
ing experience with Lucent Technologies.

B Champion Technologies Inc. has appointed Raj Alluri
applications engineer, North America, and Dick Thompson
sales manager, North America. Most recently, Alluri was
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A Engit ing Corp., Hudson, MA, has in-
troduced a Web site that provides technical specifications
for a broad range of substrate materials produced with ex-
act repeatability consistency. The site, which is located at
www.accumet.com, also details available precision lap-
ping, polishing, laser machining, diamond sawing and
edge grinding capabilities.
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Fig. 1 Differential
signaling.

68

TECHNICAL FEATURE

CHARACTERIZATION
OF DIFFERENTIAL
INTERCONNECTS
FROM TIME DOMAIN
REFLECTOMETRY
MEASUREMENTS

Diﬂ'm‘ential signaling schemes are a
common approach to achieving higher
noise immunity for critical signals in a
high speed digital design. However, measure-
ment and modeling of the transmission lines
carrying differential signals pose several dif-
ferent challenges, which need to be addressed
" to achieve an accurat picture of dif-
al signal transmission in digital system
design and simulations.

A differential pair constitutes a set of cou-
pled transmission lines and, therefore, can be
modeled and simulated as such. Short differ-
ential lines can be modeled using coupled LC
matrices, but a distributed model is required
for longer lines. In this article, a technique for
extracting such a distributed coupled line

model from time domain re-
flectometry (TDR} measure-
ments is presented. This model
can be easily utilized in a
SPICE or IBIS simulator, mak-
ing it extremely usable for high
~ speed differential interconnect
modeling and simulation. The
resulting accurate models help
the designer to achieve a better
understanding of the differ-
ential interconnects, resulting
in higher performance system

design.

DIFFERENTIAL LINE
SIGNALING AND ANALYSIS

As shown in Figure I, differential signaling
means that two transmission lines and two sig-
nals are used to transmit a single data bit from
a driver to a receiver. The lines are not com-
pletely independent: When the signal on one
line is logical low, the signal on the other line
is logical high and vice versa. In addition, the
two lines are typically laid out quite close to
each other and exhibit signal coupling from
one line to the other 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 common ground between 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 of the
driver circuit actually may be different from the
ground voltage potential of the receiver circuit.

As an additional benefit, differential signal-
ing schemes provide increased immunity to
the common-mode noise in the system be-

[Continued on page 70]
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cause the receiver only sees relative
(differential) voltage between the two
transmission lines in the differential
pair. In addition, because the fields
radiated by each signal are of oppo-
site polarity, they cancel out to signifi-
cantly reduce the radiated energy,
which is the main cause for electro-
magnetic interference between de-
vices. Differential signals are also
more immune to signal attenuation in
the transmission medium because the

receiver design typically allows suffi-
cient gun to reproduce the original
signal.” Typical applications of differ-
ential signals are low voltage differen-
tial signaling, fiber channels, disk dri-
ve flexible interconnects and Ram-
bus™ clock signals.

A DIFFERENTIAL LINE
CIRCUIT DESCRIPTION

The characteristic impedance of a
transmission line can be described

State-of the-at
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performance rsqu«re its.
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P O. BOX 8222, Haverhill, MA 01835
www.haverhillcable.com

TEL (978) 372-6386 = FAX (978) 373-8024

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

i
= 1R+]mL )
\’(,ﬂmL

This equation reduces for a lossless
transmission line to

g @

The electrical length of such a line
can be determined using
t=WLC ®)
where
1= physical length of the line
Typically, differential lines are
routed fairly close together. Because
of the interaction (coupling) between
the lines, propagation of the signal
through the differential pair cannot
be described by a single capacitance
and inductance value per unit length,
but instead is described as a set of L
and C matrices per unit length:

L= |Lser Ln
Ly L

where
Ciot = Coelr + Cm
As shown in Figure 2, these quanti-

ties are related to a phy circuit by
ly short section (Al) of a

1

A Fig. 2 An electrically short section Al
of a transmission line.

‘ontinued on page
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B TECHNICAL FEATURE

capacitance per unit length of one line
to ground and Cy, is the mutual capac-
itance per unit length between lines.
The quantities Ly and Ly, are the
self-inductance per unit length of one
line and the mutual inductance per
unit length between lines, respectively.

But what about the differential
and common-mode impedances of
the lines, which are often used to de-
scribe the differential transmission
line behavior? Differential impe-
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mode) signals. Various common-
mode impedance definitions are used
in the industry; the definition that
considers the common-mode and
even-mode impedances to be identi-
cal will be used in this article.

In some cases, the differential im-
pedance alone is the parameter of in-
terest to a board designer. Based on
the differential impedance value, a de-
signer can make a first cut at predict-
ing the propagation of the signal
through the differential pair. In addi-
tion, the common-mode impedance
can help analyze the common-mode
noise rejection; if the common-mode
impedance is much higher than the
differential impedance, the common-
mode rejection will be high. If the ra-
tio of the common-mode signal to the
differential signal present on the dif-
ferential transmission line pair and the
values for the differential and com-
mon-mode impedances are known,
the amount of common-mode noise
that will propagate through the differ-
ential interconnect can be estimated.

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

Z

odd
Zewen = 5
and
todd (qu i )(Cmc +C, )
toen = 1 (Lsclf +Ly )(C«m ~Cn)

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

Zjitferential = 2Zoda
Z,

“common =

with the delays for differential and
odd mode and common and even
mode being equal. Note that in the
case where no coupling between the
lines in the differential pair is pre-
sent, both even- and odd-mode impe-
dance values simply collapse to the
characteristic impedance of each line.
Normally, coupling between the lines
would be considered a negative char-

[Continued on page 74]
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A Fig. 3 Even- and odd-mode impedance
profiles obtained from the differential TDR
1

‘measurements.
Fig. 4 Differential pair model bused

on the even and odd impedance
and delay values. W

Zodd, todd

Fig. 5 A simplified differential
pair model.

acteristic. However, in the differen-
tial signaling case, a higher common-
mode rejection actually is obtained
due to coupling between the lines.
Note that unless there is no coupling
between the lines, the even-mode
impedance will always be higher than
the odd-mode impedance.

It is also interesting to observe
that the time delays for the even and
odd modes will be different unless
the ratio of inductive and capacitive
crosstalk in the two lines is the same.
The difference in delays and imped-
ances for the even and odd modes for
a symmetric differential transmission
line pair is shown in Figure 3 using
the Z-line algorithm in TDA Systems’
IConnect™ software. (Note that in
the presence of coupling between
the two transmission lines, the even-
mode impedance will always be high-
er.) In most practical cases, the even-
and odd-mode delays will be dif-

74

ferent. Therefore, if a significant
amount of common-mode energy is
present in the differential signal, the
designer will observe signal splitting,*
resulting in bit errors and intersignal
interference.

DIFFERENTIAL LINE
SIMULATION IN SPICE

How is the propagation of the dif-
ferential signal through the intercon-
nect modeled? Since a differential
pair is typically just a pair of closely
routed symmetric and coupled trans-
mission lines, it would be logical to
model them as a symmetric coupled
pair. A coupled LC matrix is generally
used to describe such a coupled
transmission line structure. However,
a high number of lumped LC compo-
nents will be required to simulate
transmission lines that are electrically
long, which is often the case when a
differential transmission scheme
must be used.

The electrical length of each LC
network must be significantly shorter
than the rise time of the signal propa-
gating through the interconnect. A
practical rule of a short or lumped in-
terconnect can be described as

Ldelay

f: >

®

where L and C are the total capaci-
tance and inductance values, respec-
tively, for the given interconnect se;
ment. For a rise time of 600 ps, this
rule means that the lumped model
can be applied to an interconnect
segment no longer than 100 ps, or ap-
proximately 2/3" in FR4 board mater-
ial. For a high number of long traces
and for complex simulations, using
the lumped model approach becomes
impractical and cumbersome, slowing
down the simulation and making a
comprehensive signal integrity analy-
sis more difficult to achieve.

Of course, an alternative is to use a
distributed approach. Single-line im-
pedance clearly is not enough to
characterize the differential transmis-
sion line pair since line coupling must
be taken into account. Differential
impedance alone is not enough either
since common-mode rejection and
propagation must be accounted for.

The solution comes from a relatively
simple mathematical analysis of the
differential pair, which also can be
viewed as a symmetric coupled trans-
mission line pair. The model shown in
Figure 4° is an accurate representa-
tion of a coupled transmission line
pair based on its even- and odd-mode
impedances.

It is a simple exercise in circuit
analysis to demonstrate that this
transmission line configuration will
present twice the odd-mode impe-
dance to a differential signal and two
separate even-mode impedances to a
common-mode signal. Since any
signal can be decomposed in its dif-
ferential- and common-mode compo-
nents, this model will predict propa-
gation of any combination of differ-
ential- and common-mode signals,
accurately representing the behavior
of the differential transmission line
pair. Note that, for practical purpos-
es, it may be preferable to avoid us-
ing a transmission line with a negative
impedance; however, the line with
negative impedance can be easily
substituted with a positive impedance
line and a dependent voltage source.

One disadvantage of this four-line
model is its relative complexity. In ad-
dition, this model is difficult to ex-
tend to a case of more than two cou-
pled lines. However, if the common-
mode impedance is significantly
larger than the differential-mode im-
pedance, the common-mode signal
will be mostly rejected, and mainly
the differential signal will be ob-
served at the receiver end. The high
common-mode rejection will make
the difference in differential- and
common-mode signal delay irrelevant
due to the small amplitude of the
common-mode signal, and will allow
the use of a simplified model, shown
in Figure 5. Here,

2Z04Zeven ©

evon ~ Zoff

Zintual = 7

Again, under assumption of t,gq =
toves it can be easily shown that this
model will accurately represent both
differential- and common-mode sig-
nal propagation through the differen-
tial pair. This article focuses on the
measurement-based approach to ex-
tracting the even and odd imped-

[Continued on page 76]
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ances for the distributed differential
line models presented previously.

OBTAINING A
DIFFERENTIAL LINE MODEL
FROM MEASUREMENTS

The modeling of a differential line
from measurements is shown in Fig-
ure 6. The choice of instrumentation
for performing this measurement-
based modeling work is limited to
frequency domain instruments such
as vector network analyzers (VNA) or
impedance analyzers and time do-
main instruments such as the TDR.

For designers with sig

domain due to the visual nature of
this domain.

TDR MEASUREMENT BASICS

In the simple TDR setup shown in
Figure 7, the impedance of the board
trace can be determined from the
waveform measured by a TDR oscillo-
scope. The measured waveform is the
superposition of the incident wave-
form at the device under test (DUT)
and the reflected waveform, with the
reflected waveform offset by two elec-
trical lengths of the cable intercon-
necting the oscilloscope TDR sam-
plmg head to the DUT.” The multiple

crowave background, the
domain is quite often a more under-
stood and more intuitive domain to
work with. However, a problem arises
from the fact that differential net-
work analyzer measurements, or four-
port measurements, require a multi-
port network analyzer system. It is
only recently that such a system has
become available from major mea-
surement equipment manutlacturem
A two-port VNA measurement sys-
tem can be used to obtain four-port
network parameters, but this ap-
proach requires a large number of
measurements® and is not easy to
complete or simple to analyze.

On the other hand, four and more
{)Ol’ts in the TDR instruments have
heen readily available for quite some
time. A TDR may or may not support
a comprehensive frequency domain
calibration procedure available in
most VNA systems, but for purposes
of extracting the even and odd im-
pedances and delays the accuracy of
the measurement is more than suffi-
cient. Moreover, the propagation de-
lay is more easily oblameg in the time

A Fig. 6 Differential line modeling from measurements.

W Fig. 7 A TDR block diagram.
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effects must be deconvolved
to achieve better accuracy in impe-
dance measurements. A TDR mea-
surement setup for differential line
characterization is shown in Figure 8.

Differential TDR measurements
can come in handy when it is difficult
to achieve a good ground plane refer-
ence, or when a differential line
analysis must be performed. A virtual
ground plane, created by two TDR
sources of the same shape and differ-
ent polarity that arrive simultaneously
ata DUT interface, helps achieve the
desired measurement results.

It was mentioned previously that
TDR measurement accuracy suffers
from multiple reflection effects when
multiple discontinuities are involved in
the measurement. However, a true im-
pedance profile of the DUT can be ob-
tained through an inverse scattering al-
gorithm reported previously.59 Based
on the incident step and TDR response
of the system, the multiple reflections
can be dynamically deconvolved from
the TDR response; because of that

rocess, another name used for this al-
gorithm is dynamic deconvolution.

Even- and odd-mode analysis,
based on the even and odd impe-
dance profiles computed from the dif-
ferential TDR measurements, is an
extremely useful tool for characteriz-
ing symmetric transmission line sys-
tems, such as cables and connectors.
The odd impedance profile is ob-
tained from a differential TDR mea-
surement with two TDR sources of
opposite polarity; the even impedance
profile is obtained through a measure-
ment with two TDR sources of the
same polarity. In each case, only a sin-
gle TDR channel needs to be 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 other, or connecting them di-
rectly to each other and then connect-
ing them to ground. Once the even
and odd impedance profiles of the
differential pair are obtained, the
model can be easily computed.

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

1

L

(Zﬂm'mu. + and‘odd)

241

1
Lnitonl = E(Ze\en wven ~ Zodatodd)

% Lift =
ol Lodd Leven

20 Zoaq  Zeven )

t,
a - [ odd m..] 10)
s RPN R
From a practical modeling perspec-
tive, the capacitor and inductor val-
ues from Equation 10, for example,

A Fig. § TDR measurement setup for differential line characterization.

[Continued on page 78]
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A Fig. 9 Partitioning the impedance profile
waveforms in the symmetric coupled line
modeling window.

Fig. 10 Verifying the differential line model. W

LgfAl, may be computed if a
lumped model is desired. The above
equations also demonstrate that if the
mutual capacitance C,, Al is to remain
positive, it is necessary that

todd _ tewn o an

Zosa  Zewen
A model that does not satisfy this
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
TDR oscilloscope. The lines are
closely coupled. (The spacing to the
ground plane on the board was half
the gap between the lines.) The im-
pedance profiles for the same differ-
ential pair were shown previously.

After the data were acquired from
a TDR oscilloscope, they were
processed using the Z-line impe-
dance deconvolution algorithm in the
IConnect software. As mentioned
previously, two waveforms are neces-
sary to compute the impedance pro-
file: the DUT waveform and the ref-

SCX Ultraminiature

Coaxial
Connectors

(.145” max diameter)

®,
N\
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erence step waveform. The reference
step waveform for a differential mea-
surement can be obtained by con-
necting the signals on both of the dif-
ferential TDR channels to each other
and then to ground, if possible. When
using cables with SMA connectors,
the easiest way to achieve this mea-
surement is to connect the cables us-
ing an SMA barrel interconnect. Only
the waveform on one channel of a
TDR instrument needs to be ac-
quired; no additional adding or sub-
tracting of the waveforms in the
scope is necessary. The resulting even
and odd impedance profiles were
shown previously and, based on these
impedance profiles, the model for the
DUT is easily extracted. Note that
without the impedance deconvolu-
tion algorithm, the impedance pro-
files are subject to the multiple re-
flection effects in TDR oscilloscopes
and the impedance readout values
may not be correct at each point on
the TDR trace.

After the impedance profiles have
been computed, the impedance pro-
file waveforms are partitioned in the
symmetric coupled line modeling
window, as shown in Figure 9. The
distributed model is the most appro-
Friate in this case since the electrical
ength of the lines approaches or ex-
ceeds 1 ns. The assumption that the
even-mode delay is equal to the odd-
mode delay is somewhat difficult to
maintain, and the more accurate
four-line model is more appropriate.
When 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 the IConnect software. The
composite model complements the
extracted DUT model with the
source and termination that emulate
the TDR measurement source and
termination. Using an integrated in-
terface to a SPICE simulator, the de-
signer can simulate this composite
model and, based on the resulting
simulation waveforms, verify the ac-
curacy of the DUT model. Both
even- and odd-mode 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 50]
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A\ Fig. 11 The even and odd analysis
used to compute LC matrices
Jor the coupled lines.

with both even- and odd-mode stim-
uli are performed using an integrated
interface to a SPICE simulator and
the simulation results are compared
to the measured data.) It can be seen
that with the exception of the SMA
connectors, which are not part of the
differential line, the model accurately
predicts the signal propagation. In
addition, the connectors can be mod-
eled using the IConnect software’s
Tumped circuit modeling capability.

A simplified three-line model ‘also
can be used to model the differential
transmission lines if the difference
between the even- and odd-mode de-
lays can be ignored. In this model,
the even-moﬁe delay must be used
for the main lines, and the delay for
the line responsible for the coupling
in the structures must be adjusted to
achieve good match between the sim-

B TECHNICAL FEA TURE

accurately predict the propagati

a digital signal (hmugh a d.\ﬂ"erennal
transmission line pair. As a result, the
digital system simulation will predict
the system behavior more accurately,
resulting in higher performance sys-
tem designs. M
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TECHNICAL FEATURE

THE CORRELATION BETWEEN
THERMAL RESISTANCE

AND CHARACTERISTIC
IMPEDANCE OF MICROWAVE
TRANSMISSION LINES

Power dissipated in the center conductor of a transmission line causes an increase

in temperature, which is the determining factor in the power handling capability.

Mathematical solutions for the thermal re;
al solution of the characteristic impedance

to the outer conductor and the electr

istance of the center conductor relative

Zy are similar; however dielectric loss is not included and, therefore, makes the

similarity invalid. A simple technique is described that includes dielectric loss and

preserve:

similarity, thus achieving an overall correlation between thermal

resistance and Z, The technique is applied to many important practical

transmission line configurations.

he power handling capability of mi-
I crowave transmission lines is based on
the analysis of heat conduction in the
cross-sectional region between the inner and
outer conductors. The main parameter of in-
terest is the temperature increase T, of the in-
ner conductor with respect to the outer con-
ductor. Because of the linearity of the heat
equation, T, can be expressed as the superpo-
sition of two components:

To=Tote) + To(a)
where
Toe) = RoteiPe
To@)= Ro@Pa 0

Ty and Ty gy are the parts of T, caused by
the thermal dissipation in the inner conductor,
P, and in the dielectric, Py. Ry is the ther-
mal resistance associated with heat flow from
the inner conductor through the dielectric re-

gion to the external conductor. R,(g) is the
thermal resistance associated with heat flow
from the dielectric region to the external con-
ductor where the heat is generated in the di-
electric region due to dielectric loss tangent.
The distinguishing features of a given mi-
crowave transmission line are the cross-sectional
shape of the region between the center conduc-
tor and the outer conductor and the dielectric
material used. The analysis of the electric and
thermal fields in the cross-sectional region may
be very complex, particularly if the center con-
ductor has a different shape than the outer con-
n be more of a scientific in-
figation into the solution of partial differential
ations rather than an attempt at solving the

[Continued on page 85/
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Y 7ECHNICAL FEATURE

basic problem at hand. There are pub-
lications! that list standard transmission
line configurations along with solutions
usua.lly %\:amed by conformal map-

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

For the condition where the exter-

nal is 1 at con-

ping, but to the author’s k
there is no apparent general listing
in the literature of all types of config-
urations. The references on heat
transfer? 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 Z, and R). However,
expressions for Ry q) still are not
available. As mentioned previously,
power dissipated within the dielectric
will add to the temperature increase
in the transmission line. Accordingly,
R,(q) accounts for the temperature in-
crease due to heat generated from
within the dielectric and flowing to
the external conductor. This compo-
nent of the power handling capability
of transmission lines has only been
covered in the literature in one in-
stance — a Russian-language jour-
nal.3 This article uses the results of

stant temperature, it will be shown
that the overall correlation between
the thermal resistances R, and
Ry and impedance Z, does indeed
exist. It is not obvious that R,
would be included in this result.

THEORY — BEFORE ADDING
DIELECTRIC LOSS

It is known! that for the basic
TEM mode in the cross-section S of a
transmission line filled with dielec-
tric, the electric field is expressed by
Laplace’s equation:

A0=0 with 0|y, = 0, and 0|, =0
@

where

A = Laplace’s operator

¢ = instantaneous value of electric
potential at any point in the
cross-section S and a
two-dimensional function over S

Only TEMEX makes it happen.

America: 1.623.780.1995
Europe: +33 149 88 49 32
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The conductors forming the inner
and external boundaries of S are as-
sumed to have high conductivity and,
therefore, will coincide with the con-
tours of equal potential such as ¢ = ¢,
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 |y, = Ty and Ty, =0
&)

Since differential equations (Equa-
tions 2 and 3) have the same form, it
follows that ¢ and T are similar,
T_Tu

RN

and congruent,

()

§(grad Tl § (grado, i)l
RIS e

where

C = any contour enclosing the inner
conductor

=L
[=§y) axalife)
[zd szl

TEMEX

MICROWAVE |
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fi = unit vector, normal to the
contour, outward from the
enclosing surface

di= elemental length of the contour

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

Gauss’ Law provides for the last
step toward the solution of the trans-
mission line parameters. Keeping in
mind such relations as

s&]‘%-dﬁ =q=Co,,

\/7 and v=—o
LL

the relationship between the electri-
cal and thermal solutions becomes

o =-S5
¢

€8y

E=-Vo, Z,=

of Gauss’

and the thermal equiv:
Law becomes

ent

I

A 35 gradTifl=—5®  (6)
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where

g = thermal conductivity
esistance of the center conductor
1 = current carried by the center

conductor
1 U,
(ol o Skl
Zyv Zy

is the capacitance ’pvr unit length of
the transmission line.! Because of

Equation 4,
§ (grad o, i)d!
I e
T
= i
My
and
€€ Ty 12
i oD
ole) Cihy
= LW/E—LF ®)
PoTES:

The result of Equation 8 relates tem-

perature increase T, to the trans-

FOR

. ereless M/W R/F Circuit Board Applications

*FR4 o Ceramic
: . Completq
. ln-Hq!gg Photo Plomqgé‘l?estmg

pchenginéering.com

ion line properties such as Z and
Vi€ according to Equation 1.

THEORY — ADDING
DIELECTRIC LOSS

Heat dissipation within S due to
the dielectric loss tangent makes
Equation 3 nonhomogeneous. The
similarity between ¢ and T, which
was relied on in the previous section,
breaks down unless homogeneity can
be restored. With the inclusion of
heat ge ed in the dielectric re-
gion, Poisson’s equation is

9)

(the energy density of
dielectric heat loss for one
unit length of transmission
line in the area S)
Mg = thermal conductivity of the
dielectric
[Continued on page 88]
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® = angular frequency

= dielectric permittivity of free
space

imaginary part of the dielectric
constant (equivalent of loss
tangent)

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

E follows the definition

E =—grad ¢ (10)

o
|

(]
I

E =

The thickness 8, and thermal con-
ductivity A, of the inner conductor
sumed to be low and high, re-
ctively, so that the temperature
across the inner conductor is constant
and equ;ﬂ to the temperature in-
crease T,. It is also assumed that the
cooling of the external conductor and
8 and A,
the external conductor is at a con-
stant temperature as well. (It is evi-
dently the case that only unusual val-
ues of 8, and A, could not warrant
the constancy of temperature on the
entire area of the external conductor.
The microstripline with one-way
cooling? could be an example.) When
the region of the external conductor
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DISTRIBUTORS:
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is at a constant temperature, the
boundary conditions can be ex-
pressed as

Tly=Toand Tly=0 (11

eb
Following Yurov® and starting with
what is generally known as Green’s
first identity,

div(6 grad 6) = $A0 +|grad o [

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

ds) -

O grado)

\

wegEs ;. [ grad
= +(1\\L~

o Oy 0o
4
1

= Al —wee, (13)
\4 3

Equation 9 now can be rewritten in
homogeneous form as

A® =0 with ® |, =T, and ® . =

where

42,
(the electrothermal potential)®

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 of which provides the overall
boundary condition T, = Ty + To(a)
which now can be written as

To solve for the power dissipation
in the dielectric (analogous to P, for
the inner conductor), §(S) is integrat-
ed in area S. Use is made of the two-
dimensional form of the divergence

[Continued on page 90,
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theorem and, by introducing a cut,
the two adjacent sides on which the
closed integral cancels. In addition,

B = [ofs)s
a)ﬁzso j.d:v ) gracwa)ls

§(¢gmd¢,n)d1

§(¢ grad o, ﬁ}il
o

Oec

"

+ n

|l
-~
-
H
bod
(-1
=

75

1
O f(aradoipl
o

g, (grado.f)d

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

08,80Cy. DEart g8
e

P=
7 e

(16}

Inserting the expression for C,, the
main result becomes
it Zof P

p Bl
T e

For most transmission lines p) = 1,
and so

= 120nQ (18)
Comparing Equations 17 and 1,
Ryo = MZ, a9)
Roa) = %Racv (20)
where
i

120mhy

(the scale factor dependin; fg on
the physical parameters of
dielectric, but not on the form
and size of the feeder line)

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

920

A Fig. 1 The crosscut of some transmission lines.

when the inner and external conduc-
tors are the equal potential and
isothermal surfaces, and the potential
and temperature boundary conditions
are alike.

Figure 1 shows some cases of us-
ing the correlation found in Equation
19 that will be reviewed. The first
case is a coaial line with conductors
of round cross section with radii ry
and 1y (r; > rp). An exact expression
for this case is!

Z 1
= L
Zo\e; ol

Thus, in compliance with Equation 19,

I

L)

= I
52,7 SR 1S

which is in agreement with the fa-
mous expression for the thermal im-
pedance.2

The coaxial line with the conduc-
tors of square section having the sizes
of the arm of the square a; > ag is the
next case. The exact expression for
Zy\e, obtained using the conformal
transformation is!

where
K(k) = full elliptic integral of the first
type

The value K/K' is identified in the lit-
erature.! For the situation in question,
Wong? recommends the expression
Ry =

e [l & 0.054} A1

2mhy (- ag ag
The departure of the calculation re-
sults produced by the formula for
Ry () from the exact result is § = 3.3
to —6.6%. When aj/ay — 1, this for-
mula becomes meaningless.

The main round conductor of the

1o radius coaxial with the external
conductor, made as a regular polygon
(n-number of arms) with each arm
equal to a, is the third case. For this
situation an approximate formula that
exists in the literature? is

e ln[(O 18n - 0.19)%]

(The accuracy is not taken into ac-
count.) Multiplying the above equation
by Zhg yields the expression for the

Zy\ey.
Z{f}/ﬁ

5

Ro(c) e

[Continued on page 92]
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B TECHNICAL FEATURE

exists in the literature! only for n = 3,
4, 5 and 6 and there is no equation
for design.

The symmetrical stripline with the
strip of zero thickness is the final case.
The distance between the ground
planes is 2H and the width of the strip
is 2a. In the literature! there is an exact
expression for ZyVe;, which can be
transformed using the equation for ZA,
after dividing by Ry such that

1 K(k)
R ==y
4k 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 number of
others that do not fit the examples of
the crosscut for which there are exact
data,! there is no such information
available in the literature.2 Therefore,
the way it was shown in the examples
(using the correlation of Equation 19
and equations or tabs that are well
known in microwave engineering for
calculating Zy) helps to provide at
least one of the following results: to

KEY FEATURES
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* SRF'S TO 50 GHz
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determine the unknown correlation
for calculating Ry, to expand the
scope of parameters in which the val-
ue R, can be calculated, to provide
an approximate gauge for estimating
the accuracy of the approximation
models for calculating R, and to es-
tablish the expression for Ry, in a
new form.

On the other hand, the correlation
of Equation 19 could be used for es-
tablishing a new expression or elabo-
rating on the approximation expres-
sion for Z, based on the solutions for
Ry(c) (see example 3). It should be
stressed that in case the exact calcula-
tions for Z; and R agree precisely
with the coefficient ZAy~e;, the ap-
proximate solution for Z, and Ry 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 Z,
have been obtained from the exact
calculations using the approximation
of the elliptic functions in Gunston;!
however, in Shiffert it was ob-
tained using the exact solution of the

APPLICATIONS
* GaAsIC's/ MMICs

* MICROWAVE CIRCUITS
 BYPASS /DECOUPLE

Camarillo, California
TEL 805-389-1166
caps.com
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equation of the thermal conductivity
for the thermal equivalent’s approxi-
mate model.

The thermal equivalent comprises
simple physics principles and the
equation for it is easily determined in
comparison with virgin systems of
bodies, especially when there are
multiple systems having a simple
form and the error of the solution
happens to be acceptable for practice
(and can be estimated beforehand).
In this way, using the correlation of
Equation 19 when deciding the prob-
lems connected with microwave engi-
neering and thermophysics can en-
rich these fields.

Consider one more method of ex-
pressing T, that is comfortable for
practical calculations. From Equation

T, =ZoM@a, + aP  (

0y and 0y are the decrements caused
by the losses in the inner conductor
and volumetric losses in the dielectric
area (Neper/m), and P is the average
power in the cut area of the strip in
question. Decrements o, and oy
were used in Equatior eferring to
their definition:

Using Equation 22, T, is calculated
for the line with unknown factor oy
by taking into account theoretical and
experimental data for total loss oy
such that

Oy =0 + 0y (23)
To determine T,, Equation 22 is
transformed keeping in mind that all
transmission lines with the basic
TEM-mode yield

_ Oy,

TyE t,8
Zoey

(24)

[Continued on page 94
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one and a half to two times because
of the approximation of the calcula-
tion. Table 1 lists examples of the
power handling capabilities of various
transmission lines.

CONCLUSION
The connection between thermal
i and i dance has been

Hexagon
Coasial Line

Stripline.

A is the length of the wave and t, is
the dielectric loss tangent of the ma-
terial, filling the line

T, = ZOI[Zuz s m‘finP
or
€ £,
T, =ZM| 205 7#

(25)
Two more cases will be examined us-
ing the results received.

Case 5 involves the central circular
conductor of the ry radius coaxial
with the external conductor that is
made in the configuration of the reg-
ular heptagon with the arm a. The
approximate formula for R is writ-
ten as?

Ry = oy ln(l 07 g)

Making use of the correlations of
Equations 19 and 20 yields

n\/— ]n[l 07— )

R Inf 1.0°
2 47\d n[ lfo]

Thus, the value of maximum overheat
with the help of Equation 21 yields

B [m{w/—ﬂ(n%m]

When the decrement of the oy line
(obtained theoretically or experimen-

9

tally) is known, the total allowable
power P, that the strip can hold out
is defined if the top allowable
overhead is equal to TP (for exam-
ple, from the thermal condition of
dielectric):

. A T

max =

TyE 1,3 ( _a
2 — fout?
20ty 2 ln\l.()« c

Case 6 involves a symmetrical
stripline with the symmetrical cooling
of the ground planes. The exact val-
ues of Z; and o, are known for this
line as

30mK (k)

where

K(k) = full elliptic integral of the first
type

The connection k, k', C; and C; with
the sizes of the line and the e res-
sion for o are provided by Shiffer.4
Therefore, the exact expression for T,

using Z and o, is
n\/; t,0
o e

o

e
aagK(K)|

S

(26)

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

It should be noted that Shiffer*
provides only estimates

reviewed. The scale factors depend
only on physical qualities of the di-
electric material. With the help of the
scale factors using known solutions of
the electrodynamical task, all imped-
ances that are necessary for calcula-
tion of thermal behavior can be de-
termined. Moreover, if the thermal
resistance is known, it is possible to
calculate the wave impedance of the
microwave transmission line. The ex-
act correlation that is obtained allows
the calculation of maximum overheat
of the inner conductor T, compared
to the field in the known case. In ad-
dition, the wave impedance Z, and
the losses in the inner conductor Py,
and dielectric Py can be determined
along with the decrements o, in the
conductor and o in the dielectric
and the theoretical or experimental
value of the full decrement c;s. B

]
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IMD PRODUCTS AND
SPECTRAL REGROWTH IN
CDMA POWER AMPLIFIERS

Many articles are devoted to spectral regrowth in wireless communication

The most unpl t conseq

power amplifiers (PA) at high output power levels due to the nonconstant carrier
noelope in many digitally modulated co ication formats. This article
considers the nonlinear effects’ influence on the spectral purity of an entire

system utilizing the pseudoreal shapes and pseudorandom data streams of input

es are created by nonlinear effects in RF

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 behavior of 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 valuesof spectrat regrowttrimposed by the RF
PA nonlinearity at frequency offsets specified in CDMA standards. Measurement
data for a wideband CDMA (W-CDMA) format are presented

as well.

t is known that the output power of each

phone channel of a digitally modulated

wireless communication system has a sta-
tistical nature. Moreover, most of these sys-
tems have an approximately log-normal power
distribution.! Consider an RF PA driven by a
statistical signal with an input power probabil-
ity distribution function g(Py,). It would be
correct to refer to g(Py,) as the density of
the power probability distribution function,
but conventional terminology will be used.
The average value of the input power is
defined as

P, = T P, g(P,,)dB, a

where

P,, = instantaneous value of the input power

in

The instantaneous power of the PA is

P, =GP, @
where
G = power gain

The average value of the output power is

Befradbilen . 5

where

g(P,y) = probability distribution function for
the output power

[Continued on page 98]

OLEKSANDR GORBACHOV
Hexawave Inc.
Hsinchu, Taiwan, ROC

MICROWAVE JOURNAL = MARCH 2000



10MHz to 7GHz AMPLIFIERS .S 995

From amateur radio to cellularto satelite applications, ~ SPECIFICATIONS

Gain {typ) Max. Dynamic Range Price
with medium outout  power up to 17dBm, Freq  Mdomd Flat  Pogl  (Typ @20Hzd) iy
Mini-Circuits versatile ZJL and ZKL connectorized  Model MH)  (0B) («dB) (@Bm)  NFOB) PaEm) ImA® (19

amplifiers offer the broad range of choices zis6 205000 90 055 150 85 320 80 12995

i ZIL-76 20-7000 100 1.0 80 50 240 50 9995
designers demand for achieving high system  Zy%6 7640 134 @82 135 25 %2 % e

performance goals. Ultra-wideband models %JL—SGG 206000 180 1.6 90 45 530 50 11495

i i JU4HG 204000 170 15 150 45 305 75 12095

deltvev' gain ranging from 9 to 40dB and IP3 7-20°  S088 170208 08 28 e % 1145

s b to +32dBm. But beyond the performance. oy woam0 200 w07 180 B0 0 120 14088
and reliability bum into these miniature 12V amplifiers lies z«2Rs 102500 300 415 150 50 310 120 14995
51 ZKL2 102000 335 10 150 40 310 120 149.95

another important feature, the low price...from only $99.95! RaRe . Hoa%00 . oo TRl s Bl W drie

Call now for fast delivery.

> 1.Typial et 1dB compression.
Mini-Circuits...we’re redefining what VALUE is all about! g /Z&L ng@”@e ‘specfied at 1GHz.
. Al it af

[JMini-Circuits B

CLE AEADER SEAVICE CARD
P.0. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hittp://www.minicircuits. com

For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE * EEM « MICROWAVE PRODUCT DATA DIRECTORY * WWW.RFGLOBALNET.COM

e s e



http://www.minicircUitS.COm
http://WWW.RFGLOBALNET.COM

MCN/MPC
Youp ONE SOURCE

FOR MicrRoWAVE CRCUTS

For Fine Line Efching
with folerances to .0003",
Complex Plating/
Maichining, Laser Cutting,
Muttilayer/Hybrids,
or Metal-backed Boards
including Plated thru Holes -
Modular Components National/
Maryland MPC is your
one source for Microwave
Circuit Boards.

MODULAR COMPONENTS
NATIONAL, INC.
2302 Industry Court, X

98 CIRCLE 122

—— THEORETICAL - - - EXPERIMENTAL

1 The input power spectrum
for a power amplifier.

The input and output powers are
Y b it ionak N s

and thus their probabih’tiesj must be
equal such that

Py, dPy, = g(Poy)dPyy  (4)
The output power probability distrib-
ution function then becomes

(5)

(mn} g( ]

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,

¢(F{aBm]jar{aBm] =
g[P[mw])ap[mw] ®)

] =ofan) o]

dp[mw]
PldBm] = 10logP[mW]| ()

dP,,

dP[dBm] 1
dp[mw] In10ePmw]

= (9)
]2 )
10)

For the average input power

- TECHNICAL FEATURE

[mW] =
Ie.
0

=4.342945:{ P, [dBum])dp,,[mw]

mW]g(P,, [mW])dp,, [mw]

(11)
The average output power is

P, [mW]=

_[ By [W]g(By, [mW ), [ W]
j B, [mW]g(P, [mW])ap, [mw]

=4, 342945]' ;L[[;“\\:/_']]
og(P,[aBm]jap, [mw]

= 342945j 3

.o

= 4.342945} G, (B, )dp, [mW] (12)

[mw])

B o]

0

The function G, = G(P;,)g(P;,) 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 G, is convenient
for the graphical consideration of
Equation 12 and directly represents
the contribution of the input signal sta-
tistics and gain characteristics of a PA
at each drive level to the average out-
put power. The square described by
the curve G,(P,,) and P -axis is equal
to the average output power with an
accuracy coefficient 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(P,[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 rec-

[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. Tt 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, the
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
df is expressed as

fPu) P, =

g 0“.)Edf e )

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

), -

gP () T dfyde,, (14)

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

g(IMD)—Al? . l{ df, df,diMD =

g(lMD)[ ]dt df,dIMD  (15)
[Continued on page 102]

MICROWAVE JOURNAL = MARCH 2000


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

When you need Clarity and Power

Stanford Microdevices is the clear choice.

When clarity and power matter most,
Stanford Microdevices delivers.

Stanford Microdevices, Inc. (SMI) is a leading supplier of RF

SPECIFICATION MATRIX

integrated circuits for the wireless and wired te
markets and a supplier of choice of OEMs worldwide. Stanford
Microdevices continues to be on the industry’s leading edge
because of 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 of +36dBm and 15.5d8

of gain at 900MHz. Pricing on the SGA-6386 is $1.21 in quantities
o 10,000 pieces with availability from stock to eight weeks

www;stanfordmicro.com
Make us your home page!

SGA6286  SGA-6386 SGA-6486
SGA-6289  SGA-6389 SGA-6489
Frequency (GHz) DC3.5 DC-3.0 DC-1.8
Gain (dB) 138 154 187008
TOIP @Bm) 340 360 WO
P1dB (dBm)
N.F. (dB)

Supply Voltage (V)
Supply Current (mA)

Al data measured at 1GHz and is typic

SiGe HBT MMIC t ) sovespakage
features include: &
M Cascadable 50Q M +20dBm 1dB Compression Point

W Single voltage supply
W High output intercept

M Low current draw

M Low noise figure \
86 package

[=2 Stanford

=J Microdevices

1-800-764-6642 u.s. woiFree
We Deliver RF Innovation  1-408-616-5400 outside u.s.

©2000 Stanford Microdevices. All company and/or product names are trademarks and/or
registered trademarks of their respective owners.



http://www.stanfordmicro

Model 9640
Dual HF Receiver

Frequency Range — 0.56 to 32 MHz
Instantaneous Bandwidth — 10 MHz
Noise Figure — 10 dB Maximum
Gain— 48 dB 2 dB
Synthesizer Control — RS-232C Interface
Synthesizer Tuning Speed — 100 ps Maximum

Frequency Synchronous or Independent Operation

Interad Lid.
8020 Queenair Drive » Gaithersburg, MD 20879
Phone: 301-948-7172 « Fax: 301-977-7559
E-mail: interad @ pop.erols.com

CIRCLE 57 ON READER SERVICE CARD

Call for Book and Software Authors

You can enhance your professional prestige and earn
substantial royalties by writing a book or a software

package. With over 400 titles in print, Artech House is a
leading publisher of professional-level books in microwave,
radar, and telecommunications. We are secking to publish
new microwave engineering books and software in such areas
as wireless communications, microwave and RF device
design, advanced radar and antenna design, semiconductors,
electromagnetic analysis, and more.

We are currently seeking potential authors among engineers
and managers who feel they can make a contribution to

the literature in their areas of expertise. If you have
published technical papers, conducted professional seminars,
or solved important real-world problems, you are an
excellent candidate for authorship.

We invite you to submit your manuscript or software
proposal for review. For a complete publications catalogue
and Author’s Questionnaire please contact:

Dr Julie Lancashire

Artech House Books

46 Gillingham Street

London SW1V 1AH UK

Tel: +44 (0)20 7596 8750
jlancashire @artechhouse.co.uk

mArtech House BOOKS soston - towoon

P

o il bt SR R

_;cmwcu FEATURE

IMD frequency offset os. power spectrum frzquenty offet.
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),
w Af, AL,
o= | | J MDYy n»u))( ] dfdEAIMD  (16)

o AFy A,

The frequency spacing within which IMD products are
defined is calculated using

forIMy:  Af, = ﬁ,-zms[muz] a7)
Ay = ﬁflzﬂ@[m{z] (18)
forIMg:  Af, = 19)
Af, = w[\m ] (20)
where

£y = offset from the center frequency of the spectrum at
which the spectrum regrowth is 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 IMj is defined at rhe
spacing 3.182 to 3.639 MHz and IMj at 1.591 to
MHz. The difference in spacing is quite small and v
IMD products inside these margins alter less than 0.
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
w Af, AT,
IMD = _[ J' j IMDg(IMD) s [ t] df,df,dTMD

—o AF Af,

JMT + [ tMpgIvMD)IMD

(21)

[Continued on page 104]
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The function

F{a) = [Ar, Aﬂ]

plays the role of a weighting coeffi-
cient for the IMD average power val-
ue at different offsets and its shape in
decibels was shown previously by the
solid line for IMj and by the dashed
line for TMs. For IMjy F(5.23) =
-19.05 dB and for IMy F(5.23) =
~13.81 dB. The spectral components
at different offsets f, may be repre-
sented in the simple additive form in-
cluding the noise Ny, at the output of
the PA such that

IMDy =M + M5+ ... +Np
(

22)
where the individual IM components
are calculated by Equation 21. Usual-
ly IMy is much higher than other
IMD components and the value
19.05 - 13.81 = 5.24 dB is the addi-
tional measure of how close I nd
IM; components are at 5.23 MHz
frequency offset measured at the
slpacing determined by Equations 17
through 20. Excluding the weighting
function F(Af),

IM[mW] =
IIMn)[mW]g{IM3[m\’\'])dIM‘;[m\\']

= IIMS[m\\’]g(Pm [mW])ap, [mw]

isene [ IMs[mW]
74.342945.[—m[mw]

o g(Ba[dBm]jdp,, [mw]
= 4.342945}: (P [mW, )
og(P. [dBm])d [mw]
=4.342945'[’lj,1,dP|"[ln\\'] ©23)
0

The function T3(P;,[mW]) =
IMy/P;, is the transfer function for
IMs. The function T, = T(P;)g(P;,) is
called an amiliary transfer function
for IMD. The physical meaning of T,
is that the integral from this function
is proportional to the IMD product at

104

a given frequency offset f,. Analogous
to the function G,, T, is very conve-
nient for the graphical consideration
of Eq\mtmn 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 fo.
Considering curves T, vs. Py, a cir-
cuit may be tuned to decrease IMD
products at input power levels that
contribute significantly to output
power spectrum distortions. A can-

lation effect utilization? is very at-
ve for this kind of pmcedurr.
nally, the power spectral compo-
nts at different frequency offsets f,
alculated as

p(f,) =10 log [dB} (24)
wher( IMDy; is defined by Equation

P,y by Equation 12. The
ristics consideration is
assumed to be eliminated because
they are implied in self-evident form
by IMD product me . No

differ substantially. Sample 1 has a
single-tone Pgp = 30,9 dBm and
small-signal gain G = 30.8 dB, sam-
ple 2 has Pygy = 309 dBm and Gy, =
29.7 dB, and sample 3 has Pygp =
28.2 dBm and G = 31.5 dB. The
phase characteristics start to shift at
the hard saturating region and are not

tion of IM; and the chavp ~lope 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 G(P;,)
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

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
AM-PM conversion to the spectral
regrowth is negligible in comparison
with AM-AM conversion even for
high values of phase variations.®

CALCULATION RESULTS
The method proposed has been
verified for the model HW3238
three-stage GaAs hybrid PA modulet
destined for W-CDMA system use at
3.4 to 3.5 GHz. The typical depen-
dence of IM; 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 IM; 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
MHz spacing M varies less than 0.5
dB. Even at 5 MHz spacing IM; dis-
plays an accuracy of less than 1 dB.
Figure 4 shows two-tone gain and
IM; characteristics measured at fy =5
MHz vs. output power for thre
ple PA modules. The characte

A Fig. 3 Measured IM; vs. output power
for different frequency offsets.

Fig. 4 Two-tone gain and IM; vs. output
power for three different power modules. W

19 21 23 25 27 29 31

[Continued on page 106]
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A Fig. 5 Cumulative distribution function
(CDF) of the input signal.

Fig. 6 Calculated output power spectral
component values at 5.23 MHz offset. W'

values u

II\

L

L

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 IM; 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. P, 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-
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A Fig.8 Spectral
real noise lecel.
Fig. 9 The normalized experimental output
power spectrum of sample 2. W

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 taking 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
els. Normalization is provided at P
(5.23 MHz). The theoretical curve of

a weighting function F(Af) is present-

8 dBm . - +Poyt = 22 dBm

tion from a straight line be seen due
to the perceptible cancellation 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 IM; of
sample 3 for different drive levels at
an rms power change of 4 dB. The
cancellation 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.

ed as well. Tt can be clearly observed
that good agreement between mea-

and theory is achieved at
4.2 to 5.6 MHz frequency offsets.
The upper frequency limit is restrict-
ed by the noise of the PA and by the
IM; 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 concluded that by using the
proposed method it is possible to calcu-
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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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 PAs
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), /4-differential QPSK,
quadrature amplitude modulation and
orthogonal frequency-division multi-
plex.356 The method works better

Electronics Inc.
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980 NORTH COUNTY ROAD 427
LONGWOOD, FLORIDA 32750

PHONE: 888-FONEJSM
FAX: 407-831-0087

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, sufficient 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, tig 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. M
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THE Z-DOMAIN METHOD
FOR ANALYSIS AND DESIGN
oF HiGH ORDER DIGITAL
PHASE-LOCKED LooPS

ntil now most phase-locked loops
| ' (PLL) have been analyzed using

S-domain techniques and designed us-
ing analog circuitry. The purpose of this article
is to provide the system designer with the nec-
essary tools to analyze PLLs using Z-domain
methods and desi LLs using digital cir-
cuits. Analog PLLs can drift with temperature

ponent characteris
by shock and vibration. An all-digital PLL
liminates these problems and enh sys-
tem reliability. With the advent of nume; ly
controlled oscillators (NCO), advances
speed and density of field-programmable
gate arrays (FPGA) and other digital applica-
tion-specific ICs (ASIC) and digital signal
processors (DSP), digital PLLs can be easily
implemented.

SECOND-ORDER PLLS
This article begins with a basic review of
second-order analog PLL theory and design.

The Z transformation 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

(1)

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

Si 2
R =S~ somt =

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

A Fig. 2 An analog type 2 filter.

[Continued on page 112]
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A Fig. 3 Adigital type 2 filter.

function for the loop filter:

(3)
where
o
R1
K2 = sl
CR2

T, = sampling period of the filter
The digitized form of the type 2 filter is shown in Figure

3. Replacing the VCO in the type 2 PLL with an NCO,
the Z-transfer function becomes

KPF(V]K‘,[ 1 ]

H(z)= @)

N F

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

H(z):
KK, T(K1-K2)z

povis

. &T‘(Kl -K2)

(kK K1)
KK, T,K1
N

(5)

Equation 5 can be compared to the well-known char-

acterized and Z-transformed control theory second-order
closed-loop transfer function

1

(—2m‘,§Ts + T )z’l +920, (T2

H(z)= (

1-20,0T, + mﬁTf)z 2 (24 20,01, )2 +1
6)
where

®, = natural frequency
{ = damping factor of the PLL

[Continted on page 114]
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Equation 6 allows K1 and K2 to be
defined in terms of @, and €. Thus,

K K, T.K

=20,(T,

-20,(T, + o,

Solving for K1 and K2 results in

Equations 7 and 8 completely
characterize the design of a second-
order t\‘pe 2 digital PLL. In practice,
a PLL is used to lock onto an incom
ing reference signal or

The designer also can specify
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
imately one percent of the ref-
erence signal, that is

i
100

9

As shown by Gardner,! the natural
frequency @, is related to the loop
Immlmdtl. I»\ the following relation-
ship:

o= 10)

4L

The damping factor { is typically

0.707. The phase comparator gain K,
depends on the phase comparator
type. NCO gain K, is defined as
2nF,
== ok (11)

K- nco

0_bits

A Fig. 4 Atype 4loop filter.

where
F,

nco_|

NCO clock rate

= number of bits in the
NCO phase comparator

n

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 Appenlh:
A. The design is for a PLL circuit
that locks onto a 1 MHz reference
and multiplies it by 10 to generate a
10 MH 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)=

In third-order PLLs, T4 = 0; in
fourth-order PLLs,
s 1d 13
10

Following Przedpelski’s? optimization
of third-order PLLs method, the time
constants are derived from the open-
loop transfer function

_ KK, (_leZ 1)
joT3+1)

(14)

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
¢ is typically 0.707;

in third- and fourth-
order loops the
phase margin ¢ is
typically 45 From
Equation 14, the

[Continued on page 116]
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phase of the open loop is

A Fig. 5 The open-loop phase response.

cof o1 10
*
&
A Fig. 6 The open-loop
amplitude response.

AMPLITUDE A(f)(dB)

o
A Fig. § Simulation of the fourth-order design example.

116

The open-loop response has an in-
flection point at the unity gain fre-
quency fo. 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 ®
and setting the result to equal zero, a
solution can be found for @y,

~(12+13)(1+1

1+ T2’ T3 0" +(
=0 (16)
Solving for ay, produces

3)

Wy = an

(T213)

Solving Equations 16 and 17 simulta-
neously for T2 and T3 results in

e

an(¢ fan(0) +1

t()V[Ef()U
(18)

— tan| 1 un@l 1

i CORD
(19)

Figure 6 shows a typical open-loop
amplitude response. The gain of f,
(the phase inflection point) should be
1. Therefore, setting Equation 14
equal to 1 and solving for T1 results
in

KK, (joT2-1)
NTlo? (jmT3+ 1)
As stated earlier, T4 is defined as

_18

10

Tl= (20)

T4 @1)
DIGITIZING HIGH ORDER PLLS

Converting Equation 12 to the Z
domain results in

)7 a,z’l
st
(ol
14zt (as-1)z" +1
(22)
where
2]
a, =

2 2l 218 2l

T, is the loop filter sampling period.
Equation 13 represents a fourth-or-
der digital loop filter. The structure is
shown in Figure 7. Appendix 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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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-
tons, vibrations or shocks, and digital
implementation can be easily
achieved with DSP algorithms or
FPGA/ASIC designs. B
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| APPENDIX A
SECOND-ORDER DPLL
. Input Parameters

IGN AND ANALYSIS WITH MATHCAD
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APPENDIX B
 FOURTH-ORDER ANALOG AND DIGITAL PLL DESIGN
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Fig. 1 A traditional VNA
calibration procedure
using a short circuit, open
circuit and matched load
calibration kit. W

i

APPLICATION NOTE

A SIMPLE AND EFFICIENT
WAVEGUIDE CALIBRATION
PROCEDURE FOR A VECTOR
NETWORK ANALYZER

Modern vector network analyzers (VNA) can be calibrated for measuring
scattering parameters of waveguide circuits without the need for an expensive kit
of standard waveguide components. It is possible to specify the quality of a low
reflection load by using a sliding matched load of lower quality and, therefore,
use it as a standard circuit. Similarly, the VNA can be used as a
transmitter/receiver for measuring geometrical parameters of a reference circuit
from which a standard open circuit can be specified.

NAs are generally calibrated before
use with a kit of three standard circuits:
short circuit, an open circuit and a
matched load. The accessory kit is typically a
couxal kit supplied with the main equipment.
A separate kit, shown in Figure 1, is re-
quired when the VNA is used for measuring
complex scattering parameters of waveguide
circuits. These kits are available from many
manufacturers; nevertheless, they are expen-
i ve even though they can be
constructed by any user who
has some technical background
in microwave engineering. The
aim of this article is to discuss
how a VNA user can build a
standard waveguide kit at a low
cost and specify it over a given

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-
monly 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.>
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 Tt is also easy to con-
struct a waveguide matched load by progres-
[Continued on page 125]

range of frequencies. The pro-
cedure avoids the use of any
complicated methods, such as
line-reflect-match or line-re-
flect-reflect-match, which have
been developed for very broad-
band VNA use.!-4

GEORGES ROUSsY, BERNARD DICHTEL
AND HAYKEL CHAABANE
Université Henri Poincaré, Laboratoire
de Spectroscopie et des Techniques
Microondes
Vandoeuvre les Nancy, France
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B AprLICATION NOTE

sively introducing an absorbing mater-
ial in the waveguide.” A short circuit
can be made with a single metallic
plate closing the flange, and an open
ciruit can be obtained with a A /4 dis-
tance-shifted short circuit.

All of these circuits can be used to
calibrate the VNA. It makes sense to
assume that the short and open cir-
cuits have no loss between 2400 and
2500 MHz if the flanges of the guide
are mechanically well dressed and
well soldered. However, the open cir-
cuit is not perfect between 2.4 and 2.5
GHz because its phase, impedance
and complex reflection coefficient are
a function of frequency and of the in-
side dimension a and length D of the
eguide 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 coefficient of the
open circuit depends on frequency,
such that

p’=—exp-jn

where

¢ = speed of light in vacuum
9,79 km/s)

If D and the waveguide cutoff fre-
quency @, are known exactly, the val-
ue of the coefficients Cy, C, Cy and
C; that specify the open circuit can
be calculated as the Mac Laurin se-
ries of the capacitance vs. o;

Cy+C0+Cy0° +Ca0° =
0.02

(l)[‘, _1[ = V“’ ‘

/

This calibration is reccommended and
explained in the VNA user’s guide.®
Thus, by assuming that the constructed
matched load has a low reflection coef-
ficient, 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 1.eed not be known; their
defects are included in the calibration.

REFINING THE PROCEDURE
The accuracy of the VNA mea-
ed by refin-

surement can be incre

ing the specification of the standard
circuits.
Respecifying
the Matched Load Circuit

Assume that a matched load is
moved in a waveguide. Its complex
reflection coefficient 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 coefficient of the
matched load, which was used origi-
nally for calibrating the VNA. Figure
2 shows the constructed 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

A Fig. 2 The sliding matched load.

Fig. 3 A plot of the sliding matched load as @
function of the displacement. W'
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W APPLICATION NOTE

IRIS L (=26 em)
()

A Fig. 4 VNA measurements for respecififing the open circuit with an (a) waveguide length L

section and (b) resonant cavity of length L.

Smith chart. The residual |p?| of the
matched load is p3y = 5.10-3 exp
— j42° The data plot also illustrates
the high accuracy with which the low
reflection coefficient can be mea-
sured because the scale has been
magnified around the low values of
|p°l, even if the VNA has not been
calibrated. The resulting pg; can be
used to specify the matched load as a
standard matched load for recalibrat-
ing the VNA.

Respecifying the Open Circuit

Refinement of the C; 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 aperture) between the flanges
converts 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 calibrated. Let 0, (@9, ®,3,
®,) be the frequencies of the TE;q,
(TEjgp. TEjq5 TEq) resonant
modes. The cutoff frequency of the
TEy propagation mode (which char-
acterizes the dimension 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

MICROWAVE JOURNAL ® MARCH 2000

as

FNRLNE
el (n
0

From the optimized values @, and
L, the phase (arg p°) 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 @, and L can be
obtained with a relative accuracy of
+10-4, and the agreement in phase be-
tween the measured and calculated
values is £0.5° As a consequence, a re-
fined list of C,(®) can be determined
and used for recalibrating the VNA.

Determination of C;(®) of the
open circuit does not depend on any
geometrical measurement, but only
on frequency measurements. The
VNA is used as a t itter/receiver

“Okay, what about a
PCMCIA

compatible VCO
for a WLAN project?”

Again.

for characterizing a chosen second
reference circuit. Of 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 than the VNA itself.
It should be applicable in many cir-
cumstances other than the VNA cali-

[Continued on page 128]
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bration for providing reference cir-
cuits, for directional coupler mea-
surements or for permittivity mea-
surement of industrial materials.?

CONCLUSION

This article has presented a VNA
waveguide calibration procedure. Al-
though the procedure is not especial-
ly new, it is very accurate and re-
quires only some simple and inexpen-
sive waveguide components. B

e
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Fig. 1 The universal power ¢ |

sensor’s block diagram. W'

130

COVER FEATURE

ower is a fundamental measurement
Pthat has been made by RF engineers

ince the first days of radio transceivers.
The basic theory of accurate power measure-
ments has not changed since tEﬂt 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 CW signals or carriers with relatively
narrowband modulation schemes. The intro-
duction of wide bandwidth modulation
schemes including CDMA, high definition
levision, direct audio broadcasting and satel-

A UNIVERSAL
POWER SENSOR

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 ML.2400A and
ML2430A power meter series, the model
MA2481A universal power sensor has a conven-
s fast response time and low
power sensitivity as well as a 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 sensor’s block diagram.

[Continued on page 152]
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55 -50 45 40
INPUT POWER (dBm)

2 Minimum number of diode
detector averages to ensure
measurement accuracy.

MEASUREMENT TIME (ms)
N
3
//

1000
TR
-55 -50 -45 ~40
INPUT POWER (dBm)

The universal power sensor’s 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 < 20 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
asily corrected without ad-
ly affecting the true RMS accu-

On the other hand, the
of element 1 to element 2

and element 2 to element 3 were
made so that large square law over-
laps exist between the crossover
1

z

= I )

g 1 1

900t |

g 800/
1 \‘

e

= 5 50 30 10 10
INPUT POWER (dBm)

A 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 element’s lower 30 dB pu\ver
levels, measurement i

Since wideband 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 temperature and frequency

is T
quired to accurately pick out the de—
tected voltage from random noise volt-
age. This averaging significantly im-
pacts measurement speed, as shown in
Figures 2 and 3.

har istics. 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,
VDhase Controlled, Linearized Voltage Control-

jtally Controlled and Digital Diode At-
lenuators

PIN DIODE

SWITCHES

+ Broad & narrow
band models

* 0.1-20GHz
- Small size

« Custom deslgns

ﬁ

SPST thru SP8T and Transfer

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
SMA connectors are stan-

1usec.—30nsec. and
dard. Custom designs lncludlng special logic in-
ages, connectors and package styles

are available. Al swnlches meel MIL-E-5400

PIN DIODE

PHASE SHIFTERS

+ 0.5-20GHz
+ Switched Line

+ Varactor Controlled
+ Vector Modulators

« Bi-Phase Modulators
+ QPSK Modulators

+ Custom Designs

SUBASSEMBLIES

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  ©
PO. Box 718, West Caldwell, NJ 07006

(973) 2269100 Fax: 973-226-1565
E-mail: wavelineinc.com
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A 2°C CHANGE FROM 25°C
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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.

similar to data from a standard diode
sensor. When the power meter is
switched to a CW measurement
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-

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 I lists
the specifications for the sensor. Be-
cause the universal power sensor al-
ready has the same hardware as a
regular diode sensor, the least attenu-
ated element of the sensor is fully
characterized and data stored in the
sensor’s electronically erasable pro-
grammable read-only memory are

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
price and availabi]jty information.
Anritsu
Morgan H1| CA (800) 267-4878.

Circle No. 302

MICROWAVE JOURNAL = MARCH 2000


http://www.mwjoumal.com

Improve Your
Dynamic Range =
a Notch or Two

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 affecting the
balance of the reception band. This allows receivers to operate 3
Notch Shape Factor:’ 81
with reduced front-end attenuation and less AGC. The result is Notch Depth: 25dB
Passband Gain: +2dB+ 1dB
VSWR: 151
analog to digital converter over-range. Now you can set the range Impedance: 50Q

improved reception and near elimination of de-sensitization and

of receivable signals by the receiver's sensitivity or noise floor, www.sigtech.com/systems/nf1

rather than the strongest in-band signals. _

TECHNOLOGY CORPORATION
SYSTEMS OPERATION
37 Sutton Road, Webster, MA 01570 + 508-343-7440 « Fax 508-943-1804

www.sigtech.com
CIRCLE 152 ON READER SERVICE CARD

To learn more, visit our Notch Filter web page at

www.sigtech/systems/nf1.
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® RF and ¥
This enhanced Phase TV Web site offers a
broad range of categorics,
data sheets, new application note
ment opportunities and product overviews.
The site represents the company’s ongoing
efforts to keep customers informed regard-
ing its continually improving production
processes to meet market demands for
world-class performance and short time to
market.

Alpha Industries,

20 Sylvan Rd., Woburn, MA 01801

www.alphaind.com

®A Systems

and EMC Test Equipment
This new and revised Web site describes the
company’s products and capabilities in RF
and anténna systems for SIGINT, direction-
finding, high frequency, telecommunications
and clectronic warfare systems as well as test
equipment for full and precompliance EMC
testing. Detailed specifications for standard
commercial off-the-shelf products also are
provided
Antenna Research Associates (ARA),
11317 Frederick A

Beltsville, MD 20

www.ara-inc.com

WEB UPDATE

® Microwave Office 2000

This Web site enables visitors to download a
fully functioning 30-day evaluation copy of
Microwave Office 2000 next-generation RE
and microwave design automation software,
which features a powerful MMIC layout edi-
tor that is seamlessly integrated with lincar,
nonlinear and EM simulation tools.

Applied Wave Research Inc. (AWR),
1960 East Grand Ave., Suite 530,

EI Segundo, CA 90245

www.mwoffice.com

producic

® 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-
ny’s SMP, 2.92 mm, SMA, SSMP, TNC, N
and coaxial assemblies for commercial, mili-
tary and space-qualified telecommunication
applications also are featurey

Connecting Devices Inc. (CDI),

2400 Grand Ave.,

Long Beach, CA 90815

WWW.

connectingdevices.com

® Dielectric and Microwave
Materials

This new Web site provides technical infor-

mation on dielectric and microwave materi-

als and anechoic chambers as well as facility

processing and QA equipment. Question-

naires for designing anechoic test facilities

and diectlnks to kéy persomnel also are

included.

Lummg Microwave Corp.,

a subsidiary of Cuming Corp.

225 Bodwell St., Avon, MA (02323

www.cumingcorp.com

® Microwave Division
This Web site offers
sheets and technical information as well as a
software engine for constructing valid part

ast access to data

numbers from user inputs. The site also
highlights the company’s products with links
to the its three divisions.

DB Products Inc.,

253 N. Vinedo Ave., Pasadena, CA 91107

www.dbpé4switches.com

MICROWAVE JOURNAL ® MARCH 2000



http://www.alphaind.com
http://www.cumingcorp.com
http://www.mwoffice.com
http://www.dbp4switches.com

HightPerformance:

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
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® CapCad V3
This Web site describes the CapCad V3 ca-
pacitor modeling software, which features
part number entry, new l)m(]\l({\ nd Smith
chart plotting. A fall-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 East,

Cazenovia, NY 13035

www.dilabs.com

oy
Poodugt
S Grderi
)

® RF Power Products

This Web site offers a complete catalog of
the company’s GOLDMOS, bipolar transis-
tors and high impedance modules. Data
sheets, Gerber files and application briefs
are available, and sales representatives and
distributors are listed.

Ericsson Microelectronics,

RF Power Products

675 Jarvis Dr., Morgan Hill, CA 95037

WwWw.
ericsson.com/rfpower

® 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, frequently asked ques-
tions and answers, and on-line consultants
also are available.
Eagleware Corp.

4772 Stone Dr., Tucker, GA 30084

www.eagleware.com

® Contact Products

This Web site offers a variety of solutions for
high frequency, high mmm. testing and
products s -50 coaxial probe,
which supplies superior et
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

WEB UPDATE

® Base Station
Antenna Products

This Web site features a full pnulu alog,
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-
files can be downloaded in 18 different
software formats, and an on-line quote re-
quest capability has been added to the site.
EMS Wireless,
5060 Avalon B:dge Parkuway, Suite 300,

® High Performance

Wire and Cable
This Web site describes high performance,
high frequency coasial cables for the RF and
microwave markets, including strip braid
and spiral strip shield designs to maximize
shielding effectiveness while maintaining
flexibility. The company’s PTFE dielectrics
and foamed polyethylene yield performance
expected from more costly alternatives.
Harbour Industries,
4744 Shelburne Rd.,
Shelburne, VT 05482

www.harbourind.com
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Phase Noise at 4 GHz
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This revised Web site features several design
options for frequency generation specialists
in the electronic warfare and commercial
markets. The company’s components and
subsystems are optimized for exacting high
speed logic, precise wideband microwave
performance, low spurious levels and low
phase noise.

ITT Industries, Microwave Systems,

59 Technology Dr., Lowell, MA 01851

www.ittmicrowave.com

@ RF and Microwave Filters
This Web site presents miniature, surface-
mount, helical, combline, tubular, lowpass,
highpass, bandpass and band reject filters. A
complete line of filters from 300 kHz to 20
GHz and contact information are included.
Luna Microwaves Inc.,

7610-V Rickenbacker Dr.,

CGaithersburg, MD 20879

www.lunamw.com

® E-commerce Capabilities

This Web site now offers e-commerce capa-
bilities through the company’s Order On-
Line system. The site gives customers exclu-
sive Web access to discount pricing for prod-
ucts such as base station duplexers, tunable
filters and harmonic rejection filters.

K&L Microwave Inc.,

2250 Northwood Dr.,

Salisbury, MD 21801

www.klmicrowave.com

® Microwave Components

and Test Equipment
This newly designed Web site provides easy
access to the company’s comprehensive line
of microwave and RF' products, test equip-
ment, noise components and voltage-con-
trolled oscillators. Product specification: md
current news, including press release
vestor information and published articles are
included.
Micronetics Wireless Inc.
26 Hampshire Dr., Hudson, NH 03051

www.micronetics.com

WEB UPDATE

® High Performance Filters

This Web site provides information on high
performance flters, diplexers and subassem-
blies from 500 kHz to 40 GHz including
ISM, MMDS, LDMS and commercial wi
less communications frequencies. Ceram
waveguide, cavity and discrete element
topology filters in fixed and tunable designs
also are described.

Lorch Microwave,
1725 North Salisbury Blod.,
Salisbury, MD 21802

® Vector Attenuators

This Web site features vector attenuators
and attenuator phase shifters 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
rocircuits. 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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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
, Ievél of performance.

HYPERTRONICS
CORPORATION
“New Horizons in Connectors”
16 Brent Drive » Hudson, MA 01749-2978 ~ 978-568-0451 « Fax 978-568-0680
call 800-225-9228, 888-HYPERTAC or visit our web site at WWW. hypertromcs.cum

Hypertronics is a part of Hypertac Interconnect and Smiths Industries
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: PALOMAR

~ TECHNOLOGIES
- b S

G-

©® Automated Wire
and Die Bonders

This Web site provides information on the
company’s complete line of automated wire
and die bonders and in-line systems for first-
level interconnect. Customer service con-
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

® 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 VXI/VME switch cards.
The site also features full fan-out nonblock:
ing desigus that allow several inputs to com-
municate with several outputs with little to
no signal degradation.

Signal Technology Corp.,

Systems Operation,

37 Sutton Rd., Webner, MA 01570

www.sigtech.

com/systems

® RF and Microwave
Components

The Web site offers technical and mech:

cal information on various RF and mi-

crowave products, including high Q basc sta

tion filters, duplexers, multiplexers, dielec-

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

www.salisbury-

WEB UPDATE

@ Antenna Design,
Development
and Manufacturing

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.

y Engineering Associates Inc.,
28 Riverside Dr., Pembroke, MA 02359

www.
seaveyantenna.com

engineering.com

° Pasnve and Active

@ Microwave Coaxial
€

and Subsy

This newly designed Web site describes
more than a dozen new passive and active
components and subsystems for wireless,
EW and space requirements up to 18 GHz
as well as new lines of switch combiners and
multifunction 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

This Web site provides information on m
crowave connectors with high perform:
SMA and extended power SMA as wel
2.92 mm and 2.4 mm connectors for mi-
crostrip and stripline circuits. Designed for
applica .xmm up to 50 GHz, the rugged con-
nectors offer low SWR, low loss and high
performance for space, military and com-
mercial applications

Southwest Microwave Inc.,

900 S. McKemy St., Tempe, AZ 85284

www.southwest
microwave.com
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Now, you have a choice!

WITH IW YOU CAN HAVE IT OUR WAY...OR YOUR WAY!
BUY Fully Tested Cable Assemblies,
or BUY Cables & Connectors Unassembled.

available: Contact s for

complete details.

MICROWAVE PRODUCTS DIV
20 East Franklin Street * Danbury, CT 06810
Tel: 203-791-1999 » Fax: 203-748-5217
WWW.iw-microwave.com
e-mail: sales @iw-microwave.com
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@ 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 profles, articles, technical terms and con-
tact information.
Trak Communications Inc.,

Tampa, FL 33634

® Microwave and RF
Components and Subsystems
‘This Web site delivers a vasiety 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 included.
Weinschel Corp.,
5305 Spectrum Dr.
Frederick, MD 21703

www.weinschel.com

® Power Supply Information

This 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
tom and application-specific product infor-
mation also are available.
Advanced Conversion Products (ACP),

a division of Transistor Devices Inc. (TDI),
85 Horsehill Rd., Cedar Knolls, NJ 07927

www.tdipower.com/acp

WEB UPDATE

® Dielectric Resonators
and RF Filters

This updated Web site highlights microwave
and RF filters, dielectric resonators and
magnetic materials and offers CARD/COAX
and CRaFT software for dielectric and coax-
ial resonator and filter selection. A new user
interface enables users to quickly surf the
site for information.

Trans-Tech,

5520 Adamstown Rd.,

Adamstown, MD 21710

www.trans-techinc.com

iWelocm;

@ EMI Design Center

This Web site provides an extensive compila-
tion of technical, product and standards in-
formation for designers facing electromag-
netic interference (EM1) shielding prob-
lems. A primer on basic design for EMI
control that covers key issues and terminolo-
gy, electrical and méchanical design mod-
ules, and rapid prototyping services also is
provided

W.L. Gore & Associates Inc.,

0 Otts Chapel Rd., Newark, DE 19713

www.gore.com/
electronics/emicenter

feb site features the companys line of
patented, ultra-low noise, voltage-controlled
oscillators (VCO) that deliver performance
in a low cost, surface-mount solution. Appli-
cation engineers also can be contacted via
telephone to discuss a customers particular
needs.

Z-Communications Inc.

9939 Via Pasar, San chgo, CA 92126
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SEE UD Al WIKtlt)s SYMPOSIUM BOOTH 209 AND CTIA BOOTH 2747

/A COMyunMva been an era of explosive growth and change in
nications technologies, Yet, through these changing times, M/A-COM has

ined af the cutting edge, offering its customers innovative and creative

elp them fo keep pace with the communications revolution,

held our lead by investing substantially in research and development of

learned that just developing and marketing products that set the industry
indard for qut ity and innovation isn’t enough. You've also got fo offer great
customer service, backed by design and manufacr\mng support.
With fhis proud history behind us, our cor
and gur faith in the future of wireless a
helping to shape the future by laying th
communications for the-nextfifty.
manufacturing and beagh

If your comp
area nerwor.lﬁm“"

M/A-COM, headquartered in Lowell, MA, is a leading supplier of radio frequency (RF), microwave and millimeter
wave semiconductors, components and [P Networks 1o 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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ime to market and time to volume play

I an essential role in the competitive en-
vironment of today’s wireless communi-
cation business. One of the most important el-
ements enabling well-managed product
launches is systematic design verification in all
phases of product development with the
quickest possible feedback from testing to de-
sign. The cost of design flaws to product de-
velopment in terms of missed 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 detecte
the less expensive it is to fix. In the case of de-
veloping key components, such as chipsets,
these elements become even more important
to emerging high volume. hxghly mmpetmve

DIGITAL BASEBAND
SIMULATION

IN DESIGN
VERIFICATION

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 PROPSim DBB (hgltal lmsel)and radm
channel simula W P
for performing such tests aln-ad 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-
s}:ecxﬁu 1IC (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

markets like the ion

(3G) mobile svs;ém The most lmpurtan(
strategic 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

to 312 ind dent fading paths. Both realis-
tic channel models and standardized test cases
can be used. The standard product includes
two channel ling software packages for
creating static or dvnamlc user-defined 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 pd.rhculady useful for test-
ing advanced features in 3G mobile and fourth-
generation (4G) experimental systems such as

[Continued on page 145]

ELEKTROBIT LTD.
Oulu, Finland
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FIVE YEARS AGO,
THE NT5-1000 SET THE *
BENCHMARK FOR THE COMPET\TION'S
PHASE NOISE ANALYZERS TO FOLLOW.

THREE GENERATIONS LATER,
- THEY'RE STILL BACK THERE. SOMEWWERE.

INTRODUCING THE NTS-1000 B 3G\
NOW EVEN FASTER AND EASIER TO USE,
WITH THE GREATEST DYNAMIC RANGE
IN BOTH RESEARCH AND PRODU@.T\O‘N

including all hardware a
latencies, using the

.. all for less cost tl
ets, instruments.

development and
largest manufactul
mobile phones,

Freguency Generation
and Noise Measurements
INC. for Critical Applications

7th Ave. & Freed
Telephone: 610-8

To find out more about RDLs NTS Series
phase noise test system, contact RDL at
{610) 825-3750, or visit our web site
at rdl-instrumentation.com.

www.rd-instrumentation.com

. Conshohacken, PA 19428
-3750 Fax: 610-825-3530
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PROPSim DBB.
Digital Baseband
Interface e

S
5
=z
S

i =
A Fig. 1 Dweh)pment phases in digital i
communication systems.

RAKE receiver ﬁn%er 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-
mains. 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 which
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 corrective actions as opposed to the significant delay
often experienced in the traditional design verification
process due to limited testing possibilities.
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Improved design

Typ ?
verification flow verification flow

Methods & ‘Methods &
=

ig. 2 VThG e of GEReT L
AL e berfcnion.

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 (1&Q) input
and 12-bit 1&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. slmulatlon it can be a slower user-defined clock
frequen

In tradm(md RF-fading smmlators it has been up to the

imul equipment 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 close relationshif 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 ! emulation 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 simulatin;
the radio channel. Although the simulation is sloweg
down, all of the samples from the original sampling fre-

[Continued on page 151]
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quency are run through the simula-
tor. This downscaling of signal speed
is shown in Figure 3.

CONCLUSION

The ever-increasing competition in
the wireless communications business
and the proliferation of wireless sy:
tems and products to new appli
tions have put considerable pressure
on wireless system developers to re-
duce the time to market and time to
volume of new products. Companies
developing 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-
duces new possibilities for testing
wireless system designs in realistic, dy-
namic multipath fading environments
in the digital domain prior to hard-
ware development. It fills 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-

A 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 company’s Web site at
www.elektrobit.fi.

Elektrobit Ltd.,
Oulu, Finland
+358-400-308-396.
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ireless communications is fast be-
coming recognized as a flexible and
reliable method for data telemetry

applications. The technology offers

A MINIATURE

900 MHz
FREQUENCY-HOPPING
SPREAD SPECTRUM
RADIO

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

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
wiring 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 reducing the chance of system failure
due to a power surge or lightning strike, and
eliminate the chance of broken connections
due to damaged or severed cables. In addition,
sensors and controllers are no longer tied to
the location of the hard-wired terminal, offer-

collection, ﬂmht\' 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 lower 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]

ing flexibility when relocating equip with-

in a building or over large distances outdoors.
The recently introduced 900 SS Micro-

Hopper™ 900 MHz frequency-hopping

WORLD WIRELESS
COMMUNICATIONS INC. (WWC)
West Valley City, UT
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Opérating wqm ney (Mi):

TABLE |
 MICROHOPPER SPECIFICATIONS.
. 902 tu 928

Radia type l'mquency ]\uppmg spread spectrum d:;gul nanmmr
Modulation systém : direct FM - 2l
Frequency control PLE sithesizer 100 K step iz
Triasgort patacds Frtieprant o aldréssabl (gudrnicedlAslivcry mode)
Mo H Tl dnplos sohee adtig Ehumphecc el sod 1ugds
Interface. asynchronous serial ~ TTL RS-232C

Chasel capacity 25 caniels, up o 1600 group codes
(Ihm;nel spacing (kiiz) : 2400 ; :
Repeating capability “user seleciable it seven radis iy guaranteed delivery tode
RE ot rates () i) : 20

Rasige* {m), 500 ine.of sight

Ry seasitivity (dBm) 94

RF bandwidth (KHZ) 300

System deviation (ma) (kHz) - 100

Tnput voltage (V DC} : 5

Power consimption (W) 15

Current consumption (mA) 300

Output power (m‘V;") m 50 and 100 (user: selmdbln) :
Conetdor 12711 “inchidedin 20-pin Header

Bordsize ()~ 1750 X2.470 X 0375
TempertureTunge (°C) 010480

Antenni connector * SMA Feniale
Antsnmnnpkx{arm {nom) (n) : 50

*Ranige will vary dcp-mdmg upon antenna selu'tvm\ board mtrghll(m,
physical environment and the OEM device.

Fig. 1 The MicroHopper transceiver’s mechanical outline. W

5

2.470"

2.300"

server and peer-to-peer configurations.
The MicroHopper transceiver extends
its networking capabilities with a fully
addressable guaranteed delivery mode.
When operating in this mode, the re-
ceiver will confirm the successful re-
ceipt of each data packet. If the trans-
mitter does not receive delivery confir-
mation within 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 communicate
with one another, thus isolating other
networks of MicroHoppers 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

ications. The unit supports
interface data rates from 2400 bps to
19.2 kbps with an over-the-air rate of
20 kbps, and effective communica-
tion distances of five miles (line of
sight) are possible. Table 1 lists the
900 SS MicroHopper transceiver's
general specifications.

The 900 S MicroHopper Devel-
oper Kit is available to aid potential
users in evaluating the MicroHopper
transceiver. The kit includes two 900
ss MicmHopFer transceivers, two
customer interface modules with RS-
232 DB-9 connections, two flexible
whip half-wave antennas with SMA

o

7
3x0425"

serial cables and power
supplies for both radios, a user’s
guide/quick start guide and an ea
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
company’s Web site at wwwaworldwire-
less.com.

World Wireless
Communications Inc. (WWC),
West Valley City, UT

(801) 575-6600.
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he explosive growth in wireless instru-
I 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-
ole. This unique device connects to a dual-
channel oscilloscope and converts it into a 1
GHz spectrum analyzer with all of the fea-
tures and functions needed to make precise
q and power
The model 7700 spectrum analyzer adapter
is the front end of a spectrum analyzer, which
includes the mixers, local oscillators, log am-
plifiers and synchronizing circuits. The user’s
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 user’s 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

A 10 MHz

10 1 GHZ
SPECTRUM
ANALYZER ADAPTER

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 harmonic frequency components
and their mathematical relationships. The so-
Iutions to Fourier transform problems also
may be verified in the same manner. 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
:  resolifiont NGt mydl e
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

B
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To see one’s work in print
is the rightful reward of every
creative engineer and scientist.
The editors of Microwave Jour-
nal invite you to submit your
technical manuscripts for con
sideration to be published
one of our upcoming issues.
Technical articles, application
notes and tutorial articles based
on the monthly editorial themes
are encouraged. Editorial
themes include wireless, radar
and antennas; RF components

semiconductors and MMICs;
commercial applications; IVHS
and ITS; dual technologies; com~
munications and PCN; passive
components; and control de-
vices, modulation and DSP.

al ideas of practical use
nantly engineering readers.
Papers should be 14 to 16 dou-
ble-spaced pages and contain 8
to 12 visual aids in the form of
sketches, graphs, photographs
or tables.

Papers should be submit-
ted to the attention of the
Technical Editor and will be re-
viewed promptly by our Editori-
al Review Board prior to accep-
tance. Articles outside of the
monthy themes also will be con-
sidered.

SEND ALL MATERIAL TO:
Microwave Journal
685 Canton Street
Norwood, MA 02062
(781) 769-9750
Fax (781) 769-5037
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A Fig. 1 The display of 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 instrument also provides fre-

uency spans from 2 kHz/div to 100
MH7/div. These spans are sufficient
to cover most wireless applications
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
instrument’s display of a 100 MHz
carrier frequency modulated with a
20 kHz tone. The spectrum analyzer
adapter’s 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 sensil Table 1 lists the spec-
trum analyzer’s key performance
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

0 100 MIz/
iz, 0Kl
20l

Input attenuation
selections (dB)

Maximum input level (dBm) 430

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 F 2 interface or modem.
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 $1600. Complete
details and specifications are available
upon request. Additional information
can be obtained at the company’s Web
site: www.hcprotek.com or via e-mail:
heprotek@heprotek.com.

Protek Inc.
Northvale, N} (201) 767-7242.
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¥ V' 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 external fixturing to ensure repeatabil-

7 hen testing microwave devices it is
desirable to have an RF connection

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
alow 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-

MICROWAVE
Quick CONNECT/
- DISCONNECT
COAXIAL
CONNECTORS

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 permitting 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 mm. 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]
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From FM to cellular to satelite 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

5

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
pricing is even more amazing! Finally! Cost effective, high performance
microwave terminations...off-the-shelf! Call Mini-Circuits today.
Mini-Circuits...we’re redefining what VALUE is all about!
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Note: Power ratings at 70°C: ANNE-50 and ROSE-50 s 0.50, derate linearly L3) g
at 0.005W/°C from 70°C to .35W at 100°C. KARN-50 is 2, derate finearly Frequency (GHz)
at 0.025W/°C to 1.25W at 100°C.
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£S29010 Fully Integrated
Wideband Distortion Test Set
« Atbitrary

Waveform Generation

« Data Recording
+Up/Down Conversion

For cellufar, PCS, satcom, LMDS
and other systems operating in
complex multi-channel and
multi-signal environments.

EXCEPT CELERITY.

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 lll based). Based on an open architecture
design, intuitive software and standard module
cards, this single platform tool can simplify and
enhance your test, measurement and analysis
capability.

RD ORI Active microwave
and electronic component testing. 3IM test and
measurement for non-linear components and
sub-assemblies such as filters and amps.

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.

NOISE POWER RATIO TWT's, 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.

All this capability is packaged in one easy-to-use
box featuring Windows NT/Pentium controls for
efficient integration into your test system and
plan. Check out the details at www.csidag.com
or call 888-274-5604 for more information.

MORE DATA. MORE SPEED. MORE FLEXIBILITY.

~Colerty Systerms

10411 Bubb Road, Cupertino, CA 95014 ¢ Phone (888) 274-5604 * www.csidag.com
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Fig. 1 QT3.5mm slotted/NMD3.5F connector repeatability; (a) torqued to 8 inflh, (b) hand-torqued and (c) untorqued.

connector when torqued to 8 in/lb or
hand-tightened.

TABLE | Repeatability and life tests are cur-

QT3.5mm SPECIFICATIONS rently underway. No degradation has

e - - - been detected thus far after more
| Frequency range . - DC363GH2 | than 2000 connections. The 2B-060
| SWR product dependent data sheet (available from the compa-

ny) describes in detail the connectors

| Repeatability DClo 18 Gliz : -
Push-on mode (dB) i and their performance parameters. A
Torque mode (dB) >50 simple product demonstration may
Hand torqued (dB) >50 be arranged by contacting a company

representative.
mm male and female connectors.  tor torqued o §5infb, hand-torqued @ aensier €A (909) 95 4715
Figure 1 shows the repeatability of a  and untorqued. Table 1 lists typical % b
QT3 5mm slotted/NMD3.5F connec.  specifications for the QT3.5mm male Circle No. 304

Allow us to Propose Another
Solution

*RF SAW Filter

Y THOMSON-MICROSONICS 399, route des Crétes. BP 232 - 06904 Sophia-Antipolis. FRANCE

/www.microsonics.thomson-csf.com  Tél (+33) 04 92 96 4000 Fax (+33) 04 92 96 30 25
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COMPONENTS

B High Isolation

Nonvreflective SPDT Switch
The model AS186-302 positive control,
¢ A

tive switch pro-
vides high isola-
tion of 50 dB at
0.9 and 1.9 GHz.
Housed in a min-
iature MSOP-8
exposed pad pac
age, the AS186-
302 is an ideal
building block for base station applications
where synthesizer isolation is critical. The switch
also can be used in conjunction with the model
AS165-59 single-pole, single-throw switch to
meet GSM synthesizer isolation requirements.
Price: $3.25 (10,000).
Alpha Industries,
Woburn, MA (800) 290-7200

H Aluminum Nitride
High Power Terminations

The model 32

7150 aluminum nitride high
power Lern to

nalions operate in the Dt
4 Cliz frequency
range with 60 W
of power han-
dling. Designed
for d[lphunon\
where toxic beryl-
lia ceramic sub-
strates cannot be
used, these nontoxic components are a good
ternative solution. The units are available in
and configurations identical to standard
Js( O terminations. A flangeless PowerPak ver-
n also is available,
H:mda RF Labs Inc.,

Stuart, FL (800) 54(—5594
or (561) 286-9300.

Circle No. 219

W Versatile
Surface-mount Inductor

The model E66 miniature surface-mount in-
ductor occupies 0.078-square-inch of circuit
2 board space and

can be wound as a

common-mode

choke, a high Q

inductor or a

pulse transformer.

(Winding config-

urations can be

either bifilar or

separate.) The E66 provides 1.0 to 1000 uH 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

° to +105°C. Price: 65¢ (100,000). (Tap
and-reel is available through special order.)
Delivery: stock to six weeks (ARO).

Associated Components Technology Inc.,
Garden Grove, CA (800) 234-2645.
Circle No.

217
164

B Multiple Capacitor Array

The MultiValue Cap Array is a four capacitor

array in a standard 0612 package that contains
two caps of one

value in the sec-

y ond and third po-

caps of a s

value in the hm
and fourth posi-
tions. The result-

s board space by more than 50 per-
cent. Tl»e individual values available within the
arra ut specific combinations include
IOOPF/ONM- (101/103) and 0.001 uF/0.1 uF
(102/104). Ratios of up to 100 are possible i
two capacitance values. Price: 22¢ (100, 000)
Delivery: stock to eight weeks (ARO).

AVX Corp.,
Myrtle Beach, SC (843) 946-0414.
Circle No. 218

M 6-15GHz
Double-balanced Mixer
‘The model HMC142C8 miniature, double-bal-
anced miser 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 downconverter. Tts \A\nl(‘
design provides good balance in the
sulting in high LO/RF and LO/F \.solmun o
30 dB and unit-to-unit consisten

ceramic surface-mount package, the mixer also
is available in tape-and-reel packaging.

Hittite Microwave Corp.

Chelmsford, MA (978) 270» 343.

The model WSN-00049 high performance wire-
less local loop (WLL) notch Alter is configured
with passbands of DC to 2300 MHz and 2320 to
2500 MHz. Rejection is 40 dB over 10 MIlz,
passband power handling is 100 W CW and
passband returm loss is 10 dB (min). Designed

NEW PRODUCTS

for WLL and FCC type acceptance testing ap-
plications, the notch filter exhibits passband in-
sertion Joss of 2.0 dB (max). Operating tempera-
ture range is 0° to +50°C and storage tempera-
ture range is 40 to +85°C. SMA female
s are included at all ports. Size: 100"
485" x 275" excluding connectors.
K&L Microwave Inc.,
Salishury, MD (410) 749-2424,
Circle

No. 221

B 6P7T Electromechanical
Switches

The model KSW670E8B000 6P7T electro-
mechanical switch for IMT2000 applications
operates up to 14
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 6PTT switch which
measures 2.40" x 1.42" X 2.13"

KMW Inc., Cerritos, CA (562) 926-2033.

Circle

B Thermal Fusible Resistors

The FTR series cement, wirewound thermal

fusible resistors incorporate a thermal fusc
within its cement
ba

, which are
designed to open
in 20 to 30 sec-
onds when cur-
rent overloads
and/or high ambi-
ent temperatures
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: 40¢ to
69¢ (1000). Delivery: two to four weeks (ARO).
Laube Technology,
Camarillo, CA (388) 355-2823.
Circle

No. 223

B Switched Bit Step Attenuator
The model SAB-2DR/DT-A is an SP2T
switched bit step att
0.5 to 18 GHz (or
from 10 MHz to
18 GHz). Inser-
tion loss is 2.75
dB (typ), SWR is
1.9 and flatness is
£1.5 dB. Switching speed is < 40 ns. Supply
it 50 mA.

voltages are +5 V, 12 V or -5
(Other voltages also are available.) The attenu-

ators are available in step sizes of 3, 6, 10, 20,
30 and 40 dB or any combination. Weight: 0.75
oz. Size: 1.30" X 0.70" x 0.40"
American Microwave Corp.,
Frederick, MD (301) 662-4700.

Circle No. 216
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B Low Drop-out Regulator

E (W { 1

The model MIC39100 low drop-out (LDO)
regulator for 3.3-t0-2.5 V conversion features a
low drop-ont 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 an
drop-out voltage at full load is 410 mV. Operat-
ing temperature range is 40° to +85°C,
Micrel Semiconductor Inc.,
San Jose, CA (408) 944-0800.

Circle No. 225

B Lowpass Filter

Sty |

i

(-

The model 3322-W/DD (50) lo\vp.»\ filker 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 outdeor
use and other conne: ctor omem also are avail-
able.) Size: 1.00" x 6.00

Microwave Filter camp«my Inc. (MFC),
East Syracuse, NY (800) 445-1666

or (315) 438-4747.

Circle No. 226

B DC-2.5GHz
High Isolation SPDT Switch
25P SPDT switch is cap:
h positive switching volt-

ifying (‘nn(rnl
signal generation.
Midband isola-
tion is 50 dB
(typ), insertion
loss is 1.0 dB

pression point at
1 dB is +27 dBm. Maximum RF input power is
1 W and control voltage is 0 to 5 V. The
switch is best suited for isolating transmitters

ivers. Price: $3.95 (10-49)
A reuits,
Brooklyn, NY

Y (718) 934-4500.
Circle No. 227

MICROWAVE JOURNAL = MARCH 2000

B Waveguide Flanges
The Pyraflat high vacuum waveguide flange
system utilizes stainless-steel knife edges to
capture a copper gasket, providing a fully bake-
able ultrahigh vacuum joint. Designed specifi-
cally for RF imaging, directed enery industrial
processing and high energy accelerators for
particle physics research, the Pyraflat also pro-
vides a zero clearance flange joint configuration
that minimizes waveguide wall discontinuities
due to the copper 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 honded stainless-steel-to-
copper flange transitions also are available.
Thermionics Vacuum Products Inc.,
Port Townsend, WA (800) 962-2310.

Circle No. 232

B Voltage-variable Attenuators
The models AT10-0009, AT10-0017, AT10-
0019 and AT65-0008 voltage-variable attenua-
tors (VVA) operate over the 800 to 1000 Mz,
1700 to 2000 MIlz, 50 to 1000 MHz and 900
250 MHz frequency bands, respectively.
These PIN diodc-based VVAs are particularly
well suited for multichannel communication
and high volume applications. Available in
standard Joint Electron Device Engincering
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 VVAs.
M/A-COM,
a subsidiary of Tyco International Ltd.,
Lowell, MA (800) 366-2266.

Circle No. 224

VSWR (~200

Adjustable target tuning area
High calibration accuracy
High power handling

PMT is a new family of programmable tuners, which
uses two independent RF probes to generate very high
. PMT allows load pull testing of high power |

High instantaneous bandwidth

Focus

970 Montee-de-Liesse, Ville St-Laurens, Quebec, HAT 1W7

Tel: (514) 3356227 Fax: (514) 3356267

microwaves

www.focus-microwaves.com

E-mail: info@focus-microwaves.com
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B Voltage Passing Attenuators

The model 9093 voltage passing attenuators
operate in the 500 MHz to 2 Gz frequens
range with atten-

The units attenu-
ate RF signals
and pass DC volt-
age and current
\\'lu]n oﬂenng \‘ of RF power. DC voltage is
100 V (max) and current is 1 A (min). Type N,
SMA u.m] Nc connectors are available.
Inmet C
Ann Arbnr MI (888) 244-6638.
Circle No. 277

B High Power Transmit Filter

The model FF6434-1 high power transmit fil-
ter is designed specifically 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
included, but alternate interfac
able. 13" x 321" X 1.00% i
mounting ﬂanze

Sage Laboratories Inc.,
Natick, MA

(508) 633-0844.

Circle No. 231

350 Volt, 2ns t,
Pulse Generator

Model AVL-2-B

High voltage pulser ~ featuring IEEE-488.2 GPIB control

+ GPIB & RS-232 control

time (450 Vo).
o o v e we s for st vyt o e 13 poge s (ot
No. 10) fsrg ove 500 macels inckang psers, s

control (and RS232) and providing flal-iopped pulse outputs

ELECTROSYSTEMS

NANOSECOND
WAVEFORM ELECTRONICS
E19

166

-+ A28 $5198US
Data sheets and pricing on the Webl http://www.avtechpulse.com
The AVL-2:8 s a high amplitude 380 Vot pulser featuring IEEE488.2 GPIB bus
with 2 1s rise time, puise
repatiion frequencies 10  kHz and puiss wicths variable from 5 o 100 ns, |
transfommers will boost outpus (0 700 Vot 10 200 € or 28 Amps (0.3 €2
Other Models i the AVL series wil provide 06 s fise time (300 Vots) and 10 ns fise |

diode divers, am

ELe
CemmAN, PO, HAMEUR
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B Standard Combline 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). Dels
two weeks (ARO)

TTE Inc.,

Los Angeles, CA (800) 776-7614

or (310) 478-8224.

Circle No. 233

B Wireless Isolator
‘The model CTCO1A1723-01 wireless isolator
for amplifier output stage protection operates
over the 1700 to 2300 MH. 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
s 0° to +55°C. Delivery: stock
Narda Microwave-West,
a division of L-3 Communications,
Folsom, CA (916) 351-4500.

Circle No. 228

H Drop-in Isolator
The model 03801ED high temperature, broad
1, drop-in isolator provides 20 dB of
isolation with low

insertion loss of

0.4 dB over the

3.4 to 4.2 GH

and circulators in
other frequency
bands also are
available.) The
circuit tabs are designed to offer lngh reliabili-
ty during circuit assembly. SWR is 1.25. Oper-
ating temperature range is -20° to 485 d
storage temperature 1
Size: 0.75" x 0.75" x 0.25" Delive
Nova Microwave,
Morgan Hill, CA (408) 778-2746.
Circle No. 229

B 1805 - 1880 MHz Dual Isolator
The company’s dual isolator operates in the
1805 to 1880 MHz frequency band and is de-
signed to provide
low insertion loss
at an affordable
cost. Reverse
power rating is up
to 50 W and typi-
cal isolation is
> 45 dB. (Similar stripline models are available
up to 3 GHz.)
RADITEK, San Jose, CA (408) 266-7404.
Circle No. 230

[Continued on page 168]

Need Coaxial Relays?
Typical Matnx ﬁ'elay Modules

Other Matrix Products

® Rack Mount Module RF,

Audio and Video Systems
B Modular Systems
# R.F Systems
& High Voltage Systems
B Video Systems
B Audio Systems
" Dlgﬂa} Systems

Model 7000
Coaxial Relay Module

Model 76400
Coaxial Relay with RF
or Video Amplifier

i
o ‘
\
|
|

Model RS7000 }
Coaxial Relay with
RS-232C Interface

M L 14

WWW. com.

Calabasas, CA 91302

® 1) 222-22
$45777 i DBuglas Eir o EMa m:h@mamxsmemsmm
L

We Specialize In Specials
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Next Generation, Low Cost
YIG Components for Test and Measurement

“Look to the Leader in YIG-Technology”
% MICRO
= LAMBDA, INC.

48041 Fremont Blvd. Fremont, CA 94538

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 MHz to 46 GHz, units are available
for 19" rack, VXI and VME configured

YIG-Tuned Fundamental

Oscillators 500 MHz to 30 GHz

* Double Frequency Outputs
t0 44 GHz

* 1.75" Cylinders

* 1.0"&1.25" Cube

* VXI & VME Miniature Format

* PC Board Interface

* Frequency Synthesizers

YIG-Tuned Bandpass Filters
500 MHz to 46 GHz

* 1.7, 14" & 1.0° Cube

* VXI & VME Miniature Format
« PC Board Interface

YIG-Tuned Multipliers 1 GHz
1020 GHz
* 1.7°& 1.4 Cube

Driver Controls

* Analog 0 - 10 Volts

* Digital 12 Bit Parallel
* Remote Location

* FM Coil Drivers

] S 5=

www.micro-lambda.com

g e g S T ey g
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tors to thick film at 900°C, eliminating the pos-
sibility of lead movement during installation.
Bird Component Products (BCP),
Largo, FL (727) 547-8826.

Circle No. 274

Trimmer Cap

The model Al_12 miniature trimmer capa
tors are offered in printed circuit board and
surface-mount technology mountings. With 13
turns of adjustment 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
versions also are available. Price
Voltronics Corp.,
Denille, NJ (973) 586-8585.
Circle No. 234

B Mechanical Phase Shifters

1d nonmagnetic
$4 (> 1000).

The Y80 series mechanical phase shifters offer
frequency ranges from DC to 3, 7 and 12 GHz
with different in-
cremental phase
shift adjustments.
- Optimized  for
e wireless original
equipment manu-
facturer applica-
tions, the shifters
are well suited for phase trimming in densely
ckaged systems with minimum accessibility:
A self-locking mechanism eliminates the need
for locking muts. SWR is 1.45 and input power
is rated at 10 W. Operating temperature range
is ~50° to +85°C and storage temperature
range is -50° to +125°C. Ruggedized SMA
connectors 'dm are included.
Weinschel C
Frederick, D (mm) 635-2048
or (301) 846-9222.
Circle No. 235

B Attenuators and Terminations
These attenuators and terminations are manu-
factured with the company’s T2 copper tech-
nology, which re-
duces material
leaching and pro-
ed

; thereby of

fering an afford-
~ able solution for
requirements de-
manding  in-
creased tempera-
. ture capabilities
and greater ten-
sile  strength.
Manufactured
with a cost-effec-
tive direct hond

the and

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 copper thick-film conduc-

168

B D Drop-in Isolator

The model 2E4NR dual-junction drop-in isola-
tor features high isolation and lower loss char-
b acteristics than

two single-june-
tion devices in st
ries. Designed
specifically for
wireless base sta-

L tion applications,

the isolator conserves space in circuit design

and operates in the 0.80 to 0.96 GHz and 1.80
to 2.70 GHz frequency 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 av
able upon request.
Renaissance Electronics Corp.,
Boxborough, MA (978) 263-4994.

Circle No. 269

B Three-way Power Splitter

The model D3-14FN threc-way power splitter
operates in the 800 to 2200 MHz frequency
range and evenly splits high power signals with
minimum reflections, 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
he N connectors allow consistent tighten-
ing 10 a specified torque. Designed specifically
for mini, micro and high power base stations,
and Leaky-Line applications, the reactive power
splitters are more ruggedly constructed than
conventional power splitters with no resistors to
bum out, fewer solder joints for enhanced relia-
bility and less Pow(.r back to the transmitter.
Microlab/F
Livingston, N] (973) 992-7700.

Circle No. 278

B Switch Filter Bank
The model SFB-200-4P microminiature switch
filter bank operates from

fering 60 dB of
isolation  per
channel. Tnsertion
loss is -2.5 dB
and SWR is 1.5
(typ). The switch
operates from a

single +5 V DC a
200 mA with TTL

control  logic.

(Other logic is
available.) Size: 2.50" x 2.50" x 050, including
removable SMA connectors. f(,)ﬂmr frequen-
clesand optionsare ble.
Planar Filter
Fredenck,MD (301) 662-7024.

Circle

igh Dynamic Range

SWR Detector
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 oceur. The unit has a wide band-
width from 25 MHz to 2 GHz, making the de-
vice well 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.

Polar Lab,
Rodovre, Denmark +45 3672 7245,
Circle No. 282

B Waveguide Ceramic
Block Filters

These high diclectric constant, high power and
high Q ceramic block waveguide Hlters are ex-
tremely temperature stable and compact in size.
Designed specifically for AMPS and PCS
diplexer, tnmking/repeater, and GSM applica-
ons, the filters are available in surface-mount-
able form or with SMA interface. The filters can
be custom designed to customer’s specifications.
Solarr/Polar LLC,
Albuquerque, NM (505) 792-3878.
Circle

No. 284
B RF Coaxial Connector Adapters

These custom fabricated RF coaxial connector
adapters can solve a variety of interface prob-
3 lems, including
between series or
in-series gender
changing, con-
verting standard
connectors into
quick-disconnect
types and com-
patibility  be
tween large to
small series con-
nectors and in-
cumpdhbll plugs,

tacles. Manufactured to customer speml'ug-
tions, these adapters include LC
QDS, QDM to N, QDM to BN
other combinations. Materials, back-end plat
ing, insulators and gaskets can be specifie
and standard tooling exists for more than 100
different types of connectors with interfaces
per MIL-C-39012 an MIL-STD-348.
Tru-Connector Corp.
Peabody, MA (sm) 262-9875.

Circle No. 288

B Electromagnetic

Interference Shield
The BOLDT SHIELD 1™ standard off-the-
shelf electromagnetic interference (EMI)
shield features a unique design that provides
easy access to inspect or repair electronic com-
ponents without having to de-solder the SMT

[Continsied on page 170]
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WHEN YOU NEED YOUR CABLE ASSEMBLIES
RIGHT AND RIGHT NOW, CALL THE LEADER.

To be more efficient and more competitive, call a company that's more efficient
and competitive. 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 - B8 McRoWAVE
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.

agynawave,

INCORPORATED

135 Ward Hill Ave., PO. Box 8224, Haverhill, 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 is available in JEDEC sizes, including
52-pin quad flat pack, 256 position ball grid ar-
ray and 84-pin plastic leadless chip carrier
packages.

Boldt Metronics, a unit of BMI Inc.,
Palatine, IL (847) 934-4700.
Circle No. 272

B Ceramic Bandpass Filters

The 301-1X series ceramic bang
clude the model 301-10010 for recei

filters in-
and the

model 301-10011
for transmit and
operate at center

frequencies of
836.5 and 881.5

in CDMA transmitters and recei for base
station applications, the four-pole, surface-

wSee full descnpuuns and complete tables of contents foral
=Enjoy convenient, secure online shopping

subject area, or other criteria

Plus, take advantage of these exclusive features:
= Special previews of soon-to-be-published titles. Be among the
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In addition to comprehensive descriptions of our entire list of
www.artechhouse.com provides you with free sample. Y
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system that guards your name, address, and credit card my’
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to the latest insights = x
wm..‘i'f{-".*?.":?m
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e

and answers from

ik g o st

Artech House!
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CIRCLE 24 ON READER SERVICE CARD

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 efficient assembly integration. Tape-
and-reel packaging is available.
Trak Communications Inc.,

Advanced Filter Solutions,
Frederick, MD (813) 884-1411.

Circle No. 287
B Compact RF

Transceiver Module
The model TR-XXX-SC transceiver module
utilizes an advanced synthesized superhetero-
dyne architecture
and features a di-
rect interface for
analog and digital
mfunn.mrm fully
qualified UART

cnmpau e data output received <|gnn]

strength indication, low power consumption,
wide ope
and receiv

tional voltage, on-board transmit
witching, and surface acoustic
wave front-end filtering. The transceiver offers
fast settling and turnaround times and can ac-
commodate data rates up to 33.6 kbps, making
the transceiver well suited for a range of bi-di-
rectional communication requirements.
Housed in a compact, through-hole package,
the transceiver requires no tuning or external
RF components, allowing for straightforward
integration. Price: $29.70 (1000).
Linx Technologies.
Grants Pass, OR (541) 471-6256.
Circle No. 289

The DS1608BL 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: 65¢
(10,000). Delivery: stock.
Coilcraft, Cary, IL (847) 639-6400.

Circle No. 293

AMPLIFIERS

B Pulsed Amplifier/Transmitter

The series 1134 pulsed amplifier/transmitter
aperates over the 1030 to 1090 M1z 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. Harmonic suppression is 30 dBe, pulse

[Continued on page 172]
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width is 32 ps (max) and operating tempera-

ture range is —45° to +75°C

Technical Services Laboruto?y Inc. (TSL),

Fort Walton Beach, FL (850) 243-3722.
Circle N

0. 243

B 50 W GaAs FET
Power Amplifier

The model ARDS8258-50 power amplifier op-
erates over the 800 to 2500 MHz [requency
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 IE]
458 interface provides full monitoring and con-
trol of all amplifier functions.
Comtech PST,
Melville, NY(":I()) 777-8900.

Circle No. 236

B PCS and Broadband Amplifiers

The models JCA12-PC0S and JCA0S-BO1 am-
plifiers cover the 1710 to 1910 MHz and 0.1 to
8.0 GHz frequency range, respectively. The
JCAI2-PCO8 exhibits nominal gain of 40 dB,
noise figure of 1.3 dB (typ), gain response of
£0.5 dB (typ) and IP3 of +42. Input/output
SWR is 2.0. This unit features & compact,
drop-in sty The JCA08-BO1 features

in 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 & customer's individual re-
quirements.
JCA Technology Inc
Camarillo, CA (805) 445-9885.

Circle No. 237

H Cellular and PCS

Low Noise Amplifiers
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
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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 b
stations, and PCS mini- and microcells as well
as AMPS, GSM, TDMA and CDMA formalts.
Narda Microwave-East,
a division of L-3 Communications,
Hauppauge, NY (516) 231-1700.

Circle No. 239

B 8 - 12 GHz Amplifier

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 platforms 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 sta-
ble. (Low phase and TTL designs also are avail-
able.) Delivery: stock to four weeks (ARO).
Microwave Solutions Inc..
National City, CA (619) 474-7500.

Circle No. 238

M 210 - 710 MHz Log Amplifier

The model MCWI.-4-4562 wideband, sub-
miniature logarithmic amplifier instantaneous-
ly covers an ultrawide RF input frequency
range of 200 to 700 MHz. Log linearity is +1.0
dB (typ). log videa 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: $1100 (5-9)
Signal Technology, Olektron Operation,
Beverly, MA (978) 524-7211.

Circle No. 241

B Medium Power RF Amplifiers

The models PA512 and SMPA512 medium
power RF amplifiers operate in the 10 to 500

MIIz frequency
range while gen-
erating up to
+27.5 dBm at 1
dB compression
point. Third-or-
der intercept
point is +33 dBm
and small-signal
gain level is 17
dB. The units are available in hermetic packag-
ing in both TO-8 and surface mount. An SMA
connector version is optional.
Stellex Microwave Systems Inc.,
Palo Alto, CA (800) 321-8075.
Circle No. 242

B RF Power Amplifier

‘The model GRE2035 high power, solid-state RE
power amplifier utilizes lincar 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 e networks and ad-
vanced CaAs FET devi

Ophir RF, Los Angelex, CA (310) 306-5556.

Circle No. 2

B Broadband Solid-state
Power Amplifier

The model P/N 30005-201 high power, broad-
band solid-state. ifier (SSPA) oper-
- < E

cent current of
Designed
spPuhL
use in commer-
cial or military
systems,  the
SSPA has a 1 dB
compression
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 32 GHz,
g flatness across any 200 MHz bandwidth is
0 and output SWR
is < 15. Input and output connectors are SMA
female standard. Size: 6.50" x 3.25" x 1.00"
Aethercomm Inc.
San Marcos, CA (76‘0}

DEVICES

B RF Power Transistors

The model PTF 10149 RF power transistors ex-
hibit a linearity of £0.25 dB over the 920 to 960

[Contined on page 174]

MICROWAVE JOURNAL 8 MARCH 2000



EOMMRCATICNS GRAPRIGUES: 01

Telecom Solutions
with UMS

_~Self-biased LNAs
Oscillators
fmhﬁmcl ons
froih 18 fo 606;:1

Soupcs

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

united .
<3520 0600 e monolithic
B semiconductors

FRANCE : ROUTE DEPARTEMENTALE 128

91401 ORSAY CEDEX/FRANCE

TEL: +33 169 33 03 08 FAX:+33 169 33 03 09

GERMANY : PHONE : +49731/5 05-30 02 » FAX : +49731/5 0530 05

Engineered Solutions

More than 60 locations worldwide to serve you. TollFree Us/Canada : 1800 RF POWER or 1 800 737 6937, roiiod o oS0 e Bavswawr +61(3) 9738 0733, Castle Hil +61
2) 9894 7988, Brazil : Sao Pauio +55 (1) 820 6199, Canada : (905) 795

Indonesa : +62 (21) 912 0721, Ty - Agate brenza (M) 139 (039) €59 145, o +39 (06 41 73 37 51, Sesto Forentino (P +39 (05

Tokyo +81 (3) 5215 1577, Korea : 482 © 539 4731, Mexico : Mexico City +52 (5) 674 2998, Guadalejara +52 (3) 193 0041, Singapore 44 9198, Spain : Barcelona +34 (93) 415 83 03, Macrid
+34 (91) 528 3700, Sweden : +46 B 760 4660, Taiwan : 4886 (2) 869 15238, Thailand : +66 (2) 749 4402, The Netherlands : +31 20 446 7070, United Kingdom : Lincoln +44 (01599) 549631,
Slough +44 (01753) 733010, Vietnam : +84 8 8428775, Corporate Headquarter




Qet
FASTER

Reader
Service
Response

Want more information from Microwave
Journal advertisers? Now you can request it
online. It's as easy as a click of a mouse!
Here's all you have to do:

1. Simply log onto our Web site,
www.mwjournal.com.

2. Click on the LEADnet*" Reader Service icon.

3. Request your information (by advertiser
name, circle number or product type).

microwave

JOURNAL

www.mwjournal.com

174

R S
NEW
PRODUCTS

MHz band and

MOS technology
which significant-
ly improves RF
performance

Best suited for GSM mobile phone base station

wsmitters, the transistors offer output power

0 W and gain of 16 dB. The rugged units op-
erate from a standard 28 V' supply and have a
i drain-source breakdown voltage of 65

V. Load mismatch tolerance is 5 and class AB
two-tone third order intermodulation distortion
is =39 dBc at 20 W peak envelope power.

licroelectronics,
Richardson, TX (877) 465-3667.
Circle

B MOSFET Transistors

The S series MOSFET transistors operate up
to 500 MH while providing 90 and 120 W of
RF power. Designed for both narrow and
wideband data and voice communication appli-
cations, the transistors exhibit a low C,. Data
sheets, S parameters and SPICE models are
available.
Polyfet RF Devices,
Camarillo, CA (805) 484-4210.

Circle No. 245

B 30 GHz SiGe Bipolar Transistors
The model HBT30 seri

silicon germa nim
(SiGe) low phase noise, high frequenc

tors are designed
for oscillator ap-
plications up to
16 GHz. The de-
vice exhibits low
1/f noise of 142
dBc/Hz at 100 Hz
offset and pro-
vides +17 dBm
output power at
the 1 dB gain
compression
point. Operated
from 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 conductivity and
Tow junction temperature.

SiGe Microsystems Inc.,

Ottawa, Ontario, Canada (613) 748-1334.

Circle No. 315
B High Linearity LDMOS
Power Transistors
These high linearity power transistors are

based on laterally diffused metal oxide silicon
(LDMOS) technology that supports designs for

[Contintied on page 176]
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emerging third-generation markets, CDMA
and wideband CDMA. Fabricated with gold
ctalliza gold bond wire

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 sy:

tems, the devices offer high reliabili

duced system cost.

Stanford Microdevices Inc. (SMI),

Sunnyvale, CA (408) 616- 5400, ext. 406.
Circle No. 246

SOFTWARE

B EDA Simulation Software
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, |mpmw.d 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, Price: starts
at $21.000.
Agilent Technologi
Palo Alto, CA (&00) s 4844, ext. 6850.
Cm:l.. No. 253

tion™, an extension of the Finite Integration
technique, for precision and performance; a
modeller that enables the fast def hmmm of com-

nation of the three parts provides radar manu-

cturers with optimized chip size, on-chip

bias circuits, high level performance and a
flective solution.

plex structures; a th
solver; and built-in power macro language,

the simulation of waveguides, couplers, power

splitters, filters, planar structures,

United Monolithic Semiconductors (UMS),
Orsay, France +33 (1) 69 33 03 35.
Circle No. 249

B Small Footprint Synthesi

and antennas
CST of America Inc.
Cambridge, MA (617) 576-5857.
Circle No. 270

INTEGRATED
CIRCUITS

B DC/DC Converter

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 Intemet, con-
duct e-commerce transactions, and send and
receive instant messages. The company’s
patented DC/DC converter design provides
the Palm VI organizer with a small highly ef-
ficient power IC.

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 a5 V supply. Phase noise
is ~102 dBe/Hz at 10 kHz offsct and -122
dBe/Hz at 100 kHz offset from the center fre-
quency. Harmonic suppression is better than
10 dBe and spur suppression is better than 65
dBe. Operating t(,mpcmm.n, is —40° to 85°C.
Size: 0.75" x 0.75"
Princeton Electronic Systems Inc. (PES),
Princeton, NJ (609) 275-6500.

Circle No. 280

ANTENNAS

B 10 - 40 GHz Radio Antennas

The FlatFire™ point-to-point radio antennas

provide superior sidelobe and gan characters-
he

using GaAs MESFET technology, the DC/DC
converter performs at high frequencies and
uses an oscillator that operates outside of the
audio band. Housed in an SOT-25 package, the

ess than 3 mm X 3 mm

Warren, 1\ 7 (903) '668-5000.
Circle No. 247

H Fully Integrated

| H. ic Load-pull Simul;

The Web-based Harmonic Load-pull Simula-

tor (HeLPS) is a next-generation RF/mi-

crowave design tool that dramatically reduces

design time and lowers costs to improve circuit

perfonnance Hel PS utilizes the company s

proprietar 1 modeling tect

and standard SPICE models to allow designers

to perform first-round optimization of 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.

Gigahertz Design Technology Inc.,

Los Altos, CA (650) 533-7501.
Circle No. 254

B Microwave Studio Software

The CST MicroWave Studio (MWS) (version 2)
is a state-of-the-art software tool designed
specifically for the calculation of high frequency

ed PC. The software in-
cct Boundary Approxima-

fields on a Windows-
corporates the Perf
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The model C2304 fully integrated GaAs
MMIC RFIC downconverter is designed for

2. dustri-
al, scientific and
medical band ap-
plications where
low cost and high
volume manufac-

ment manufacturers in the di
markets. The d

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 ce"s
Pacific Wi
Aptos, CA (831) 419-5119.

Circle No. 248

@ MMIC Chipset Solution

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 dBe/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-
order harmonic 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-

ties while el d  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-: F standards. Al-
though well suited for indoor mounting, the
antennas are designed to survive severe out-
door environments.

Electronics Inc.,
Scarborough, ME (207) 883-5161.
Circle No. 276

B Airborne Helical Array Antenna
The model 9930-800 airborne helical array an-

tenna comprises eight individually sealed helix
elements  ar-
ranged in a ring
while a micro-
strip feed net-
work is used to
combine the el
ments electrical-
I\' Operanngm
o 5200

na offers 100 W
CW of power
handling, gain of
20 dBi and SWR
of 1.5 with right-
hand cireular polarization. A base plate is pro-
vided at the connector end of the array for
mounting provisions. Type N female connec-
tors are included.

Seavey Engineering Associates Inc.,
Pemlnake, MA (781) 829-4740.

Circle No. 283

iconical and Log
Periodic Antenna
The modd h\{-ﬁQIIB Biconicalog antenna is

ering both 26 MHz to 3 Gz frequency cove

[Continued on page 178]
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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 calibrated
for field strength measurements from 26 Gl1z
to 3 GHz. Telescopically collapsible biconical
elements are available for improved perfor-
mance at lower frequencies

Electro-Metrics Inc.,

Johnstown, NY

(518) 762-2600.

Circle No. 298

B Wide Beamwidth
Panel Antennas
These high performance wide beamwidth pan-

el antennas for 2.4 GHz wireless local area net-
work (LAN) ap-
plications  are
available in seven
models with 180°
horizontal beam-
width and gains
of 3.5, 6.0,
105 tund

than 1.5 over
GHz.
The antenna’s
length varies from
4.5" to 20" and all
of the antennas
have the same
width (2") and
hickness (1)
he antennas are
bottom-fed with
SMA, N, TNC or
other connector
types.
SuperPass
Company Inc.,
Waterloo,
Ontario,

Cana

(519) 886-5186.
Circle No. 286

B Integrated Mast Antenna

This integrated mast antenna comprises t
antennas in the 30 to 420 \(H7 frequency

B fiberglass
mast. The anten-

and 10 m, sup
porting the mast
against wind load-
ing and the
ground sereen for
the Towest fre-
quency antenna
The fiberglass
mast consists of
12 1 m sections, allowing the antenna to be
broken down to a convenient size for portabili-
ty. Total weight is 2 kg, permitting one person
to carry the entire antenna system. The base
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plate is hinged and can be pegged into the
ground for fast erection,
Poynting Innovations,
Braamfontein, Johannesburg,
+27 11 403 0380.

South Africa

Circle No. 297

B Medium Gain Antennas
The DirectLink™ series medium gain anten-
nas offer five mounting options to optimize
3 > challenging instal-
lation situations,

articulating wa

mount, standard
wall mount, mast
mount and uni-
versal wall/mast
mount, which
permits up to
90° of vertical or
horizontal main
lobe steering. le

&\ll’lOS\IF an-
tenna is designed
specifically for
f linearly polar-
ized signals in the 5725 to 5875 M1z industri-
scientific and medical band. The anten
a two-element patch array to provide a
minimum gain of 12 dBi across the frequency
range with a front-to-hack ratio of better
than 25 dB.
Cusheraft Corp.,
Manchester, NH
(603) 627-7877.
Circle No. 292

B Broadband Communications
Antennas
The Broadband Communications Antennas
(BCA) series has added the BCA series high
gain sector antes
na and the BC
series Mark I1 er
hanced perfor-
mance high gain
sector antennas.
All of the models
offer versatile so-
lutions for dealing
with the complex
and difficult issue
of providing opti-
mum, cost-effec-
tive coverage for
broadband communications, The ]u;,h
sector ant
frequency band while delivering 20.5 dBi of
gain performance at 90° azimuth coverage
(Azimuth sizes of 45° and 90° in either vertica
or horizontal polarization are available.) The
elevation pattern is contoured to give the r
quired signal strength inside the cover arca
free of nulls. The Mark 11 antennas provide en-
hanced, robust pattern performance and good
cross-polarization rejection. The anten
azimuth patterns ensure minimum response
outside of the sector region, which results
in reduced sector-to-sector and intercell
interference.
Andrew Corp.,

Orland Park, IL

Circle No. 296

MATERIALS

B High Performance Laminates

The RO4000* and RO3000° series laminates
are designed to support the economical pro-
duction of high volume circuits for specific ap-
plications in wireless communications designs.
The hmmates feature good electrical charac-
ble dielectric constant
over temperature and low dielectric loss. The
RT/duroid? DUROID® and TMM?® laminates
support the highest requirements for very de-
manding applications.
Rogers Corp., Rogers, CT (860) 774-9605.
Circle No. 250

B EMI Gaskets
The Gore-Shicld® high performance, surface
mount compatible gasket for electromagnetic
interference
(EMI) shielding
can be installed
with standard
pick-and-place
equipment. The
gaskets employ
an  innovative
form factor and
the company’s GS5200 material, a nickel-filled
expanded polyte otrafluoroethylene that is well
ed for wireless applications. Available in 5.5
0 nn and 12 mm Imulh~, and 1.25 mm

W.L. Gore & Associates Inc.,
wark, DE (302) 368-2575.
Circle No. 251

SOURCES

B Miniature VCXOs
The CFPV-41/42/43/44 series miniature sur-

designed  for
SON E T/SD H

S e
phone exchanges
and local or wide
area networks.
The oscillators of-

Dilline (el of
 output frequency via an applied voltage),

eby allowing degraded incoming signals to
orrected to nominal frequency via a phase-
Tonad Toop. Frequency pulling is up to £50
ppm (CFPV 41/42) and up to £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 Mz, in-

[Continued on page 150]
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Thought you had to sacrifice performance for reliability?

Think again.

Introducing PureSource. Lasting reliability at last.

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

— 1
== PureSource J

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.

A Microwave dB product » Tel: 805-499-0410

Lasting reliability at last. Fax: 805-498-0054 » www.microwavedb.com
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cluding the standard fixed-line telecommunica-
tion frequencies at 8.192, 10 and 38,85 MHz.
Price: from $3.50 to $11.30.
C-MAC Frequency Products,
Durham, NC (919) 941-0430.

Circle No. 294

B Subminiature TCXO
The model 312BE mbmmmmre temperature-
ted llator (TCXO) has a
frequency range
of 12,600 to
19,800 MHz. Fre-
quency tolerance
is 05 to +0.5
ppm at 25°C and
frequency stabili-
ty is to 42,5
ppim over an op-
erating tempera-
°C. Designed for sur-

ture range of
face-mount applications, the TCXO has low
a ceramic base and a

ures 7 mm X 5 mm x 2

. 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).
Fox Electronics,
Fort Myers, FL (888) 435-2369.

Circle

B Voltage-controlled Ovenized
Crystal Oscillators

The K2000 series voltage-controlled ovenized

crystal oscillators (vcocxo) esigned
: ally

Sn atum 3 timing
and synchroni:

tion appl\cnuom

Housed in a com-

pact, hermetically

sealed DIL 14

itha +12

y, frequency stability is less than +100

r the temperature range of 0° to 70°C.
Ovemn frequency stability including tempera-
ture, voltage, load and aging is less than £370
ppb/day. Phase noise is less than 95 dBe/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. smndard
frequencies are available up to 20 MHz
optional frequencies up to 38.88 MHz. Pnc :
starting at $75 (1000).
Champion Technologies Inc.,
Franklin Park, IL
(800) 888-1499

Circle No. 275

B Commercial Wideband VCO

‘The model VCO190- 15()01;1“ generates frequen-
cies from 1000 tc MHz with control volt-
ages from 0.5 to 20 The unit typically requires
23 mA of current from a supply \'oltagt of 8V,
Phase noise is 94 dBe/Hz at 10 kHz offset (typ),
output power is +6 dBm (typ), and typical sec-
ond and third harmonic suppression is ~20 and

30 dBe, respectively. Housed in a surfaco-
mount, pick-and-place reflow-compatible pac
age, the unit measures 0 50" % 0.50"x 018
Vari-L Company I
Denver, CO (303) 371-1560.

Circle No. 257

B Low Noise VCO

The model MW500-1109 wideband, low noise
vultage (‘Ol\lfn“i d mmlla«or {VCO) covers an
octave from 1250
to 2500 MHz
while maintaining
a low phase noise
of -117 dBe/Hz at
100 kHz offset
and -93 dBe/Hz
:: at 10 kHz Output
H pnw(r is +6 dBm,
: upply voltage is 5
12V and (unmg wlwge is 0 to 18 V. De-
signed for satellite 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: 050" x 0.50" x 0.14"
Micronetics Wireless Inc.,
Hudson, NH (603) 883-2900.

Circle No. 256

I 805 - 825 MHz VCO

The model V380MEQ9 high performance VCO
covers the 805 to 825 MHz frequency range

- ""l

[Continued on page 183]
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© 2000 L-3 Commurications,Ic.
www.nardamicrowave.com

microwave-east
an( ) commuricaions company
It’s Narda to be precise.

Our precise
new spatial

averaging meter
is SO easy to use,
practically
anybody can

do it.

Just touch the ground with the probe. Press the
meter’s start/stop key. Slowly move the probe
from toe to head. Press the key again. That's it.

And for those four baby steps, you
instantly get an incredibly precise, spatially-
averaged measurement based on about 400
separate readings. Now you know with certainty
if you're within threshold limits.

Put this powerful microprocessing
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. Like a

bright seven-segment numeric display.

Analog bar graph. An audio alarm that
sounds if input exceeds the probe’s measure-
ment range. And a variable alarm that can be
set to sound at any level.

How close are other meters to offering
you all these advantag

They're still in diapers.

Call Narda today at 631-231-1700.




Direct Engineering Interface

Your first contact at Reactel will be with an engineer. With
typicolly 20 years of experience. And the responsibility fo
produce.what he promises. On fime and within budget.

Complete In-house Capability

Circuit design, machine shop, ssembly and final test. We
control the quality af each step in the process. And the
delivery schedule. So you can meet your commitments.

Full Product Line L
From 2.kHz to 20 GHz; from surface mount fo hlgh ;

power. With technology matched to your requirements— -

lumped constant, tubular, cavity, or suspended substrate.

We also provide integrated sub-assemblies such as

switched filter banks. T

Quick Response

Give Reactel a call. Or fax us o copy of your specs. You

o will find that our capabilities will provide a good match to
Rugged, Proven Performance . your requirements. At a very competitive price.

- All Reacte filters are built o 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.

The Quality System in force at Reactel has
been certified by FMRC of the US and SCS of
the UK 1o 50 9001 Standards, REACTEL, INC.

8031 Cessna.Avenve o Gaithersburg, MD 20879
. Phone' (301)519 -3660 Fax: (301)519-2447 E-mail: reactelereactel.com Web Sne. www.reactel.com

e 8 o St L Sl e A St .
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with a tuning
age of 0510 4.5
DC,  allowing
quick and easy im-
plementation into
phase-locked loop
circuits. e unit
provides 5.5 2
dBm of output
power into a 50 Q
load. Phase noise is ~110 dBe/Hz at 10 kHz off-
set, input capacitance is 120 pF (max) and s
ond harmonic suppression is ~12 dBe (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 050" x 0.13" Price: $15.95. Deliven
stock to six weeks.

Z-Communications Inc.,

21-2700.
Circle No. 258

San Diego, CA (858)

B 100 - 800 MHz VCXOs

The M303 series VCXOs have expanded to in-
clude frequencies from 100 to 800 MHz. Orig-
inally designed for SONET applications, these
high performance VCXOs are well suited for
high speed computing o telecommunications
applications as well as network computing,
base stations, high end servers, data communi-
cations transmission and automatic tes
ment. A standard device provides
stability of less than 30 ppm over an operating
temperature range of 0° to 70°C. Delivery
stock to 12 weeks (ARO).
Micro Networks/Andersen Laboratories,
Worcester, MA (508) 852-5400.

Circle No. 279

PROCESSING
EQUIPMENT

B Laser Stencil

The LPKF StencilLaser 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, the St
cilLaser nev des

betw

3 and 5 pm. The
company also of-
and ScanCheck quality

fers its QuickChe

MICROWAVE JOURNAL = MARCH 2000

management options which measure selected

pads directly after the cutting process and pad

eometries and stencil completeness

LPKF Laser & Electronics AG,

Garbsen, Germany +49 (0) 5131 7095 0.
Circle No. 252

B Fiber-optic Buffer
and Coating Stripper
The FiberStrip 7030 portable fibe
and coating stripper is designed spe
stripping buffers
and/or coatings
from glass fib
The 1ghtwmght
FiberSt
features a pre
on die blade
and centering system, an adjustable heating
1nd dwell time system and a rate-controll
5y > standard unit include:
carrymg case with an AC-to-DC power adapter
and other accessories. A rechargeable battery
pack also s available for field use.
Schleuniger,
Manchester, NH (603) 668-8117, ext. 500.
Circle No. 290

SUBSYSTEMS

B 300 W Power S\lpply

The NT301 series compact, multiple output,
300 W power supply has a 3.3 V high current
main output and active input power factor cor-
rection (PFC). The active PFC circuitry pro-
vides compliance with EN61000-3-2 and ac-
commodates a wide-input voltage range of 90
t0 264 V 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
0).

C
Power Electronics Dicision,
Tucson, AZ (800) 547-2537.

>D Technologies nc.

Circle No. 259

B SiGe Powered GPS Receiver
The highly integrated Global Positionin
tem (GPS) receiver features the compan
con germanium (SiGe) process technology, en-
abling the direct conversion of RF signals to
gital 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

[Continued on page 185]
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Boston, Massachusetts
. [EEE Microwave Theory and Techn/ques Society

MARK YOUR CALENDAR NOW

TO ATTEND THE

2000 IEEE MTT-S International
Microwave Symposium & Exhibition

June 11

-16, 2000

John B. Hynes Veterans Memorial Convention Center

Featuring Technical Sessions and Workshops

for Wireless, Commercial and Military Applications.

ICs for Wireless Communications
Microwave Vehicular Technology

CAD Design Methodology

Power Devices and MMICs

Wireless Communication Systems

and Technologies

Power Amplifiers for Wireless Applications
Subsystems for Commercial C:

B Transistor Power Amplification
Nonlinear Modeling and Analysis
Measurement Theory and Techniques
High Power Sources and Control
Low Noise Receivers
Manufacturing, Production and Packaging
Advances in Hybrid Technology

and Submillimeter Wave Tect

Biological Effects and Medical Applications
Signal Generation, Frequency Conversion

and Control Circuits

Filters and Multiplexers

Ferrite Components

Guided Waves and Propagation Characteristics

Monolithic Technology
Active and Quasi-optic Arrays
Lightwave Technology and Techniques
Superconductivity Technology
Microwave Digital Processing

Full Guest Program — Bring the Family!

In addition to the outstanding Symposium, visit the World’s Largest Microwave Exhibition,

featuring more than 400 industry innovators displaying their newest w:reless and commercial products and services.

P

Once again this year, industry rep ives will be p

i and

which will be open to all attendees.

seminars on the exhibition floor

0 Yes,Iwould like additional information on attending MTT-S *00. Please send it to:

Name Title

Organization b

Address Bk L
City State, Zip Code

Country i Teleph:

Microwave Journal®, 685 Canton St., Norwood, MA 02062 B FAX: 781-769-5037

MwWJ

Access MTT-5 On-Line at Microwave Journal® via http://www.mwjournal.com.
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automobile, marine and recreational applica-
tions. The system also includes a PowerPC 401
embedded processor and comprehensive sup-
port features suich as memory, a GPS refe
crystal, connectors and a real-time cloc
40 mm x 66 mm
IBM Microelectronics Division,
Hopewell Junction, NY (914) 499-1900.
Circle No. 260

W 0.15- 3.0 GHz
Multiplier Subsystem
The model $YSX20-3A integrated thre
multiplier subsystem is suitable for
LO generation
using a reference
VHF stabilized or
voltage-tuned in-
put source. In-
dustry standard
size amplifier and
multiplier mod-
ules are used in
ternally to make
the unit easily
modified for custom frequencies with 55 dBc
spurious levels.
MITEQ, Hauppauge, NY (516) 439-9423.
Circle No. 26

1

B Radio Modem Modules

The SLM-C module for the RF9600 series ra-

dio modems provides two analog inputs and
two analog out-
puts. The unit
can be configured
for 0 to 5 V input
or 0 to 20 mA in-
put or configured
as outputs for the
same ranges. The
module can be

used in remote monitoring operations, sensing

machine current changes, control loop ci

ry and temperature monitoring

Neulink, a division of RF Industries,
San Diego, CA (800) 233-1728
or (858) 549-6340.

Circle No. 262
M 32 x 32 Coaxial Matrix

The model 10840 coaxial matrix offers a band-
width of 5 to 20 Mz 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
combination under RS-232 or IEEE-488 con-
trol, and features unity gain at full fanout, en.

MICROWAVE JOURNAL & MARCH 2000

abling a high degree of versatility. 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

Matrix Systems Corp.
Calabasas, CA (818)

2-2301.
Circle No. 271

B Coaxial Switch Matrix

‘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
keypad for manual override and two remote in-
terfaces (RS-232 and IEEE-488 general-pur-
pose interface bus). Impedance 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 externally at the rear.
Dotw-Key Microwave Corp.,
Ventura, CA (805) 650-0260.

Circle No. 291

TEST EQUIPMENT

B Measurement Software
for RF Power Meters

The 4330 series RF power meters and the
model 4500A RF peak power 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 scheme signals such as
wideband CDMA, EDGE and third-genera-
tion. Designed for production antomatic test-
ing equipment, the 4330 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 Msam-
ples/sec for repetitive signals. The model
4500A operates over the 1 MHz to 40 GHz
frequency range and can perform a number of
measurements quickly with an effective sample
rate up to 5 Gsamples/sec. The software
tures include statistical modes that provide
users with the capability to fully analyze power
distribution, including peak power 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).

Boonton Electronics Corp.
Parsippany, NJ (973) 386.

96.
Circle No. 299

[Continued on page 194]
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30 Day Trial Software
Free Download from
www.mwoffice.com

The World of RF & Microwave
Design has Changed Forever!

Microwave Office 2000 is the revolutionary
high-frequency design solution that is changing
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!

AWR

Applied Wave Research, Inc.
1960 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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HI-THERM
ALUMINUM NITRIDE
Literature details
Carborundum Hi-Therm™
Aluminum Nitride high
performance ceramic
substrates and companents
for advanced thermal
management applications
such as microelectronic
packages and
semiconductor silicon
wafer processing. Provides information on Hi
Therm™ Aluminum Nitride's excellent thermal
conductivity and electrical properties. Hi-Therm™

higher than alumina and approaching ber
higher temperatures.
Contact:
Carborundum Corporation
Microelectronics

716-731-9200
www.carbo.com

CIRCLE 31

4 LABTECH
www.labtechcircuits.com

high specification
microwave prmred circuitry

email: sales@labtechcircuits.com

CIRCLE 69

800-448-1666  315-438-4700
Fax: 315-463-1467
Toll Free Fax: 888-411-8860
http:/iwww.microwavefilter.com

e-mail: mfcsales@microwavefilter.com
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MICRO-ADS
—

FILTERS AND DIPLEXERS
UP TO 40 GHz
High Performance, High Quality
at Low Cost
FILTEL MICROWAVE INC.

| 342 Alwd Vimcond, Quetec, Conada, STVES
| 7 - ganmy asssmnasmax: ase) aaessre

Vs
l TSAT

Ku to L-band Transceiver, 2 W

Completfly Integrated, total weight 2 kg
* HPC,OMT, TRE LNC.

* Microcontroller
Two cables Interface:
* RxIE 10 MHz ref and 24 DC
* Tx, HPA on/off
For more information:
Fax: +47 6677 4401 + e-mail: info@tsat.no
www.tsat.no

CRCLE 171

WAVEGUIDE
SWITCH SPECIALISTS

o
From WR10 trough WRGT5
Think SECTOR MICROWAVE

SECTOR MICROWAVE
INDUSTRIES, INC.

Grand Bivd., Deer Park, New York 11729
(518) 242-2300 » FAX: (516) 242-8158 » Telex: 673-2151

|

Personal
Probe
Station

Very Low Cost
High Function

mantally opeaed pote st
d scentts,

miore

ST tceabily

) ke 10
ol

A Probe Station On Every Bench
CIRCLE 60

o~ DAMASKOS, IN
u» M

‘WAVEGUIDE

urement Solutions

400 MHz - 110 GHz
Universal Platform

« Cal Standards

* Sample Holders

* MU-EPSLN™ Sfwr

WAVEGUIDE DESIGN AND ANALYSIS SOFTWARE
‘Windows '95/NT/Alpha
Full EM Field Modeling Based

Filters:
Lowpass, Bandpass, Bandstop,
Evanescent, Dual Mode, Finline
Diplexers & Multiplexers
E/H-Plane, Bifurcated. T, L and Coaxial
Line Comemon Ports
Transformers:
E-Plane, K-Plane & EH-Plane.
Power Dividers & Couplers:
Hybrids and N-Way
OMT-Polanzers & Horn
Anten
CONSULTING SERVICES FOR SOFTWARE & CIRcuIt DEston
POLAR WAVES CONSULTING
6425 Pinehouse Drive
Saskatoon, SK S7KsKz
Tek: (306) 934-6688 * Fax: (306) 931-4604
e-mail: pramanickask sympatico.ca
hip://www.polarwaves. com
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The new mid-range prodigy
(and the proud parents)

50 you know all about spectrum analyzers from
Rohde & Schwarz2 Top of the range 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: small, light,
exiremely fast, big colour dis-
play, with a specification to blow
the socks of all the opposition in

the market for mid-range spectrum analyzers.
Features like high-speed zero span? Buili-in.
GPIB, RS232 and printer interfaces? Standard
PCcompatfible screenshots? At the touch of a but-
ton, no conversion software needed. 10 Hz to 10

MHz bandwidths? The complete range. Time-
gated analysis? No exira 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 defec-

tor, or statistic measurement func-
tions like CCDF. Or highly selec-
tive FFT filters and the fast ACP
measurement function. Not bad,
you are thinking, but tell me
about the price for such a

parade of technology. Certainly we'll tell you
about the price: very, very compefitive. Just
another feature. By the way our mid-range prodi-
gy is called the FSP. You can find out all about
the FSP on the Internet. Or give us a call.

Discover more: www.fsp.rsd.de

ROHDE&SCHWARZ
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... Your Career

Gemeral Manager: Tne: hundred milion dolar HFIC GaAs MMIC company has e fo
Gt lead them it a PO siarup company,Icividual must possess experences leading &
mal i ft 15 of G bisess o a st apar. Cnde st fises
an angressive, oneael manageent and

Dir. & Marketing:
1 n e 0 onne s m e e il i
expeiencein developing a business plan fo expend fs eising preserce inthe

and SiGe semiconductor industy. Ths individual wil rpor ditectlyto e division mes\—
denlgeneral manager. Your ules will include cuting ege leadersip, implementaton of
slrlgi 4 cleat ndestnding

oo gt ol g e il D s ot s
the commercial RF/Microwave wireless communications industry. Compensalion package will be open to your
Al o siuses, BREEIVGA O s e, il it pstss WGt d & ot
forl "hands-on” agprodch o Sucosed i i posion

Project Manager: Project leader in charge of development of new node and ampiifier
products for the CATV market. Ability to lead in engineering environment dealing with marketing, application engi-
nering 3nd manuacuring. CATV/Ampilr develogment, R, opicl, and o il esion operece. Technical
nowledy f CATV o Broadtand HFC Sysems. BSEE o MSEE. MBA apls.

Imp Design: Design and develop high-eficiency low-voltage SiGe power devices and amplifiers
for cellular/PCS agplications. Requirements includa MS or PhD and experience in MMIC of RFIC design and test
along wih 5 yersexeenc nbipoar and Gahs poes a s,

Hands-o engineers speializng in GaAs, S, Si . cirui desgn. Desig cens e o-
caled roughou the US an inmatoely. The comganies e repisent il sponsorclizenshi. Al ut cent
conparies eSS G inlogy s, Al of ngeting ooy puslions e oen.

on il

technical -
P

ith rew standard and

sion
RF[Mictowave mezsutement s design axprisnce with analog and digial modulaton schemes (AMPS, GSW,
‘TOMA, COMAY, sirong writien and cusiomer relaton sl

degarments

 Manuactsing Wil pepare masing

ing ot
exerene nFF Wirles ndustyprefered

Key Account Manager: T positon vl work closely wih ey ustomersto implment andard prodc G-
signins and gusto 1 development pojcs Indvidualwil manage ol prases of project deveoprent: sched-
ules,freasi,fesoutces and feoical als. Requies enginering Gegree and exerience with prje manage-
e foos Account management o

Filter 1S, Minimum 3 years expererce in the design and development of Broad Band
coie, i e necigtl o pass and high pass fters, mulieses, dode swilhes (phase sifers) a
nurs and it Subysns esfab

s
ki e i, amlf, U s, s e o o o w00
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handseésand wirelss communications dvices 2 900 Mz 1.8 GHz. PhD/MS
Wit experience wih one o he folowing LNAS, VCOs, pone amps, mivers and requency syifesizers.
ot 1o dvelop

BSEE

frs requica. Canidats st and g assocl osic-
cesilly procce R activ componens  igh vole
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VisIT OUR WEBSITE AT WWW.MICSEARCH.COM
“ M I c R COMMUNICATIONS
d EXECUTIVE SEARCH

Wie specialize in the placement of wireless, RE, microwave
communications professionals both nationally and internationally

800 Turnpike St.  North Andover, MA 01845

Call Collect: Tel: (978) 685-2272 * Fax: (978) 794-JOBS
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NEW PRODUCTS

B 24-channel Noise Generator

The model UFX9736 modular, multichannel noise generator provides
uncorrelated, time-varying, random noise signals for each channel, al-
lowing realistic burn-in conditions to operate with cvery possible input
signal level. The channels can be switched from noise to external signal
input Jevels for testing with real data during bum-in channels. Designed
for simultaneous bumn-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,

NoiseCom, Paramus, NJ (201) 261-8797.

Circle No. 267

B Firmware and Calibration Kits

The Version 1 (h firmware and the models 3750LF and 3753LF calibra-
tion kits ly improve the overall of the MS462x se-
ries vector network an-
alyzers, which can per-
form error-corrected
noise figure measure-
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 be displayed and
read via an analog in-
put connector, thereby allowing voltages from %25 V to be measured
with external instruments. The calibration kits contain two precision
male and female terminations, and one male and female open and short.
Anritsu Co., Morgan Hill, CA (800) 267-4878.

Circle No. 264
B GSM Test Set

The IFR 2935/PhoneTest GSM test set includes an in-channel spectrum
andyzer and an VQ adjustment display: Designed for applications such
as Go/Nogo test, mo-
bile alignment and re-
pair to final QA audit
assessment, the unit of-
fers improved level a
curacy, SWR and pow-
er burst analysis. Op-
tional software that
provides maintenance
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.

IFR Led., Stevenage, Hertfordshire, UK +44 (0) 1438 7422 00.

No. 266

B Frequency Counters
The models 905 and 905R frequency counters are designed for on-site
frequency cnhbrauon in automatic test equipment systems and calibra-
tion labs. Both models
fulfill the requirements
for calibrating cellular
* telephone base station
master clocks with a
short warm-up period
of less than 10 minutes.
These user-friendly
counters feature a
smart automatic input
trigger control, plus an

[Continued on page 196]
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RF Connectors ® Cable Assemblies * Resistive Products
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HAS YOUR RF CONNECTOR SUPPLIER...
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&

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
CQﬂfusnon? Being turned away on special design projects?
Give us a call. We haven't lost the personal touch!

3301 Electronics Way, West Palm Beach, Florida 33407
Tel: 561-840-1800 ¢« Fax: 561-844-8551 « E-mail: sales@svmicro.com
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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
300 MHz standard bandwidth (up to 2.7 Gllz
optional). The 905R features a built-in Rubidi:
um frequency reference and maintains a 50
times margin to base station master clock fre-
quency accuracy specifications for 10 years
without adjustment. Prices; $1695 (model 905)
and $9995 (model 905R).
Wavetek Corp.,
San Diego, CA (619) 279-2200.
Circl

le No. 316

@ High Frequency Test Socket

The model :
handler provid

high frequency test socket

: clearance required for the
Daymare 717
plunge mecha-
nism and align-
ment pins to
mate with the
handler. The lid
assembly contains
a compliant lead-
backer that en-
sures  contact
with the compa-
ny's patented Mi-

ostrip  Con-
e of the contacts re-
t sell-inductance of

tacts™ on the board. (U

sults in a minimal cont

0.01 nH.) This pressure-mounted test interface
fits all TSSOP-173 devices from 14 to 28 leads.
Price: $2457.00. Delivery: six weeks (ARO).
Aries Electronics Inc.
Frenchtoton, Nj (908) 996-6841.
Circle No. 263

B RF Integrated Circuit Test
System Software
The model 84000 series RFIC and TFIC test
systems offer three standard configurations
and new software
that will improve
time-to- mdrkek
with target
eries of uum
weeks rather than
ree months and

put up to
cent. The A.03.00
software provides
incrementally ex-
pandable mixed-
signal resources
and measurement
capabilities for
meeting emerg-
ing production
test needs. The
test 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 MIlz to 3 GHz or 18 GHz.) The soft-
ware also simplifies copying and pasting of

RE/MICROWAVE

multiple lines within a test plan to enable engi-
neers to leverage entire sections moy tﬁr
ciently. Price (test systems): less than $500,000
Hewlett-Packard Co.,
Palo Alto, CA (800) 452 4844.

Circle No. 265

TUBES

B Traveling-wave Tube

model TH 3875 traveling-wave tube
(TWT) utilizes two technologies: the helix de-
lay line, which ensures large instantancous
bandwidth, and a Wehnelt electrode 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 countermeasure sys-
tems, the TWTS provide th
effective jamming over
range. The TH 3875 delivers 80 W CW [xm:x
from 18 to 40 Gllz, requiring fewer tubes for a
given performance level.

Thomson Tubes Electroniques,
Meudon-La-Foret, Cedex, France

+33 (1) 30 70 36 43.

Circle No. 268

SOFTWARE DEVELOPERS

SALES AND MARKETING PROFESSIONALS

« Application/Testing E

ATLANTA, 64

Eagleware Corporation, located in NE Atlanta, is seeking experienced engineers, software develop-
ers, and marketing and sales professionals to accommodate the company’s rapid growth. We offer a
competitive salary and exceptional benefits.

POSITIONS AVAILABLE:

* Model Engineer

« Electromagnetic Simulation Developer
* 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 resume to jobs@eagleware.com.

€EAGLEWNARE=—

RF and Microwave Design Software

* System Simulation Developer
* Windows Developer
* International Sales Manager

4772 Stone Drive * Tucker, Georgia 30084

E-mail: jobs@eagleware.com

FAX: 770-939-0157
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12V VCO FOR PCS HAS
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
B000kHz 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 ADT4-8WT surface mount
transformers provide 4:1 impedance ratio
0.5 to 600MHz. Typically, in 1dB band-
width, these transformers display excellent
0.1dB 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 0.1565” high (max.)
and applications include balanced amplifiers
and impedance matching.

[ Mini-Circuits

FEATURED PRODUCT

PATENTED 0.07” MIXER
PERFORMS 2800 TO 5900MHz,
The MBA-591 level 7 (LO) frequency mixer,
part of Mini-Circuits patented family of
Blue Cel™ mixers, operates over 2800MHz
1o 5900MHz with 36dB L-R, 26dB L- isola-
tion and low 6.5dB midband conversion loss
{all typ). The Blue Cel™ mixer series delivers a
unigue combination. of low conversion loss,
superb temperature stabilty, thin profile, and
low cost for higher frequency designs. This
model is ideal for satelite, ISM, and PCMCIA
applications. Available off-the-shelf.

12dB DIRECTIONAL COUPLER
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 SPLITTER
FOR 5 TO 1000MHz
Mini-Circuits has introduced a 2way-0°
power splitter/combiner for CATV applications
inthe 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
20GHz precision termination from
Mini-Circuits exhibiting a return loss of
40dB typical up to 4GHz and 20dB typical
from 10 to 20GHz. This low cost, off-the-shelf
50 ohm solution is capable of a Btoad
range of applications that might otherwise
require a more expensive custom
design, including cellular and satellite
communications. Power rating is 0.50W
10 70°C ambient. Actual test data s available
on YONI at the Mini-Circuits web site.

E CAF
P.0.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE

& 4> ‘The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At ht
2

1SO 9001 CERTIFIED

F 319 Rev. Ora.
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B MicROWAVE ABSORBER 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 RT series reticulated foam
absorbers, (Other data sheets also are available.)
Specifications and gm))ln arc included

ARC Technologies Inc.

Amesbury, MA (978) 38H 2993.

Circle No. 200

B 5071 ANNIVERSARY
New Proouct CATALOG
This 24-page new product catalog features
more than 50 of the companys hest-selling
products, including IC testers, p

B Mimarizep Rusipium Atomic
FREQUENCY STANDARD DATA SHEET

This data sheet contains information on the FE-

5600M series rubidinm atomic frequency stan-

dard, which meets MIL-E-5400 Class 11 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

B 2000 Computer-BAseD
MEASUREMENT CATALOG

This 672-page catalog provides detailed infor-
mation on all of the company's hardware and

power supplies, and cable and video monitor
testers as well as a full line of accessories. Pho-
hs, specifications and pricing informa-
tion are provided.

BEK Precision Corp.,

Placentia, CA (714) 237-9220.

Circle No. 201

to

B SPEED AND PROXIMITY SENSOR
BROCHURE
his brochure features an expanded line of
speed and proximity sensors, including the M
series magnetic proximity sensors, the GS seri
rtooth speed sensor assemblics, the SD se-
os Geartaoth speed and direction sensors and
the VN series vane Sensoss: Photographs, dis:
grams and specifications also are provided.
Cherry Electrical Products,
Pleasant Prairie, WI (800) 285-0773.

Circle No. 202

B ANTENNA DEVELOPMENT GUIDE

FOR BLUETOOTH APPLICATIONS
The Design Guide for Bluctooth Antenna Sys-
tems provides extensive information on antenna
selection, orientation and attachment as well as
tenna tuning and testing for developers and
facturers utilizing Bluetooth technology
for portable computer device design
Centurion International Inc.,
Lincoln, NE (402) 467-4491.

Circle No. 203

software roducts, inchuding dig-
ital multimeters, electrometers, precision
sources, voltmeters, po
systems and data acqu
ray of software, A reference guide with appli-
cation examples also is provided

Keithley Instruments Inc

Cleveland, OH (888) 534-8453

or (440) 248-0400.

Circle No. 205
B CoaxiaL DeLay LiNe AppLicaTion NoTe
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-
ance. Determining length based pon electri-
cal characteristics, cable types and packaging
also is discussed.
MICRO-COAX,
Collegeville, PA (800) 223-2629.

Circle No. 206

B FrequeNcy CONTROL SOLUTION
CaTALOG

This eight-page catalog introduces frequency
control solutions for commercial and aerospace
applications such as oven-controlled crystal os-
cillators, temperature-controlled erystal oscilla-
tors, resonators and crystal filters. The compa-
ny's fabrication, processing and testing capabil-
ities also are described.
Piezo Technology Inc. (PT1),
Orlando, FL (407) 295-2000.

Circle No. 207

Manufacturers
of RF & Microwave Filters & Diplexers

from DC to 20 GHz.

LUNA Microwaves, Inc.
7610-V Rickenbacker Dr.
Gaithersburg, MD 20879

&

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.

Tel. 301-926-0380
Fax. 301-926-0359
E-mail: luna@erols.com

NEW LITERATURE

B DC-70-DC CONVERTER BROCHURE
This brochure describes the new LPD301 se-
ties 50 to 200 W DC-to-DC converters, which
employ an innovative topology similar to a
standard forward converter and special inte-
grated magnetics to reduce component count
over competing converter designs

Powercube, a Natel company,

Chatsworth, CA (800) 866-

Circle No. 208
B Prenum CABLE CATALOG

“This new 20-page catalog features the compa-
ny's LMR? LLPL high' performance 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 System:
Wallingford, CT (203) 5495489,

Circle No. 209

B 2000 RF Power
SEMICONDUCTOR CATALOG

This 300-page data catalog, UltraRF Por

contains information on all of the company’s

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

W MMIC DEsiGN BROCHURE

‘This six-page brochure ducnhm state-of-the-
art GaAs technologies, MMIC design and
foundry services. The (.umpan\ s fra
waler and back-end processing capabilities also
are described
United Monolithic Semiconductors (UMS),
Orsay, France +33 1 69 33 03 05.

Circle No. 211

CLASSIFIED

SR. MANUFACTURING

ENGINEER

At Spectra-Physics, our name is synonymous
with the finest lasers in the world. We are
currently in need of a Sr. Manufacturing En-
gineer 1o provide process control, indepen-
dent failure analysis and corre

neering. metallurgy and metal/ceramic bond-
ing. Experience with TWT devices or gas
Iasers is helpful.

Please send your résumé to:

Spectra-Physics (job code MS)

198 CIRCLE 70 ON READER SERVICE CARD



mailto:luna@erols.com

SPACE QUALIFIE

| for Low Power Dissipation
: ¢ Meeting MIL-PRF-38534 or MIL-STD-883
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B RF Circuit Design:
Theory and Applications

hk

THE BOOK END
B M.LT. Radiation Laboratory Series

Vari, Radiation Lab

Reinhold Ludwig and Pavel B

Prentice Hall
641 pages plus CD-ROM; $97
ISBN:0-13-095323-7

his 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-

y staff b
Artech House Inc.
CD-ROM (set of two); $325, £223

Tl\e M.LT. Radiation Laboratory was responsible for
dramatic advances in microwave and radar technology
between 1941 and 1945. The laboratory’s work made
practical radar technology a reality and pmduced many
advancements in microwave communications and other
related technologies. Beginning in 1947, 28 volumes de-
tailing the laboratory’s innovations in prdm(,dl microwave
and radar applications were published in an effort to
make this valuable mformahon readily available to scien-

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
cmnparablc 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 coefficient.

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.

1 pha g Al

tists and enguwonng professionals. These 28 books are

it he ion of modern microwave technol-
ogy and are now available on two fully searchable CD-
ROMs, making them useful resources for today’s 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, Pri
ples of Microwave Circuits,
Microwave Transmission
Circuits, Waveguide Hand-
book, Techniques of Mi-
crowave Measurement, Mi-
crowave Antenna Theory
and Design, Propagation of
Short Radio Waves and Mi-
crowave Duplexers. Also in-
cluded in the set are Crystal
Rectifiers, Microwave Mix-
ers, Components Handbook,
\acuum Tube Amplifiers, Waveforms, Electronic Time

A review of key 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 order this book, contact: Prentice Hall, PO Box
11073, Des Moines, 1A 50336 (800) 947-7700.

ts, Electronic Instruments, Cathode Ray
Tul)e Displays, Microwave Receivers, Threshold Signals,
Theory of Servomechanisms, 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 order this CD-ROM set, contact: Artech House
Inc., 685 Canton St., Norwood, MA 02062

(781) 769-9750, ext. 4002; or 46 Gillingham St.,
London SW1V 1HH, UK +44 (0) 171 973 8077.

Frank Bashore
Frank Bashore is  member of the Microwave Journal staff
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You are on a power trip...
you design amplifiers and every last dBm counts.

rely on Harmonica

that performed so well during

simulation s built and tested 1. No premature saturated power

tral regro ainly no oscillations.

optimal ACPR, power, IP3, nonlinear

fier designs demant

d. That's why many engineers are turning to

Harmonica, the most powerful high-frequency circuit design solution

With physics-based distributed

model 2 time-tested

Harmonic Balance engine

Harmonica delivers superior

speed, accuracy, power and
functionality. And as a part of

Ansoft's Serenade Design

Environment, Harmanica
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

et
D

Environment call 412-261-3200

or send e-mail to info@ansoft.com
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