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A Winning Combination

C.W. Swift and HUBER+SUHNER
team up to introduce the new
MMBX connector.

Small Dimensions, Maximum performance

- Board-to-Board or Sandwich card connection

- Lowest space requirement- less than 7mm
mated for design flexibility

» Surface mount or through hole design

- Misalignment compensation- 0.7 mm axial
and 0.4 mm radial

» SUCOPRO plating for enhanced solderability f%
- Available in tape and reel or bulk packaging ’

C.W. Swift & Associates is the original RF and
microwave stocking distributor, providing delivery
and personalized sales and service for over 40 years.
Call us today for more information on the
HUBER+SUHNER MMBX connector and a free
product catalog.

£H) HUBER+SUHNER

INNOVATIVE SOLUTIONS TO COUNT ON

C.W. SWIFT & Associates, Inc.

15216 Burbank Blvd., Suite 300, Van Nuys, CA 91411
800-CW SWIFT - 818-989-1133 - 818-989-4784 (fax)

In-stock orders received before 4:00 p.m. PST are shipped the same day!
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Phase Stable
Loaxial Cable Assemblies

With
Temperature

Flexing

Just give us a call or visit us at www.iw-microwave.com

L Since 1970... Specialists in the manufacture of

bigh-performance micr [ ion lines.
20 East Franklin Street « Danbury, CT 06810
Tel: 203-791-1999 « Fax: 203-748-5217
e-mail: sales @iw-microwave.com
WWW.iw-microwave.com

MICROWAVE PRODUCTS DIVISION
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THE WORLD'S LARGEST SELECTION

2""1 ,o '06"1 from 99‘ |

Choase from over 550 standard off-the-shelf models from 2way and 3way to 48way; 0°, 90°, and

180°; 50 and 75 ohms covering 2kHz to 10GHz. Mini-Circuits will also supply your special needs and custom
designs such as wider bandwidths, higher isolation, lower insertion loss and phase matched ports...all at catalog
prices with rapid turnaround time. Case styles include surface mount, plug-in, flat pack, and coaxial connectorized...
and custom case styles are ro problem! Super-miniature and ultra-low profile surface mount units provide excellent
solutions in cellular communications, cable systems, and countless wireless applications. And all units come with a

1 year guarantee and skinny 4.5 sigma performance repeatability unit-to-unit and production run to production run,
Add fast delivery, unsurpassed applications support and value pricing, and the decision is easy. Call Mini-Circuits today!

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



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

[ 4 Mini-Circuits

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET hitp://www.minicircuits.com  CIRCLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to » 760- pg. HANDBOOK + INTERNET » THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM
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More power equals
more freedom.

introducing the SXT-289. A new
wideband GaAsHBT power amplifier.

Stanford Microdevices introduces the SXT-289 — the
perfect driver amplifier for today’s and tomorrow’s
advanced communication infrastructure equipment.

With power to spare, giving you freedom from
design constraints, this amplifier was designed and
manufactured using state-of-the-art Gallium Arsenide
heterojunction bipolar transistor (GaAs HBT)
process technology. These devices are ideal for use as a
driver stage for power amplifiers installed in cellular PCS
infrastructure equipment and conform to TDMA,
CDMA and PCS 1900 modulation standards. The SXT-289
operates from a single SVDC supply and offers exceptional

linearity performance in a small form-factor plastic SOT-89
with backside ground.

For more information on the SXT-289 or any of our
other products, visit our website today and experience
RF Innovation from Stanford Microdevices.

——IP3(dBm) —— P1dB (dBm) s21 (dB)

1700 2500
MHz

Typical device performance. Bias =5V @ 110mA typ.

* STHANFORDO

MICRODEVICES

www.stanfordmicro.com ¢ 800-764-6642
Circle 25



&

Imagine the possibilities.

|ntroducing our newest NGA biased with a single voltage and provide wide
InGaP HBT amplifier family with bandwidth, high gain and exceptional linearity.

low thermal resistance for higher For more information on these new InGaP amplifiers,
reliability and improved linearity visit our website today. Imagine the possibilities with
with broader bandwidth. RF innovation from Stanford Microdevices.

Stanford Microdevices introduces the NGA-100 through
£ 000 Series InGaP HBT amplifiers designed for
today’s and tomorrow’s advanced communication
4 infrastructure equipment. Design and fabricated | NGA-18¢
with state-of-the-art InGaP/GaAsHBT technology for
higher reliability, these devices are ideal for use as
driver stages for higher power applications. Available in
small-form factor plastic packages, the NGA series are Data at I GHz and is typical of device performance.

NGA - InGaP MMIC 50 Ohm Gain Block Amplifiers

* STANFORD
MICRODEVICES

www.stanfordmicro.com ¢ 800-764-6642
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Mini-Circuits ushers in the next generation of high reliability
MMIC amplifiers...HI-REL ERA amplifiers. Just check the
specs! With an expanded selection of models and gains, these
GaAs amplifiers cover extensive commercial and military
applications to 8GHz and beyond. Instant access to
S-parameter data, grounding, and biasing techniques
on our web site make ERA ampilifiers very easy to use.
Simply sketch an interconnect layout, and the design is done. And
ERA’s are engineered with broader 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, high
reliability, and lots to...gain! .
Mini-Circuits...we’re redefining what VALUE is all about! "’—:

ERA-18M

AGTUAL SIZE

*Freq
Model (MHz)
ERA-1SM DC-8000
ERA-21SM  DC-8000
ERA-2SM DC-68000
ERA-33SM DC-3000
ERA-3SM DC-3000
ERA-6SM DC-4000
ERA-4SM DC-4000
ERA-51SM DC-4000
ERA-5SM DC-4000

Note
Specs typical at 2GHz, 25°C.

DC tO 8GHZ From

ERA AMPI.IFIERS

Gain
(dB)
1.8
13.2
15.2
17.4
20.2

1.3
13.6
16.1
18.5

s11

Max. Power Out

(d@Bm,

@1dB Comp)

Exception: A indicates typ. numbers tested at 1GHz.

* Low freq. cutoff determined by external coupling capacitors
@ Price (ea.) Qty.1000: ERA-1SM $1.19, -28M or -21SM $1.33, -3SM

or -335M $1.48, -4SM, -55M -65M or -515M $2.95

4 Mini-Circuits

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

&v" 'u" The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
-

(1000 qty.)

@Device @ Price

Dynamic Range ~ Current  $ea.

NF(dB) IP3(dBm) (mA) (30 Qty.)
55  26.0 40 1.42
47  26.0 40 1.57
46  26.0 40 1.57
39 285 40 1.72
38 230 35 1.72

484 a36.0 70 3.90
452 a33.0 65 3.90
441  a33.0 65 3.90
443 a325 65 3.90
bias (Required)

Typical Biasing
Configuration ERA

RFC (Optional)

¢ block

p— out

us 106 e

CIRCLE READER SERVICE CARD
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On Our Cover

Surface Mount
Components Reduce
Broadband

Equipment Costs
Alpha Industries has
developed low-cost pack-
aging for microwave com-
ponents that operate up
to 43 GHz.

Using these packages, the
cost savings of automated
assembly can be realized
for mm-wave broadband
wireless products. Cover
photo provided by Alpha
Industries.

TEC N

January 2001
Vol. 13 No. 1

CONTENTS

CAVL [FEATTUES

32

40

52

64

68

92

98

EEPHERS Ty Srm s

Enhancing the MMDS Transport Layer
This article reviews the properties of an MMDS system, comparing
them to cellular phone systems and pointing out differences in sector-
ization, antenna directivity, propagation and loss.

— Dr. J. R. Sanford and Joel Raymond, REMEC Broadband

A VCA Using the Resistive Line Approach with a
Parasitic Inductance Cancellation Circuit

Voltage-controlled attenuators are key elements in CDMA and other

spread spectrum systems. Here is a design approach that offers both
simplicity and low cost.

— Raymond W. Waugh, Agilent Technologies, and

Louis Fan Fei, Lucent Technologies

A VCA Using the Constant Impedance Approach
The previous authors continue the exploration into VCA design with
another design that maintains a good impedance match.
— Raymond W. Waugh, Agilent Technologies, and
Louis Fan Fei, Lucent Technologies

High Power Transmitter Uses TE;; Mode Suppressor
Here is a note showing how harmonics can be reduced in high power
microwave transmitting systems.

— Richard M. Kurzrok, RMK Consultants

Spurious Responses in Thickness Shear Quartz Crystals
The author helps readers specify crystals more accurately by identify-
ing the mechanisms and practical levels of spurious responses.

— Louis Bradshaw, Fox Electronics

Design Ildeas — Transmission Zeros in Filter Design
This tutorial shows how transmission zeros are a practical way to char-
acterize filter performance.

— Randy Rhea, Eagleware Corp.

Sampling Probe for Microwave Frequencies

This simple test accessory provides voltage sampling that is often

required for design, development and alignment of microwave filters.
— Richard M. Kurzrok, RMK Consultants
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PRODUCTS & TTECHINOLOGES

110 2001 Wireless Symposium Brings the Industry
to San Jose

A preview of the workshops and technical presentations at this event.

4 Product Focus —
A Look at Recent Test Product Introductions

Three New MMIC Frequency Converters Reduce Cost
and Complexity of mm-Wave Radios

124 \ WG-28 Waveguide Relay Offers High Performance
in a Small Size

6 2.4 GHz Monolithic VCO Requires No External
Resonator or Varactor

YARKET UPDATTIE

Wireless Suppliers Have Mixed Views on the
Economic Slowdown

Recent economic conditions have raised questions about sustainable
growth and long-term business prospects. Here is a summary of the
main views that are discussed among participants in the wireless com-
munciations industry.

10 Editorial
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rI\!odel# Freq Range Gaiii NIF

GainFlat 18 comp. 3rd Order

VSWR

DC Current

(GHz) (dBmin) (dBmax) (+-dB) pt.(dBmmin) ICPmin In/Outmax (mA)
MEDIUM POWER AMPLIFIERS (UP TO 2 WATTS)
JCADT-POT 0510 25 35 i 30 10 250
JCAT2POT  1.020 EJ] 3 1 30 40 2011 800
JCA34PDT 3742 30 3 1 30 40 201 750
JCAS6-POT  5.9-6.4 30 3 1 30 40 201 850
JCAT8POT 7984 30 4 1 30 4 20:1 900
JCAB12-P02 83117 40 5 15 3 40 2.0:1 1700
JCA910-P0T 95100 30 4 1 33 4 204 1300
JCATOT1-POT 107117 30 4 1 30 40 2011 950
JCA1819-P01 18.1-186 30 5 1 2] 37 204 800
RADAR & COMMUNICATION BAND LOW NOISE AMPLIFIERS
JCA3302 2223 30 08 0.5 10 20 2.0:1 80
JCA34301  3.7-42 30 1 05 10 2 204 80
JCAS6502  5.45.9 50 1 05 10 20 201 160
JCA78305 125175 17 12 05 13 P} 2041 100
JCA910-305 9,095 3] 14 05 13 3 151 150
JCAT112-305 117122 27 15 05 13 3 1.5 150
JCA1415-305 14.0-145 26 16 0.5 13 3 151 160
JCAT819-305 18.1-186 22 20 0.5 10 20 151 160
JCA2021600 202212 30 22 1 13 B 151 240
TRI-BAND AMPI.IFIERS (5. 85 TO 14.5)
JCA514-201 5.85-145 8 7 20 2.0 100
JCA514-300 5.85-145 14 6 15 10 20 2.0 150
JCA514302 5.85145 22 6 15 20 30 2,04
JCA514-400 5.85-145 25 6 15 10 20 2.0:0
JCA514-403  5.85-145 32 6 15 3 33 201
JCA514-501 585145 35 6 15 16 26 204
JCA514-503 5.85-145 4 6 15 3 3 2.0:1
ULTRA-BROAD BAND AMPLIFIERS (2.0 TO 18 GH2)
JCA218-200 20180 15 5 25 10 2.0:1 90
JCA218-300 20180 B3 5 25 10 zo 2.0:1 110
JCA218-400 20180 29 5 25 10 20 2.0:1 150
JCA218:500 2.0-18.0 5 10 20 ]

Jons

talog

25




plus
video courses
and
software

selections, too!

OR VISIT US
ON THE WEB:

www.noblepub.com
GCircle 39

10 - ApPLIED MICROWAVE & WIRELESS

Editorial

It’s Fun to Discover
Interesting New Ways to
use RF and Microwaves

By Gary A. Breed
Publisher

Although wireless communications applications are the mainstay of the
RF and microwave engineering profession, radio waves are being used in
many other fascinating ways.

The non-communication uses of our
favorite type of energy include controlling the
flow of corn flakes as they are blown through
the cereal factory, by measuring the absorp-
tion of microwaves passing through the duct
in which they are transported. The better-
paid among us can be proud that the floor
mats on that new Mercedes used RF energy
to bond the rubber onto the carpeting.

In the November 2000 issue of Scientific

American, Franklin Chang Diaz describes his
development work on the VASIMR rocket.
The VASIMR (VAriable Specific Impulse Magnetoplasma Rocket) is a
descendent of the early plasma rockets that had too litle thrust to be prac-
tical. This design, with its first space flight planned for 2004, accelerates a
hydrogen or helium plasma to 300,000 feet per second to provide useful
thrust for interplanetary travel. Since this velocity is 60 times that of a
chemical rocket exhaust, the amount of mass for the same thrust is 60 times
less in the VASIMR, which can either reduce the mass of the vehicle or
increase the duration of the rocket motor operation.

All this is powered by RF! Energy at 10 to 50 MHz ionizes the gas, which
is accelerated by high power RF at slighly lower frequencies. The first trial
spacecraft will have a 10 kW rocket motor, but future models are envisioned
with megawatt and gigawatt power. It’s going to take a lot of RF devices to
generate that much power.

As one of the fundamental forces of nature, electromagnetism finds
many uses in physics research. This particular project is a spinoff of fusion
research, with contibutions from particle accelerator physics, both of which
are already big consumers of RF and microwave power.

I'm not trying drive home some dramatic message with this month’s
comments. I just believe an occasional look at the unusual and interesting
work going on within our chosen profession can be fun. It is too easy to
become narrowly focused on today’s engineering project; I think it’s impor-
tant to be reminded that you don’t even need to look outside the realm of
your own specialty to find a wide world of new ideas. B




It's a whole new millennium. And you, you get to analyze it.

When designing our new ESG series of digital signal generators, we knew they needed to be ready for
the new pace of engineering. :
So we made sure they could generate both developing and existing standards such as W-CDMA,
cdma?2000, EDGE, Bluetooth™ CDMA, GSM, NADC, PDC, DECT, TETRA and PHS. What's more, we made
certain they'd allow you to create your own custom formats by choosing from
more than 15 modulation types and a variety of filters [you can even define your
own}. You can also verify mobile receiver designs with fully coded, infinite length
sequences using the newest cdma2000 and W-CDMA personalities.
And, of course, with high spectral purity in both digital and analog models, now
you can meet tighte\r specifications than ever before.
To learn how we can help you do what you never dreamed possible, call us for a free wireless test
design solutions package. Because the way it looks right now, things are going to be pretty hectic for the
next 1,000 years or so.

1-800-452-4844’, Ext. 6793

©2000 Agilent Technologies ADWLMO0Z/AMW *In Canada, call 1-877-894-4414, Ext. 6783,
™Bluetooth is a trademark owned by Telefonaktiebolaget LM Ericsson, Sweden and licensed to Agilent Technologies.
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Calendar

CONFERENCES

FEBRUARY |

February 12-16, 2001

Wireless Symposium/Portable By Design
San Jose, CA
Information: Penton Media Inc.
Internet: http://www.wirelessportable.com

February 20-22, 2001
14th International Zurich Symposium on
Electromagnetic Compatibility
Zurich, Switzerland
Information: Dr. Gabriel Meyer
Tel: + 411 632 27 90; Fax: + 411 632 12 09
E-mail: gmeyer@nari.ee.ethz.ch
Internet: http://www.nari.ee.ethz.ch/emc

March 19-23, 2001
17th Annual Review of Progress in Applied
Computational Electromagnetics
Monterey, CA
Information: ACES
E-mail: aces@egr.msu.edu
Internet: http://aces.ee.olemiss.edu

March 20-22, 2001
CTIA Wireless 2001
Las Vega, NV
Information: CTIA
Tel: 301-694-5243; Fax: 301-694-5124
Internet: http://www.ctiashow.com

April 17-21, 2001
ICAP — 11th International Conference on Antennas
and Propagation

Manchester, UK

Information: ICAP

E-mail: icap@iee.org.uk

Internet: http://www.iee.org.uk/Conf/ICAP

April 21-26, 2001
NAB2001 — National Association of Broadcasters
Conference and Exhibition

Las Vegas, NV

Information: NAB

Internet: http:/www.nab.org

April 24-25, 2001
Second European Workshop on Conformal Antennas
The Hague, The Netherlands

12 - APPLIED MICROWAVE & WIRELESS

Information: Wim L. Smith

E-mail: iec@fel.tno.nl

Internet: http://www.tno.nl/instit/fel/felnews/
conformal_antennas

May 8-10, 2001
MIOP — Mikrowellen und Optronik (Microwaves and
Optronics), The German Wireless Week

Stuttgart, Germany

Information: Dr. Martin Schallner

E-mail: martin.schallner@marconi.com

May 13-16, 2001
Fourth Conference on Electromagnetic Wave
Interaction with Water and Moist Substances
Information: Dr. Klaus Kupfer
Tel: +49 3643 564361; Fax: +49 3643 564 202 or 204
E-mail: klaus.kupfer@mfpa.de
Internet: http://www.mfpa.de

May 13-17, 2001
International Symposium on Electromagnetic Theory
Victoria, British Columbia, Canada
Information: Secretariat
Tel: 613-993-9431; Fax: 613-993-7250
E-mail: URSI-B2001@nrc.ca
Internet: http://www.nrc.ca/confserv/URSI-B2001

May 20-25, 2001
2001 IEEE MTT-S International Microwave Symposium
Phoenix, AZ
Information: LRW Associates
Tel: 704-841-1915; Fax: 704-845-3078
E-mail: Irwassoc@carolina.rr.com
Internet: http:/www.ims2001.org

July 8-13, 2001
2001 IEEE AP-S International Symposium and
USNC/URSI National Radio Science Meeting
Boston, MA
Information: Robert McGahan
Tel: 781-377-2526; Fax: 781-377-3469
E-mail: mcgahan@ieee.org
Internet: http://www.ieeeaps.org/2001APSURSI

July 24-27, 2001
ISSSE 2001 — 2001 International Symposium on
Signals, Systems, and Electronics

Tokyo, Japan

Information: ISSSE

E-mail: issse0l@ee kagu.sut.ac.jp

Internet: http://issse01.ee.kagu.sut.ac.jp



© 2001 Applied Wave Research, Inc. All rights reserved.

Download a fully-functional 30-day trial (just 20MB)
at www.mwoffice.com and start designing today.

At _léast we're’s one bull market going oneright now and there’s only one
_option yof_u'_ need to exercise—Microwave Office” 2001. It's simple...does
‘your current high frequency design solution easily support all of your old

designs? Do you feel like you need to be a rocket scientist to perform a
simple optimization? Is it easy to use and customize! Do you get regular

timely upgrades? If not, it's time to go down another path. Fer— re_ue
No EDA software is more powerful or intuitive. And our
schematic data translators import existing Agilent EEsof
designs, so you won't lose any valuable data. For more
info, visit www.mwoffice.com or call us at 310-726-3000. L Office 2001
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Calendar

SHORT COURSES

Besser Associates
RF and Wireless Made Simple
Orlando, FL ........... January 29-30, 2001

Phoenix, AZ ........... March 19-20, 2001
RF and Wireless Made Simple II

Mountain View, CA . . . ... January 10-11, 2001

Phoenix, AZ ........... March 21-22, 2001
3G Made Simple

Mountain View, CA . . . ... January 12, 2001
Global System for Mobile Communications (GSM)

Orlando, FL ........... January 22-23, 2001
Applied RF Techniques I

Orlando, FL ........... January 22-26, 2001

Mountain View, CA . . . . .. February 5-9, 2001
Phoenix, AZ ........... March 19-23, 2001
Wireless Measurements: Theory and Practice

Orlando, FL ........... January 22-26, 2001

Mountain View, CA . .. . .. March 12-16, 2001
GPRS/EDGE Applications for GSM

Orlando, FL ........... January 24-26, 2001

RF and High-Speed PC Board Design Fundamentals

Orlando, FL ........... January 24-26, 2001
DSP Made Simple for Engineers

Mountain View, CA . .. ... January 24-26, 2001
Frequency Synthesis and Phase-Locked Loops

Orlando, FL ........... January 29-30, 2001
Short Range Wireless and Bluetooth

Mountain View, CA . . . . .. Jan. 31-Feb. 2, 2001
Advanced Wireless and Microwave Techniques

Mountain View, CA . .. ... February 12-16, 2001

Phoenix, AZ ........... March 19-23, 2001
RF Test Equipment Operation (laboratory course)

Mountain View, CA . ... .. February 20, 2001
RF Testing for the Wireless Age (laboratory course)

Mountain View, CA . . .. .. February 21-23, 2001

Practical Design of Integrated and Discrete Wireless
Circuits

Mountain View, CA . . .. .. February 26-28, 2001
RF CMOS Design

Mountain View, CA . . . . .. March 1-2, 2001
RF Transceiver Design

Mountain View, CA . . . ... March 5-8, 2001

Nonlinear Device Model Extraction Techniques for
Circuit Designers

Mountain View, CA . . . . .. March 8-9, 2001
Electromagnetic Shielding for Wired and Wireless
Technology

Mountain View, CA ... ... March 19-22, 2001
Bluetooth: An Introduction

Phoenix, AZ ........... March 26-27, 2001

Mobile Commmunications and Wireless Data Networks
Mountain View, CA . . .. .. March 26-29, 2001

CDMA: The Physical Interface (IMT2000 3G WCDMA)
Phoenix, AZ ........... March 26-29, 2001

14 - ApPPLIED MICROWAVE & WIRELESS

Frequency Synthesis Technology: Wireless Applications

Phoenix, AZ ........... March 28-30, 2001
Information: Annie Wong, Tel: 650-949-3300; Fax: 650-
949-4400; E-mail: info@bessercourse.com; Internet:
www.bessercourse.com.

University of California at Los Angeles Extension
Digital Signal Processing: Theory, Algorithms and
Implementation

Los Angeles, CA .. ...... January 8-12, 2001
Digital Avionics Systems

Los Angeles, CA . ....... Jan. 29-Feb. 2, 2001
Information: UCLA Extension, Short Course Program
Office, Tel: 310-825-3344; Fax: 310-206-2815.

RTT Programmes Limited
RF Design
London, England . ... ... January 15-17, 2001
3G DSP
London, England . ...... January 22-24, 2001
3G System Engineering
London, England . . ... .. February 5-7, 2001
RF Amplifier Design
London, England
London, England

....... February 12-14, 2001
....... March 12-14, 2001

RF Oscillator Design

London, England . ... ... February 19-21, 2001
RF/IF Processing Design

London, England . . ... .. March 5-7, 2001

Information: Lorraine Gannon, Tel: +44 181 844 1811;
Fax: +44 181 751 2616; E-mail: seminars@rttsys.com;
Internet: www.rttsys.com.

R.A. Wood Associates
Introductory RF & Microwaves

Orlando, FL ........... January 18-19, 2001
RF and Microwave Receiver Design
Orlando, FL. ......... .. January 22-24, 2001

RF Power Amplifiers, Classes A through S: How the
Circuits Operate, How to Design Them, and When to
Use Each

Orlando, FL ........... January 25-26, 2001
Information: R.A Wood Associates, Tel: 315-735-4217;
Fax: 315-735-4328; E-mail: RAWood@rawood.com;
Internet: www.rawood.com.

University of Wisconsin at Madison
Fundamentals of Wireless Data Communications
Madison, WI ... ........ January 22-24, 2001
Madison, WI .. ... ... ... March 5-7, 2001
Using and Installing Fiber Optic Systems for
Communications
Madison, WI ........... February 26-28, 2001
Information: Katie Peterson, Tel: 1-800-462-0876; Fax:
608-263-3160; E-mail: custserv@epd.engr.wisc.edu;
Internet: http://epd.engr.wis.edu.



Ericsson Microelectronics

Screaming for
LDMOS?

Go for the GOLD
with Ericsson

GSM/EDGE - 1800 MHz 50 Watt LDMOS Amplifier With our GOLDMOS™ technology (LDMOS with all-gold
PTH 32002 PTF 10153 metalization) you gert the reliability needed for today’s
it Ao it » demanding GSM/EDGE RF power amplifier designs.

The PTF 10193, PTF 10160, PTF 10153 and

Voo =26V Voo =28V

P»1.dH=WUW ! Pﬁ.dB:ﬁOW . . . .
Gain = 25 dB (Min) iy o B PTH 32002 from Ericsson Microelectronics, provides the

» reliability and performance your power amplifiers require.
GSM/EDGE - 900 MHz 50 Watt LDMOS Ampilifier

This is an excellent line-up with the performance

PTF 10193 PTF 10160
i \ e i i needed for GSM/EDGE applications.
. Just call or visit onr website at
Voo =26V Vi, =26V .
plia8 = 12w PligB - s W www.ericsson.comlrfpower for a free copy of our
Gain = 18 dB (Typ) Gain = 16 dB (Typ)
17 dB (Min) 15 dB (Min)

product data book, short form or interactive CD.

Ericsson Microelectronics
www.ericsson.com/microelectronics

North America

Tel: +1 877-GOLDMOS (465-3667) ERICSSON g

International Sales
Tel: +46 8 757 4700
Fax: +46 8 757 4776
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Calendar

TTI Technology Training Initiative (Tustin Technical
Institute, Inc.)
Fundamentals of Vibration for Test

Las Vegas, NV ......... January 29-31

Santa Barbara, CA . ... .. March 19-21, 2001
Thermal Analysis and Heat Transfer
Huntsville, AL ......... February 12-14, 2001

Climatic Environmental Testing Procedures
Huntsville, AL ......... February 15-16, 2001

Santa Barbara, CA . ... .. March 22-23, 2001
Fundamentals of Vibration for Design

Santa Barbara, CA . .. ... March 12-14, 2001
Fixture Design for Vibration and Shock Testing

Santa Barbara, CA . ... .. March 14-16, 2001
Instrumentation for Test and Measurement

Santa Barbara, CA . .. ... March 26-28, 2001
Metrology Concepts

Santa Barbara, CA . .. ... March 28-30, 2001

Information: Brian P. Slatery, Tel: 805-682-7171; Fax:
805-687-6949; E-mail: brian@ttiedu.com; Internet:

www. ttiedu.com.

Northeast Consortium for Engineering Education
Antennas: Principles, Design and Measurements

San Diego, CA ......... March 12-15, 2001
Information: Kelly Brown, Tel: 407-892-6146; Fax: 407-
892-0406; E-mail: stcloudofl@aol.com; Internet:
Www.usit.com/antenna.

University of Missouri-Rolla
Grounding and Shielding Electronic Systems

Dallas, TX ............ March 20-21, 2001
Circuit Board Layout to Reduce Noise Emission and
Susceptibility

Dallas, TX ............ March 22, 2001
Information: Sue Turner, Tel: 573-341-6061; Fax: 573-
341-4992; E-mail: suet@umr.edu; Internet: www.
umr.edu/~conted.

Companies, organizations and institutions may sub-
mit information for our Conference and Short
Courses Calendar to Shannon O’Connor, Managing
Editor, Applied Microwave & Wireless, 630 Pinnacle
Court, Norcross, GA, 30071; Fax: 770-448-2839;
E-mail: amw@amwireless.com

More events listed at www.amwireless.com

tel: 650-949-3300

Join a new class of engineers! Over 25,000 satisfied industry professionals profit from our courses.

Besser Associates™

The Worldwide Leader in RF and Wireless Training

201 San Antonio Circle, Building E, Suite 280, Mountain View, CA 94040
fax: 650-949-4400 web: http://www.bessercourse.com

Space for all classes is limited; early registrations are encouraged. Schedule and venues subject to change.
The Besser Associates name and logo are trademarks of Besser Associates, Incorporated.

Visit www.bessercourse.com for our complete
course catalog and current schedule.

Private and/or custom training can be delivered at
your workplace. Call 650-949-3300 for details.

Later this year, expect us in Boston, MA; Dallas, TX;
and Orlando, FL!

Stop by our website for a full listing of courses
through June 2001!
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100MHz-350MHz Op Amps

Lower Power, More Stable

350 ] N
MIC913
5 300 e
3 i !
£ 250 — 3
: ‘ MIC912
5 20 Mmico14 * |
3 150 R MICO910 | ..o + |
5 MIC911 e
50
0_7; i :
o} 1 4
Supply Current (mA)
Part Gain-Bandwidth Slew Supply Minimum
Number Product (MHz) Rate (V/ps) Current (mA) Gain
MIC910 135 270 2.4 +1 or -1
MICIT1 105 120 125 +1 or -1
MIC912 200 360 2.4 +1 or -1
MIC913 350 500 4.2 +2 or -1
MIC914 160 160 .25 +1 or -1
The Good Stuff
¢ High speed — gain-bandwidth product up to
350MHz
Low Current @ Lower power — 200MHz @ 2.4mA

/ High Speed

— e
L™

Large Capacitor

Contact us for more information — Don’t forget to
bookmark our website for updates!

www.micrel.com/ads.html
Literature: 1-800-401-9572
Direct: (408) 944-0800

Stocking Distributors:
Arrow (800) 777-2776 « Future (800) 388-8731
Newark (800) 463-9275 « Nu Horizons (888) 747-6046

# Drive unlimited capacitance
€ +2.5V 1o £9V supply
¢ SOT23-5 packaging

Micrel’s new MIC91x family re-writes the rules
for high speed op amps. These devices are quite
simply the lowest power voltage feedback op
amps on the market. Unlike many other high
speed op amps, they can drive large capacitance.
In fact, they can drive any capacitance.

All this is achieved without compromising
other key specifications. For example, the MIC9T1
and MIC914 provide: 112dB CMRR (MIC911/4),
88dB PSRR (MIC911/4) and 80dB A,,,.

The Infinite Bandwidth Company™
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Calendar

CALLS FOR PAPERS

2001 IEEE AP-S Internationl Symposium and
USNC/URSI National Radio Science Meeting

July 8-13, 2001 — Boston, MA

Topics: Adaptive, active, signal processing and imag-
ing antennas; biomedical applications; broadband and
multi-frequency antennas; mobile and PCS antennas;
electromagnetic education; electromagnetic properties
of materials; electromagnetic theory; frequency-selec-
tive surfaces; FEM methods; FDTD methods; wavelet-
based methods; transients and time-domain techniques;
numerical methods; inverse scattering; waveguiding
structures; microstrip antennas, arrays and circuits;
monolithic array techniques; phased-array antennas;
applications of photonics in antenna systems; digital
beamforming; non-linear electromagnetics; optimiza-
tion methods in EM design; neural networks; reflector
antennas; scattering, diffraction and radar cross sec-
tion; radar imagery; propagation; random media and
rough surfaces; remote sensing; MEMS in antenna sys-
tems; reconfigurable antennas and arrays; electromag-
netic metrology; fields and waves; electronics and pho-
tonics; electromagnetic noise and interference; wave
propagation and remote sensing; ionospheric radio
propagation; waves in plasmas; and electromagnetics in
biology and medicine.

Authors should submit an electronic file (.pdf), a cam-
era-ready hard copy and three paper copies of a four-
page paper, including all references and figures. A
signed copyright form and cover letter are also required.
Complete submission guidelines are available at the
conference Web site, given below. Submit to:

Alan Fenn

2001 Technical Program Committee Co-Chair

MIT Lincoln Laboratory, Room «/-217D

244 Wood Street

Lexington, MA 02420-9108

Internet: http://ieeeaps.org/2001APSURSI
Deadline: January 13, 2001

ISSSE 2001 — 2001 International Symposium on
Signals, Systems and Electronics

July 24-27, 2001 — Tokyo, Japan

Topics: Software-oriented radio transmitters/
receivers, wireless channel equalization, advanced wire-
less radio networks, RF synthesizers, DSP, integrated
modules and elements, advanced technologies for RF
circuits, devices for microwaves and photonics, device
modeling and design, millimeter-wave applications and
full-scale systems on a single chip.

Send submissions to:

ISSSE 2001

E-mail: issse01@ee.kagu.sut.ac.jp

Internet: http://issse01.ee.kagu.sut.ac.jp
Deadline: January 15, 2001

18 - APPLIED MICROWAVE & WIRELESS

ISMOT 01 — 8th International Symposium on
Microwave and Optical Technology

June 20-24, 2001 — Montreal, Quebec, Canada

Topcs: WDM/DWDM in optical communications,
CAD of microstrip and CPW antennas, nonlinear design
of power amplifiers and multi-port devices and circuits
for advanced system design.

Authors should submit one original and three hard
copies of a four-page manuscript, along with a diskette.
Online electronic submission is preferred. Complete
information is available at the conference Web site,
given below.

Submit to:

Professor Banmali Rawat

Technical Program Chair

Department of Electrical Engineering/260

University of Nevada

Reno, NV 89557-0153

Tel: 775-784-6927

Fax: 775-784-6627

E-mail: rawat@ee.unr.edu

Internet: http://www.ismot2001.polymtl.ca
Deadline: February 15, 2001

GaAs 2001 — European Gallium Arsenide And Other
Semiconductors Application Symposium

September 24-25, 2001 — London, England

Topics: Compound semiconductor materials, device
and circuit technologies and technology CAD, silicon
MMICs, high speed digital devices and circuits, MEMS
and MOEMS, MMICs and power amplifiers.

Authors should submit an author information form,
available at the conference Web site, and either six hard
copies or an electronic file (.doc or .pdf) of a summary
for each paper submitted. Electronic submission is
strongly encouraged. Submit to:

Dr. Ali A. Rezazadeh

E-mail: ali.rezazadeh@kcl.ac.uk

Internet: http://www.eumw.com
Deadline: March 16, 2001

EuMC 2001 — 31st European Microwave Conference

September 25-27, 2001 — London, England

Topics: Passive and active imaging systems, millime-
terwave and sub-millimeterwave component circuits
and systems, phased arrays, CAD of passive circuits, EM
field theory, microwave and millimeterwave packaging
and interconnects, microwave, millimeterwave and sub-
millimeterwave measurements; electromagnetic com-
patibility, and radar technologies and systems.

Authors should submit an author information form,
available at the conference Web site, and either six hard
copies or an electronic file (.doc or .pdf) of a summary
for each paper submitted. Electronic submission is
strongly encouraged. Submit to:

Dr. Mike Philippakis



IF YOU LIKE TO TAKE CHANCES,
TAKE THEIRS.

No matter where you buy your
cable assemblies, you're paying
for 100% vyield. So why not get
it? Only Dynawave tests ALL of
its RF and microwave cable
assemblies, delay lines, har-
nesses, and connectors for yield
and reliability, so you get what
you pay for. What's more, bar
codes insure that the proper tests
are conducted and that your
production specs are met. We

even track every piece. You'd think
that all this testing, tracking, and
bar coding would cost more. It
doesn't. In fact, overall you pay a
lot less.

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

RG402 RG405 085 141 085 14
Conformable Conformable Flexible Jacketed ~ Flexible Jacketed

SMP ® ° ° ® ° @
SMP Right Angle ° @ E ® e °
BMA ° @ ° % ® °
BMA Right Angle ™ ° ® ° ° ®
TNC ™ ° o ® ° ®
Type N ° @ ™ e ® °

1-800-886-7766

Distributed by ATSM (949) 240-7783 | ASAP Electronics (800) 477-1272

agunawdve,

INCORPORATED

135 Ward Hill Avenue,

Haverhill, MA 01835 USA

Internet: www.dynawave.com | E-mail: connect@dynawave.com
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E-mail: mike.philippakis@era.co.uk
Internet: http://www.eumw.com
Deadline: March 16, 2001

ECWT 2001 — European Conference on Wireless
Technology

September 27-28, 2001 — London, England

Topics: RFICs and MMICS for wireless front ends;
developments in receiver architectures and technology;
propagation modeling for wireless systems; lineariza-
tion techniques; new modulation and coding schemes;
smart antennas and spatial diversity; software radio;
bluetooth and short range networking; WLAN, HIPER-
LANZ2 and UNII; third generation systems; location
technologies and systems; broadband wireless access;
testing to new wireless standards; system level design
and simulation; new and developing technologies and
materials; electromagnetic compatibility; and biological
and medical effects.

Authors should submit an author information form,
available at the conference Web site, and either six hard
copies or an electronic file (.doc or .pdf) of a summary
for each paper submitted. Electronic submission is
strongly encouraged. Submit to:

Liam Devlin

E-mail: Imd@plextek.co.uk

Internet: http://www.eumw.com
Deadline: March 16, 2001

RAWCON 2001 — IEEE Radio and Wireless Conference

August 19-22, 2001 — Waltham, MA

Topics: Third generation (3G) and fourth generation
(4G) cellular; wireless LAN; broadband fixed wireless;
Bluetooth/HomeRF/Personal Area Networks; ultra-
wideband (UWB) communications; modeling and simu-
lation; active and passive device technology; propaga-
tion and channel modeling; signal processing and Sys-
tem performance; and system architecture.

Authors should submit a two-page summary, includ-
ing figures, electronically through the conference Web
site, given below.

Submit to:

Dr. Peter Staecker

Tel: 781-861-7643

Fax: 781-863-5751

E-mail: p.staecker@ieee.org

Internet: http://rawcon.org
Deadline: March 9, 2001

www.temex-components.com

America: 1.623.780.1995
Europe: +33 1 46 90 23 33

See us at Wireless Symposium - Booth #1548
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Only TEMEX makes it happen.

MICROWAVE

Microwave Ceramic Materials « Capacitors «
Ferrite Devices » Diodes « VCO/PLL s Filters/Duplexers
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AMPS
CDMA
CDPD
DAMPS
DCS1800
ECM
EDGE
EW
GEO
GPRS
GPS
GSM900
HFC
IFF
LEO
LMDS
LMR
MMDS
NPCS
PCS
PCS1900
RADAR
RFID
RLL
SMR
TDMA
TETRA
UMTS
WAP
WBA
WCDMA
WLAN
WLL
WWAN

Over 400
customers.

9,500 part
numbers.

9,000,000
solutions

Creating RF and Microwave solutions since 1953.
What can we do for you?

4895 Peoria Street

Denver, Colorado 80239

, T 303.371.1560

fax 303.371.0845

e-mail: sales @ vari-l.com

We Have A Part In Your Future =
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OUR PLL Synthesizer Modules Wideband RF Transformers

Couplers 1S09001 Certified

Special Integrated Assemblies I Voltage Controlled Oscillators I Double Balanced Mixers l
J

==

Power Dividers/Combiners l 1Q Modulators/Demodulators I PROUDLY MADE IN THE USA m

Contact the Vari-L Sales Department for your special microwave and RF component assembly needs.







OF NONLINEAR SIMULATION PERFORMANCE

Power, Accuracy and Speed.

That's what you get with Eagleware’s new

™

harmonic balance simulator, HARBEC ". From
real-time tuning, to application of artificial
intelligence techniques, to co-simulation with
electromagnetics, HARBEC does it all ... with a

powerful set of features that includes:

Robust Simulation
- unlimited, arbitrary circuit topology
- wide range of nonlinear device models
(diodes, JFET, BJT, MOSFETS, MESFETS)
- wide range of sources (voltage, power,
current, waveform)
- DC analysis and optimization
. unlimited tone harmonic balance analysis
and optimization
High Performance Design
« Al performance optimization
- fast tuning
EM Co-simulation
Spice Model Import
Extensive Parts Library
Equations and Post Processing

And it's fully integrated into the GENESYS suite
of synthesis, S-parameter, electromagnetic and
physical design tools.

So Grab a Seat and Hold On!

With nonlinear modules priced at $4990, they're
going fast. And so will your design.

FAGLEWARE,

RF and Microwave Design Software

Phone: +1 678-291-0995

Fax: +1 678-291-0971
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See us at Wireless Symposium — Booth #831




News

BRIEFS

* Melcor Corporation has
announced plans to add 12,000
square feet of manufacturing, engi-
neering
laboratory
and office
space to
its pro-

: = duction
facility in Trenton, NJ. The expan-
sion is designed to meet increased
demand for the company’s telecom-
munications and electro-optics
products.

* Littlefeet Inc. has moved into
a new 45,000-square-foot corporate
headquarters facility in Poway, CA,
that includes a new research and
development center.

* Infineon Technologies has
announced plans to expand its
Richmond, VA, location to add pro-
duction capabilities for a line of 300
mm wafers.

* Dielectric Laboratories Inc.
has announced the expansion of its
heaquarters location, doubling its
size to 120,000 square feet. The
facility will house production for
the company’s ceramic capacitors.

* Lucent Technologies has
announced that it has opened five
new Bell Labs facilities in Greece,
Australia, China, India and Italy
over the past eight months. The
locations provide research and
development activities covering
broadband and mobile internet
technologies including optical, data
and wireless communications.

* SaRonix has launched an e-
store through its web site, www.
saronix.com. The site offers online
ordering capabilities for the compa-
ny’s frequency control products.

Companies, organizations and
institutions may submit informa-
tion for our News section to:
Shannon O’Connor, Applied
Microwave & Wireless, 630
Pinnacle Court, Norcross, GA,
30071; Fax: 770-448-2839; E-mail:
amw@amwireless.com.
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Report: Bluetooth certification
to push technology’s growth

A new report released by Allied
Business Intelligence (ABI) cites
Motorola’s recent Bluetooth™ cer-
tification as “a watershed event” in
the technology’s development.

Motorola has received Bluetooth
certification for its PC card and USB
adapter, targeted at notebook and
desktop PCs. According to the
report, this certifcation may allay
some concerns over the delays in
getting the technology to market.

“We believe that Motorola will be
Joined rapidly by other vendors in
getting their Bluetooth products cer-
tified, and this will allow seeding of
the market to begin in the fourth
quarter of this year,” said Navin
Sabharwal, ABI’s director of residen-
tial and networking technologies.

Bluetooth product certification
and shipments have been delayed by
lack of production volume silicon
and concerns about the robustness
of the specification, the report says.
However, ABI projects that annual
shipments of Bluetooth-enabled
devices will reach more than 1.4 bil-
lion nodes by 2005, up from just 56
million in 2001.

“We have to be careful not to

Aggregate Shipment of
Bluetooth™.enabled equipment
World Market, 2000—2005
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throw out the baby with bathwater
simply because of some premature
market hype,” Sabharwal said.
“While some concerns about
Bluetooth such as interoperability
and security are valid, it does not
dull the tangible cross-industry
enthusiasm for an inexpensive, low-
power wireless connectivity solu-
tion. It should also be noted that
wireless local area network (WLAN)
solutions such as IEEE 802.11b are,
for the most part, complementary
technologies, and we do not expect
their success to pose a competitive
threat to Bluetooth prospects.”

ABI is a technology research
institute based in Oyster Bay, NY.

WDF, CTIA announce merger plans

The Wireless Data Forum (WDF)
and the Cellular Telecommunica-
tions and Internet Association
(CTIA) have announced plans to
merge their operations. WDF’s staff
will join CTIA as the Department
for Wireless Internet Development

The move will increase CTIA’s
emphasis on mobile data and wire-
less internet issues, as well as pro-
viding WDF members with expand-
ed opportunities in these growing
markets. CTIA will also create a
Wireless Internet Caucus to focus on
the wireless internet industry.

More information on CTIA is
available on the association’s web
site, www.ctia.org.

CDMA group adds members

The CDMA Development Group
(CDG) has announced the addition
of 18 new member companies,
bringing the total roster to 110 com-
panies worldwide. Among the new
members are Novatel Wireless,
BellSouth International, Transcept,
Shema Ltd., 3G Cellular, Tantivy
Communications Inec., Ditrans
Corporation, Acterna and Airvana.

The CDG is an international
trade association focused on the
development and implementation of
code division multiple access
(CDMA) wireless technology world-
wide. More information is available
at the association’s web site,
www.cdg.org.



WORLD’S SMALLEST PA BOOSTS
BLUETOOTH RADIO RANGE TO 100m!

Class | +20dBm Output Power at 2.5GHz

The MAX2240 2.4GHz power amplifier raises the bar for maximizing performance and feature set in the smallest
package! Available in the 9-pin, 3x3 ultra-chip-scale-package (UCSP) measuring only 2.43mm2, this device
occupies only 16% the board space of the competitor's 8-pin MSOP package. The small size makes it ideal for use

in Bluetooth modules.

MAX2240 BOOSTS RANGE FROM 10m to 100m!

COMPARE THE DIFFERENCE:
MAX2240 COMPETITION

GPNUCSP  m <::> |, SPNNSOP
1.56mm x 1.56mm 4.9mm x 3.0mm

UCSP FITS INTO THE SMALLEST MODULE!

B
. . MAX2240 Features:
o ante, such s note # 2.4GHz10 2.5GHz Operation
book PCs, cellular phones, and access points. ¢ +20dBm Output Power
+ 4 Digital Power Control Steps
BLUETOOTH POWER CLASSES + Bluetooth Power Class 1 Compliant
+ Integrated Input 50Q2 Match
Class | ¢ 1pA Shutdown Mode
+ Single +2.7V to +5.0V Supply
Class |l
‘ Applications:
P a + Bluetooth
+4dBm +200Bm + HomeRF
OUTPUT POWER + 802.11 FHSS WLAN
¢ 2.4GHz ISM Proprietary Radios
e ezm ) FREE Wireless Design Guide— Sent Within 24 Hours! R U A TALOG

BAANLM

sl includes: Reply Cards for Free Sampies and Data Sheets | owooRom

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
6:00 a.m. — 6:00 p.m. Pacific Time

MAXIWV

www.maxim-ic.com

ti, Delivery, and Place
Online at www.maxim-ic.com

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194.

Distributed by Maxim Distribution, Arrow, Avnet Electronics Marketing, CAM RPC, Digi-Key, EImo, Nu Horizons, and Zeus.
Distributed in Canada by Arrow and Avnet Electronics Marketing.

JVIAXLAM is a registered trademark of Maxim Integrated Products. © 2000 Maxim Integrated Products
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News

Atmel, CES, ESA team up
for next-generation ICs

Atmel Corporation has an-
nounced a three-year agreement
with the European Space Agency
(ESA) and the French Centre
National d’Etudes Spatiales (CNES)
to develop the next generation of
integrated circuits dedicated to
space applications.

Under the agreement, Atmel

Europe will work with the two agen-
cies to create a system-level inte-
grated solution for data and signal
processing under space conditions.
These applications require signifi-
cant processing power and fast
memory, as well as specialized
libraries and intellectual property.
Atmel will use 0.25 um CMOS
technology to manufacture the prod-
uct, at its Rousset, France, facility.

Visit our new onl{ne catalog today @

Johansop

The source for trimmer ca

i
|
|
|

Boonto

(oAanaond

mfg.com

acitors and tuning element

, New Jersey 07005
TEL 973:334-2676 FAX 973-334-2954
www.johansonmfg.com

Rockaw'Ty Valley Road
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The product will be adapted to
attain the radiation hardening
imposed by the space environment.

Atmel, based in San Jose, CA,
manufactures advanced logic,
mixed-signal, non-volatile memory
and RF semiconductors, as well as
system-level integration semicon-
ductor solutions.

Motorola qualifies new
transistor wafer process

Motorola’s Semiconductor Pro-
ducts Sector has completed qualifi-
cation of its true enhancement-mode
(E-mode) heterostructure field effect
transistor wafer process.

This advanced single power sup-
ply gallium arsenide (GaAs) process
is engineered to provide high-perfor-
mance, cost-effective results in both
linear transmitter and receiver cir-
cuits for low-voltage portable wire-
less applicatioins.

Motorola, based in Schaumburg,
IL, provides semiconductors, inte-
grated communications solutions,
embedded electronic systems and
components.

Honeywell, RF Integration
to develop RFIC products

Honeywell Solid State Electronics
Center and RF Integration have
agreed to jointly develop a line of
high-performance, low-cost standard
radio frequency integrated circuits
(RFICs). The products will be
designed for use in wireless and
broadband communications.

The RFICs will be developed
using Honeywell SSEC’s uwave
CMOS SOI foundry and RF In-
tegration’s development capabilities,
combining digital and RF functions
into single chips. Initial products
planned include digital attenuators
and high-isolation switches with
integral decoder drivers and logic
functions.

Honeywell SSEC, based in
Plymouth, MN, provides control
technologies for telecommunica-
tions. RF Industries is a fabless

semiconductor company based in
Lowell, MA.



FIRST 3.5GHz LNA WITH ADJUSTABLE
IP3 AND GAIN STEP CONTROL

The MAX2645 SiGe LNA has the features you need to build the most robust, high dynamic
range receiver for Wireless Local Loop and Wireless Broadband Access applications.
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FREE Wireless Design Guide—Sent Within 24 Hours! o FUE O CATALOG
includes: Reply Cards for Free Samples and Data Sheets ON co-Row

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
6:00 a.m. — 6:00 p.m. Pacific Time
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Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194.

Distributed by Maxim Distribution, Arrow, Avnet Electronics Marketing, CAM RPC, Digi-Key, Elmo, Nu Horizons, and Zeus
Distributed in Canada by Arrow and Avnet Electronics Marketing

MIAXLM is a registered trademark of Maxim Integrated Products. © 2000 Maxim Integrated Products.

Circle 12



News

BUSINESS AND FINANCE

Motorola announces new contract awards
Motorola has received a series of contract awards for

products and network services in the United States,

China and Pakistan.

* Under a contract with the U.S. Army, Motorola will
provide Tactical Air Space Integration Systems
(TAIS). Motorola provided the TAIS prototype and
three production systems under previous agreements.
The initial value of the contract is $22.3 million, with
a total value of up to $150 million over five-years.

* An agreement with China Mobile Communications
Corporation calls for the supply of a GPRS network to
four major cities in China. Financial terms of the con-
tract were not disclosed.

* As part of a $29 million contract with Zhejiang
Mobile, Motorola will expand the GSM digital net-
work in China’s Zhejiang Province and will offer wire-
less applications and consulting services.

* A $26 million agreement with Pakistan Mobile
Communications provides for the expansion of the
existing GSM digital wireless network infrastructure.
Motorola, based in Schaumburg, IL, provides semi-

conductors, integrated communications solutions,

embedded electronic systems and components.

722 PROVEN.

EMCORE receives order for solar cells

EMCORE Corporation has announced a $12 million
order from Palo Alto, CA-based Space Systems/Loral for
high efficiency, triple-junction solar cells. The cells will
be used to provide power in space for advanced commu-
nications satellites.

EMCORE’s gallium arsenide (GaAs) offer more
power without adding weight by converting more spec-
tral energy into electrical power. Degradation after 15
years in orbit is 8 percent, as compared to the 15 per-
cent that is typical of silicon-based solar cells.

EMCORE, based in Somerset, NJ, provides com-
pound semiconductor products for broadband and wire-
less communcations and solid state lighting.

Analog Devices acquires Australian company

Analog Devices has announced the acquisition of
Signal Processing Associates of Australia, a developer
and supplier of voice processing and fax/data relay soft-
ware for telecommunications. Financial terms of the
agreement were not disclosed.

Analog, based in Norwood, MA, manufactures preci-
sion high-performance integrated circuits for analog
and digital signal processing applications.
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News

BUSINESS AND FINANCE

Comarco acquires EDX Engineering

Comarco has announced the acquisition of Eugene,
OR-based EDX Engineering, a developer of system
planning tools for the wireless industry. Financial terms
include $2.1 million in cash, as well as more than
250,000 shares of Comarco stock.

Under the agreement, EDX will operate as a division
of Comarco Wireless Technologies, the company’s wire-
less subsidiary. Comarco, based in Irvine, CA, provides
test and measurement equipment and engineering ser-
vices for the wireless industry

RTI launches semiconductor company

Research Triangle Institute (RTI) has announced the
formation of a new semiconductor company, Ziptronix.
Ziptronix will offer a proprietary technology that allows
integration of semiconductors through wafer bonding
and backside processing.

The company is the first in a planned series of com-
mercialization efforts for technologies developed at
RTI, an independent, non-profit research organization
based in Research Triangle Park, NC.

Andrew completes broadband wireless system in Peru

Andrew Corporation has announced that it has com-
pleted construction of the first broadband wireless net-
work in South America, providing high-speed wireless
data and internet connections in Lima and Callao. The
network was completed under a contract with World
Wide Wireless Communications, part of a systems inte-
grator agreement worth a potential $50 million.

Andrew, based in Orland Park, IL, supplies commu-
nications systems equipment and services for commu-
nications markets.

Ericsson to provide GSM/GPRS network in Argentina

Ericsson has signed an agreement to provide
GSM/GPRS core and radio access infrastructure equip-
ment for Telecom Personal SA in Argentina. Financial
terms were not disclosed.

Ericsson, based in Stockholm, Sweden, supplies sys-
tems, applications, mobile phones and other wireless
products and services worldwide.

Herley announces two new contracis

Herley Industries has announced two new military
contracts. The first, a three-year, $1.1 million agree-
ment, calls for the supply of beacon transponders for
use in a new European missle program. The second,
worth $1.4 million, is with the U.S. Air Force and pro-
vides for radar transmit enhancements to F-16 aircraft.

Herley, based in Lancaster, PA, manufactures
microwave products and systems for defense and com-
mercial wireless applications.
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Frequency Electronics to provide R/T modules

Frequency Electronics has received its first contract
for the production of receive/transmit (R/T) modules,
designed to increase throughput in advanced optical
transport (fiber optic) systems. The intial contract is
worth approximately $2 million.

Frequency Electronics, based in New York, NY,
develops frequency, timing and synchronization prod-
ucts for telecommunications.

inSilicon announces acquisition of Xentec

inSilicon Corporation has announced the acquisition
of Xentec, a provider of high-speed mixed-signal analog
and wireless technologies. Financial terms include $2.9
million in cash, as well as stock considerations.

inSilicon, based in San Jose, CA, provides communi-
cations platforms used by semiconductor and systems
companies to design systems-on-chip products.

Lucent spinoff named Agere Systems

Lucent Technologies’ microelectronics spinoff com-
pany has selected Agere Systems as its name. The name
was taken from an Austin, TX-based network process-
ing company Lucent acquired in 2000.

Agere, formerly the Microelectronics Group of
Lucent, is based in Allentown, PA, and comprises two
divisions, Integrated Circuits and Optoelectronics.

Mimix Broadband acquires Taridan subsidiary

Mimix Broadband, formerly Shason Microwave
Corporation, has announced the acquisition of Taridan
Microwave Network’s Australian Design subsidiary.
Financial terms were not disclosed.

The acquisition significantly expands Mimix’s devel-
opment capabilities for gallium arsenide (GaAs) MMICs
and modules for broadband wireless applications.
Mimix is based in Webster, TX.

Applied Epi receives MBE system order

Applied Epi has received an order for a GEN200T
MBE system from Agilent Technologies. Agilent will
use the system in support of its testing and measure-
ment equipment for RF and IR wireless communica-
tions devices.

Applied Epi supplies epitaxy equipment and services
for the manufacture of compound semiconductors.

Mitel to sell business division

Mitel Semiconductor has announced plans to sell its
Communications Systems division, including the name
Mitel, to Dr. Terence H. Matthews. The transaction is
valued at approximately $350 million.

Mitel is a provider of semiconductor and communi-
cation systems for voice and data networks.
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Enhancing the MMDS

Transport Layer

MMDS uses different frequency reuse plans than cellular phone systems

By Dr. J.R. Sanford and Joel Raymond
REMEC Broadband

ecent investments by major
Rtelecom operators in the
MMDS and MDS spectrum
spurred research related to system
planning and hardware design.
The envisioned application is high
data rate communications. In this
article, we compare the properties
of an MMDS site to those of a cel-
lular phone site.
Like the cellular systems of the
1980s, initial MMDS deployments
will be noise limited. However, as

Ld

the deployments increase, the sys-
tem will become interference limit-
ed. This capacity limitation is thor-
oughly discussed in this article. After noting the
difference betweern MMDS and cellular, the
known limitations of a capacity limited cellular
network are used to predict what will happen
with MMDS deployments. Site planning and
transport configurations that maximize capaci-
ty are then suggested.

An analysis of a number of different link sce-
narios shows that filtering and antenna sidelobe
rejection are key to maximizing data through-
put. The vast increase in data that the MMDS
systems will support in comparison to cellular
systems is also an apparent criterion. Finally,
from the RF transport quality viewpoint, the
hub receiver will likely be the limiting factor.
Either interference robust coding schemes or
lower order modulation may be appropriate for
the uplink.

MMDS relative and cellular
We begin by pointing out the main differ-
ences between a cellular phone site and an
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A Figure 1. Diagram of the MMDS transport layer.

MMDS site. Cellular systems are well under-
stood. In order to better understand the issues
related to multipoint distribution systems, we
compare the cellular environment to that of
MMDS. Below are the defining differences
between the two systems.

Antenna Directivity

Cellular phones employ antennas that are
omni-directional, and while MMDS customer
premise equipment (CPE) employ antennas
that direct power in a desired fashion. This
results in less interference between CPEs and
between adjacent cells.

Line of Sight (LoS)

Most MMDS proposals suggest antennas that
can communicate directly with the hub without
going through building wall or dense foliage.
This condition is rare in cellular phone systems
and hence a significant margin must be added to
the cellular link budgets.
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A Figure 2. Cellular phone frequency reuse.
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A Figure 3. Effect of antenna directivity.

Diversity

In order to combat the effect of fading due to multi-
path, the cellular base station receivers normally employ
two antennas. The statistical improvement in perfor-
mance is sometimes referred to as diversity gain. For the
downlink, the power is simply increased to a level that is
adequate to overcome the fade. For LoS MMDS systems,
the fading will be relatively small, so a single receive
antenna is sufficient.

Batteries

One of the biggest obstacles for cell phone designers
is designing energy efficient radios. This dictates that
the amplifiers must operate in saturation, which limits
the types of modulations that can be effectively
employed. Consequently, although more spectral effi-
cient modulations are well known, the most popular
modulation for cellular is PSK. MMDS systems typical-
ly reside in locations where power is not an issue and
hence higher order modulation schemes can be used.

For the purposes of this paper, noise and interference
are differentiated as follows: interference is unwanted
signals generated by the MMDS system; noise is every-
thing that is not interference or the desired signal. For
example, the image signal from a PCS site or internally
generated harmonics will both be considered noise.
Interference can be further subdivided into co-channel
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and cross-channel. Co-channel interference resides at
the same frequency as the desired signal, and cross-
channel interference is due to signal on nearby frequen-
cy bands.

Figure 1 shows a simplified diagram of the MMDS
transport layer. The antennas and filters provide noise
and interference rejection to the front end amplifier, The
aggregate performance of these devices can be compared
by using both up and down links. The hub antenna will
typically cover a sector ranging from 45 to 120 degrees
in azimuth. The CPE antenna will have a gain ranging
from about 7 to 25 dBi. Higher gain CPE antennas tend
to be larger and more expensive.

The spatial filtering of the CPE antenna provides a
degree of interference rejection not available in a cellu-
lar system. The cost constraints on the hub are not as
stringent as those on the CPE. Therefore, higher @ fil-
ters can be employed at the hub end. Because power is
readily available at both the CPE and hub, both the hub
and CPE amplifiers can operate in a linear region.
Therefore, spectrally efficient modulations, such as ver-
sions of OFDM or QAM can be used. The level of the
modulations (i.e., QPSK through 1024 QAM) will be
determined by the acceptable bit error rate (BER) and
the signal to noise ratio (SNR) or carrier to interference
(C/D: whichever is the limiting factor. For simplicity, we
will assume that we can increase the M-QAM level by a
factor of 4 for every 7 dB improvement in SNR . This
corresponds to a doubling of the data rate with the same
7 dB improvement. Improving C/I results in more mod-
ulation and error correction dependency, but similar
trends hold. Hence, reducing interference increases data
capacity.

In their most basic configuration, cellular phone sys-
tems are sectorized into three-cell configurations. The
motivation for this is frequency reuse. In a single cell,
the frequency band may be broken into three equal sub-
bands with one sub-band per sector. This in itself does
not provide any frequency reuse over an omni configu-
ration. However, when the same scheme is used in a
multiple cell configuration, it results in a reuse of three,
as indicated by Figure 2. The cost of the additional hub
equipment required for the sectorization is small in
comparison to the over all system cost. This scheme
minimizes the C/T in a multiple cell cellular configura-
tion and maximizes the capacity, which, in this case, cor-
responds to the number of users.

Cellular phones have omni direction antennas that
provide no isolation between cell site locations. The iso-
lation is purely due to the frequency filtering and the
propagation characteristics. In contrast, the MMDS
CPE antennas can consistently provide between 25 and
40 dB of isolation between cells. Therefore, there is lit-
tle motivation to follow the cellular phone scheme of sec-
torization for MMDS. To better understand the MMDS
limitations, two scenarios are examined.
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A Figure 4. Elevation pattern of a shaped beam hub antenna.

Range effects

Let us first look at a system with a hub and three
CPEs. The CPEs are at various distances from the hub
(ie., 100 m, 1 km and 5 km). Perhaps the biggest advan-
tage MMDS has over cellular is the antenna directivity
of the CPE unit. Besides adding link margin, this
reduces interference into adjacent cells. Higher gain
antennas can be used towards the cell periphery for link
margin balancing. Normally, higher gain antennas can
provide a higher front-to-back ratio than lower gain
antennas. The systems at the cell edge employ the bet-
ter front to back ratio with respect to reducing interfer-
ence into and from the adjacent cells. The combination
of the shaped beam hub antenna together with the use
of CPE antennas with various gains allows the majority
of the CPE receiver dynamic range to be used by the
modem rather than for power control and link balanc-
ing. Further, it also adds to the dynamic range in the
CPE transmitter. The same argument applies to the hub
receiver and transmitter. This virtual dynamic range
increase corresponds to higher data capacity.

Hub antennas with shaped elevation patterns are
readily available. The shape of the pattern follows a cscd
electric field distribution from the antenna’s 3 dB point
to approximately —45 degrees in elevation. An example is
shown in Figure 4.

Let us assume the hub is mounted 50 meters above
the CPEs and covers a cell that is 10 kilometers in diam-
eter. The CPE at 100 meters resides at the 30 degree
point in the elevation pattern, while the CPE at 1 kilo-
meter resides at the 3-degree point in the elevation pat-
tern. The antenna has a very small electrical down tilt
such that the CPE at 10 kilometers is at the main beam
peak. The energy available at the locations of the inner
two CPEs is approximately the same because of the
shape of the pattern. We will assume that physically
small 11 dBi antennas are used at these locations. The
CPE at 5 kilometer has at least 14 dB more path atten-
uation than the unit at 1 kilometer, and the hub has 3
dB more gain in this direction. Here we make up the 11
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dB difference by using a 22 dBi gain antenna. Now, at
both the hub and the CPE we have approximately the
same link characteristics. The hub then receives three
channels of comparable strength and demodulates each
of them. Each CPE receives three channels of compara-
ble strength but only demodulates one of the three chan-
nels. This all happens without sacrificing dynamic range
on either the up or down link. Hence, the signals can be
transmitted at their maximum data rates. Although this
representation is somewhat of an oversimplification, it
does illustrate the goal of maximizing the available
dynamic range to allow the highest order modulation to
be used.

In order to minimize noise at the hub, a horizontal
polarized antenna is chosen. This reduces the noise gen-
erated by vertically polarized PCS base station trans-
mitters. The MMDS hub has better than 40 dB of cross-
polar rejection. However, typical base station antennas
typically only have about 20 dB rejection in the sideline
region. Hence, there is about a 20 dB improvement in
PCS noise rejection over using a vertically polarized
antenna.

Sectorization

Without sectorization, adjacent cells will interfere
with one another, and the frequency reuse factor will be
one. However, an overly sectorized cell will interfere
with itself and will not efficiently reduce the interfer-
ence into adjacent cells. The optimal sectorization from
an interference standpoint is one that balances the
effects of the cell’s self interference with the interfer-
ence from adjacent cells. The frequency reuse factor is
more difficult to understand. In cellular systems, the
problem is simpler because of the fixed data rate. For
voice communications, there is no point in improving
beyond a given threshold. However, advanced MMDS
systems will employ dynamic rate allocations based on
the quality of the communications channel. Adding
more sectors increases the system cost. However, site
acquisition and infrastructure normally outweigh the
antenna and RF equipment cost.

Once again, we will look at a relatively simple exam-
ple first. We will use the same equipment as in scenario
one. Due to the link balancing, the proposed equipment
should reduce the spectral re-growth of cross-channel
interference to a level that can be neglected. For sim-
plicity, a four sector configuration is assumed and can be
extrapolated to higher orders of sectorization. Recently,
antennas with a high degree of sidelobe rejection have
been developed for MMDS. Figure 5 depicts the carrier
and the interference power. The blue (solid) line depicts
frequency set one and the red (dashed) line depicts fre-
quency set 2. Here we see that the co-channel interfer-
ence is around 34 dB while the cross-channel interfer-
ence is 0 dB (the cell cross- over points).

Hence, frequency filtering is relied on for the cross-
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A Figure 5. The carrier and interference power of an antenna.

channel interference. In order to maximize the rejection
in the modem, frequency set one might consist of odd
channels, while frequency set two would correspond to
even channels. Based on QAM threshold levels, this level
of co-channel interference would allow 256 QAM with a
1076 bit error rate (BER). This corresponds to nearly 8
bits/S/Hz.

The goal of the sectorization is to reduce the co-chan-
nel interference and provide frequency reuse. From
Figure 6 we can see that the line of sight path to the next
hub operating with the same frequency set will be about
three times that of the local hub (Path A). Therefore, the
line of site cell to cell interference may be as high as -9
dB relative to links within the cell. This corresponds to
a CPE on the cell edge interfering with the next hub
along that same diagonal. CPEs in the center of the cell
will not cause co-channel interfererce with an adjacent
cell but may leap over that cell and cause interference at
a level -25 dB down from the direct link (Path B).
Filtering of the co-channel interference is not an option.
However, since the signals are delayed by at least three
times the delay of the direct signal, interference rejec-
tion coding methods can be applied to the effects of these
unwanted signals to reduce the effects. Alternatively,
the polarization of every other sector using a common
frequency set can be rotated by 90 degrees. This is
depicted by the V (vertical polarized) and H (horizontal-
ly polarized) in Figure 6. The hub antennas provide
approximately 40 dB of cross-polar isolation while the
CPE antennas can provide 30 dB in the main beam
region. However, based on measurements done at 2
GHz, the multipath of the propagation environment typ-
ically allows only about 15 to 20 dB of cross-polar isola-
tion to be realized. Likewise, a 10 degree rotational mis-
alignment of the CPE will introduce a cross-polar com-
ponent that is about 15 dB down from the copolar radi-
ation. Hence, we should not count on more than about
15 dB of isolation due to cross-polar rejection, which
improves the worst case cell-to-cell interference to about
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A Figure 6. 90 degree sectors with a reuse of two.

-24 dB, without the use of coding techniques. This level
is still not good enough for 64 QAM. Therefore, even
with good cell planing, worst case conditions dictate
either temporal coding or a lower order modulation (16
QAM).

We now apply the same concepts to an eight sector
configuration with a frequency reuse of four. Figure 7
shows the patterns of cascaded antennas with 45 degree
3 dB beamwidths. These antennas provide approximate-
ly 25 dB of co-channel interference rejection. In the cell
of interest, there are now up to three interfering signals
that are assumed to have various powers and add ran-
domly. The interference level is now approximately -25
dB + 10log3 = -20 dB. This is not quite good enough for
16 QAM at 107° BER (4 bits/S/Hz) and hence, QPSK or
robust error correction is required under worst case
conditions.

Therefore, in going from a four sector configuration
to an eight sector configuration we doubled the capacity
through frequency reuse but then reduced it by at least
a factor of two by increasing the interference. Hence,
using the defined hardware, the cost of the additional
equipment and complexity did not pay any dividend.
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A Figure 7. The patterns of cascaded antennas with 45
degree 3 dB beamwidths.
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Conclusions

There are a multiplicity of tech-
niques to approach MMDS frequen-
cy and cell planning. However, in all
cases the capacity of a system is a
function of the quality of the trans-
port layer. The MMDS systems
transport layer will provide much
higher C/I ratios than cellular sys-
tems. Antenna directivity and adap-
tive modulation schemes are the
defining advantages, which, in turn,
will provide better spectral efficien-
cy. Due to cross-channel interference
and noise, the hub receivers may
limit the system. If these issues can
be easily addressed with high-Q fil-
tering at the hub, the same modula-
tion can be used on both the up and
downlinks. Otherwise, the slower
uplinks can be employed in order to
accommodate the reduced channel
quality. MMDS should be able to
support modulations ranging from a
worst case of QPSK all the way to a
best case of 256 QAM. The data
capacity of the MMDS should be far
more than an order of magnitude
greater than that of cellular. |
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A VCA Using Resistive Line
Approach with Parasitic
Inductance Cancellation Circuit

By Raymond W. Waugh, Agilent Technologies

and Louis Fan Fei, Lucent Technologies

ower control is a crucial feature in mod-
Pern communication systems. In today’s

spread spectrum and CDMA systems,
each individual user appears as thermal noise to
the others. If the user nearest to the base sta-
tion produces more power than his neighbor, it
will increase the neighbor’s noise floor. In the
worst case, this will disable the other user com-
pletely. This is the well known near-far problem.
Tight power control will ensure that every user
can have a quality link to the base station with-
out causing fatal damage to other users.

In the receive chain, power control is needed
for the AGC loop to ensure consistency of the
SNR. Power control also will help to extend the
dynamic range of the receiver chain. Power con-
trol is typically achieved using a voltage con-
trolled attenuator (VCA).

There are many ways to implement a VCA.
Implementing typically involves some variable
impedance device, which can be done with a
MESFET operating as a voltage variable resis-
tor in its linear region or as a PIN diode operat-
ing as a current controlled resistor. PIN diodes
offer the advantages of low distortion and low
cost. In this paper, a PIN diode based VCA using
the resistive line approach at 2.45 GHz will be
discussed. Simplicity, low cost, high dynamic
range and high power handling capability make
the resistive line approach a popular microwave
VCA design.

Building blocks of the parasitic cancellation
scheme

The building block of the resistive line
approach is a quarter wave transmission line
(TL) and a shunt resistor (a PIN diode in this
design). The quarter wave transformer is often
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A Figure 1. Basic design approach.

used to transform impedance. The design equa-
tion is very simple:

Zout = Z—Oz (1)
Zin

The impedance of one end (Z;,) of the trans-
former is inversely proportional to the imped-
ance at the other end (Z,,,) of the transformer.
For example, if Z;, = 1 ohm and the TL has
characteristic impedance (Z,) of 80 ohms, Z,,,
will be 6400 ohms. This high impedance reflects
back most of the incoming RF signal. The typi-
cal values of Z of the TL range from 50 to 90
ohms. To obtain variable attenuation using this
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A Figure 3. ADS simulation of the modified circuit.
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equivalent circuit

A Figure 4. PIN diode construction and equivalent circuit.

approach, the fixed value Z;, is replaced with a variable
resistance PIN diode. A typical shunt configured PIN
diode can achieve a maximum attenuation of about 20 to
30 dB at 2.45 GHz. In this particular design, a dynamic
range of 50 dB is desired, and consequently, four shunt
diodes are used, as shown in Figure 1. Any number of
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variable resistors can be used, depending upon the
desired range of attenuation.

The middle two shunt diodes provide the bulk of the
attenuation by reflecting the incoming RF signal. How-
ever, a reflective VCA is not desirable in most applica-
tions, especially in high power transmitter application.
The reflected RF energy must be absorbed inside the
VCA to provide low return loss. This will require R, to
be different from R,. The required values of R, and R,
necessary to maintain a constant 50-ohm input and out-
put impedance are shown in Figure 1. A complex driver
circuit is necessary to produce the two curves of resis-
tance using PIN diodes as current controlled resistors.

A close approximation to this design can be achieved
using a modified circuit, as shown in Figure 2. Four
identical variable resistors (R,,,) simplify the PIN diode
bias network, and fixed resistors (R;) are added to the
outer variable resistors. The values of Ry, Zy,, Zy, 6,
and 6, trade-off size, dynamic range and input/output
return loss.

In the design the variables we are discussing are:

* B, = 50 ohms

* Zo1 = 70 ohms

* Zpo = 95 ohms

* 6, = 6 = 90 degrees

The use of a fixed resistor in series with a PIN diode
at the input and output of the network results in low-
ered distortion at maximum attenuation, since the
incoming RF signal is dissipated in a passive device
rather than a diode. )

The attenuation and return loss of this ideal circuit,
in which diode parasitics have been neglected, are
shown in Figure 3. This simplified approach offers good
return loss over the entire range of attenuation.

The key part of this design is the PIN diode. The PIN
diode consists of a highly resistive intrinsic I-layer
between highly doped P- and N-layers. For the PIN
diode, we can define a cutoff frequency, 1., as follows:

c 27rr 2)
where 1 = minority carrier lifetime.

At frequencies above 10 /., where f, is the cutoff fre-
quency, the diode’s resistance is controlled by the for-
ward bias current though the diode. The PIN diode can
be designed with different doping profiles and I-layer
thickness for different applications. Some PIN diodes
are optimized for fast switching at low current, whereas
other diodes might be optimized for low distortion and
low cut-off frequency. The PIN vehdor can determine
which series of the PIN is better for your specific appli-
cation. The diode chosen for this design features a high-
ly resistive I-layer of 125 u thickness for low £, and low
distortion.
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The circuit shown in Figure 2 is
idealized in that parasitic diode ele-
ments (package inductance and
capacitance, junction capacitance)
are neglected. At 2.45 GHz, these
elements must be taken into

account. The diode chosen for this
project is a low cost SOT-323 part

: designed for shunt applications, as

shown in Figure 4.

. Reducing the effects of package
©38 parasitic inductance can turn an
ordinary design into a high
performance circuit. The parasitic
inductance cancellation scheme
does not need to be complicated.
The main contributions are pack-

-B87
<

uss
W28, L

cat

10098

T H35%52v520800 1

age lead, bondwire and via hole
inductance. Each package lead pro-
duces 0.5 nH of parasitic induc-
tance, and each bondwire is 1.0 nH

A Figure 5. VCA block diagram.

A Figure 7. Photograph of the VCA.

Part Vendor Number

PIN Agilent HSMP481B x 4
Res KOA 50 W x 2

Res KOA 110 W x 1

Cap AVX 10 pF x 2

Cap AVX 100 pF x 4

A Table 1. Materials for the test hoard of the VCA.
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(see Figure 4). Mounting the diode
as shown moves the lead and bond-
wire inductances of leads 1 and 2
into the series circuit, where they
cannot reduce the isolation of the diode.

Lead 3 (the GND pin) has 0.5 nH, and via holes (if
used) would contribute another 0.3 nH. This inductance
can be cancelled by simply using a shortened radial
microstrip stub (capacitive impedance), in place of the
via holes, to resonate out the parasitic inductance of lead
3. A rectangular stub can also be used for this design.
The dimension of the radial stub is determined during
simulation. The simulation can be used to optimize the
TL and radial stub elements. The PIN diode is modeled
in Figure 4.

Actual test board

Having examined the basic building blocks of the
parasitic cancellation scheme, we will now look at the
actual test board. The circuit is built as a FR-4
microstrip, 0.042 inches thick, for lowest cost. The block
diagram is given in Figure 5. The 4 shunt configured
PIN diodes U46, U47, U51, U52, as well as TL U48, U49
and U50 form the skeleton of this design. The radial
stubs U16 to U19 are parts of the compensation circuit.
U37, U38, U54 and U55 are the RF choke high imped-
ance TL, and R14 is a bias resistor. The rest are the
capacitors for DC blocking or for bypassing. The circuit
has a low component count since free microstrip ele-
ments are used as much as possible. The bill of material is
listed in Table 1.

Performance of the VCA
The major testing parameters for the VCA are
dynamic range and impedance matching at each attenu-
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A Figure 8. Summary of measured data.

ation state. The prototype demonstrated about a 50 dB
dynamic range. The input and output impedance match
was better than -10 dB in all attenuation states. The
current consumption was only 43.8 mA for maximum
attenuation. The test results are summarized in Figure
8. Detailed plots of insertion loss and return loss can be
found in Figures 9 through 26, which follow in the
Appendix on pages 48 and 50.

Conclusion

This article has presented a discrete PIN design for a
voltage-controlled attenuator, using resistive line
approach. The design is low cost and features a high
dynamic range, excellent input/output matching, low
current consumption, low component count and high
power handling capability. The design approach, PIN
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diode and parasitic cancellation were also discussed.
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A Fig. 13. Input matching with IL =
~10 dB.
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A Figure 18. IL = -30 dB, Ibias = 10.8 A Figure 21. IL = -40 dB, Ibias = 20.5 A Figure 24. IL = -50 dB, Ibias = 43.8
mA, V¢ = 1.98 V. mA, Ve =3.1V. mA, V¢ = 5.76 V.

A Figure 19, Input matching with IL == A Figure 22. inpul matching with IL A Figure 25. Input matching with IL =
-30 dB. -40 dB. -50 dB.

A Figure 20. Output matching with IL A Figure 23. Output matching with IL A Figure 26. Output matching with IL
= -30 dB. = -40 dB. = -50 dB.
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A VCA Using the Constant
Impedance Approach

This design technique maintains accurate matching between system stages

By Raymond W. Waugh, Agilent Technologies

and Louis Fan Fei, Lucent Technologies

a crucial building block in a communica-

tion system. In the modern transmitter, it
is typically used in a digital control loop to deliv-
er constant maximum power to the antenna
port. The VCA is also used to compensate tem-
perature and device-to-device variations. On the
receiver side, it is used to adjust the input RF
power with the help of DSP to maintain suffi-
cient SNR for the receiver.

The voltage-controlled attenuator (VCA) is

A 2.45 GHz VCA PIN diode-based design

A VCA requires a current or voltage-con-
trolled variable impedance in the form of a
MESFET or a PIN diode used as a linear resis-
tor. In this article, we discuss an experimental
2.45 GHz VCA PIN diode design. The basic
design approach is shown in Figure 1. As
described in Addendum 1, a quadrature (90
degree) coupler and two variable resistors can
be used to form a low-cost variable attenuator of
moderate dynamic range with a better input
and output impedance match than the Pi[1] or
resistive line attenuator [2]. An RF signal is
applied to port 1 of the coupler and two matched
variable resistors on ports 2 and 3 are varied in
magnitude. The result is a variable attenuation
between ports 1 and 4. The input impedance at
port 1 and the output impedance at port 4
remain constant at 50 ohms over the entire
range of attenuation — this characteristic is
assured by the fundamental operation of a
quadrature hybrid. (See the S-parameter matrix
in Addendum 1.)

The variable resistors on ports 2 and 3 are
realized using PIN diodes. The PIN diode con-
sists of two distinct parts: die and package [3].
The die can be modeled as a current controlled-
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A Figure 1. Design approach for the 2.45 GHz VCA
PIN diode design.

variable resistor and a shunt parasitic junction
capacitance. It consists of a lightly doped I-
region sandwiched between heavily doped P-
type and N-type regions. The PIN diode behaves
as a pure resistor at frequencies ten times high-
er than its cutoff frequency f., where

fc=u1_ (1)

and 7 = minority carrier lifetime.

The resistor value is controlled by a DC for-
ward bias current, which injects carriers into
the I-region, lowering its resistance. The PIN
diode’s resistor value can range from a few ohms
up to several thousand ohms. I-layer thickness,
doping density and diameter can be adjusted to
tailor the diode’s characteristics to the specific
application. These useful features make the PIN
diode an excellent choice for VCA design.
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longer have the simple variable resistors shown in
Figure 1. However, a simple compensation circuit can be
used to tune out the package and chip parasitics at the
frequency of interest. For example, a diode package lead
and bondwire inductance of 0.7 nH will contribute an
inductive reactance of approximately 10 ohms to the
diode’s resistance. This would degrade the dynamic
range of the attenuator, making the compensation cir-
cuit important. The simplest cancellation scheme is to
use a shunt capacitor as the RF ground. The shunt
capacitor is also used to tune out the parasitic induc-
tance. The value of the shunt capacitor is determined
experimentally.

Consider the circuit shown in Figure 1. When the PIN
diode current is very high (> 10 mA), diode resistance is
low and the RF signal applied at port 1 is reflected back
into the hybrid at ports 2 and 3, emerging at port 4 with
little loss. As current is reduced, diode resistance rises to
a value of 50 ohms (thanks to the compensation circuit),
at which point the diodes absorb the incident RF signal

and attenuation is highest. Further
reduction in current causes diode

S e . .
22nH J resistance to be much higher than
E% IS 130 | 50 ohms, which results in reflec-
RF In o , Y I v possls ST [rosemszesct | tions at ports 2 and 3 and a reduc-
§ - ' [ il ! 2a | . . . .

B ; ke AT 2 Y tion in attenuation. For a typical
RF Out c2 cs Sy w=1e, L=686 °T= PIN diode with a thick I-layer, this

TP430 p — 1A1306-3 t 1” - - ;
tRRxz6 1 10pF OFF < v result can be plotted as shown in

Figure 2. The designer has two
options: to use the current range of
0 to 1.7 mA, or 1.7 to 100 mA. Each
choice has its tradeoffs. If the range

A Figure 3. Schematic of the 2.45 GHz PIN diode-based VCA

A Figure 4. Layout of the 2.45 GHz PIN diode-based VCA
design.

The package that contains the chip adds parasitic
inductance and capacitance to the diode’s impedance,
and the low-cost leaded plastic package has particularly
large parasitics [4]. In the real world of design, we no
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design. of current I > 1.7 mA is used, some
circuit simplification may be possi-
ble, but minimum attenuation is
high (2 dB or more) because the PIN diode resistance is
not zero at high currents. If the range of current I < 1.7
mA is used, circuit insertion loss (minimum attenua-
tion) will be lower. This article discusses the latter
approach to the design.

The schematic for the attenuator is shown in Figure
3, and the microstrip board layout is given in Figure 4.
The circuit was realized on a 0.014-inches thick FR4
microstrip with a half ounce copper conductor and
ground plane.

The choice of quadrature hybrid and PIN diodes, and
the design of the parasitic cancellation circuit are three
important aspects of the constant impedance VCA. The
hybrid chosen was the 1A1306-3 from Anaren. The
HSMP3814 is from Agilent Technologies. Good match-
ing between the two diodes can be expected since the
two dice came from adjacent sites on the wafer. C1, C2,
C3 and C5 are DC block caps. Ll and L2 are RF choke
inductors. R3 and R4 are resistors to set the bias current
of the PIN diodes. C6 and C4 are used to cancel the par-
asitic inductance associated with the PIN diode. The
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Part Vendor Number
Hybrid Anaren 1A1306-3
PIN Agilent HSMP3814
Cap AVX 10pF x 5
Cap AVX 1.2pF x2
Res KOA 910 x 2
Ind Coilcraft 27 nH x 2

A Table 1. Materials needed for designing the 2.45 GHz PIN
diode-based VCA.

components count is very low. The bill of material is list-
ed in Table 1.

A few simple experiments were performed on the
hybrid evaluation board to verify the concept at the two
extremes of diode resistance. In the first case, ports 2
and 3 were left open-circuited (no diode), resulting in a
1.5 dB IL from port 1 to port 4. In the second case, ports
2 and 3 were terminated with a 50-ohm load (chip resis-
tor). The resulting value of S41 was more than 30 dB.

A prototype 2.45 GHz VCA was built and tested, pro-
viding excellent results on the first try. The attenuation
ranged from -1.5 to -32 dB, and bandwidth was good, as
shown in Figures 5 and 6. The return loss at input and
output was better than -10 dB in all attenuation states.
Detailed test results at minimum attenuation, —10 dB,
-20 dB and maximum attenuation are shown in
Addendum 2.

There is a deep notch at the maximum attenuation
because of the parasitic compensation circuit. At the
series resonant frequency, the parasitic inductor and
compensation capacitor cancel each other out. The @ of
the resonant frequency is high, which causes the deep
notch. The VCA is designed to have 30 dB dynamic
range, which is achieved with more control range near
the center of the frequency band.

Further improvement or modification can be made to
make the design more compact or to lower production
costs. In this design, an off-the-shelf surface mount
hybrid coupler was used. A hybrid based on another
technology, such as lumped elements, will yield a small-
er size. If size is not an issue, a transmission line coupler
design, such as the popular, high performance branch-
line coupler, can be used. In this case, the coupler is
“free,” since it is part of an etched microstrip board,
which must be manufactured in any event. The RF
choke inductor can also be replaced with high imped-
ance transmission lines to further reduce the cost if
there is enough board space.

Conclusion

This article presented a VCA using the constant
impedance approach. The VCA had more than 30 dB
dynamic control range, excellent input/output matching,
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A Figure 6. Attenuation vs. control voltage.

and a very low insertion loss of 1.5 dB, at the minimum
attenuation state. It is also very compact, has a low com-
ponent count and a low cost. B
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A Figure 8. Four port S-parameter definitions.

Addendum 1: the 3 dB quadrature coupler

The 3 dB quadrature coupler can be realized in a vari-
ety of ways: as a distributed transmission line backward
wave coupler of one or more sections (as illustrated in
Figure 7), as a transmission line branchline coupler, or
as a lumped element device. All realizations share some
common characteristics that make this RF component
particularly useful. If an RF signal is applied to port 1
(the “input”), one half of the power will come out of port
3 (“direct”) and one half will come out of port 2 (“cou-
pled”), and the equal amplitude RF voltages at these two
ports will differ in their phase angles by 90 degrees. In
the ideal coupler, nothing will come out of port 4(“isolated”).

However, if one places mismatches of equal magni-
tude and phase angle on outputs 2 and 3, some of the RF
energy will be reflected back into the quadrature cou-
pler. In the simple case shown in Figure 7 (I'; = 'y = 1.0
/0 degrees), the RF energy will recombine at the “isolat-
ed” port (minus two times the insertion loss of the cou-
pler). If I'; = I'y with a magnitude of less than 1.0, the
attenuation between the “input” and “isolated” ports
will be 20 log;( I" (the return loss of the loads) plus two
times the insertion loss of the coupler.

If one can realize a current or voltage-controlled vari-
able mismatch (0 > T" > 1), a simple variable attenuator
can be created. When the package parastics and junction
capacitance of the PIN diode are tuned out with a sim-
ple single capacitor or inductor, the diode’s junction can
be made to vary from 2 to 3000 ohms, passing through
50 ohms.

The forgoing heuristic analysis may not satisfy some
of those looking for a more rigorous analysis. Refer to
Figure 8 in which four port S-parameters are defined.
The familiar S-parameter definitions, such as
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b1
811=a
S b3 (2)
827 9

apply. The equation for the operation of the quadrature
coupler can be written as

Sll SlZ

[61 62 b3 b4]= :21 (3)

31 SSZ
S41

Xlal a2 a3 a4
s,, X1 ]

S44_

For the ideal (zero loss, infinite isolation) 3 dB quad-
rature coupler, the S-parameters are

S11=822=828=932=5833=844=0

812= 921 =934 =843 =1+ ;0
819=924=921=842=0+ j1

D ATTITENUATOR

The magnitude of 42 and 43 is 0.707 and 2 and 53 dif-
fer in phase by 90 degrees.

Now, consider a mismatch on ports 2 and 3 of 'y = I'y
= p [0 degrees, where p is the magnitude of the reflec-
tion coefficient. Referring to Figure 8,

-1
a2 =pﬁ
a3=p__‘]

2

Substituting these values into the equation for the
quadrature coupler, we obtain

000 p

or Sy; for the entire network is p, resulting in an inser-
tion loss of 20 log;, p. This is the same result as that
obtained in our intuitive explanation.

The discussion assumes that the coupler has infinite
isolation (loss from “input” to “isolated” with perfect

If al = 1 and a2 = a3 = a4 = 0, multiplying the 50-ohm terminations on “coupled” and “direct” out-
matrices will result in puts). In practice, no coupler has perfect isolation, and
the designer must choose his coupler carefully to insure
0 -1 - 0 that it offers greater isolation than the dynamic range
V2 J2 demanded of the attenuator.
Appendix
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A Figure 9. IL = -1.5dB, I,;,; = 0 mA, A Figure 10. Input Matching with IL = A Figure 11. Output Matching with IL

Ve =0. -1.5 dB.

60 - APPLIED MICROWAVE & WIRELESS

= -1.5 dB.

continued on next page
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A Figure 14. Output Matching with IL
mA, Ve = 1.67 V. -10 dB. = -10 dB.

A Figure 15. IL = -20 dB, I, = 4.05 A Figure 16. Input matching with IL = A Figure 17. Output matching with IL
mA,V = 2,58 V. -20 dB. = -20 dB.

A Figure 18. IL = 30 dB, I, = 5.11 A Figure 19. Input matching with IL = A Figure 20. Output matching with IL
mA, Ve = 3.08 V. - 30 dB. = -30 dB.
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High Power Transmitter Uses
TE{1 Mode Suppressor

To prevent unwanted radition, a transmitter requires additional harmonic rejection

By Richard M. Kurzrok, PE
RMK Consultants

tropo scatter communications transmit-
Ater in the 755 to 985 MHz frequency

range uses a high power amplifier (HPA)
containing a 10 kilowatt klystron. To handle
this average power level, 3-1/8-inch rigid coaxial
transmission lines | 1] are employed. This coaxi-
al line size can propagate the TE,; mode above
a cutoff frequency of approximately 1.713 GHz.
This falls within the second harmonic band of
the HPA with levels greater than -20 dBec
(referred to carrier fundamental). These second
harmonic emissions are not substantially
reduced by an absorptive low pass filter or a
high power duplexer that were designed for only
TEM operation. To provide adequate second
harmonic reduction, a longitudinal TE;; mode
suppressor was needed.

3-1/8-inch rigid coaxial transmission line

To realize a 50-ohm characteristic imped-
ance, the rigid transmission line uses thin wall
copper tubing as an outer conductor with outer
diameter of 3.25 inches and inner diameter of
3.027 inches. The center conductor outer diam-
eter is 1.315 inches. The impedance (air line) is
checked with the following equation [2]:

_ [ 1
Z=60 ln(d)

where b = inner diameter of outer conductor =
3.027 inches; and d = outer diameter of inner
conductor = 1.315 inches. The calculated
impedance equals 50.02 ohms.

The cutoff frequency for the TE;; mode is
obtained as follows |2]:
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Fundamental Second Harmonic
Frequency in MHz Frequency in MHz
755 1510
870 1,740
985 1,970

A Table 1. Transmit frequency bands.

7.51

F=@+@

(2)

where F' = cutoff frequency in GHz. The calcu-
lated cutoff frequency equals 1.731 GHz, which
is equal to 1731 MHz.

Sections of the 3-1/8-inch-inch rigid coaxial
line are mechanically supported at periodic
intervals by commercially available teflon
anchors. With unity VSWR, ambient tempera-
ture of 40 degrees C and one atmosphere
absolute dry air pressure, the 3-1/8-inch-inch
coaxial line can handle an average power level of
14 kilowatts [1].

The transmit frequency bands are shown in
Table 1. More than half of the transmit second
harmonic band is greater than the 1,731 MHz
TE;; mode cutoff frequency.

TE,; mode suppressor details

The TE;; mode suppressor uses nominal 1/4-
inch square lossy rods installed in longitudinal
slots cut into the center conductor of the 3-1/8-
inch-inch rigid coax line. The lossy rods attenu-
ate the longitudinal current of the TE11 mode
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Note:Composite TE11 Mode Suppressor has
Two Sections with 4 Slots per Section.

X 4——
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TE;; mode suppressor
performance

Over the 755 to 985 MHz
transmit band, the composite
mode suppressor insertion
loss was less than 0.1 dB and
the return loss was greater
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than 21 dB. Transmitter
operation was satisfactory at
10 kilowatts average power.

Conclusions
A TE;; mode suppressor

A Figure 1. A simplified view of the coaxial center conductor.

without significantly affecting transmission of the dom-
inant TEM mode.

The overall assembly is 29-1/2 inches long with
Teflon® anchors at the ends and midpoint. The compos-
ite mode suppressor uses two cascaded sections of lossy
rods that are 11-1/2 inches long. Each section contains
four rods that are circumferentially located at 90-degree
intervals. The rod material is a refractory ceramic that
is capable of handling the 10 kilowatts average power
level. The composite mode suppressor uses a total of
eight rods. A simplified view of the coaxial center con-
ductor is shown in Figure 1.

A crucial design detail is the mechanical retention of
the rods in the center conductor’s longitudinal slots.
Custom designed metallic springs of 0.032 inch berylli-
um copper were created [3]. Each rod uses three springs.
Each section (four rods) uses 12 springs. The overall
mode suppressor (eight rods) uses 24 springs. Rod reten-
tion using epoxy was not viable at 10 kilowatts average
power.

was developed for an L band
communications transmitter.
Longitudinal lossy rods in the
center conductor of 3-1/8-inch-inch rigid coaxial trans-
mission line attenuated the transmit second harmonic
with minimal degradation of the 10 kilowatt transmit
TEM fundamental. |
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Spurious Responses in Thickness
Shear Quartz Crystals

This short tutorial explains crystal behavior to help engineers develop realistic

specifications

By Louis Bradshaw
Fox Electronics

ne of the most important but least
Ounderstood aspects of preparing crystal

specifications involves specifying the
suppression and testing of spurious frequency
responses (spurs) in thickness shear quartz
crystals such as the AT, Crystal units manufac-
tured for use in most types of oscillators usually
do not exhibit spurious frequency responses
strong enough to be troublesome. However, for
certain custom applications, the designer must
determine if the suppression of frequency
responses that may exist will be important to
the integrity of the design. If such specifications
are deemed necessary, it is helpful to have some
basic knowledge about spurious frequency
responses, their separation from the main mode
and their amplitude.

Spurious frequency responses

In general usage, the word spurious is
defined as “unreal or not genuine.” However,
the use of that term in reference to frequency
responses is a misnomer because spurious fre-
quency responses are regularly occurring thick-
ness shear frequency responses found within a
relatively narrow band just above the main fre-
quency response. Despite the inaccuracy of the
term, the widespread use of the terms spurious
and spurs to describe these frequency responses
make it unlikely they will ever be replaced.

Because spurious frequency responses occur
regularly, it is possible to predict their approxi-
mate frequencies and therefore their approxi-
mate separation from the main (desired) fre-
quency. However, the resistance (amplitude) of
these responses is not easily predictable and, as
a result, neither is the need for their suppres-
sion relative to the main frequency response.
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Nevertheless, depending on other parameter
specifications for a given crystal, some control
over these spurious responses can be achieved,
both in terms of separation from the main fre-
quency response and in suppression relative to
that response.

The frequency of a thickness-shear quartz
crystal such as the AT is primarily a function of
the thickness of the quartz plate. However, lat-
eral dimensions (width and length or diameter)
also play a role.

In order to examine this in more detail, we
will assume that a given crystal specification
includes, among other things, the order of over-
tone, the desired frequency and the crystal hold-
er to be used. We will also assume a fundamen-
tal mode, AT-cut crystal, operating at a frequen-
cy of 20.000 MHz, housed in the industry stan-
dard HC-49/U holder. Knowing the order of
overtone (fundamental) and the operating fre-
quency (20.000 MHz), we can calculate the
thickness of the quartz plate. Knowing the type
of crystal holder allows us to estimate the later-
al dimensions of the quartz plate, which in this
case will almost certainly be circular.

The thickness of the quartz plate can be eas-
ily calculated by

ok (1)
f

where ¢ is the thickness in mm, fis the frequen-
cy in kHz and K is a constant, which in the case
of the AT-cut is 1660 kHz/mm.

Using this equation, we find the thickness of
the 20.000 MHz plate to be 0.083 mm. We can
now calculate the approximate frequencies of
some spurious responses.



£ Bluetooth™

RALTR 1

Global Solutions for Frequency Management

« The highest-quality standard < Established roadmaps to smaller sizes Raltron Electronics Corporation

crystals and oscillators « Small today; 7 x 5 mm, 6 x 3.5 mm, E-mail: sales@raltron.com

: ; : Tel: 305-593-6033
Expert technical service 5x 3.2 mm Fax: 305-594-3973

and support « Smaller tomorrow: 3.2 x 2.5 mm \ww iaftron.comiwirsless

The BLUETOOTH trademarks are owned by the proprietor and used by Raltron Electronics Corporation under license.

Circle 31 See us at Wireless Symposium — Booth #242




Equation (2) results in only approximate frequencies
for a given set of physical dimensions. To our knowledge,
the equation has never been precisely solved for a finite
plate and probably never will be. However, it does give
us an idea of the complexity of our project, and a stan-
dard by which to determine and specify suppression of
spurious responses.

1 {Ceem?
fmunn;ﬁ’:o-ﬁ‘/%‘/ 6;12

where p is the density of quartz (2.65); m, n, and p
denote modes; Cgg, C11, and Cj; are the elastic constants
in the Y, X, and Z directions respectively; 7' is the thick-
ness of the plate in ¢m; and D is the diameter in em.

The elastic constants are expressed in dynes/cm? and
their values are as follows: Cgg = 29.34 x 1010; Cy; =
86.05 x 1010; and Cj5 = 69.80 x 1010. If m =n =p = 1,
the order of overtone is the fundamental. The third
overtone would be designated 3, 1, 1, and the higher
orders of overtone would be similarly designated, with
the first digit taking the number of the overtone. Such
designations indicate a plate at a given frequency, free of
spurious responses.

The HC-49/U holder will comfortably house a quartz
plate on the order of 8.6 mm (0.339 inches) in diameter.
It is more likely, however, that the actual diameter will
be somewhere between 5.0 and 8.0 mm. A common
diameter at this frequency, which we will use in this
evaluation, is 7.62 mm (0.300 inches).

By settingm = n = p = 1 and using 7.62 mm as the
diameter of our plate, we obtain a frequency of 20.006
MHz, which is 0.03 percent greater than our target fre-
quency of 20.000 MHz. Using a diameter of 5.0 mm
without changing the other parameters results in a fre-
quency of 20.015 MHz, 0.07 percent. higher than our tar-
get. On the other hand, if we use a diameter of 10.0 mm
(which will not fit in the HC-49/U holder), we obtain a
frequency of 20.004 MHz, 0.019 percent higher than our
target. Obviously, the larger the plate, the closer the
resulting frequency will be to the nominal frequency,
although it will never be 100 percent accurate.

To calculate the frequencies of two spurious respons-
es, we will use a plate diameter of 7.62 mm and set m =
1,n =3 and p = 1. This combination yields a frequen-
cy of 20.034 MHz, which is 0.17 percent higher than our
target frequency of 20.000 MHz. Therefore, the spurious
frequency response designated as 1, 3, 1, will occur
approximately 30 kHz higher than the fundamental
response.

By settingm = 1,n = 1 and p = 5, while still using a
plate diameter of 7.62 mm, we obtain a frequency of
20.074 MHz, which is 0.37 percent higher than our tar-
get of 20.000 MHz. Therefore, the spurious frequency
response designated as 1, 1, 5 will occur approximately

. (Cz g J;'E'gss p )

(2)
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70 kHz higher than the fundamental response.

In each of these instances, changing the plate diame-
ter will result in entirely different frequencies. To com-
plicate matters further, the accuracy of the equation
depends on the accuracy of the entered values for thick-
ness and diameter. In real life applications, inaccuracy in
the measured values tends to make the equation imprecise.

The above discussion implies that the electrodes used
to energize the quartz plate are equal in diameter to the
plate and of zero mass. In reality, the electrodes are of
finite dimensions, smaller than the resonator plate, and
their mass is greater than zero. Even so, the frequencies
of the spurious responses and their separation from the
main mode are approximately those yielded by the
Equation (2). We may assume that the electrodes on a
plate similar to the one we have been discussing usually
will be in the range of 2.5 to 5.5 mm in diameter.

The complexity and approximate nature of these cal-
culations lead one to wonder if these spurious frequency
responses can be controlled. The short answer is that
usually they are of such low magnitude (high resistance)
in comparison to the main mode that they are not trou-
blesome. However, there are cases where one or more
spurious frequency responses become troublesome. In
these cases, it is theoretically possible to use energy
trapping to control the spurious frequency responses.
Energy trapping depends on the existence of cut-off
points that arise when a relatively sharp difference in
thickness exists between the electroded area and the
remainder of the plate. There are two ways to achieve
this difference. One is by contouring or beveling the
major faces of the plate, resulting in a constantly dimin-
ishing thickness from the center to the edges. A 20.000
MHz plate with a calculated thickness of 0.083 mm is so
thin that such a process would be nearly impossible. In
the second approach, the amount of metal deposited to
form a finite electrode is varied, or the electrodes them-
selves are modified, according to the specifications of the
crystal design engineer.

The best results, in terms of controlling spurious
responses, are achieved when the metal electrodes are
small in diameter, but thick. The worst results are
achieved when the electrodes are relatively large in
diameter, but thin. The use of the terms best and worst
here is highly subjective, as is the use of thick and thin.
Best and worst conditions are application-driven. For
instance, if the crystal is to be used in a phase-locked
loop application, where pullability is a major require-
ment, it is necessary to use large diameter electrodes.
Placing a severe spurious suppression specification on
such a crystal will probably render it impossible to man-
ufacture.

When spurious suppression requirements are
imposed on a crystal, it is necessary to carefully consid-
er the requirements of the frequency range. A common
specification is that the frequency range should be the
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A Figure 1. A typical test fixture for the measurement of
Spurious response suppression.

nominal frequency, +10 percent. In the case of our
20.000 MHz example, that equates to +2.0 MHz or from
18.0 to 22.0 MHz. If you are not certain that you need
such a specification, discuss it with your crystal manu-
facturer, which will prevent a delay in your delivery date
and an increase in cost.

Finding the right fixture

It is of paramount importance to specify clearly the
fixture to be used in testing spurious response suppres-
sion, because different test fixtures yield different
results. The usual method for spurious suppression is to
specify the spurious response as “x” dB down from the
main response. This method is completely meaningless
unless the impedance of the test fixture is specified. A
typical test fixture for the measurement of spurious
response suppression is shown in Figure 1.

The equation for calculating the suppression in terms
of dB is as follows:

Z,+Z,+R, (3)

dB =201
87 +Z 1R,

where Z,; is the input impedance, Z,, is the output imped-
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ances, R, is the crystal main mode resistance in ohms
and R, is the spurious response resistance in ohms.

The EIA pi network is a recommended test fixture for
oscillator crystals because it is widely available, easy to
construct and immediately recognizable by the crystal
manufacturer. It has input and output impedances both
equal to 12.5 ohms. Test fixtures used for testing filter
crystals, in contrast, typically have input and output
impedances both equal to 5000 ohms. We will assume
that our 20.000 MHz crystal has main mode resistance
of 30 ohms and a spurious response resistance of 120
ohms. Tested in the EIA pi network, the spur is found to
be suppressed by 8.42 dB. The same spurious response,
measured in a filter test fixture, is suppressed by 0.08
dB. This demonstrates the importance of selecting a test
fixture that is appropriate for the intended crystal appli-
cation.

Conclusion

It is not recommended that spurious suppression
clauses be included in a crystal specification without
strong justification. The need for spurious suppression
values must be carefully weighed against other require-
ments of the crystal. In addition, any spurious suppres-
sion specification is essentially meaningless unless the
applicable test fixture is clearly specified, as well as the
frequency range over which the suppression level is to
apply.

As with any crystal specification, discuss these issues
with your crystal vendor as early in the design stage as
possible. Do not wait until it is time to order a part with
+300 ppm pullability and a spurious suppression of 25
dB over a frequency range of +20 percent centered
about nominal to be told you can not have it. By asking
early, it is possible to avoid specifying unnecessary and
unrealistic spurious suppression values and the frustra-
tion that may result. |
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SIGNAL PROCESSING

Dual- and tri-couplers
MECA Electronics introduces
high power dual- and tri-directional
couplers that are ideal for systems
applications such as AMPS, TDMA,
CDMA, CDPD and GSM in which

i !

precision site monitoring is neces-
sary. Both couplers are furnished
with brass type N mainline and
stainless steel SMA-coupled port
connectors, gold-plated beryllium
copper contact pins, virgin electri-
cal grade Teflon® insulation within
the connectors and rugged alu-
minum housings. Operating tem-
peratures range from -65 to +150
degrees C.

MECA Electronics, Inc.

Circle #160

180-degree hybrid couplers

Krytar offers a double arrow
180-degree hybrid coupler with
four-port components and dual
input and output ports. The coupler

operates over the frequency range
of 1 to 18 GHz, has a coupling of 3
dB, an amplitude imbalance of +0.6
dB maximum, a phase imbalance of
+12 degrees maximum, an isolation
of 15 dB minimum, a maximum
VSWR of 1.7 to 1 and an insertion

loss of 2.9 dB maximum. Typical
applications include splitting and

| combining signals in amplifiers,
switching circuits and antenna
beam forming networks. |

Krytar
Circle #161

Current controlled analog,
absorptive attenuator

American Microwave Corporation
announces the release of a 60 dB,
current-controlled, nonlinearized,
absorptive, analog attenuator that

T

GND CTL

M= o

VARIABLE ATTENUATOR
MODEL NO: _CVAN-8018-60-8P

OPTION NO:
' | SERIL NO:
PART  NO:

operates over the octave band of 8.0
to 18.0 GHz. Other features include
a VSWR of 2.0 to 1, an RF operating
input power of 20 dBm and a sur-
vival rating of 30 dBm. This attenu-
ator’s rise time is 100 ns maximum,
and its fall time is 20 ns maximum.
American Microwave Corp.
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Weather resistant 2-way

divider/combiner

Bird Component Products has
released a weather-tight, 2-way
divider/combiner that is designed
for harsh environments. This unit
operates over a frequency range of
460 to 960 MHz. Features include
insertion loss of less than 0.4 dB, an
isolation of 20 dB minimum, a
phase balance of 2 degrees maxi-

mum and an amplitude balance of
0.2 dB maximum. The price for 1 to
10 pieces is $450 each.

Bird Component Products

Circle #163

Low-loss coupler/detector
Planar Monolithics Industries

has developed a high-speed,

adjustable, low-loss coupler/detec-

(v Y
_— INDUSTRIES

T ®
COUPLER DETECTOR §
MODEL NOTRC— 18T~ 204F

PART NO;

ey
e

obtur

tor with output optimized to oper-
ate over 2.4 to 2.5 GHz with a
VSWR of 1.5 to 1. This unit has
SMA connectors on the RF and
TTL output and solder pins for the
DC power and control.

Planar Monolithics Industries, Inc.
Circle #164

Compact diplexers

Wireless Technologies Corporation
has introduced a new line of high-
performance compact diplexers for

use in the SMR, cellular B and GSM

bands. These diplexers offer low
loss, good termperature stability,
high port to port and TX/RX isola-
tion. A 70 dB isolation between
TX/RX, a mid-band insertion loss of
less than 0.8 dB and a return loss of
greater than —20 dB are other fea-
tures of the diplexer.

Wireless Technologies Corp.

Circle #165

T-switch for space
applications

Dow-Key Microwave has intro-
duced a new high-power T-switch
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Products

space-based transmit applications.
Operating in the frequency band
ranging from 2.5 to 4.8 GHz, this
switch moves high-power signals
from one port to another and has
peak RF power levels as high as 560
watts, with an average power level
of 140 watts.

Dow-Key Microwave Corp.

Circle #166

designed to offer low distortion in
|
\

State-of-the-art
Quality Crafted,
Full Service —

Cable
Manufacturing

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

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

C.) Utilizing our manufactured

cable HCMC is providing miniature
interconnect components to meet
customer specified requirements for
surface mount applications on printed
circuits and microwave substrates.

Haverhill Cable and Manufacturing Corp.

Semi-Rigid Coaxial Cable Sp

TEL (978) 372-6386 = FAX (978) 373-8024
P O. BOX 8222, Haverhill, MA 01835

See us at Wireless Symposium - Booth #1045
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UHF male connector

Times Microwave Systems has
announced the availability of its
nonsolder UHF male connector.
This connector eliminates the need

T

to solder the center conductor and
braid which can cause overheating
and melting of the cable dielectric.
The new connector is available for
most LMR cable sizes and includes
UHF, N, 7-16 DIN, TNC and
reverse polarity TNC interfaces.
Times Microwave Systems

Circle #167

7-16 panel receptacle

Tru-Connector offers a 7-16
panel receptacle featuring a safety
interlock switch that prevents
human contact with live, high-
power, high-current RF contacts.
By defaulting to the off position,

this panel receptacle avoids the
cumbersome use of safety covers
and other devices to achieve its
safety goal. It operates on 4 to 24
VDC and is constructed with either
gold or silver center conductors,
beryllium-copper contacts, Teflon®
insulators, and brass bodies. The 7-
167 interlock switch panel recepta-
cle is priced at approximately $89
each, depending on quantity.
Tru-Connector Corp.

Circle #168
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Ss= MICRO
= LAMBDA, INC.
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(510)770-9221

Micro Lambda, Inc. a leader in the
development of next-generation YIG
devices now offers YIG-Based
Frequency Synthesizers covering the
2-12 GHz frequency range. Designed
specifically for Digital Radio ODU’s and
harsh commercial environments, these
synthesizers offer excellent integrated
phase noise characteristics over carrier
offset frequencies from 10 kHz to

10 MHz.

Tunable bandwidths of either 2 GHz

or 3 GHz are available as standard
products. This results in fewer numbers
of synthesized sources required for a
variety of Digital Radio frequency plans.
Millimeter-Wave frequencies can easily be
obtained using frequency multipliers to
obtain output frequencies between

24 GHz through 44 GHz.

Applications include QAM and QPSK
modulated Digital Radio’s and a multitude
of general purpose applications.

FEATURES

* 2-12 GHz Frequency Coverage

 Excellent Integrated Phase Noise
Characteristics

« Compact Size

* 3-Line Serial Interface

* Low Prime Power

» 500 kHz Step Size

* Internal Memory
(last frequency programmed - recall)

MLSL-SERIES SYNTHESIZERS

This series of synthesizers utilize an
external 1 to 50 MHz crystal reference
oscillator to generate tunable frequencies
covering the 2 - 12 GHz range. Output
power levels of +12 dBm to +15 dBm are
offered depending on frequency, with a
standard tuning step size of 500 kHz.
Input tuning commands are via 3-Line
Serial interface. The size of these
compact units is 2.5" x 2.5" x 1.0" without
mounting plate and consume less than

6 watts of prime power. The units have
an internal memory capability which
“recalls” the last frequency programmed
when the prime power is removed and
reapplied. Standard models include

2-4 GHz, 4-6 GHz, 5-7 GHz, 7-9 GHz and
9-11 GHz. Specialized frequency ranges
are easily implemented utilizing the
versatile synthesizer architecture.
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Combline

- Designed to Your ~ Hybrid connectors
1 erS Specifications ‘ Harting has launched a series of hybrid connectors
designed to fill the need for sugnal securlty in bus sys-
tems that feature
decentralized
control of field
components.
Accommodating
fibre optic or cop-
per twisted pair
data  transmis-
sion, these con-
| nectors include a .
| power supply of 24V/10A in one connector. These con-
nectors are compatible with many standard hoods and
housings, including enclosures offering IP65 and IP68
protection.
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MNEL  mcrowave FiLTER COMPANY, INC. Analog-to-digital converter
Analog Devices introduces three versions of a new

Circle 46 high-speed, 10-bit supply analog-to-digital converter
; that offers a range of sampling rates and performance

options. All three deliver dynamic performance, guar-
antee no missing
codes and dissi-
pate low amounts
of power. Typical
power  dissipa-
tions for the
three models,
with a 10.3 MHz
input frequency,
are 190 mW, 265 i
mW or 285 mW. Prlces in 1 ,000 piece quantltles range

Fllters Iluplexers and Illplexers

For RF & Microwave Communications from
350MHz to 75GHz, with applications in Point to
Point Radio, Point to Multipoint, LMDS and
Satellite

@ Reduced Insertion Loss

@ Improved Return Loss

@ No Tuning Screws

@ Better Group Delay Flatness E

@ Improved Temperature Stability § =

@ Fast Custom Design g
Quasar has the design and manufacturing
capability to produce Waveguide Filters and
Diplexers without the need for tuning screws.
This leads to improved electrical characteristics
and a more reliable system component.
For reduced leadtimes as well as unit costs,

call today and be impressed.

Quasar
Quasar Microwave Technology Limited = " et o
Battle Road, Heathfield, Newton Abbot, [
Devon TQ12 6XU, England .
Tel: +44 (0)1626 834222

between $80 and $30, depending on the model.
Analog Devices, Inc.
Circle #170

Digitally programmable potentiometers
Xicor has released a series of single, 1024 tap, non-
volatile digitally programmable potentiometers. These
devices offer the highest resolution available in the
industry and are ideal replacements for high-precision,
multi-turn, mechanical potentiometers in appications
requiring highly accurate adjustments or calibration.
The units are available in 14-pin TSSOP packages with
a total end-to-end resistance of 100 kQ. Pricing starts
at $2.97 each in quantities of 1,000 pieces.
Fax: +44 (0)1626 832994

Email: sales@gmtl.com Xicor, Inc.

See our NEW WEBSITE www.qmtl.com [REkkiatdtd

Circle 78
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Three-zone thermal
supervisor 1C

Micrel Semiconductor has devel-
oped a three-zone thermal supervi-
sor IC for thermal management

T

MIC384 Yw

2

Eiiifﬁﬁl

using embedded thermal diodes.
Available in 8-pin MSOP and SOIC
packaging, the IC features one local
and two remote temperature mea-
surement zones, a programmable
interrupt output and an address
selection input.

Micrel Semiconductor, Inc.
Circle #172

- Transmit modulator and
IF-AGC amplifier

RF Micro Devices has made
available an integrated quadrature
modulator and IF-AGC amplifier
designed for the transmit section of
wideband CDMA applications. The
unit has an operating range of 2.7
to 3.3 volts. Other features include
digitally controlled power down
modes, adjustable current con-
sumption and AGC linearity, IF fre-
quencies of 380 to 570 MHz, and
balanced input/output for LO 1&Q
and IF signals.

RF Micro Devices, Inc.
Circle #173

Digital direct conversion

receiver

TDK Semiconductor has
released a new low cost, high per-
formance direct conversion receiver

integrated circuit for digital wire-
less applications. The 5504 DCR is
designed to operate over an input

frequency range of 950 to 2150
MHz. The device accepts an input
signal in this frequency range and
down-converts directly to base-
band. The local oscillator signal is
generated by a completely integrat-
ed phase-lock loop that is fully pro-
grammable through a standard ser-
ial port interface.

TDK Semiconductor Corp.

Circle #174

First-class ,mfmm at coach—class prices.

BROADBAND

~ DC Blocks & Bias Tees

These new broadband components from Inmet are ideal for high data rate optical network applications.
The 8535 series of DG Blocks operate from 30 kHz to 50 GHz and pass RF signals with nominal atten-
uation. The 8810 family of Bias Tees operate from 100 kHz to 50 GHz and handle up to 250mA of bias
current with a DC-RF isolation better than 30 dB across the frequency band.

CORPORATION
An MCE Company

Manufacturer of Attenuators *Adapters * DC Blocks *Equalizers » Terminations
300 Dino Drive = Ann Arbor, M1 48103 USA « Phone 888-244-6638 or 734-426-5553 « FAX 734-426-5557
Visit us on the Web at www.inmetcorp.com

= ]
ni
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MATERIALS & MANUFACTURING | | |

Alumina ceramics

GBC Materials offers miniature,
dry-pressed alumina. Ideal for elec-
tronic, appliance and automotive
applications, these alumina ceram-
ics provide a cost-effective solution

for demanding applications in the |

medical, telecommunications, semi-
conductor and aerospace markets.

The parts can be manufactured in |
sizes as small as 0.007 inches in |

diameter, 0.010 inches wall thick-
ness and 0.008 inches long.

GBC Materials

Circle #175

Standard and custom
etched lids

Photofabrication Engineering

has released a full line of standard
and custom lids for seam-sealed
microcircuit packages produced by
the photo chemical etching process.
Typical metals for these lids
include Kovar, Alloy 42, nickel and
stainless steel.

Photofabrication Engineering, Inc.
Circle #176

EMI gasket

Holland Shielding Systems has
developed a new range of V-shape

EMI gaskets for difficult applica-
tions. The gaskets are suitable for
application in existing construc-
tions that do not have to be modi-

fied to accommodate the gasket. If

mounting space is not available,
gaskets with a thickness of less
than 0.2 mm can be applied. The

gaskets’ self-adhesive strip makes

mounting easy.
Holland Shielding Systems BV
Circle #177
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Telecom cooling solutions
Melcor Corporation introduces
complete telecom cooling solutions,
including new thermoelectric cool-
ers and expanded packaging and
testing capabilities. This line of
thermoelectrics includes a new
class of thermoelectrics built with
tin-antimony solder that melts at

232 degrees C. Other options avail-
able in the product line include
wire-bondable posts or pads, alu-
minum nitride ceramics, and cus-
tom metallization patterns on the
ceramic.

Melcor Corporation

Circle #178

FREQUENCY CONTROL |

Programmable oscillators
C-MAC MicroTechnology intro-
duces a range of one-time factory
programmable oscillators housed in
a 7 x 5 mm ceramic surface-mount
package. Available in any frequency

i

between 1 and 133 MHz, the oscil-
lators are ideal for quick prototyp-

ing. Devices are priced from $4.10
each, depending on quantity and
specification.

C-MAC MicroTechnology

Circle #179

Surface mount VCO

Z-Communications announces
the release of a surface mount low
profile package VCO for W-CDMA

base station systems. Engineered to

lend itself to quick integration into
PLLs, this device generates fre-
quencies ranging from 2300 to 2360
MHz within a control voltage range
of 0.5 to 2.5 VDC. Energy is pre-
served because the device draws
only 8 mA of current from a 2.7
VDC supply.

Z-Communications, Inc.

Circle #180

Communication crystals
Rakon has miniaturized the
RSX-3 and RSX-5. These crystals

offer excellent shock and vibration
performance. Other product fea-
tures include short-term stability
and low aging.

Rakon Ltd.

Circle #181

PLL modules

Champion has released a series
of PLL modules with a stable low
reference frequency that can be
generated into a stable high fre-



13dB “DO-IT"YOURSELF” COUPLER
DELIVERS COST SAVINGS

The TCD-13-4-75 from Mini-Circuits needs
only a commercially available 75 ohm
external chip resistor, and a complete 5 to
1000MHz directional coupler is realized.
Designed to lower costs through automated
manufacturing, this rugged 75 ohm coupler
provides 13.0dB+0.5 nominal coupling
(+0.9dB max. flatness) with 0.8dB
mainline loss and 15dB directivity typical
midband. The 50/75 ohm “do-it-yourself”
TCD family contains 9 units with 9 to 20dB
coupling for 5 to 1000MHz.

BROAD BAND 970 TO 2150MHz
VCO HAS 5V OPERATION
Mini-Circuits low cost ROS-2150VW voltage
controlled oscillator performs in the broad
970 to 2150MHz band with low -96dBc/Hz
SSB phase noise at 10kHz offset, 0.5 to
25V tuning voltage (min. to max.), and
operates from a 5V power supply drawing
up to 256mA current. The unit is housed in a
miniature 0.5"x0.5"x0.18" industry standard
SM package and is suitable for integration
with monolithic PLL chips and commercial
synthesizers. Power output is 4dBm (typ).

Y 4
+10dBm (LO) 1&(Q MODULATOR
SERVES 1800 TO 2000MH?,
IQBG-2000 is a patented Blue Cell™
in-phase and quadrature (I&Q) modulator
for feed forward amplifier and PCS

applications 1800 to 2000MHz. The
unit typically exhibits -30dBc carrier
and -34dBc sideband rejection, 7.5dB
conversion loss, and low noise floor for
good performance in poor signal to noise
conditions. State-of-the-art automated
manufacturing using multilayer thick film
ceramic construction delivers superb

temperature stability, high ﬂ BLUN CRLL
repeatability, and low cost. Trenretocy

2WAY SPLITTER/COMBINER IDEAL
FOR 75 OHM CATV APPLICATIONS
Mini-Circuits has introduced the SMHz to
1000MHz broad band ADP-2-10W-75 to
accommodate demand for a 2way-0° power
splitter/combiner with low insertion loss
(0.3dB typ), very good input VSWR (1.08:1
typ), and excellent amplitude (.05dB typ)
and phase (1.2 degrees typ) unbalance.
The unit handles up to 1 watt power input
as a splitter. Available off-the-shelf.

BROAD BAND 40 TO 2500MH?z
MIXER IS ULTRA LOW COST
Mini-Circuits broad band SYM-25DLHW
frequency mixer operates over 40 to
2500MHz  with low 6.3dB conversion
loss, high 40dB L-R, 33dB L-I isolation, and
22dBm IP3 typical at midband. This level 10
(LO power) mixer is housed in a miniature
0.375"x0.500"x0.23" low cost plastic
package with solder plated terminations
and targets cellular, PCN, and ISM
applications. Operating temperature range
is -20°C to +85°C. A 5 year Ultra-Rel®
guarantee is included.

FROM
$49.95

700 TO 2100MHz 2WAY COMBINER
HANDLES HIGH POWER

The ZAPD-2-21-3W is a high power 700
to 2100MHz broad band combiner from
Mini-Circuits with typically low 0.4dB
insertion loss, excellent 25dB isolation,
and excellent 0.05dB amplitude, 0.7
degree phase unbalance. As a combiner
of noncoherent signals, maximum power
input per port is 1.25W. As a splitter,
maximum input is 10W. Housed in a
rugged coaxial metal case equipped with
N-Type connectors, applications include
LMDS and VSAT. 50 ohm operation.

100 . 110
m Mini-Circuits ER

P.O.Box 350166, Brooklyn New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
M‘. " The Design Engmeers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
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quency output. Output frequencies
are available from 1.544 MHz to

2.488 GHz. Each portion of the
module can be customized to specif-
ic designer objectives.

Champion

Circle #182

S-band synthesizer

ITT Industries, Microwave

Systems, introduces a high perfor-
mance, single-channel S-band syn-
combines

thesizer. The device

direct digital synthesis with
microwave mix/divide circuits to
accomplish performance specifica-
tions, such as a frequency resolu-
tion of 0.7 Hz, a switching speed of
150 ns and high spectral purity.
Standard models operate from 1.6
to 2.8 GHz. The internal oscillator |
is free running or phase locks to an
external 10 MHz reference.

ITT Industries, Microwave Systems
Circle #183

Temperature compensated
oscillator

Tellurian Technologies has re-
leased a new line of miniature, low-

profile, surface mount, voltage-con-
trolled, temperature compensated
oscillators. They are ideal for appli-
cations, such as telecommunica-
tions, wireless, networking, cellu-

lar, remote meter reading, PLLs
and other systems that require a
stable frequency in a space efficient
SMD configuration. The oscillators
are priced at $4.98 each in 10,000-
piece quantities.

Tellurian Technologies

Circle #184

LITERATURE

Test and measurement
products catalog

B&K Precision Corporation has
made available a new product line

catalog for 2001. The new catalog
features more than 50 new prod-
ucts, including IC testers, program-

Dual Channel LMDS Synthesizer Delivers
YIG performance without the YIG price tag

The MS-2000 uses an internal oscillator and dual upconverter blocks to

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

device requires just a 50 MHz reference frequency and + 12 VDC. Features

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

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

the I’C digital interface. Other options are available.

Visit our web site for more details.

www.ittmicrowave.com

5, ITT Industries

Microwave Systems

Engineered for life

ITT Industries, Microwave Systems, 59 Technology Drive, Lowell, MA 01851 * 978-441-0200 * www.ittmicrowave,com

See us at Wireless Symposium - Booth #341
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IN FILTER SYNTHESIS PERFORMANCE

High Pel‘formanc > and ContrOI. That's what you get with Eagleware's new direct synthesis

™

filter program, S/FILTER™. From arbitrary transmission zero placement, to unequal termination impedances, to optimized

custom designs, S/FILTER does it all ... directly from your specified design criteria.

You're in control of response shapd, element values and topology. So break free from normal filter design limits and:

= synthesize multiple solutions per design « apply transforms to create custom designs
- maximize realizability based on your goals - maximize economy: place zeros where needed

And it's fully integrated into the GENESYS suite of synthesis, nonlinear, S-parameter, electromagnetic and physical design tools.

So Grab a Seat and Hold On! with modules priced at $2490, they're flying fast. And so will your design.

8

Phone: +1 678-291-0995




Products

mable power supplies, cable testers,
environmental instruments, video
monitor testers and a full line of
accessories.

B&K Precision Corp.
Circle #185

EMC components catalog

A new EMC components catalog
from Schaffner EMC provides
detailed technical data on a broad
range of filters, chokes and

feedthrough components. The cata-
log covers noise-suppression cir-
cuits, current-compensated chokes,
rod-cored

chokes, saturating

Schaffner’'s New EMC Components Catalog.
Schaffner EMC, Inc., Edison NJ

SC-7688

chokes, PCB filters, IEC-inlet fil-
ters, single-phase filters, three-
phase filters, output filters,
feedthrough capacitators and filter
input-output connections.

Schaffner EMC, Inc.

Circle #186

Electronic packaging
products catalog

Fujipoly America Corporation
has published a catalog for design
engineers offering components for

electronic products that need to dis-
sipate heat or make many connec-
tions in a small space. The catalog
includes detailed specifications and
performance characteristics of hun-

dreds of silicon electronic packag-
ing components.

Fujipoly America Corp.

Circle #187

Engineering reference

guide

IFR Sytems has made available
the Microwave Datamate, a compi-
lation of reference data that is often

used by microwave and RF engi-
neers. The reference guide includes
charts, tables, data and practical
information, such as steps that can
be taken to improve microwave
power measurement uncertainties.
IFR Systems, Inc.

Circle #188

Modular DDS Concept Cuts Delivery Time on
High Performance Wideband Synthesizers

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

and ultra high spectral purity, but can't wait — call ITT. Direct Digital Synthesis concepts

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

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

generic modules which can be interchanged quickly without readjustment.

Designs are available up to 20 GHz with several

fixed frequency outputs. Visit our web site for
more details. www.ittmicrowave.com

Microwave Systems
Engineered for life

‘& / ITT Industries

ITT Industries, Microwave Systems, 59 Technology Drive, Lowell, MA 01851 « 978-441-0200 * www.ittmicrowave.com

See us at Wireless Symposium - Booth #341
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Transmission Zeros in Filter Design

By Randall W. Rhea
Eagleware Corporation

ore economic and effective bandpass filters can
‘ \ / I be designed by controlling the location of trans-
mission zeros. What do we mean by transmis-
sion zeros? Consider the fifth-order lowpass filter in
Figure 1(a). There is little attenuation at low frequen-
cies and increasing attenuation above the cutoff. Only at
infinite frequency is there no transmission. In fact, at
infinite frequency, each inductor becomes an open and
each capacitor becomes a short. This filter has five
transmission zeros (TZs) at infinite frequency. The fifth
order highpass filter in Figure 1(b) has five TZs at DC.
It is essential that the inductors and capacitors alter-
nate. If we were to attempt to build a fifth-order lowpass
with five series inductors, we would essentially have
only one inductor whose inductance is the total of the
five series inductors: this is only a first order filter. A
similar effect occurs if all elements are shunt capacitors.
The discovery by Cambell in the U.S. and Wegner in

L=1000 nH L=2000 nH L=1000 nH

) M“\ij_m @)
Cca -C5 (a)
j]:C:GSO pF ]:- C=680 pF

c=330 pFE

4 (2)
L=1000 nH L2100 ot
% (b)

C-750 pF c-750 pF

Germany in 1915, that elements or resonators must
alternate, was the beginning of filter theory.

Recognizing the number of TZs is more interesting
with bandpass filters. Consider the conventional third-
order bandpass in Figure 2(a). At DC (B), the series
inductors and the shunt capacitor have no effect — they
vanish. There are three TZs at DC. At infinity (C), the
series capacitors and the shunt inductor vanish, and
there are three TZs.

In lowpass filters, the quantity of TZs at infinity
determines the selectivity. In bandpass filters, the quan-
tity of TZs at DC determines the selectivity below the
passband, and the quantity of TZs at infinity determines
the selectivity above the passband. If the number of TZs
at DC and infinity is equal, the transmission response

L=270 nH C=20 pF L=270 nH C=20 pF
(1))_(1[‘6‘(\ = ; 8 8 g i_) @)
J_ c2
L=45 nH ©=120 pF (a)
! BANDPASS
C=20 pF C=20 pF

0)2 @
L=45 nH% )

L=270 nH

o>

37Zs @ DC (b)

L=270 nH

> @

) -]_ C=120 pF (C)
i :[ 3 TZs @ INFINITY

(1) )—TEEN

A Figure 1. Fifth-order lowpass (a) with five TZs at infinity,
and highpass (h) with five TZs at DC.
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A Figure 2. Third-order bandpass filter (a) as seen at DC (b)
and infinite frequency (c).
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L=120 nH

L:=120 nH

A Figure 3. Top-L coupled handpass filter with one TZ at DC
and five at infinity.
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A Figure 4. Amplitude responses of a conventional bandpass
with three TZs at DC and three at infinity (circular mark-
ers) and a top-L coupled bandpass (square markers).

plotted on a logarithmic frequency scale has equal slope
above and below the passband. The quantity of TZs at
DC and infinity are not required to be equal. In fact, if
more attenuation is required above the passband, then
the bandpass may be designed with more of the TZs at
infinity. Consider the third order bandpass shown in
Figure 3. This filter has three resonators with top cou-
pling inductors. It also has a total of six TZs but one is
at DC and five are at infinity.

Compare the responses of the conventional bandpass
and the top-L coupled bandpass shown in Figure 4. The
red trace with circular markers is the amplitude
response of the conventional bandpass. Plotted on a lin-
ear frequency scale, it has more selectivity below the
passband. The blue trace with square markers is the
amplitude of the top-L coupled bandpass. Notice the
similar passbands and the increase selectivity of the top-
L above the passband.

Selecting the quantity of TZs at DC and infinity pro-

94 - APPLIED MICROWAVE & WIRELESS

L=300H

A Figure 5. Bandpass filter with three TZs at infinity, one at
DC, one at 40 MHz and one at 103 MHz.
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A Figure 6. Amplitude and group-delay responses of the
symmetric bandpass.

vides independent control of the selectivity above and
below the passband. How can we achieve a symmetrical
response? Carassa [1] proved that if the quantity of TZs
at infinity is three times the quantity at DC, then the
bandpass is symmetric when plotted on a linear fre-
quency scale. This can be true even if TZs are added at
finite frequency.

Consider the bandpass shown in Figure 5. Unlike the
previous filters, this bandpass has TZs at finite frequen-
cies, that is, frequencies other than DC or infinity. For
example, C3 and L2 resonate at 103 MHz which causes
a notch (TZ) above the passband. Likewise, L3 and C5
resonate at 40 MHz, which causes a TZ below the passband.

This filter has three TZs at infinity and one at DC,
which satisfies Carassa’s rule, and thus provides a sym-
metric response, as shown in Figure 6. Notice that it has
similar selectivity above and below the passhand and the
group-delay response is symmetric.

The design of the conventional bandpass and capaci-
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* less than 1dB insertion loss e greater than 40dB stopband rejection ® surface mount ® BNC, Type N, SMA available
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tor or inductor coupled resonator fil-
ters is accomplished using prede-
fined lowpass to bandpass trans-
forms [3]. These filters are restricted
to specific ratios of DC and infinite
TZs. The design of filters with arbi-
trary placement of finite, DC and
infinite TZs, such as the symmetric
filter shown in Figure 5, requires

direct synthesis techniques [2]. ®
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12.5dB gain

PTF 10112
1800-2000 MHz
11dB gain

PTF 10120
1800-2000 MHz
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For more
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PCS RF Power
Transistors,
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Sampling Probe for Microwave

Frequencies

Here is a simple design to acquire a signal for microwave measurements

By Richard M. Kurzrok, PE
RMK Consultants

odal voltages are used in
the design, develop-
ment, alignment and

test of bandpass filters at
microwave frequencies [1, 2, 3,

.250-36 UNS-2B

166 Dia.
#19 Drill

4]. To implement the measure- ==l o

ment of nodal voltages for indi- ciL e i :E ;

vidual filter resonators, sam- T oo

pling probes are used. Chamfef / |<_ . = 062 Dia.

These probes are constructed
using a coaxial connector (or
adapter), an insulated wire
probe and a machined housing.
Mechanical details for a typical
sampling probe housing have
been previously provided [4].

Undercut /

to Root Diameter
x.046 wide

|€—.750 >

Scale:=4X Material:Stainless Steel 303

Thru

This housing, which uses a BNC
panel jack, is viable at frequen-
cies up to 4 GHz. This article
discusses a sampling probe
design for a microwave frequency range of up to
12 GHz that uses an SMA connector.

nectors.

Sampling probe details

A mechanical sketch of a sampling probe
housing compatible with SMA connectors is
shown in Figure 1. A jack to jack SMA adapter
(such as M/A-COM part number 2080-1900-02
with mechanically captivated contacts and pas-
sivated stainless steel finish) is screwed into the
0.250-36 internal threads of the housing. A
piece of partially insulated bus wire is passed
through the 0.062 inch diameter hole of the
housing and inserted into the interior center
conductor of the SMA adapter. Number nine-
teen AWG bus wire (nominal 0.036 mil diame-
ter) will simulate an SMA male center pin.
Number twenty AWG bus wire can also be used
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A Figure 1. Sampling probe housing that is compatible with SMA con-

by erimping it in a vise prior to insertion. Scotch
tape can be used to insulate the bus wire from
the metallic housing. The housing number 4-40
thread is screwed into threaded test ports at
appropriate filter locations. For sampling probes
that are frequently used with known probe
length, the coaxial adapter can be staked to the
housing with glyptol.

Conclusions

Mechanical details have been provided for an
SMA compatible sampling probe that can be
used for microwave bandpass filter nodal volt-
age measurements up to 12 GHz. These mea-
surements are particularly useful for microwave
bandpass filter structures that are not readily
amenable to analytical or computer aided design
techniques. [3] ]
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. advanced mathematical and modeling tools for experienced engineers, including:
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Text book and Solutions set
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Order NP-33 .....$80.00
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Surface Mount Components
Reduce Broadbhand

Equipment Costs

By John Kennedy
Alpha Industries

anufacturing throughput and costs are

I\,I becoming critical as microwave radio

manufacturers ramp up production to

meet the growing demand for high-frequency,

high-speed broadband communications. Alpha’s

DC to 43 GHz surface mount components sim-

plify production processes while improving
manufacturing yields.

Manufacturers of point-to-point microwave
and high-speed optical communications systems
are scaling up production because of the grow-
ing demand for metropolitan networks, first/last
mile access, ring closure and cellular base sta-
tion interconnection. At the same time, they are
looking for ways to reduce manufacturing costs.
In addition, market demand is outstripping the
production capacity of many microwave and
fiber optic equipment manufacturers, which
opens the door to increased competition from
T1, DSL and other low-frequency data delivery
systems.

Microwave and fiber optic equipment manu-
facturers can no longer rely on traditional pro-
duction systems and methods to maintain mar-
ket share and keep pace with growing demand.
Many manufacturers are finding it difficult to
ramp up production using conventional “chip-
and-wire” component assembly, a process that
requires vacuum pickups and other expensive
capital equipment, as well as highly-trained and
skilled assembly technicians, who are currently
in short supply. The Alpha-2™ program helps
manufacturers address these problems.

The Alpha solution

Alpha’s design objective is to allow high-fre-
quency, high-speed broadband communications
manufacturers to reduce their production costs
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A Figure 1. Electrical characteristics of Alpha-2™
packaged components maintain the performance
of hare MMICs.

while addressing the interface, grounding and
quality control problems often encountered
when incorporating high-frequency MMICs into
microwave transceivers and fiber optic equip-
ment.

Alpha’s proprietary surface mount technolo-
gy is now implemented in an extendable multi-
chip module family of low-noise amplifiers, dri-
ver amplifiers, variable attenuators and mixers
designed to operate at frequencies of up to 43
GHz. These multi-chip, ceramic packages signif-
icantly reduce the manufacturing cost of LMDS
and fiber optic networking equipment.

The Alpha-2 program provides the necessary,
single-step solution. It addresses the manufac-
turing and quality control problems facing
microwave and fiber optic equipment manufac-
turers and meets industry demands for highly
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A Figure 2. The Alpha-2 package maintains high isolation
through 43 GHz, eliminating feedback-induced ripple.

reliable components operating at frequencies up to 43
GHz. Alpha-2 is the first surface-mounted package
specifically designed for high-frequency, high-speed ICs
used to implement point-to-point microwave links, Local
Multipoint Distribution Systems (LMDS) and OC-
192/0C-768 fiber optic systems. The Alpha-2 family cur-
rently includes low-noise amplifiers, driver amplifiers,
single- and double-balanced mixers and variable attenu-
ators, and an SPDT switch will be released shortly.

Electrical signals operating at millimeterwave fre-
quencies, if not constrained, radiate in all directions,
causing a loss proportional to the wavelength of the sig-
nal. Plastic packaging can not control this loss and can
not control radiated feedback that can distort the origi-
nal signal. Alpha has addressed this problem with
ceramic packaging. The Alpha-2 package encloses the
microwave circuit in such a way that the electromagnet-
ic signal can propagate within the package in a con-
trolled manner. The Alpha-2 package also provides a
method for transferring a signal from the microwave cir-
cuit to the printed circuit board. The base of the package
is made from a dielectric ceramic material over which a
conductive layer is placed to form a transmission line
with carefully controlled impedance. This transmission
line forms an electromagnetic wave guide that, com-
bined with the desirable electrical properties of the
ceramic package, minimizes signal loss. As a result, the
electrical characteristics of Alpha-2 packaged compo-
nents are virtually identical to MMICs, as shown in
Figure 1. They provide >40 dB isolation (Figure 2) with
only a few tenths of a dB loss. Alpha-2 ceramic compo-
nents also have good mechanical properties because they
can be formed with the precise, smooth surface needed
for high-definition patterns. At the same time, ceramics
tolerate temperature extremes and exhibit a thermal
coefficient of expansion nearly matching that of the gal-
lium arsenide commonly used for MMICs.
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A Figure 3. The Alpha-2 footprint, patterned on a printed
circuit board, facilitates either microstrip or coplanar
waveguide connections.

2X 0. 085
0.251 (2.16 mm)
(6.38 mm) ?:)g 043
= 2X0.044 7 + mm)
' (1.12 mm)
0.204 ¥
(5.18 mm) [ 1
8X 0.020
2x 0064+ |=| (©@51TMM)
(1.63 mm) 14
0.056 - 2X 0.129
(1.42 mm) (3.28 mm)
NN
I 0.241 0.040
0.194 ! 0.016 (6.12mm)  (1.02 mm)
' ' A

A Figure 4. Alpha-2 outline occupies only 0.05 square inch-
es of hoard space and is just 0.06 inches tall.

Environmental and mechanical dependability

Alpha-2 products have outstanding mechanical speci-
fications and are designed for standard, inexpensive,
reflow solder, surface mounting and are compatible with
standard tape and reel equipment. In essence, Alpha-2
components are handled and are assembled like low-fre-
quency, baseband components.

Ceramic packaging is ideal for transceivers and other
components that must operate on open rooftops and
other exposed environments where they may be subject-
ed to high humidity and extreme temperatures. Building
on its experience with ceramics, Alpha was able to devel-
op a family of high-frequency surface mount compo-
nents capable of operating in military temperature
ranges of -55 degrees to +90 degrees C with sealed com-
ponents that pass standard moisture intrusion tests (85
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A Figure 5. Alpha-2 components are delivered on tape-and-
reel for direct insertion in high-volume manufacturing
lines.

percent relative humidity for 1,000 hours).

Figure 4 shows the Alpha-2 footprint with numerous
via holes to provide positive grounding. Each via is filled
with a conductive material and the vias both direct the
signal from the package to the microwave circuit and
block propagation of the signal to prevent feedback to
the microwave circuit.

Eliminating reworks

MMICs are small, fragile, difficult to handle and easy
to damage. Components that passed quality control tests
at the wafer level may no longer operate properly after
they have been sawed and handled. As a result, trans-
ceivers often have to be reworked, adding substantially
to manufacturing costs. Such existing transceiver man-
ufacturing processes present inherent quality control
problems. As manufacturers of cellular phones and PCs
have shown, the elimination of “bare” chips is a prereg-
uisite in the development of high-volume manufacturing

systems and the elimination of expensive reworks.

Unlike MMICs that are tested on the wafer, Alpha-2
products are tested after packaging when they are
immune to damage in handling. This method saves cost-
ly reworks that can slow production and increase the
manufacturer’s total cost of ownership.

Lowering manufacturing costs

Integrated circuits for microwave and millimeterwave
applications have traditionally been wired together in
large, expensive, hard to assemble packages. The cost of
this packaging is often many times the cost of the chips
themselves. Alpha-2 packaging solves this problem. By
eliminating the need for tuning and the slow, expensive
process of wire bonding by hand, Alpha-2 technology
enables manufacturers of high-frequency broadband
equipment to replace labor and capital intensive micro-
electronics assembly with standard, fast, inexpensive
surface-mount manufacturing. This is particularly
important to manufacturers attempting to ramp up pro-
duction in the face of a growing shortage of highly
skilled wire-bond technicians.

Alpha has made available a number of different com-
ponents in low-cost Alpha-2 packages. For example, the
AA028P2-A2, a 25 to 31 GHz driver, is only $7.74 in
quantities of 100,000.

Solution example

Alpha’s offering of different Alpha-2 components
allows implementation of complete broadband trans-
ceivers in a single assembly technology. Alpha is contin-
uing to expand our product line to cover more frequen-
cies and more functions.

Alpha has developed designs that show how standard
Alpha-2 components fit into common broadband appli-
cations to help manufacturers to transition to the use of

G=15dB
Pyg4g =+16 dBm

Alpha-2 components. One such
design, a 28 GHz wireless
broadband transceiver, is

G=12dB
Py gg = +25 dBm

Ty ln

shown in Figure 6. This design,

which has been successfully
prototyped, represents one of

Go15d8 the first all-surface-mount
== | AAD28BP2-A2 | P, 4o = +16 dBm broadband transceiver designs

o . at this frequency.

G=15d8 o Mgggpz./a G=15dB
P 4p = +16 dBm P1ag = +16 dBm -
The next generation
G=17dB .

G=15dB Py g5 = +9 dBm _ The current generatlon. of
Py g = +16 dBm NF =3 dB high-frequency  communica-
Ry Out AMO28D1-A2 14_3‘_1;‘ it _sffH AAQ28P2-AZ |4 AVBSOM2-A2 [ AA028N1-A2 |— Ry In tions transceivers will likely be
C=7dB Att Range = 30 dB obsolete in a year or two as
P, 45 = +10 dBm manufacturers develop new

4 Figure 6. A high frequency wireless broadband transceiver consists of ten Alpha-2
components that can be mounted to a printed circuit board in a single operation. The

total semiconductor cost is less than $100.
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high frequency, high data rate
broadband communication sys-
tems operating up to 60 GHz
and data rates up to 40 Gbps.
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At the same time, the growing demand for broadband
communication devices will force manufacturers to
streamline manufacturing processes. Alpha is develop-
ing the products needed to support the next generation
of microwave and fiber optic systems while reducing
manufacturing costs.

The Alpha-2 family joins Alpha’s line of RF
microwave and millimeterwave GaAs ICs, discrete semi-
conductor devices and passive components engineered
for wireless telephony and satellite, instrumentation,
defense and other communications markets.

Manufacturers today are not just buying new parts,
they are looking to work with a company that will work
with them to develop new and better products and
processes that will allow them to capitalize on the grow-
ing demand for high-speed, high-capacity voice and data
transmission.

Working with leading microwave and fiber optic
equipment manufacturers, Alpha is creating the innova-
tive new products needed to support the ever-growing
volume of broadband traffic. Alpha has demonstrated its
ability to integrate multiple components in ever-smaller
packages. And, with its proven high-volume, low-cost
production capabilities, Alpha is providing its customers

with the innovative products they need to meet the
growing demand for ultra-high speed, high-capacity data
and voice wireless communications. [ ]

Author information

John Kennedy is an engineering manager at Alpha
Industries. He received his BSEE and MSEE from the
University of Massachusetts and his MBA from
Syracuse University. He has been working in high-fre-
quency packaging for fifteen years. He may be reached
by e-mail at jkennedy@alphaind.com

For more information, contact:
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2001 Wireless Symposium
Brings the Industry

to San Jose

he Wireless/Portable Symposium &
I Exhibition will be held in San Jose, CA,
with the conference and workshops on
February 12-16 and the exhibition open
February 13-15, 2001. This event draws engi-
neers and businesses involved in wireless com-
munications into one venue for an update on the
technology of wireless and the products that
make it work. Following is a preview of the tech-
nical program schedule.

Monday, February 12, 2001

Workshops 9:00 AM - 4:30 PM

WKS01 - 3G Made Simple

WKS02 - Balanced Circuit Design and
Measurement for Wireless Applications

WKS03 - Antennas & Propogation for Wireless
Communications

WKS04 — Behavioral Modeling

WKSO05 — Wireless Internet Made Simple

WKS06 — PLL Design

WKS07 — RF Systems Fundamentals

WKS08 — Fundamentals of Short Range
Wireless

Tuesday, February 13, 2001

8:30 AM Keynote Breakfast

Wireless Meets the Internet Economy: The Role

of Wireless in the E-business Revolution
Michael Karasick, CTO of IBM’s Pervasive

Computing Division

10:30 AM - Noon

P02 - Indoor Propagation

FL02 - The Latest Developments in Filter
Technology

ULO2 - Ultra-broadband Market Outlook

DCO02 - Modules and Components for Digital
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Communications
SR02 - Current Issues in Software Radio Design
W102 - Enabling the Wireless Internet
TR02 - IrDA, A New Era of Promised Wireless

1:30 PM - 3:00 PM

IPO3 - Propagation Models and Measurement
Techniques

FLO3 - Extending Filter Design Methods to
Other Passive Devices

ULO03 - Radio Subsystems for Ultra-broadband

DCO03 - Digital Communication Hardware
Measurement and Optimization

SRO03 — Designing with High Speed ADCs

WI03 — M-Commerce: Reaching the Mobile
Customer through the Wireless Internet

IR03 - Irda: The Smart Wireless

3:30 PM - 4:30 PM

IP04 — Antennas and RF Equipment for Indoor
Coverage

FLO04 - New Approaches to Filter Design

ULO04 - Ultra-broadband Network Radio
Systems

DC04 - Hardware Testing Routines

SR04 — Enabling Software Radio via Direct
Modulation Based Synthesis

W104 - Security from the Wireless Customer to
the Web

TR04 - IrDA: Simply Wireless

Wednesday, February 14, 2001

9:00 AM - 10:00 AM

BS05 - Architecture Concerns in Base Station
Design

WPO05 - LTCC Technology: Designing for
Wireless Applications with Green Tape
LTCC Ceramic Technology

BBO05 — Fixed Wireless Access
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Prove it to yourself! Just surf over to our web site at www.johansontechnology.com and download your
free copy of MLCSoft®, an industry leading RF modeling and evaluation software. Using MLCSoft® you'll
be able to chart critical performance parameters such as Quality Factor, Equivalent Series Resistance and
S-parameters for Johansons entire range of high frequency multilayer ceramic chip capacitors from 1MHz
through 20 GHz. After you've found the high frequency capacitor that’s right for your design, order an
engineering kit for in-circuit evaluation.

www. johanson technology.com
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WLAOS5 — High Performance Wireless LANs

3G05 - Spread Spectrum Fundamentals

WEO05 — Mobilizing Internet Content

PB05 — Memory Components for Wireless Applications

11:00 AM - Noon

BS06 3G Challenges to Base Station Systems Design

WPO06 - Trends in Wireless Packaging and LTCC Design

BBO06 — Broadband Wireless Access Systems

WLAO06 - WLAN and Bluetooth Co-existience Issues

3G06 — Code Domain Measurements

WEO06 — Mobilizing Enterprize Data

PBO06 - Filterless Class-D Audio Amplifiers for Wireless
Phones

1:30 PM - 3:00 PM

BS07 - High Power Amplifiers for Ease Station
Applications

WPQ07 - LTCC Materials and Applications

BB07 Fixed Wireless Access Solutions

WLAO7 — Wireless Networking Fundamentals

3G07 - Components for 3G

WEOQ7 - Enterprise Solutions to the Wireless Web

PBO07 - Enabling Low Cost Chargers for Portable Systems

3:30 PM - 4:30

BS08 - Base Station Devices and Modules

WPO08 — Plated and Bonded Cu and Interactive
Discussion

BB08 - Technology Update

WLAOS8 - Real World Experiences WLAN Systems

3G08 3G Outlook: Evolving Standards and Alternatives

WEOQ8 - Personalizing, Transcoding, and Repurposing
Content for the Wireless Web

PB08 — Rotating-Wheel Braille Display Provides
Accessibility for Compact Portable Devices

Thursday, February 15, 2001
Workshops 9:00 - 4:30

WEKS09 - Oscillators
WKS10 - CDMA Fundamentals

Information about the Wireless Symposium

Conference: Monday-Friday, February 12-16, 2001
Conference Hours: 9:00 a.m. - 4:30 p.m.

Exhibition Dates and Hours:
Tuesday, February 13: 10:00 a.m. - 6:00 p.m.
Wednesday, February 14: 10:00 a.m. - 5:00 p.m.
Thursday, February 15: 10:00 a.m. - 2:00 p.m.

For additional conference information and to register,
visit the show web site:

http://www.wirelessportable.com
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WKS11 - RF & Wireless Made Simple, Part I
WKS12 - RF Fundamentals, Part 1

WKS13 — DSP Made Simple for Engineers, Part 1
WKS14 — Amplifier Linearization

9:00 AM -10:00 AM

TMO09 - Real World Measurements

ANOQ9 - Active Integrated Antennas

MTO09 - Identifying Modulation Error Sources

BT09 - Bluetooth Case Study

IC09 — New Developments in Wireless IC/RF IC Solutions

WCO09 - Understanding, Predicting, and Measuring
Wireless Capacity

BP09 — Batteries & SuperCaps

11:00 AM - Noon

TM10 — Testing for Bluetooth, Wireless LAN and Other
Short-Range Wireless

AN10 — Compact Antenna Design

MT10 - Taming the Quadrature Modulator

BT10 — Bluetooth Coexistience with Other Protocols

IC10 - Is the Super-Heterodyne Radio Dead?

WC10 - Understanding, Predicting, and Measuring
Wireless Capacity

BP10 - Rechargeable Batteries and Battery Recycling

1:30 PM - 3:00 PM

TM11 - Wide Dynamic Range Measurements

AN11 - Practical Approaches to Antenna Design

MT11 - Improving Modulators for Specific Signals

BT11 - Bluetooth Applications and Developments

IC11 - RFIC Fundamentals, I, I, and III

WC11 - Understanding, Predicting, and Measuring
Wireless Capacity

BP11 - Chargers & Battery Management

3:30 PM - 4:30 PM

TM12 - 3G Testing

AN12 - Antenna Design

MT12 - Advanced Modulation Schemes that Improve
Systems Performance

BT12 - Bluetooth Access Points

IC12 — Wireless IC Issues

WC12 - Understanding, Predicting, and Measuring
Wireless Capacity

BP12 - Chargers & Battery Management

Friday, February 16, 2001

Workshops - 9:00 - 4:30

WKS15 - 3G Wideband CDMA

WKSI16 - Introduction to Bluetooth

WKS17 — RF & Wireless Made Simple, Part 1T
WKS18 - RF Fundamentals, Part II

WKS19 - DSP Made Simple for Engineers, Part II
WKS20 - Practical Filter Design



HIGH IP3 MIXERS

+300dBm IP3

5t0 2500MH fron‘l$14 (124 cty)

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 excellent L-R, L-I 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!

TYPICAL SPECIFICATIONS: IP3 Isolation  Conv. Loss

Freq. Midband (dB) Midband Price $ea
Model (MHz) (dBm) L-R Ll (dB) Qty. 1-24
SYM-18H 5-1800 30 45 40 5.75 16.85
SYM-15VH 10 -1500 31 45 35 6.5 27.95
SYM-25DHW 80-2500 30 37 33 6.4 24,95*%
SYM-14H 100-1370 30 36 30 6.5 14.95
SYM-10DH 800 -1000 31 45 29 7.6 17.80
SYM-22H 1500 -2200 30 33 38 5.6 18.75
SYM-20DH 1700-2000 32 35 34 6.7 14.95

All models are surface mount and available in tape and reel.
LO=+17aBm except SYM-15VH LO=+23dBm

ACTUAL
SiZE  *SYM-25DHW: 1000 Quantity Price Only $6.45 Ea.

:J M“'“'CII"CLIIts 5107 117

CIRCLE READER SERVICE CARD

P.0O.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
&p "' The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http:. //www. minicircuits.com
!
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Product Focus —

A Look at Recent Test
Product Introductions

Fast-switching dual-channel synthesizer
Programmed Test Sources has expanded its
line of dual-channel synthesizers with the PTS
DLx10, a unique dual-channel slot synthesizer.
The DLx10
contains two
fully indepen-
dent high-per-
formance, low
phase noise,
fast-switching
slot synthesiz-
ers, each cov-
ering a 10
MHz decade between 0.1 and 100 MHz, with 0.1
Hz resolution. The unit is housed ina single rack
or benchtop cabinet. Each channel is controlled
via a 50-pin parallel interface. Frequency
switching is 5 us maximum, phase noise is —132
dBc/Hz at 1 kHz offset and spurious output is
-60 dBc. The DLx10 can operate from either an
internal PTS-suppled frequency standard or
from a customer-supplied 5 or 10 MHz external
source. Domestic price of the unit is $3,600,
without an internal frequency reference.
Programmed Test Sources, Inc.
Circle #189

Test cable assemblies

Semflex introduces Replaceable Head Test
(RHT) cable assemblies, featuring a series of
phase-matched connector heads on an armored
flexible cable. The RHT 300 and RHT 400
assemblies feature a double shielded high fre-
quency cable, covered by a stainless steel armor
and a polyurethane jacket. The cables can be fit-
ted with a variety of connectors types, 2.4 mm,
2.92 mm, 3.5 mm and SMA for the RHT 300

- APPLIED MICROWAVE & WIRELESS

assembly, or SMA, Type N, TNC, ETNC and 7
mm for the RHT 400. An RHT 400 cable assem-
bly with SMA RHT400

connector

heads will
have a VSWR
of less than

1.35:1 and an
insertion loss
of less than
0.48 dB/ft at 26 GHz. The cable assemblies
exhibit low phase change with flexure and less
than 15 ppm/°C with temperature. The RHT
assemblies can be purchased individually or in a
complete kit of cables, connector heads and
wrenches, packed in a wooden storage box.
Semflex, Inc.

Circle #190

32-channel RF test station

Space Electronics has announced a new line
of Shason Instruments Power Amplifier
Automated Reliability Test Sets (PAARTS).
These systems iy
are capable of
performing 3-
temperature
life cycle tests
on  discrete
transistors,
MMICs,
hybrid micro-
wave ICs and
RF/micro-
wave modular
assemblies.
The test sys-
tem includes hardware and software to initiate,




shown actual size U

The Ultra Miniature Pressure Contact KEY SPECIFICATIONS

(UMP) from Radiall features high RF « Operating frequency: DC — 6 GHz
performance in the world's lowest « Tvoical VSWR: F Vel
profile (2mm mated height)l The ypiea - frequency. Yoe
positive locking system of the UMP is 2GHz  1.07:]
reliable and easy to use. Packaged in AGHz 1124

tape & reel, the UMP is ideal for high

6GH 1.20:1
volume applications. The UMP can be _ :
used on board or edge applications * Max. Insertion Loss (dB): 0.2 VF
and can be used in conjuncton with * RF leakage (dB): —40 at 2 CHz

external or embedded antennas.  Durability: 100 mafings min

e Cable retention force {1mm cable): 20 N

® Platings: Gold
2mm mated height

AMERICAS - Brasil: Radiall Componentes do Brasil El. lta 55 21 282 13 25 ASIA - China: Shanghai i
Radiall Electronics Co., Lid 86 21 66 52 37 88; Hong-Kong: Radiall Electronics ltd 852 2 959 38 33; 1"“' Al ||1||

India: Radiall Protectron 91 80 839 46 73; Japan: Nihon Radiall KK 81 3 38 66 23 90 EUROPE - France: W ®
Radiall Worldwide Headquarters: 33 1 49 35 35 35; Finland: Radiall S.F.: 358 0 934 89 356; Germany: |||||

Radiall G.m.b.H.: 49 6 074 910 70; Ialy: Radiall Elefironica S.R.L.: 39 2 48 85 12 1; Netherlands: Radiall ”l" ml “”!

B.V.: 31 33 253 40 09; Sweden: Radiall A.B.: 46 8 444 34 10; UK. Radiall Limited: 44 1 819 978 880 il i

RADIALL, INC. 260 Hathaway Dr., Stratford, CT 06615 T: 203.380.9800 FAX: 888.387.0001  www.radiall.com
See us at Wireless Symposium, San Jose, CA - Booth #1713

Circle 43
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supervise and record temperature,
electrical and RF performance para-
meters automatically. The devices
under test do not have to be identi-
cal circuits, since each can have
independent bias, temperature and
RF control. Testing with various
modulation signals is supported,
including CDMA and IMD testing.
Space Electronics, Inc.

Circle #191

32 x 32 RF video matrix

Matrix Systems Corp. now offers
Model 10693, a 32 x 32 RF video
matrix that handles signals from DC
to 100 MHz. Front panel keyboard
control can be used, or remote pro-
gramming via an RS-232/IEEE-488
interface. 40 configurations can be
set up and recalled. The unit’s band-
width is ideal for video routing.
Model 10693 is housed in a rack-

Leading-edge ATE companies use
PTS Frequency Synthesizers i
their complex testing systems. |
For clean signals, 0.1 MHz to
microwave with low jitter/

low noise and ps switching.

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

Teradyne for years, with highly
successful products that have
allowed us to become the Ieadef
in wireless ATE. PTS products |
have superior specifications and
fast settling times, helping to |
enable our test systems to have|
the fastest throughput and best |
test economics in the industry.”|

i
“PTS has been a key vendor to |
|
l

PROGRAMMED TEST SOURCES, INC.
9 Beaver Brook Road
Littleton, MA 01460

Tel: 978 486-3400

Fax: 978 486-4495
http://www.programmedtest.com
e-mail: sales@programmedtest.com

Circle 70
116 - ApPLIED MICROWAVE & WIRELESS

mount case measuring 8.75 x 19.00
X 17.00 inches (HWD).

Matrix Systems, Inc.

Circle #192

Handheld spectrum analyzer
Anritsu Company offers the
MS2711A, a lightweight fully-func-
tional handled spectrum analyzer
for maximum mobility and flexibili-
ty in field applications. The
MS2711A weighs four pounds and is

powered by a lightweight NiMH bat-
tery. The instrument covers 100 kHz
to 3 GHz, which includes a wide
range of today’s communications
systems. It has 65 dB dynamic
range, *1.5 dB amplitude accuracy,
a full-span noise floor of -97 dBm
and minimum resolution bandwidth
of 10 kHz. The MS2711A is priced at
$7,000 with four to six weeks delivery.
Anritsu Company

Circle #193

Communications analyzer gets
data test software

IFR Systems now supports the
move into digital wireless data by
TDMA-EDGE operators, phone
manufacturers and chipset develop-
ers. The new Radio Data Link test
software option is available for the
IFR-1900-5 CSA (cellular system
analyzer) test system. The software



- rove your system performance with
. ClearComm Technologies’ line of “off the
~ shelf” and custom designed, application
specific Filter and Duplexer products.
- With ClearComm’s state of the art design
technology and technical support, OEM’s
are realizing the highest performance
possible with the most cost effective solutions
available.

ClearComm Technologies offers a variety of filter products targeted at the
wireless/telecommunications market.

Applications include:
- Standard base station filters/duplexers » Cosite interference solutions
« Custom performance enhancing base station assemblies ¢ Diplexers for 2.4-5.8GHz radios
» Delay filters for feed-forward amplifiers * Custom products up to 40GHz

Transmit Receive Filters

PCS/Cellular Duplexers Delay Filter

2.4/5.8 Duplexers

Integrated Assemblies Waveguude/l)uplexers

See us at Wireless Symposium
Booth #1320

Tel: 410-860-0500 610 Beam Street

Fax: 410-860-9005 C|e0rcomm Salisbury, Maryland 21801

E-mail: clearcom@dmv.com fechnologies inc Web: clearcommtech.com
» .
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reduces development time and increases design confi-
dence by testing circuit switched data radio link protocol
800/1900  MHz

1, as defined in
ANSI-136.310. [ "

The IFR-1900-5

CSA is an estab-

lished test tool for

operators and

mobile and base

station products. The Radio Data Link test option
(AC1068) is priced at $3,995. The IFR-1900-5 system is
priced at $64,995.
IFR Systems, Inc.
Circle #194

designers bringing
TDMA systems to
market. It tests
multiband and

picrowave DA

60 GHz microwave communications analyzer
LeCroy Corporation has released the model MCA1060
Microwave Communications Analyzer, featuring 60 GHz
bandwidth and a variety of stimulus signals and analy-
sis  capabilities.
The unit provides
a fully integrated
test system for .01
to 40 Gbit commu-
nications signals.
The noise floor is
-80 dBm and the
instrument comes
standard with two
60 GHz input channels, a 6.24 to 200 MHz TTL output,
6.25 MHz to 1.6 GHz ECL output and an impulse output
with frequency content from 6.25 MHz to 60 GHz.
There are also GPIB, VGA and Centronics ports, plus
connections for 10 MHz reference in/out. Applications
include broadband TDR measurements, phase and
group delay measurement and frequency domain trans-
mission and return loss measurements in microwave
radio and many optical communications systems.
LeCroy Corporation
Circle #195

Performance monitoring and analysis

Spirent Communications (formerly Telecom Analysis
Systems), announced the release of InfoDM v2.0, part of
the recently-acquired InfoSOFT Technologies product
line. InfoDM is a high-speed over-the-air diagnostic
monitoring tool used by developers, test engineers and
field engineers to analyze and certify CDMA terminal
and network performance.
Spirent Communications
Circle #196
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2001 measurement products catalog

Tektronix, Inc. has a new catalog, the Tektronix 2001
Test, Measurement and Momtormg Products Catalog.
Available in paper i
and CD-ROM, the
catalog includes a
broad offering of
more than 1,400
products used in
the design, manu-
facture, deploy-
ment and mainte-
nance of global
communications
systems. Tektron- - i
ix solutions range from low cost 1nstruments and hand-
held products to conventional measurement products
and advanced mixed-signal test solutions. New products
include the TDS700 Series Digital Phosphor
Oscilloscopes, OTS9000 Optical Test System, NetTek
OTDR and the Net-7 network monitoring system.
Tektronix, Inc.
Circle #197

Auto-latching doors for shielded enclosures
Lindgren RF Enclosures has introduced its Auto-
Latching Door System, prov1d1ng superior seahng quali-
ties and shielding ]
performance. The
new door system
is an easy-to-use
pneumatically-
operated latching
device that elimi-
nates the need for
excessive force to
operate the latch.
The system main- ] - '
tains a controlled positive seal of the per1meter door con-
tact fingers. The new door system can be included with
new shielded rooms or existing installations.
Lindgren RF Enclosures
Circle #198

ISN testing unit for telecom testing

Schaffner EMC has introduced the ISN System 22,
designed to comply with new CISPR 2 standards. These
standards require that all telecommunications ports on
information technology (IT) equipment be tested for RF
emissions in the frequency range of 150 kHz to 30 MHz.
Placed on a line, the ISN System 22 measures emissions
coming out of the devices, and stabilizes the impedance
at 50 ohms. With RF coupling in or out, the unit can also
perform conducted immunity testing.
Schaffner EMC, Inc.
Circle #199



Innovarive Mixers
99

.smaller size -better performance -lower cost H0kHz 10 4200MHZ 1k oo

® 4 Searching high and low for a better frequency ADE* TYPICAL SPECIFICATIONS: .\ & Lfiso
‘t mixer? Then take a closer look at the ode B g VY Py ShEmh Gl
innovative Innovative Technology built into Mini-Circuits Mel g gl ne o o e
technology ADE mixers. Smaller size is achieved using P P S DA e I i
an ultra-slim, patent pending package with a profie as low as sk g Jowbe ot i I e
0 080 . . . . . . ADE-12 2 50-1000 +7 7.0 35 17 2.95
. inches (2mm) in height. Electrically, ADE mixers deliver AOE4 5 s00-000 .7 68 o 5 s
better performance than previous generation mixers t.hrough. all Moo 5 soooe0 7 48 z it 3o
welded connections and unique assembly construction which ACES 2 Lo e fe o I et
reduces parasitic inductance. The result is dramatically improved high jDEe0 5 18002000 7 B4 o o i
frequency and IP2-IP3 performance. Plus, ADE's innovative package ADESGL 2 21002800 47 60 s 7 495
. ' P - 2300-2 + 3 1
design allows water wash to drain and eliminates Smm ADEZS 3 1500-2800 .7 o1 % 8 59
the possibility of residue entrapment. Another amm AA[?E;JEZ é 21288%?88 u ég 52 18 gg;
ADE high point is the lower cost...priced from ADEI@W 3 1750-3500 +7 54 33 i 395
only $1.99 each (qty.10-49). So, if you've been 2™ b E%?OEEW §ooTRe 62 QZ i Soa
. . . -1 3 2-750 +10 5. 524 15 4.95
searching high and low for a mixer to exceed ADE-MH 3 2-500  +18 52 50- 17 5.95
. N R Y] ADE-1MHW 4 0.5-600 +13 5.2 53x 17 6.45
expectations...ADE is i ADE-2MH 3 10-1200 413 63 25 22 6.45
P ACTUAL SIZE ADE2SMH 3 52500 413 63 34e 18 6.95
ADE Mixers...Innovations Without Traditional Limitations! DA S+ RN o i o
ADE-1H 4 0.5-500 +17 5.3 524+ 23 4.95
ADE-10H 3 400-1000 +17 7.0 39 30 7.95
ADE-12H 3 500-1200 +17 6.7 34 28 8.95
ADE-17H 3 100-1700 +17 7.2 36 25 8.95
ADE-20H 3 1500-2000 +M 5.2 29 24 8.95

Cc)mponem mounting area on customer PC board is 0.320"x 0.290".
«Specified midband.  *Patent Pending.

m M'“I‘Clrcults 105 115
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Three New MMIC Frequency
Converters Reduce Cost and
Complexity of mm-Wave Radios

ittite Microwave Corporation is taking a
Hlead position in offering high perfor-

mance, low cost millimeter wave fre-
quency converters to the market. During the
“make vs. buy” analysis, the items listed on the
bill of material are given careful scrutiny.
Knowing this, Hittite has focused on producing
small, high performance microwave and mil-
limeter wave MMIC frequency converters in the
lowest cost technology possible. The new
HMC329 (25 to 40 GHz) fundamental mixer,
HMC330 (25 to 40 GHz) subharmonic mixer,
and HMC331 (24 to 36GHz) frequency doubler
can reduce the end users component count,
lower the materials cost, and simplify the man-
ufacturing assembly and test processes. To sat-
isfy all frequency plans, Hittites offers subhar-
monic mixers, fundamental mixers and frequen-
cy doublers.

The HMC329, HMC330 and HMC331 were
specifically designed to address the cost targets
defined by LMDS radio designers. These prod-
ucts use a low cost MESFET technology on a
four-inch wafer process and do not require addi-
tional external components or matching.
Comparing the price of a Hittite MMIC convert-
er to a discrete diode beam lead solution reveals
that the MMIC solution is favorable. Total man-
ufacturing costs of implementing a discrete
solution include the costs of beam lead diodes,
balun structures, assembly and tuning time of
the discrete components and associated yields,
as well as the costs of acquiring and maintaining
multiple items. This approach is less desirable
than manufacturing with a fully-tested single
MMIC mixer chip.

The HMC329 fundamental mixer provides
excellent LO to RF and LO to IF isolations due
to the monolithic balun that provides an almost
perfect voltage split across the diode ring, which
then creates extremely high LO suppression and
low spurious generation. Hittite’s designers

120 - ApPLIED MICROWAVE & WIRELESS

A Figure 1. Photograph of the HMC329 mixer.

i 30
R

A Figure 2. Schematic of the HMC329 mixer.

focus on this key performance parameter and
optimize designs for the best LO suppression
based on customers’ requirements and frequen-
cy plans. The HMC329 offers greater than 37
dB LO to RF isolation across the entire 25 to
40GHz band, and a conversion gain of better
than -9 dB with LO drive levels above +12
dBm. Figures 1 and 2 show a photograph and
schematic of the HMC329. Figures 3 and 4 show
RF performance. The HMC329 mixer price
meets the targets of LMDS customers, selling at
$5 to $7 in volume production.

To assist in the LO multiplier chain, Hittite
has expanded its MMIC doubler product line by
adding a new low cost HMC331 24 GHz to 36



Demand for high linearity in communication
systems is accelerating.

Cross the finish line first with the new SPA GaAs HBT
MMIC amplifiers with exceptional linearity, long life and
on-chip active bias circuitry keeping performance flat
over process and temperature variation. Operating at
850 MHz, 1950 MHz and 2150 MHz, the SPAs are
perfect for driving power amplifiers in cellular, PCS,
WLL, UMTS, CDMA and W-CDMA infrastructure
equipment.

The SPAs, powered with a single positive supply
voltage to reduce part count, offer typical output
third-order intercept points of +48 dBm. These
integrated circuits provide intermodulation
performance previously achieved only through costly
discrete assemblies.

art  Freq  Gain  PldB  IP3  Volage Current
{(dBm, typ.) (dBm, typ) (VOC)  (ImA)

High Performance Drivers

New SPA series is available in plastic SO-8
packages with backside metallization for
improved thermal path.

Drive your design performance to higher
levels with the new high linearity SPA
amplifiers from Stanford Microdevices. For
more information, call our toll free number or
Email us at info@stanfordmicro.com

Stanford Microdevices Inc. (SMDI), with design
centers throughout the U.S. and Canada, is a leading
supplier of RF components for the communication

equipment industry.

=~ STANFOR
— MICRODEVICES

Delivering RF Innovation

www.stanfordmicro.com 1-800-764-6642

Circle 86

Cap e at Wirelpee Sumnncinm — Boanth #1210



PRODUCTS & TECHRNDILOGTES

« e
®
phd

‘‘‘‘‘

Corversion Gain(dB)
B &8 2 8 R 8 &4 & A & o

2 ®» = M ® W
LO Frequency (GHz)

B
N
¥
B

A Figure 3. HMC329 conversion loss
vs. LO drive.

GHz (output frequency) doubler.
This doubler can be used in conjun-
tion with the HMC329 fundamental
mixer. The doubler contains a full
wave rectifier circuit and input and
output transformers. The two port
MMIC is fully matched to 50 ohms
requiring no external matching. The
HMC331 provides 15 dB conversion
loss with +13 dBm drive level and
greater than 40 dB F, isolation.
Figures 5, 6 and 7 show a chip pho-
tograph, schematic, conversion loss
and harmonic isolations of the HMC331.

Generating a millimeter wave LO

®  REIF lscistior
<10 O tsdletion
A LOFF Isclation

igas (B
8
.

Frequency (GHe)

A Figure 4. Plot of HMC329 RF/IF,
LO/IF and LO/RF isolations.

can be eliminated if the HMC330
subharmonic mixer is implemented.
This mixer shows improved conver-
sion loss, IIP; and LO to RF isola-

- tions compared to previous Hittite

sub-harmonic  mixers.  Hittite
designers have implemented novel
double-balanced sub-harmonic
topologies and balun structures in
the HMC330. Figures 8 and 9 pre-
sent the HMC330 photograph and
schematic. Conversion loss is 15 dB
at LO drive levels of +12 dBm across
the 25 to 40 GHz band. The double
balanced topology also yields

improved LO suppression at the IF
and RF ports, as seen in Figure 10.
The HMC330 will provide greater
than +16 dBm IIP; across the 25 to
40 GHz frequency spectrum.

Hittite Microwave Corporation
frequency converter products con-
tinue to evolve, as seen by the
improved performance of the
HMC329, HMC330 and HMC331.
All three products are available
standard products and data sheets
are available at on the company’s
website. All products will be 100 per-
cent RF tested prior to shipment,
which enables Hittite to guarantee
MMIC performance over the -55° C
to +85° C temperature range. |

For more information, contact:

Hittite Microwave Corporation
12 Elizabeth Drive
Chelmsford, MA 01824

Tel: 978-250-3343

Fax: 978-250-3373

Internet: www.hittite.com

or circle Reader Service #201
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A Figure 5. Photograph of the HMC331
frequency doubler.

A Figure 8. HMC330 photograph.

A Figure 6. HMC331 2F; Loss as a
function of input frequency.

A Figure 7. HMC331 frequency dou-
bler isolation at Fy, 3F; and 4F,,.
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A Figure 9. HMC330 subharmonic
mixer schematic.
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A Figure 10. Plot of HMCG330 isolation
performance.
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Lightning Vector Network Analyzers
©2000 Anritsu Company Sales Offices: United States and Canada, |-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.anritsu.com
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WWW. Us.anritsu.com
1-800-ANRITSU

Anritsu’s Lightning VNAs:
The Next Generation.
Go ahead, look around out there.

You'll be hard pressed to find anything
like Anritsu’s “C” Series VNAs.
Covering 40 MHz to 65 GHz, their
technology is simply unmatched
anywhere in the VNA universe.

Featuring sleek, single-unit,
bench-top designs. A faster power
sweep that accelerates distortion and
gain compression measurements.
Plus, an internally controlled AutoCal
system designed to simplify instru-
ment setup, speed calibration and
enhance measurement accuracy. All
backed with a no-questions-asked,
3-year warranty.

For a closer look at the new
Lightning “C” Series, including our
new 50 GHz and 65 GHz units, call
1-800-ANRITSU or check out our
website at www.us.anritsu.com.

Anritsu’s New VNAs.

Light years ahead.

~/inritsu

See us at Wireless Symposium - Booth #617



WG-28 Waveguide Relay
Offers High Performance

in a Small Size

switching transmission paths with mini-

mal loss, high isolation and the ability to
handle high power levels. But, at frequencies of
26 GHz and higher, power is at a premium.
System engineers cringe when adding up the
losses in typical coaxial structures. As an alterna-
tive, waveguide can greatly reduce these losses
and dramatically increase system performance.
Unfortunately, the higher cost, weight and size of
waveguide components often convince engineers
to avoid them and sacrifice system performance.

RelComm Technologies, a leading supplier of
coaxial relays, has introduced a high perfor-
mance, reduced size 1P2T WR-28 Waveguide
Relay. The relay operates over the frequency
range of 26.5 to 40 GHz. Insertion loss is less
than 0.25 dB, isolation is better than —-50 dB and
VSWR is less than 1.30:1.

The relay’s switching action is a latching type
with self de-energized circuits that cut power to
the relay after changing position. Auxiliary con-
tacts are also supplied to indicate the selected
state. Operating voltage is 12 +2 VDC over the
temperature range of -40° to +80° C. Maximum
actuating current is 500 mA at 12 VDC and 25°
C (other voltages available). Switching time is
less than 50 ms over its operating range.

Coaxial relays have long been the choice for

T Now 2000 1304 &

OF 40,000 000 000 GMz

A Isolation and loss plots show relay performance.

124 - APPLIED MICROWAVE & WIRELESS

A RelComm’s new WR-28 waveguide relay saves
weight and space in 26 to 40 GHz applications.

The unique switching mechanism permits
this relay’s slender profile, greatly reducing the
bulk size typically found with these types of
devices. The waveguide shuttle and actuator
assembly is incorporated into a precision one
piece, nickel-plated, aluminum housing. The
waveguide openings are designed with external
choke flange-type couplings. Mounting is
accommodated by an integral base plate flange.
The relay weighs in at less than 8 ounces.

Applications include transmit/receive switch-
ing, test equipment and microwave radios with
high performance requirements. |

For more information, contact:

Relcomm Technologies, Inc.

610 Beam Street

Salisbury, MD 21801

Tel: 410-749-4488

Fax: 410-860-2327

E-mail: mm@RelCommTech.com
Web: www.RelCommTech.com
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SURFACE MOUNT

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

4""1 ,0 2MM"Z froms, ea. (qty.1-9)

TRANSFORMERS

Over 100 off-the-shelf models...

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

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

INT'L 12

102 .1
m M I n I - c Irc u lts Ci:JCSLE READER SERVICE CARD

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com
For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE » EEM » MICROWAVE PRODUCT DATA DIRECTORY * WWW.RFGLOBALNET.COM

ISO 9001 CERTIFIED
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2.4 GHz Monolithic VCO
Requires No External
Resonator or Varactor

axim Integrated Products announces

| \ / I the MAX2750/2751/2752 series of fully

self-contained 2.4 GHz VCOs. These

RFICs integrate the inductor and varactor tun-

ing elements on a single chip with the oscillator,

buffer and voltage regulator circuitry. The new

integrated VCO siraplifies the design and manu-

facture of 802.11 11 Mbps WLAN, Home REF

Bluetooth and other 2.4 GHz wireless communi-
cations products.

Multiple models developed or planned

Three products have been developed in the
MAX275x series. The MAX2750 tunes 2400 to
2500 MHz for zero-IF or transmit-only applica-
tions. The MAX2751 tunes 2120 to 2260 MHz for
applications with low-side LO injection using a
240 to 280 MHz IF. Model MAX2752 tunes 2025
to 2165 MHz for low-side LO injection using an
IF of 335 to 375 MHz. Phase noise performance
is typically —125 dBce/Hz at 4 MHz offset.

All three models have single-ended outputs
and operate from a supply voltage of 2.7 to 5.5
VDC, drawing 10 mA of current. A digitally con-
trolled shutdown reduces the supply current to
less than 1 pA. Internal voltage regulation elim-
inates the need for an external low-dropout reg-
ulator (LDO).

MAXIM i
! MAX2751 :
L O R i

GND

Model Tuning Range Application

MAX2750  2400-2599 MHz  Zero-IF

MAX2751 2120-2260 MHz  240-280 MHz IF

MAX2752 2025-2165 MHz 335-375 MHz IF

MAX2753* 2400-2500 MHz Differential Output

MAX2754* 1145-1250 MHz Direct Frequency Modulation
Uses Frequency Doubler

*future product

A Models included in the new VGO product line.
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A Maxim introduces a fully-integrated voltage con-
trolled oscillator that can save as much as 60
percent or more of hoard space, compared to
other 2.4 GHz VCO implementations.

Two additional models are planned for future
release. The MAX2753 will provide 2400 to 2500
MHz tuning with differential outputs, while the
MAX2754 is designed for 1145 to 1250 MHz
tuning for either zero-IF or up to 110 MHz IE
using a frequency doubler. The MAX2754 will
also feature a linear modulation input for direct
frequency modulation.

Pricing starts at $1.78 each in quantities of
1,000 pieces. A fully-assembled evaluation kit is
available to reduce design time. |

For more information, contact

Maxim Integrated Products
120 San Gabriel Drive
Sunnyvale, CA 94086

Tel: 408-737-7600

Fax: 408-737-7194
Internet: www.maxim-ic.com
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RF Connectors * Cable Assemblies * Resistive Products

As a leader in the microwave industry, our
RF Connector, Cable Assembly and Resistive
Products Division has over 40 years of proven
high-quality performance. We design and
manufacture RF coaxial connectors, cable
assemblies, attenuators and terminations.
From custom designs to standard off-the-shelf
products, we can meet the most demanding
requirements of the aerospace, defense
electronics, satellite and wireless communication
markets. Call us at 561-840-1800.

s\ MICRowavE

Commercial Products Group

Our Commercial Products Group specializes
n “high-volume, custom-designed” passive
microwave components for the wireless and
broadband markets. Our competitively priced
products include mixers, 1Q modulators and
demodulators, directional couplers, power
splitters, phase shifters, attenuators, hybrids
and transformers. Let our experienced team of
engineers fulfill all your component design
requirements. Call us at 727-541-5800.

www.svmicrowave.com
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Product Spotlight

Radio Link

Design Software

Path Topology, Profile Analysis, Link
Budget, Multipath, Frequency & Space
Diversity, Rain, Reflections, Repeaters.

Complete your project with

Interference Analysis

» ITU-R / Bell Labs propagation models
» Highly productive and user-friendly
+ Customized Equipment / Antenna Libraries

Website: www.radioengineering.it
Download your Herald copy
for a 30-day Free Trial

Radio Engineering Services, Torino, Italy
e-mail: herald@radioengineering.it
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Frequency Multipliers |

igrsanal Probe

A compact full featured, modestly priced, manually operated probe station
developed for engineers and scientists
Measure Microwave, RF and DC parameters of Semiconductor Devices,
Packages and Assemblies with NIST traceability

 BenchtopSize(<1ft) » Vacuum chuck » X-Y-@ stage
» X-Y-Z probe positioners ¢ Top Plate Z-lift ¢ Vacuum Accessory Manifolde
* 7X-40X Stereo Zoom Microscope ® Adjustable Halogen ffluminator «
*Vacuum Accessories ® Compatible with 40GHz+ probes
» Accessories for Thermal Chucks and Probe Cards »

«Test walers, microstrip packages and surface mount componentse

%‘«hwm

A Probe Station On Every Bench
Circle 251

WAVEGUIDE & COAX
SWITCH SPECIALISTS |

Station

Very Low Cost
High Function

J microTechnology
3744 NW Bluegrass PL
Portland, OR 97229
(509) 614-9509
503) 531-9325 (FAXI
www jmicrotechnology.com

Fax: 603-471-0716
' E-mail:

slspencer@csi.com

Tim Burkhard

www.wilmanco.com

SWITCH OVER TO:

(1 SECTOR MICROWAVE
INDUSTRIES, INC.

999 Grand Blvd., Deer Park, New York 117229
"”nﬂw Tel (805) 523-2390 (516)242-2300 - Fax: 516-242-8158
Fax (805) 529-0892 Request your “R-F Swiich slide Guide” today!
Circle 252 Circle 253

Our Product Spotlight se('tlon allows you
to show off your company’s products or ser-
vices in an economical 1/9 page color ad. Ads
may be sent camera ready, or we’ll make up
an ad for you! All you’ll need to provide is a
product photo, company logo and a descrip-
tion of the product or service you want to
advertise.

Our Classifieds section is the place to
advertise career opportunities, consulting
services, used test equipment and just about
anything else. Special Classifieds rates are

How to place Product Spotlight and Classified ads

available and are agency-commissionable if
material is supplied. Or, if you prefer, our
staff can make up the ad for you. Classified
display ads are available in color or black and
white in standard ad sizes, or in black and
white by column inch.

For more information on advertising in
these two sections, please contact Aileen
Kronke, Applied Mtcrowave & Wireless, 630
Plnnacle Court, Norcross, GA 30071; Tel
770-449-6774; Fax: 770-448- 2839; E-maxl
amw@amw1reless com. '
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2001

A MICROWAVE ODYSSEY

MHRK YOUR CALENDAR NOW |

70 ATTEND THE

:mm IEEE MTT-S International

Phoenix Civic Plaza

International Microwave Symposium

Phoenix, AZ

[EEE Microwave Theory and Techniques Society

May 20—25, 2001

FEATURING TECHNICHAL 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 Communications
Biological Effects and Medical Applications
Signal Generation, Frequency Conversion
and Control Circuits

Filters and Multiplexers

Ferrite Components

B Guided Waves and Propagation Characteristics

B Transistor Power Amplification

B Nonlinear Modeling and Analysis

B Measurement Theory and Techniques

# High Power Sources and Control

B Low Noise Receivers

@ Manufacturing, Production and Packaging
B Advances in Hybrid Technology

B Millimeter and Submillimeter Wave Technology
B Monolithic Technology

B Active and Quasi-optic Arrays

l Lightwave Technology and Techniques

B Superconductivity Technology

B Microwave Digital Processing

B 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 wireless and commercial products and services.
Once again this year, industry representatives will be presenting application and marketing seminars on the exhibition floor
which will be open to all attendees.

T T T T m——— A
: U Yes, I would like additional information on attending MTT-S '01. Please send it to: :
I Name Title I
| Organization :
I Address |
: City State Zip Code :
I Country Telephone i
: Microwave Journal®, 685 Canton St., Norwood, MA 02062 ® FAX: 781-769-5037 amw :
e e e e e e e e e e e e e e e .

Access MTT-S On-Line at Microwave Journal® via http://www.mwjournal.com.
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Get Connected.

Conference: February 12-16, 2001
Exhibits: February 13-15, 2001
San Jose Convention Center ® San Jose, CA
www.WirelessPortable.com

Produced by: g ljbnton

there are some

you can't afford

to miss. ..

The power of a wireless world lies in the ability
to take information out of the air, effortlessly,
with just a click. That's how you're designing it.
And the marketplace wants even more of it,
right now. This demand for more features and
applications forces you to keep pace with the
possibilities. Where can you go to test your
theories, see the latest engineering, design and
development resources, and make the contacts
you need to stay on-schedule and under budget?

Wireless/Portable
Symposium & Exhibition.

You'll make 5,000 live connections with colleagues
who think and imagine as you do. With over 170
conference sessions and 400 leading vendors —
Wireless/Portable is your chance to link up with
the brightest design and development minds

The tools you need to influence the next phase

of wireless connectivity are here for the taking.



Market Update

Wireless Suppliers Have Mixed
Views on the Economic Slowdown

modest slowdown in consumer spending have

analysts working overtime to explain what is hap-
pening and where it is leading. Opinions and predictions
vary widely concerning the depth and length that this
downturn is likely to have.

The most optimistic comments are that this is simply
a correction to an overheated economy and unrealisti-
cally high stock prices. Much evidence supports this as a
plausible scenario. Inflated-value “dot.com” stocks have
led the stock market decline, while the uncertainty
caused by both a transition in the Presidency and the
delayed election results has created an extra emotional
burden on investors and the public.

At the pessimistic end of the spectrum are analysts
who claim that natural business cycles guarantee that a
recession must follow an extended period of prosperity.
They have good historical evidence for their position, as
well. Some of them also note that the absence of a major
social or political crisis has brought our collective mind-
set to a point of malaise, and that some sort of “spark”
will be needed for recovery to occur.

The present weakness in the stock market and

Views inside the wireless industry

As one would expect, the exact response to the pre-
sent economic condition varies among participants in
this industry. A few suppliers that have been struggling
to meet delivery schedules have expressed some relief
that orders have diminished enough to catch up with
the backlog. They will also be quick to say that a short
slowdown is enough, and they will be ready to resume a
faster pace in the near future.

The supply difficulties are also cited as one cause for
the slowdown, since it is evidence of an overheated econ-
omy. A related problem is the inability to hire all the
people needed to sustain the rate of growth established
over the past two to three years. The classic effect of low
unemployment is inflation, with a slowdown of business
growth the result if inflation does not occur.

A pessimistic attitude has been adopted by a relative-
ly small number of people in the wireless industry. Chief
among their concerns is the ability to maintain high
growth rates. They cite saturation of certain market seg-
ments and too many choices for consumers, which dilute
the available dollars for any one market segment.

Also high on the list of concerns is the overwhelming
dominance of the U.S. market in the world economy.
While many other regional economies are sound, few are
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booming, and some are still worrisome, including Japan,
Indonesia, Russia and Argentina. Trade issues are also
a matter for concern but generally are not viewed as
having as large an effect on wireless communications as
they do in other industries, such as automobiles, textiles
or toys.

The most optimistic viewpoint is that the wireless
industry will help the economy recover from its slow-
down. Proponents of this view point out that there is a
long list of developing applications that will bring con-
venience and power to both mobile and fixed communi-
cations. 3G voice-and-data and 4G high-speed data will
propel the wireless phone portion of the market. LMDS,
MMDS and digital cable will be major players in the
market to meet consumer (and business) demand for
high-speed Internet access. Added to this list are the
efforts by component makers to lower costs through
high-level integration and advanced manufacturing
techniques, which will help keep consumer prices low.

Although these positive arguments are powerful,
technology alone does not guarantee market success
(remember those failing dot.com companies). New tech-
nologies require investment in their development and
consumers must both see the need and have the money
to spend to obtain those products. It seems, then, that
all factors are interrelated.

A balanced-view prediction for 2001

A prediction of the wireless communications market
in 2001 is risky, but a middle-ground position can be
characterized as follows:

* An emotional lift will follow President-elect Bush’s
inauguration, with business returning to normal in
Washington. This will initiate a rebound in the stock
market.

e If there are no major armed conflicts in the world, and
if there is no economic wild card such as a new oil cri-
sis, consumers will return to their confidence in the
future and resume spending.

* The Federal Reserve policies of Alan Greenspan

appear to be effective. Assuming they continue, the

overall economy will recover after the much-touted

“smooth landing” that has been the Fed’s goal.

Creative technology solutions will play a strong role in

providing new capabilities and controlling costs,

which will contribute to economic recovery and future
wireless market growth. [ |
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INTRODUCES ITS COMPLETE LINE OF

HIGH POWER RESISTORS, TERMINATIONS &
ATTENUATORS. DESIGNED AND MANUFACTURED
IN ATC'S 1ISO-9001 FACILITY. ALL PARTS ARE
MADE USING NON-TOXIC ALUMINUM
NITRIDE BASE SUBSTRATES.

e SURFACE MOUNTABLE,
CHIPS, FLANGELESS, FLANGED

¢ NON-MAGNETIC!

¢ NO LEAD!
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* Low VSWR
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* DC 70 40 GHz
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250 Watt Flanged Termination
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the industry's finest RF and surge

performance characteristics. The SX” Series
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