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What Do These Numbers Mean to You?
24 2.9 335 1.0

d A. Legal Alcohol Content in California Beer?

J B. Your College Grade Point Average?

J C. Designations for Hard-to-Find High-Frequency
Connectors and Adapters!

If you checked “C” call us today
to receive your free SRI
Connector Gage High Frequency
Connectors catalog.

We are proud to offer the full line
of products from SRI Connector
Gage Company, which specializes
in the design and manufacturing of
custom and standard connectors,
adapters and interface gages.

C.W. Swift & Associates is the
original RF and microwave _ .
stocking distributor, providing W@ hdnirduency Commectons
delivery and personalized sales ' v
and service for over 40 years.

Call 1-800-CW SWIFT (1-800-297-9438)

In-stock orders received before 4:00 p.m. PST are shipped the same day!

C.W. SWIFT & Associates, Inc.

[5216 Burbank Blvd., Suite 300, Van Nuys, CA 91411
800-CW SWIFT « 818-989-1133 » 818-989-4784 (fax)
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New Phase Stable
Coaxial Cable Assemblies

With
Temperature

Flexing

IW has developed a new series of low loss, phase diameters, lighter weight, lower insertion loss and
stable cables (diameters from 0.1" to 0.480") which enhanced electrical stability, come to the technology
exhibit excellent stability under both temperature leader with the broadest line to solve your most
changes and repeated flexing. Now, when you demanding requirements for both military and

need flexible cable assemblies with smaller commercial applications.

Just give us a call or visit us at www.insulatedwire.com

Since 1970 ... Specialists in the manufacture of
bigh-performance microwave transmission lines.
20 East Franklin Street « Danbury, CT 06810
Tel: 203-791-1999 » Fax: 203-748-5217
e-mail: iwconn @insulatedwire.com
www.insulatedwire.com
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THE WORLD'S LARGEST SELECTION

2""1 ,o ,OGHZ from 99‘

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

180°% 850 and 75 ohms covering 2kHz to 10GHz. Mini-Circuits will also supply your special needs and custom
designs such as wider bandwidths, higher isolation, lower insertion loss and phase matched ports...all at catalog
prices with rapid tumaround time. Case styles include surface mount, plug-in, flat pack, and coaxial connectorized. ..
and custom case styles are no problem! Super-miniature and ultra-low profile surface mount units provide excellent
solutions in cellular communications, cable systems, and countless wireless applications. And all units come with a

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

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



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

[JMini-Circuits LB 0

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET http://www.minicircuits.com  CRCLE 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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Imagine the

introducing our newest NGA
InGaP HBT amplifier family with
low thermal resistance for higher
reliability and improved linearity
with broader bandwidth.

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
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

possibilities.

biased with a single voltage and provide wide
bandwidth, high gain and exceptional linearity.

For more information on these new InGaP amplifiers,
visit our website today. Imagine the possibilities with
RF innovation from Stanford Microdevices.

NGA - InGaP MMIC 50 Ohm Gain Block Amplifiers

Freq Range

Data ar I GHz and is typical of device performance.

* S5TANfORD

MICRODEVICES

www.stanfordmicro.com ¢ 800-764-6642

© Copyright 2000 Stanford Microdevices. Stanford Microdevices is a registered trademark of Stanford Microdevices. Other tradeniarks are the property of their respective holders, All rights reserved
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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 5VDC supply and offers exceptional

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

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

——IP3 (dBm) —— P1dB (dBm) s21 (dB)

25 —

1700 2500
MHz

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

* STANfORD

MICRODEVICES

www.stanfordmicro.com ¢ 800-764-6642

© Copyright 2000 Stanford Microdevices. Stanford Microdevices is a registered trademark of Stanford Microdevices. Other trademarks are the property of their respective holders. All rights reserved
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HIGH IP3 MIXERS

+30dBm IP3

51 2200MHz .514% .

The popularity of wireless communication services is soaring, but when TYPICAL SPECIFICATIONS:

signal overcrowding creates intermodulation distortion... Mini-Circuits has IP3 Isolation  Conv. Loss _
- , . . . . Freq Midband (dB) Midband Price $ea
the solution! Our full range of low distortion, high IP3 SYM mixers provide the Model (MHz) (dBm) LR L (dB) Qty. 1-24
muscle it takes to suppress noisy intermods and unwanted signals. At the SYM-18H 5-1800 30 45 40 5.75 16.85
i i : ; SYM-15VH 10-1500 31 45 35 6.5 27.95
same time, these affordable surface mount solutions achieve low conversion 20134 1001370 50 3% a0 65 1498
loss and excellent L-R, L-I isolation. Developed for both analog and digital SYM-10DH 800-1000 31 45 29 7.6 17.80
: SYM-22H 1500 -2200 30 33 38 5.6 18.75
use, applications include airphone, cellular and NV ebeoon o o oo ee

cordless phones, radar, satellite, 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!

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

)

ACTUAL
SIZE

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

[ JMini-Circuits 8T 0T

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

&1‘; The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www. minicircuits.com
—t
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High Power RF
LDMOS Transistors
Target WCDMA,
IMT2000/UMTS
Applications at
2100 MHz

With Pggp of 220 watts
(push-pull) and 155 watts
(single-ended), new LDMOS
devices from Motorola are
designed for applications in
the next generation of wire-
less applications.

Photo provided by Motorola
Semiconductor Product
Sector; Wireless Infrastruc-
ture Systems Division
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ot Freq Range NF  GainFlat 1dBcomp. 3rdOrder VSWR DCCurent
(GHz) (dBmin) (dBmax) (+-iB) pt(dBmmin) ICPmin W/Outmax (mA)

MEDIUM POWER AMPLIFIERS (UP T02 WATI‘S)
JCAOI-POT 0510 25 35 1 20:1 250

JCAI2P01  1.0:20 kY] 3 1 30 40 201 800
JCA34-PO1 3742 30 3 1 30 4 01 150
JCAS6-PO1  5.964 30 3 1 30 4 201 850
JCAT&-PO1  7.984 30 B 1 30 4 201 900
JCAB12-P02 83117 4 5 15 3 4 201 1700
JCA910-PO1  9.5-10.0 30 4 1 B 4 201 1300
JCAI011-POT 107117 30 4 1 30 4 201 950
JCA1819-P01 18.1-186 30 5 1 2 37 201
RADAR & COMMUNICATION BAND LOW NOISE AMPLIF!ERS

JCA23-302  22-23 30 0.8 0.5 10 20:1 80

JCA34301 3742 30 1 05 10 20 201 80

JCAS6-502 5459 50 1 0.5 10 2 201 160
JCATE-305 72515 7 12 05 13 23 201 100
JCA910-305  9.095 27 14 0.5 13 3 151 150
JCAN12:305 1174122 27 15 0.5 13 3 1,51 150
JCA1415-305 14.0-145 26 1.6 0.5 13 3 151 160
JCA1819-305 18.1-186 22 20 0.5 10 2 151 160
JCA2021-600 202212 30 22 1 13 3 151 L

TRI-BAND AMPLIFIERS (5.85 TO 14.5)

JCA514-201  5.85-14.5 8 1 15 10 2 20:1 100
JCA514-300 5.85-145 14 6 15 10 2 20:1 150
JCAS14-302 585145 22 b 15 0 30 201 350
JCAS14-400 585145 25 6 15 10 2 20:1 250
JCA514403 585145 32 6 1.5 3 3 201 500
JCA514501 585145 35 6 1.5 16 26 20:1 315
JCA514503 585145 4 6 1.5 23 3 20:1 500

Ul.TRA BROAD BAND AMPLIFIERS (2.0 TO 18 GHZ)
JCA218-200  2.0-18.0 5 25 10 2 201 %
JCA218-300  2.0-18.0 23 5 25 10 2 20:1 110
5
5

JCA218-400  2.0-18.0 29 5 10 2 2.0:1 150
JCA218-500 10

20180 25 2 20:1
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= Excellent spectral purity
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® 110V ac, +12VDC supply
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Editorial

A Few Words of
Appreciation for
Materials Science

By Gary A. Breed
Publisher

Once in a while, each of has a moment when we grasp the importance of
something quite common, usually something we have taken for granted. My
most recent realization of this kind was about electronic materials — from
materials with ancient roots (ceramics) to
miracles of modern chemistry and physics.

When I was a pre-teen experimenting
with electronics, many natural materials
were still in use — insulation was typically
glass, mica, or even varnished or waxed
wood and paper. Processed materials were
quite primitive by today’s standards — ger-
manium for transistors, selenium for
diodes, bakelite plastics and a few phenolic
resins to replace the varnish and wax.

Now we have an astonishing number of
“miracles of modern chemistry” to make
circuits and components. A few of my
favorites are epoxy resins, air-curing silicone rubber, PTFE variants like
Teflon® and a wide range of polyester, polycarbonate and other plastics.
While copper, silver and gold remain the best conductors, modern electron-
ics also use metals and alloys like aluminum, nickel, tungsten, palladium,
invar and tantalum to meet performance or fabrication requirements.

Semiconductor materials have seen a remarkable transformation in the
past fifteen years. Silicon replaced germanium and was nearly alone in
solid-state technology for twenty years. Now we have an alphabet soup of
chemical symbols like GaAs, InGaP, InP, SiC and AlGaAs to go with silicon,
silicon-on-sapphire, silicon-on-glass and silicon with doping of any number
of common and rare elements, including germanium (SiGe).

Even that old standby, quartz, has undergone changes. We grow ultra-
pure crystals, cut it into new high-stability forms like SC-cut, process it in
new ways like inverted-mesa high frequency fundamental resonators or
print conductors on it to make SAW resonators and filters.

The materials that triggered these comments are ceramics. High dielec-
tric constant materials have shrunk the size of coaxial resonators, enabling
smaller filters and VCOs with excellent performance. Low firing tempera-
ture ceramics are encouraging engineering creativity in the development of
three-dimensional super-components with integral lumped and discrete ele-
ments. When you add established materials like alumina to the picture, the
importance of ceramics in RF and microwave electronics is undeniable.

When you undertake the next circuit design project, take a moment to
appreciate the materials science that helped create the components, sub-
strates and housings you are using! |




Every once in a while someone comes along with the
QEE"?{;’ ct combination. when you're testing 2G and 3G products, you can't afford to
choose between accuracy and speed. But most of the time, that's exactly what you're forced to do.

We've got the perfect solution. The Agilent Technologies E4406A Vector Signal Analyzer.
We designed the E4406A specifically for the manufacturing test needs of 2G and 3G base stations
and components. It has unmatched test speed—up to 5 times faster than the competition.
Amplitude accuracy of .5dB for critical measurements. And pre-configured measurements for
faster setup than traditional spectrum analyzers. So you get all the
speed you want. Along with all the accuracy you need. And that's a

combination you don't see very often.

For more information about our E4406A VSA, or to get a

Agilent Technologies’
£4406A Vector Signal Analyzer

FREE copy of Performing cdma2000 Measurements Today, visit our
web site. Or call us at the number listed below. Because whether it's today’s formats or formats

of the future, you still have to be perfect.

* .
O..

www.agilent.com/find/vsa el e Agilent Technologies

K-tk Innovating the HP Way
1-800-452-4844, Ext. 6938 o

Gircle 20
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Letters

Measured data is always best

We received a strongly-worded
comment expressing concern that the
design presented in K. Jeganathan’s
article, “Design of a Simple
Tunable/Switchable Bandpass Fil-
ter” (March 2000 issue), was not
realizeable due to the effects of para-
sitic capacitance. The original com-
plaint was withdrawn after a
reminder that this was not a
microwave design where parasitics
would play a critical role in con-
struction. To confirm the perfor-
mance of the filter, the author has
gractously provided additional mea-
sured performance data.

Editor:

Of course, at microwave frequen-
cies, parasitic and 2nd order effects
and component tolerances play a

design described in the article.

A Photo of the completed prototype filter based on

major role and no one will disagree
with these well known facts at
microwave frequencies. But these
concerns can be neglected for the
current filter design, as the design is
targeted not to microwave frequen-
cies but to low frequencies in the
VHF and UHF bands. This was
clearly mentioned at the beginning
of the article.

The following models available in
the H-P ADS library were used for
the simulation: inductors used
Coileraft models, and the varactor
diodes used the Siemens BB640
model.

The filter was designed for a DAB
receiver operating near 200 MHz
and was implemented successfully.
Measurements show about 2 dB
more insertion loss than expected,
which can be attributed to the low @

value components used in the proto-
type circuit and the PCB loss arising
from the use of FR4 board.

A photo of the circuit and the
measurement results are presented
for your reference (shown below).

K. Jeganathan
National University of Singapore

Your comments and feedback
are appreciated. Send your let-
ters to the Editor at: Applied
Microwave & Wireless, 4772
Stone Drive, Tucker, GA
30084; fax: 770-939-0157; e-
mail: amw@amwireless.com.
When published, letters may
be edited for length or clarity.
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A Plot of filter performance with 1.5 V and 3.0 V control.




_ REAL WORLD
Low Cost Machined Housing .
Low Intermod Construction SO I Utl O n S fO r

High Volume Production

Capability Wireless Applications

High Power Handling

Symmetric and Asymmetric Lorch Microwave is now producing a full line of filters and

Pseudo Elliptic Designs diplexers specifically optimized for wireless applications.

In addition to offering a wide range of standard designs

covering the entire cellular and PCS spectrum, our engineers
or over 30 years, ; can assist you with developing custom filtering solutions.

Lorch Microwave has supplied Contact sales so we may offer a solution

quality microwave components and to your wireless requirements today.

sub systems to a diverse and ever

changing electronics and

communications industry. With

new facilities and stéte-of-ihe—art

'equipmem, dedicated personnel,

and the introductid_n of new

‘products, Lorch Microwave =~

1725 N, Salisbury Bivd. . i 0 _
PO Box 2828 : ! I ¢ e Perfo : :

Salisbury MD 21802 USA | .
Phone 410-860-5100 - ‘ D-0000 BAND PCS DIF
Fax 410-860-1949 o o 1B I ]
" Web hitp//www.lorch.com e f 1
~ E-mail lorchsales@lorch.com pooo - 0 Passhand Freque 930-199¢




Calendar

CONFERENCES June 11-13, 2000
2000 IEEE Radio Frequency Integrated Circuits
MAY Symposium
Boston, MA

May 8-12, 2000 Information: Jyoti Mondal
Radar 2000 — IEEE International Radar Conference Tel: 847-259-9600, ext. 4130

Alexandria, VA E-mail: mondajy@mail.northgrum.com

Information: Radar 2000 Internet: http:/www.ims2000.org/rfic.htm

Fax: 315-336-9134
Internet: http://www.ewh.ieee.org/soc/aess/radar2000/  June 11-16, 2000
MTT-S International Microwave Symposium

May 20-26, 2000 Boston, MA
ISPAST 2000 — 2000 IEEE International Conference Information: LRW Associates
on Phased Array Systems and Technology Tel: 704-841-1915
Dana Point, CA Fax: 704-845-3078
Information: Dr. Michael Thorburn E-mail: Irwassoc@sprintmail.com
Tel: 310-336-2197 Internet: http://www.ims2000.org
Fax: 310-336-6225
E-mail: m.a.thorburn@IEEE.org June 14-16, 2000
Internet: http://www.ieee.org 2000 MPRG/Virginia Tech Symposium on Wireless
Personal Communications
May 21-24, 2000 Blacksburg, VA
50th Electronic Components and Technology Information: Jenny Frank
Conference Tel: 757-686-3765
Las Vegas, NV E-mail: mprg@vt.edu
Information: EIA/ECA-IEEE/CPMT Internet: http://www.mprg.ee.vt.edu
E-mail: pwalsh@eia.org
Internet: http://www.ectc.org June 15-16, 2000

Automatic RF Techniques Group 55th Conference
L JUNE [V

Information: D. Michael Fennelly

June 4-8, 2000 Tel: 978-258-4101
SUPERCOMM 2000 Fax: 978-258-4102
Atlanta, GA E-mail: m.fennelly(@ieee.org
Information: SUPERCOMM Internet: http://www.arftg.org
Tel: 1-877-455-6375 or 301-694-5243
Fax: 301-694-5124 June 18-22, 2000
Internet: http://www.supercomm2000.com ICC 2000 — IEEE International Conference on
Communications
June 7-9, 2000 New Orleans, LA
2000 IEEE/EIA International Frequency Control Information: Richard W. Miller
Symposium and Exhibition Tel: 504-248-7719
Kansas City, MO E-mail: rw.miller(@ieee.org
Information: IEEE Ultrasonics, Ferroelectrics and Internet: http://www.icc00.org

Frequency Control Society

E-mail: pwalsh@eia.org SEPTEMBER

Internet: http://www.ieee.org/uffc/fc
September 10-13, 2000

June 8-9, 2000 RAWCON2000 — 2000 IEEE Radio and Wireless
5th International Workshop on Finite Elements for Conference
Microwave Engineering Denver, CO
Boston, MA Information: Michael S. Heutmaker
Information: Ms. Yurong Sun Tel: 609-639-3116
Tel: 508-831-5757 Fax: 609-639-3197
Fax: 508-831-5491 E-mail: heutmaker@lucent.com
E-mail: ysun@ece.wpi.edu Internet: http://rawcon.org
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MORE FUNCTIONALITY AND LESS
WEIGHT GET YOUR CRITICAL
SYSTEMS OFF THE GROUND.

Full Function Subsystem Solutions solve a variety of performance

and packaging issues in today's EW platforms. Sage has over 40 years
of experience in the area of Passive technologies, including lumped
element, microstrip, stripline, and suspended substrate stripline. We
couple that experience with our Active product expertise and package
it all together as lightweight, broadband, subsystem devices. Look to
us for Digital Frequency Discriminators, Detector Log Video Amplifiers,
Switched Multiplexers, Digital/Analog RF Memory, and Up/Down con-
verters. As a member of the Filtronic family, we also have the resources
to provide vertically integrated solutions for complete program support.
Call us, or visit our web site for detailed specifications and options.

Sage - A Legacy of Proven Results.

www.sagelabs.com

psadgje

LABORATORIES, INC.
A Filtronic plc Company

11 Huron Drive, Natick, MA 01760 ® 508-653-0844 e Fax 508-653-5671
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Calendar

SHORT COURSES

The George Washington University Center for
Professional Development
Satellite Communications with Emphasis on Mobile
Applications

Washington, DC .. ...... May 16-18, 2000
Safety Issues and Requirements for PCS and Wireless
Communications Devices

Washington, DC .. ... ... May 17-19, 2000
Digital Television

Washington, DC . ....... June 5-7, 2000
Advanced Development in Radar

Washington, DC . ....... June 7-10, 2000
Radio Frequency Spectrum Management

Washington, DC .. ...... June 12-16, 2000
Modern Receiver Design

Washington, DC .. ... ... June 12-16, 2000
Multiple Access Techniques for Wireless
Communications Systems

Washington, DC .. ... ... June 21-23, 2000
Information: PJ. Mondin, Program Director, Tel: 1-800-
424-9773; Fax: 202-872-0645; E-mail: pj@admin.dup.
gwu.edu; Internet: www.cpd.gwu.edu.

Besser Associates
Applied RF Techniques I

New York, NY .......... May 15-19, 2000
High Efficiency Power Amplifiers

New York, NY .......... May 15-27, 2000
Mobile Computing and Wireless Data Networks

New York, NY ... ....... May 15-17, 2000
Frequency Synthesis and Phase-Locked Loop Design

New York, NY ... ....... May 18-19, 2000
Wideband CDMA Communications

New York, NY . ......... May 18-19, 2000
RF and Wireless Made Simple

New York, NY ... ....... May 22-23, 2000

Mountain View, CA . . . ... June 5-6, 2000
RF Wireless System Design Fundamentals

New York, NY .......... May 22-24, 2000
Behavioral Modeling

Mountain View, CA ... ... May 31-June 2, 2000

All About 3G (Third Generation Wireless)
New York, NY May 24, 2000

Mountain View, CA . ... .. June 7, 2000
RF Component Modeling
Mounitain View, CA . .. ... June 5-9, 2000
CDMA: The Physical Interface (IMT2000 3G WCDMA)
Mountain View, CA .. .... June 12-15, 2000
RF Test Equipment Operation (laboratory course)
Mountain View, CA ... ... June 19, 2000
RF Testing for the Wireless Age (laboratory course)
Mountain View, CA ... ... June 20-22, 2000
Short Range Wireless and Bluetooth
Mountain View, CA...... June 21-23, 2000
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Electromagnetic Shielding for Wired and Wireless
Technology

Mountain View, CA . .. ... June 26-29, 2000
Information: Annie Wong, Tel: 415-949-3300; Fax: 415-
949-4400; E-mail: info@bessercourse.com; Internet:
www.bessercourse.com.

RTT Programmes Limited
SMR/PMR Design

London, England . ... ... May 15-17, 2000
Information: Lorraine Gannon, Tel: +44 181 844 1811;
Fax: +44 181 751 2616; E-mail: seminars(@rttsys.com;
Internet: www.rttsys.com.

Georgia Institute of Technology
CMOS Analog Integrated Circuits

Milpitas, CA ........... May 15-19, 2000
Principles of Enhanced Radar Resolution

Smyrna, GA ........... May 23-26, 2000
Information: Georgia Tech Distance Learning, Tel: 404-
894-2547; Fax: 404-894-7398; E-mail: conted@gatech.
edu; Internet: www.conted.gatech.edu.

University of Wisconsin at Milwaukee
Advances in Printed Circuit Technology
Milwaukee, WI ... ... ... May 18-19, 2000
Milpitas, CA ........... June 12-13, 2000
SMT Implementation: New and Emerging Technologies
Milwaukee, WI ... ...... May 31-June 2, 2000
High-Frequency Digital Design & Printed Circuit Board
Layout
Milwaukee, WI ... ... ... June 5-7, 2000
Information: Loraine Samsel, Program Assistant, Tel:
1-800-222-3623; Fax: 1-800-399-4896; E-mail: samsel@
uwm.edu; Internet: www.uwm.edu/dept/ccee.

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

Orlando, FL .. ......... May 22-25, 2000
Information: Kelly Brown, Tel: 407-892-6146; Fax: 407-
892-0406; E-mail: stcloudofl(@aol.com; Internet:
www.usit.com/antenna.

Research Associates of Syracuse, Inc.
Aircraft Operations and Tactics for EW Engineers
Syracuse, NY .......... June 6-8, 2000
Digital Wideband Receivers
Syracuse, NY .......... June 6-8, 2000
Principles of Communications Ssytems
Syracuse, NY .......... June 6-9, 2000
Electronic Combat Simulation and Modeling
Syracuse, NY .......... June 6-9, 2000
Ship Survivability and Electronic Warfare
Syracuse, NY .......... June 13-15, 2000
Emitter Location, DF and Frequency Estimation
Syracuse, NY .......... June 13-15, 2000



USB Transceiver

for Less

(Less Power Consumption, Space & Cost)

Transceiver suppty current is direct from USB, not
system supply, Saving power consvmptiohn
Buitt-in LDO saves

2.5V —-5.25V cost and space for
rovidi -]
termination
pd
Vee Wis
Embedded D+
Controller
or D—
ASIC
GND
MIC2550 interface runs from same supply as ASIC,

making input and ovtput sighals fully compliant

The Good Stuff

Micrel’s new USB transceiver will save your next
USB peripheral design time, cost, and reduce

4 Compliant to USB specifications design complexity.
4 Interfaces to standard SIE interface The MIC2550 employs a unique dual supply
& Unigue dual supply voltage operation voltage design which allows operation down to
. L d full d " 2.5V on the system side, and connects directly to

ow and fufl speed suppor the USB voltage bus. An integrated LDO provides
¢ Operates down to 2.5V the speed termination voltage without requiring
# Integrated LDO for speed termination voltage additional space or cost.

With the MIC2550, you can operate your
4 Low power suspend mode
P ) P embedded controller or ASIC from 2.5V to 5.5V

¢ Low height TSSOP package without additional voltage translation circuitry or

special 1/0 cells to support USB’s 3.3V signalling.
In addition, the MIC2550 takes its operating
power direct from the USB voltage bus, decreasing

Contact us for more information — Don’t forget to )
power consumption from the system battery.

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

MICREL

The Infinite Bandwidth Company™
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Calendar

Radar and Electronic Warfare: The View from Both Sides
Syracuse, NY .......... June 13-16, 2000
Modern Radar Decoys
Syracuse, NY .......... June 20-22, 2000
Phased Array Radar
Syracuse, NY .......... June 20-22, 2000
Stockholm, Sweden . . . .. November 14-16, 2000
ELINT Interception and Analysis
Syracuse, NY .......... June 20-23, 2000
Introduction to Microwave and RF
Syracuse, NY .......... June 22-23, 2000
Information: Mary Chamberlain or Richard Wiley, Tel:
315-463-2266; E-mail: seminars(@ras.com; Internet:
WWW.Iras.com.

University of California at Berkeley Extension
Methodologies and Fundamentals of High-Level ASIC
Design

San Francisco, CA . ... .. June 5-6, 2000
MEMS: Design, Fabrication, and Packaging

Berkeley, CA ... ... .. ... June 12-13, 2000
High-Performance Communication Networks

Berkeley, CA .. ......... June 12-14, 2000
BSIM — Standard MOSFET Model for

Circuit

Simulation

Berkeley, CA ......... .. June 29-30, 2000
Design of Analog Integrated Circuits for Mixed-Signal
Integrated Systems

Berkeley, CA .. ......... June 12-13, 2000
Information: Continuing Education in Engineering, Tel:
510-642-4111; Fax: 510-642-0374; E-mail: course(@
unex.berkeley.edu; Internet: www.unex.berkeley.edu/
enroll.

University of Wisconsin at Madison

Using the [S-136 TDMA Wireless Air Interface
Madison, WI . .......... June 13-16, 2000

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.

California State University, Northridge
Far-Field, Near-Field, Compact Ranges and Anechoic
Chambers

Northridge, CA . ... ... .. June 20-23, 2000
Information: Shirley Lang, Tel: 818-677-2146; Fax: 818-
677-5982; E-mail: shirleylang@csun.edu; Internet:
http://www.ecs.csun.edu/~crs/mam/.

tel: 650-949-3300

Join a new class of engineers! Over 20,000 satisfied industry professionals profit from our courses.

. - September 6-8, 2000

- RF Wireless System
~ Design Fundamentals
September 6-8, 2000

. Wideband CDMA Communications
~ September 11-12, 2000

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; carly registrations are encouraged. Schedule and venues subject to change.
The Besser Associates name and logo are trademarks of Besser Associates. Incorporated

____Dallas, Texas

RF Power Amplifier
Linearization Techniques

 Applied RF Techniques
September 11-15, 2000

Wireless Measurements:
~ Theory and Practice
September 11-15, 2000

Frequenéy Synthﬁsis _
_ Technology and Applications
September 13-15,2000

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.

Besser Associates is once again the Technical
Director for the Wireless Symposium/Portable by
Design, a Penton Media event.

Visit us in Chicago, IL from September 26-29, 2000!
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A _3 Series A _4 Series HY Series

@® Capacitance range: 1 to 10 pF @ 3 capacitance ranges from 045 to 5pF @ 7 capacitance ranges with max

® Self-resonance 2.3 GHz at 10 pF @ Shortest length of any piston trimmer capacitance from 4 pF to 55 pF

@® Working voltage up to 1000 VDC @® Size from 0.150” long x 0.155” diameter @ Working voltage up to 1000 VDC

@ 10 turns of linear tuning ® Up to 5 turns of linear tuning @ Frequency up to 1.5 GHz

® Drop-in replacement for expensive air @ High reliability solid dielectric @ Up to 29 turns of linear tuning
piston trimmers @ Replaces expensive sapphire trimmers @ Sealed construction, 40 psi

® High reliability solid dielectric @ Various mounting styles

@ Non-magnetic versions

What makes Voltronics trimmer
capacitors the world’s best?
Just look inside...

Linear tuning - no
reversals

or fape

and reel )
Ceramic housing

with high-temperature
solder joints

Patented solid
ielectric ensures
highest reliability,
no shorting, no
microphonics,

linear tunin
and high vcﬂioge
handling
The A4 Series: Designed for low cost, N
high performance and high refiability
Voltronics trimmer capacitors provide: . .
* Long-term reliability designed-in Only VOltrOIllCS trimmers
* Low cost - under $1 in quantity : :
* Self-resonant frequency range to 5 GHz glve you all thlS...
« Lowest profile in the industry for less than $1

« Available on tape-and-reel

* High-voltage options

« Capacitance ranges from
0.2-1.0pF to 1.5-55pF

Call Voltronics today, or check out our

i) A
‘ roltronics - complete catalog on-line at
—— www.voltronicscorp.com
—_—
CORPORATION == 100 Ford Road » Denville, NJ 07834
. . 973.586.8585 « FAX : 973.586.3404
The Trimmer C"P acitor CO""P“"}’ e-mail: info@voltronicscorp.com
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Calendar

CALLS FOR PAPERS

33rd Connector and Interconnection Technology
Symposium and Trade Show

October 23-25, 2000 — Orlando, FL

Topics: Radio frequeicy interconnection design, new
interface styles, quality, automation, surface mount
technology, automotive interconnections, space flight
connector technology, medical applications, materials,
finishes, plating and test methods.

Authors should submit a 200-word abstract, includ-
ing proposed title, objectives, approach, results, and
complete contact information. Submit to:

IICIT Annual Symposium

PO. Box 399

Waretown, NJ 08758

Fax: 609-693-1614

E-mail: sromeo@iicit.org

AND

Steve Ulett, RF Interconnect Chairman

6321 San Ignacio Ave.

San Jose, CA 95119

Fax: 408-281-8722

E-mail: steve.ulett@avnet.com

Deadline: May 26, 2000

We Wanl fo Slmw
Ynu How -

Quick Lircuit
lasks u|1

* Accurate Drilling, Milling, Routing
* Plated Through Holes

* Multilayer Capability

* Better Registration and Mechanics

*Sample Boards and Demos
show why we
offer the best solution.

T-TECH, INC. &
5591-B New Peachtree Rd. ® Atlanta, Georgia 30341 USA
voice: 770.455.0676 fax: 770.455.0970

email: sales(ct-tech.com * http:// www.t-tech.com
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EMC Zurich *01 — 14th International Zurich Symposium and
Technical Exhibition on Electromagnetic Compatibility

February 20-22, 2001 — Zurich, Switzerland

Topics: EMC management, specifications and stan-
dards, measurement techniques (theory and practice),
stationary and transient environments, system-level
modeling and effects, chip and package level EMC, light-
ning, innovation, power systems EMC and protection.

Detailed submission information is available at the
symposium web site (URL below). Submit to:

Technical Program Committee

EMC Zurich *01

ETH Zentrum

IKT - ETF

Zurich CH-8092

Switzerland

E-mail: eme@nari.ee.ethz.ch

Internet:

http://www.nari.ee.ethz.ch/emc/emc01/emc01.html
Deadline: July 1, 2000

The Applied Computational Electromagnetics Society

Special issue of the ACES Journal on Computational
Bioelectromagnetics

Topics: Cellular telephone analysis and design, med-
ical imaging, EM safety analysis, finite-difference time-
domain method, finite element method, high resolution
human body models, electrical properties of human tis-
sue, comparisons of methods, models, or techniques.

Authors should contact one of the guest editors:

Cythia Furse, E-mail: furse@ece.usu.edu

OR

Susan Hagness, E-mail: hagness@engr.wisc.edu

OR

Ulrich Jakobus

E-mail: jakobus@ihf.uni-stuttgart.de
Deadline: August 25, 2000

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, signal detec-
tion, advanced wireless radio networks, hardware/soft-
ware cooperation, anti-fading techniques, radio-fre-
quency synthesizers, digital signal processing, integrat-
ed modules and elements, hardware-oriented signal pro-
cessing and compression, advanced technologies, devices
for microwaves and photonics, numerical and CAD tech-
niques, millimeter-wave applications, and full-scale sys-
tems on a single chip.

Send submissions to:

ISSSE 2001

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

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



RF WIDEBAND
TRANSISTORS
FROL PHILIPS
& AVNET

Design engineers are discovering
that Avnet Electronics Marketing is
the perfect partner for access to
Philips' wide variety of RF

wideband

transistors.

Philips pH I l-l ps
offers you

advanced technologies in silicon
bipolar and double polysilicon
processes for improved RF
performance. This includes higher
transition frequencies, lower noise
performance, higher efficiency and

Ratings Characteristics, typical muc.h more. A
Type Case | Vo | Ic | Pror | fr I F [Gm | @ | F um dedicated business
(V) | (mA) | (mW) | (GHz)| (mA) | (dB) | (dB) |(MHz)| (dB) | (dB) |(MHz) group for RF and

PMBTH10 50723 25 40 400 | 06 | 1-20 .
PMBTHS1 50723 20 40 | 400 | 06 | 120 Microwave
BFS17W 507323 15 50 300 | 16 | 220 | 45 500 technology and

| BrRO2AT SC-75° 15 25 300 5 3-30 2 14 | 1000 3 8 2000
BFT92W 507323 15 3 | 300 4 330 | 25 17 | 500 3 7 o0 | products, the largest
BFRY3AT SC-75* 12 35 300 5 540 | 15 13 | 1000 | 2.1 8 2000 RF inventory in the
BFQ6/T SC-75° 10 50 300 8 330 | 13 13 | 1000 | 22 8 2000 .
PBRIO4 S0T23 10 50 360 8 3-30 1.4 15 1000 2 95 | 2000 world, and hybrld and
PRF947 507323 10 50 250 8 3-30 1.5 16 1000 2.1 10 2000 Custom Component
PRF949 SC-75 10 50 150 3 330 | 15 16 | 1000 | 2.1 10 | 2000 )
PRFO57 507323 10 100 | 270 8 550 | 1.3 15 | 1000 | 1.8 92 | 2000 manufacturing
BFR505T SC-75" 15 18 150 9 110 | 12 17 900 | 19 10 | 2000 T .
BFR620T SC-75° 15 70 300 9 330 | 141 15 900 1.9 9 2000 capabilities are just
BFC520 S0T353 8 70 | 1000 9 330 | 13 31 900 | 15 19 | 2000 a few reasons that
BFES20 S0T353 8 70 100 9 330 | 1.2 17 900 19 10 | 2000
BFM520 S0T363 8 70 100 9 330 | 141 15 900 | 1.9 9 2000 make Avnet the
BFG520W/X | SOT343 15 70 500 9 330 | 18 17 900 | 18 11| 2000 pertfect partner.
BFG540W/X | SO0T343 15 120 | 500 9 | 1060 | 19 16 | 900 | 2.1 10 | 2000 .
BFG11W/X S0T343 8 500 | 760 9 |50-150 7 1900 Shouldn't you have a
BFG403W SOT343R 45 36 16 17 5-5 1 20 | 900 | 16 22 | 2000 perfect partner too?
BFGA10W SOT343R 45 12 54 22 | 215 | 9 900 | 1.2 22 | 2000
BFGA25W SOT343R 45 30 135 22 | 330 8 900 1.2 20 | 2000
BFG4BOW SOT343R 250 | 360 18 18 16 | 2000
BFG21W SOT343R 200 | 600 18 12 | 1900

==AVNET

=——— electronics marketing
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s5t, easy, affordable

EAGLEWARE

RF and Microwave Design Software
tel: 770.939.0156 | fax: 770.939.0157
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News

BRIEFS,

* M/A-COM Inc. has introduced
wireless web access for its web site
through wireless web-enabled
phones at http://209.67.226.186.
The site offers datasheets and
other product information, as well
as e-mail and fax capabilities.

* Andrew Corporation has
launched a On-Line Document
Center through its web site, www.
andrew.com, offering searchable
information on the company’s
products and services. Documents
may be viewed online, sent via e-
mail, or sent to a fax machine.

* Zeta’s new web site, www.zeta-
idt.com, offers information,
brochures and datasheets on the
company’s RE, microwave and sig-
nal intercept and location systems.

* AD Products Co. has launched
a new web site, www.adproductsco.
com, offering product information
and ordering options for industrial
and OEM electrical enclosures.

* LEMO USA, a supplier of elec-
tronic and optical connectors, has
opened a new headquarters office
in Rohnert Park, CA.

* EMI/RFI shielding company
Boldt Metronics International Inc.
(BMI) has announced the opening
of an international headquarters
office and manufacturing facility in
Berlin, Germany.

¢ Schaffner EMC Inc., a provider
of EMI components, instrumenta-
tion and test systems, has moved
into a new US corporate headquar-
ters in Edison, NdJ.

e Xemod Inc., a manufacturer of
integrated RF power products, has
relocated its headquarters to Santa
Clara, CA, and completed expan-
sion of its Tempe, AZ, location.

Study: Wireless data to grow with 3G services

A new study from Allied
Business Intelligence (ABI)
predicts that the growth of new
third generation (3G) wireless
services will kick-start the mar-
ket for wireless data services
over the next five years.

According to the report, “3G
Wireless: Global Data and
Voice Networking STrategies
— WAP, GPRS, 1XRTT, EDGE
and Internet Access,” actual
direct internet access via wire-
less handsets will become avail-

(in millions)

2000-2004
2.0
15
1.0
0.5
072000 2001 2002 2003 2004

Wireless data subscriptions

able to more than 100 million wire-
less users worldwide during 2000,
with about 26 million subscribers
taking advantage of the services.
The number of data users will grow
to more than 240 million by 2005,
the study said.

Larry Swasey, ABI’s vice presi-
dent of communications and the
author of the report, cited the
expansion of GPRSin western
Europe and worldwide growth of
truncated access services such as

WAP as two main reasons for build-
ing wireless data demand.

“As 3G radio channel element
upgrades take place and data strate-
gies are placed into mobile wireless
networks, the handset will become a
much more valuable tool to both the
operator and the user,” Swasey said.

ABI, based in Oyster Bay, NY, is a
technology research think tank tar-
geting the broadband, wireless, elec-
tronics, automation, energy and
transportation industries.

Companies, organizations and
institutions may submit informa-
tion for our News section to:
Shannon O’Connor, Managing
Editor, Applied Microwave &
Wireless, 4772 Stone Drive,
Tucker, GA; 770-939-0157 (fax);
amw@amwireless.com (e-mail).
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Wyle forms RF Vision subsidiary
for component distribution

Wyle Electronies, part of the
VEBA Electronics Group, has creat-
ed a new subsidiary business unit,
RF Vision™, to target the RF/
microwave and fiber optics compo-
nent distribution markets.

The new company, headquartered
at Wyle’s facility in Santa Clara, CA,
is focusing on five primary product
categories — small-signal compo-
nents, RF power devices, RF/IF pas-
sives, RF interconnect and fiber-
optic products. The company also
offers value-added services includ-
ing parametric testing, tape and
reeling, solder dipping, production
qualification, screening and special
cabling.

RF Vision customers will also be
able to use Wyle’s e-commerce sys-
tem to place orders online. Available
at www.wyle.com, the site offers
parts searches, new product and
sample information, total solution

packages and a newsletter.

The new company is operating
initially through 22 sales offices and
expects to expand globally in the
near future, according to company
officials.

Paradigm Wireless created
for power amplifier design
Paradigm Wireless Communi-
cations is a new company formed to
design and manufacture RF power
amplifiers for wireless base stations.
Based in Irvine, CA, with offices
in Korea, the company has made
available its first multi-carrier
power amplifiers, using its patent-
pending Pre-forward Wide-band
Cross-cancellation (PWC) lineariza-
tion technology. This technology
allows for simpler packaging
designs, providing scalability and
flexibility for products using wire-
less communications bands world-
wide, including cellular, PCS and
IMT-2000.



THE NEW STANDARD
REFERENCE FOR MODERN SMALL

SIGNAL AMPLIFIER DESIGN

Small Signal Microwave
Amplifier Design
by Theodore Grosch

SMALL
SIGNAL
MICROWAVE
AMPLIFIER
DESIGN

280 pages
ISBN 1-884932-06-1

This book explains classical and modern techniques for
designing small signal high frequency amplifiers with practi-
cal design examples. Linear network theory and transmis-
sion line principles provide the foundation for an in-depth

discussion that includes broadband amplifier design and
low-noise techniques.

* Overview of design issues for RF and microwave circuits
* Introduction to networks: Z-, Y- and chain parameters
* Transmission line principles and the Smith chart

* Wave vectors and S-parameters

* S-parameter circuit analysis

» Narrowband circuit synthesis and matching THEODORE
* Amplifier design: device data, stability, gain, biasing GROSCH

¢ Broadband matching

* Noise parameters and analysis techniques $ 69.00 Order NP-31

* Design of low-noise amplifiers

This book i1s an excellent reference book for RF and

. ; . ; Instructors:
microwave designers, as well as a textbook for senior and

; : Solutions to the design problems are available
graduate engineering students. J . : :

in an accompanying solutions book, Small
Signal Microwave Amplifier Design: Solutions,
72 pages, ISBN 1-884932-09-6.

Attractive bookstore discounts are offered for small or large
quantity purchases.

$ 19.00 Order NP-32
Book and Solutions
$ 80.00 Order NP-33
For information or to order contact:
Noble Publishing Corporation
4772 Stone Drive, Tucker GA 30084
Tel: 770-908-2320 ¢ Fax: 770-939-0157 Dealer inquiries invited.
PUB www.noblepub.com Price does not include shipping.
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News

Peregrine, Symbol team up
for Bluetooth development
Peregrine Semiconductor and
Symbol Technologies have signed an
agreement to jointly develop solu-
tions for the emerging Bluetooth
wireless high-speed personal area
networking (PAN) market.
Under the agreement, Pere-
grine’s UTSi® (Ultra-Thin Silicon)
CMOS technology and background

in radio frequency integrated circuit
development will be combined with
Symbol’s baseband processing, soft-
ware and systems expertise to create
complete Bluetooth subsystems.
Peregrine will then introduce
Bluetooth integrated circuits, refer-
ence designs and software support
based on the products developed.
Symbol will integrate the new com-
ponents into its application-specific

l
(

Experience and expertise |n materials technology, cable
design and RF development allows HUBER+SUHNER

to meet the stringent demiands of the Test and

Measurement market. |

* Low loss, highly flexible coaxial cable and
assemblies with superior screening effectiveness

* Quick mate adaptors in multiple interfaces -
push on mating redudes RF testing time

* Miniature and subminiature connectors designed
to your stringent electrical requirements

Trust HUBER+SUHNER tp perform in your innovative
test equipment, new test|fixture or existing test set.

Don’t gamble with Performance,

call HUBER+SUHNER today.
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information appliances, data and
voice wireless networks and bar
code and data capture scanner prod-
ucts, as well as providing OEM
Bluetooth radio solutions.
Peregrine, headquartered in San
Diego, CA, designs integrated cir-
cuits based on its UTSi CMOS tech-
nology. Symbol Technologies, based
in Holtsville, NY, provides wireless
and internet-based mobile data
management systems and services.

Videotape set covers
FCC rules workshop

The ACIL Institute is offering a
videotape set covering the five-day
workshop on Federal Communi-
cations Commission rules that was
presented in December 1999. The
set is aimed at those working in
telecommunications whose products
or services will require review by the
FCCor one of the new Telecom-
munications Certification Bodies.

The 20-tape set is 31 hours long
and gives in-depth information on
FCC rules regarding such topics as
telephone equipment and both
licensed and unlicensed transmit-
ters. The set is accompanied by a
CD-ROM containing an index of the
entire set, broken down by part
number, subject and chronological
order, as well as copies of the hand-
outs provided during the workshop.

A related Computer-Based
Training (CBT) program is also
being offered, with 15 modules cov-
ering detailed information on tech-
nical requirements for such areas as
spread spectrum devices and mobile
and microwave radio services.

The packages may be ordered
through ACIL, Tel: 202-887-5872;
Fax: 202-887-0021; E-mail: jdahl@
acil.org; Internet: www. acil.org.

PhaseCom now Vyyo Inc.

PhaseCom Inc., based in
Cupertino, CA, has changed its
name to Vyyo Inc. The new company
web site is www.vyyo.com.

Vyyo provides broadband wireless
access systems for MMDS and
LMDS frequencies.



The Model 990

Flexible Data Acquisition and Waveform Generator System.

Meet our
solution box.

With integrated data acquisition, DSP, and signal synthesis,
the Model 990 is a versatile workhorse device for engineering analysis and system design.
Because in today’s engineering environment, you need to get the most out of your test equipment.

Capture and playback high speed data Matiab® control with builtin SPARC®
Analog /O to 250 MHz
Digital [/O 1 to 16 bit parallel up to 200 Mbytes/sec Control via Ethernet, RS-232, FDDI,
Serial I/O to 2.5 Gbits/sec or monitor & keyboard

Deep snapshot recording (up to 2.5 Gbyte) Custom programming available
Versatile and seamless playback Customize with your own 6U160 VME cards

With features like these, the easy decision is the Model 990. The tough decision is who gets to use it.

Call now for your free data sheet and application notes. e e o o
(800) 374-3560 o o o o Applied
. ﬁj‘* Signal
400 W. California Avenue, Sunnyvale, CA 94086 &é;‘ ¢ o0 TeChHOIOgy; l ne.
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News

BUSINESS AND

Sync Research to merge
with Osicom subsidiary

WAN provider Sync Research
Inc. has announced plans to merge
with the Network Access subsidiary
of Osicom Technologies Inc. The
new company will be called Entrada
Networks.

FINANCE

Osicom’s Network Access sub-
sidiary, based in Annapolis
Junction, MD, manufactures high-
speed local area network (LAN) and
wide area network (WAN) products.
Sync Research, based in Irvine, CA,
manufactures frame relay solutions
and digital transmission products.
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Conexant to acquire Philsar

Conexant Systems Inc. has
agreed to acquire Philsar Semi-
conductor. Philsar will become part
of Conexant’s Wireless Communi-
cations Division.

Philsar, based in Ottawa,
Ontario, Canada, develops RF
semiconductor solutions for wire-
less. Conexant, based in Newport
Beach, CA, provides semiconductor
solutions for communications.

Giga-Tronics receives
synthesizer order

Giga-Tronics Inc.’s Instrument
Division has received an order val-
ued at more than $2.3 million to
provide its three-slot VXI Micro-
wave Synthesizer for Advantest
Corporation.

The Instrument Division of
Giga-Tronics, based in San Ramon,
CA, produces test instruments for
power measurement and frequency
generation.

Motorola NSS awarded
new contract in China

Motorola Inc.’s Network
Solutions Sector (NSS) has
received a new $14.5 million GSM
1800 network contract from
China’s Shandong Mobile Commu-
nications Corporation. The net-
work will be deployed in four major
cities in the province.

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

Signal Technology receives
order from Raytheon

Signal Technology Corporation
has been awarded a $3.6 million
contract to provide audio/video
switches for Raytheon Systems,
Greenville Division.

Signal, based in Danvers, MA,
produces electronic components
and systems for communications,
defense and space applications.
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An Efficient Procedure for
Narrowband Bandpass

Filter Design

Here is a review of lowpass-to-bandpass
example filter operating at 5 GHz

transformations with an

By Zlatoljub D. Milosavljevic and Miodrag V. Gmitrovic
Faculty of Electronic Engineering, University of Nis, Yugoslavia

andpass filters (BPF) may be con-
Bstructed by cascading lowpass
(LP) and highpass (HP) filters.
This type of realization is suitable for

devices with wide bandwidths but is not
convenient for the realization of narrow-

T—— T —— W~

T T

band BPFs, that is, for bandwidths of

less than about 10 percent [1]. This is
related to the high degree (number of
poles and zeros) needed for the filters to

A Figure 1. LP prototype filter with real transmission zeros.

achieve good selectivity. The cascaded
type of realization causes large insertion
losses and poor amplitude flatness.
Cauer and generalized Chebyshev [2,
3] LP prototype filters are very good
starting points for the design of selective
BPFs. This article discusses the BPF

_meE
&

L
T T T

fcm; i EH - ?ﬂ—«

network transformations suitable for

physical realization [4, 5]. These trans-
formations are based on the insertion of
redundancy ideal transformers in BPFs
and the use of Norton’s equivalent networks [6].

A proper choice of transformer transforma-
tion ratio produces a network with a minimum
spread of element values. A new and efficient
numerically-based procedure for getting an
exact solution of optimal parameter ¢ in closed
form is presented in [5]. The lumped element
network ultimately obtained has no transform-
ers and is very convenient for the design of
microwave filters, diplexers and multiplexers
using printed circuit technology.

This article also discusses the efficient trans-
formation for the design of a narrowband band-
pass filter with transmission lines. The use of
suspended substrate techniques [1, 7] allows us
to use highly selective prototypes, which can
achieve excellent performances. The suspended

30 - APPLIED MICROWAVE & WIRELESS

A Figure 2. BPF structure.

substrate stripline (SSS) narrowband BPF
design procedure is introduced by an example
filter with excellent characteristics.

Lumped element network development

A typical LP prototype filter with real trans-
mission zeros is shown in Figure 1. The BPF in
Figure 2 is obtained from the use of a well-
known frequency transformation on element
immitances of the LP prototype filter.

The transformed network in Figure 2 has a
large spread of element values and shunt struc-
tures unsuitable for practical construction.
Since these are very difficult to realize directly,
a more convenient equivalent circuit must be
found. Such an equivalent structure has been
derived [1] and is shown in Figure 3b.
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(a) (b)

L Ly C4
Ly Ly

cz_l_ -|—C3

A Figure 3. Alternative shunt element configurations.

The element values L, C, L_, C_ of the network in
Figure 3b, are defined by relations [1]

b=L,L,C,C,
‘|“a a .
o, =\2+(2) -b
_a ;f a z
“zw(z) b 5
C,L,Cy - Cycr,
:B+:—
a_ —o,
LG, -yt
p= o, —a_
C,=p..C.=p,

L =% andL =%
B B

+ .

By transforming the network in Figure 2 into that of
Figure 3, a more realizable network can be obtained.
The spread of element values is smaller than in the orig-
inal BPE but it is still quite large. The simplest third
degree network obtained in this rnanner is shown in
Figure 4. This structure has the additional disadvantage
that branches connected in parallel cause unwanted par-
asitic capacitance and inductance [6].

The parasitic effects can be removed and the spread
of element values decreased by ingertion of redundant
ideal transformers with the transformation ratio ¢. For
the network in Figure 4, two ideal transformers can be
inserted as in Figure 5. As we can see, both networks
have the same transfer function. Ideal transformers can
be eliminated by Norton’s equivalent networks [6] given
in Figure 6. Equivalencies should be used twice on the
parts of the network in Figure 5 designated with large
brackets. It should be noted that one of the serial imped-
ances in Norton’s equivalent network always has a neg-
ative value. In many instances it is possible, using the
other part of the network, for the ultimately trans-
formed network to have all positive element values. The
network in Figure 7 is obtained by transforming the net-
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A Figure 4. Transformed BPF.

L €y 1:¢ L4 C4
o—fw\—| I—o
Ly Ly
g 12 12 a
CztzT TC3I2

A Figure 5. BPF with ideal transformers.

work in Figure 5 with equivalencies in Figure 6. The last
BPF element values are

L'l =L, +L2t;1’i':i+t__%

le 2‘1‘22,0’2 ZCQt

. 1-¢ 1 1 1 1-1¢
Ly=(Ly+Ly) = —=| —+— |—
I [Cz 03] 2

(2)

t-1 1 1

. t-1
Li=L,+Lyj— —=—+——
P e, 0y Oyt

A sufficient condition for all the network element val-
ues in Figure 7 to be positive is

max L , G, , Ly , Cy <t<l (3)
L +L, C,+Cy, Ls+L, C5+C,

By inserting the two ideal transformers in the net-
work shown in Figure 5, the resulting network has two
additional elements. Element values depend on the
value of the redundancy factor ¢, and the last network is
without transformers. By inserting two transformers
with different transformation ratios ¢; and ¢,, it may be
possible for the transformed network to have only one
additional element. In this case the transformed net-
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work is also without transformers, but has different
lOﬂdS, RS * RL'

The optimum value of parameter ¢ can be found in
closed form [5]. The first step in getting optimal ¢ is cal-
culating maximum and minimum values of inductances
and capacitances for the discrete values of the parame-
ter ¢ from the range defined by Equation (3). If the aim
of the BPF design is to minimize the ratio between the
maximum and minimum values of reactive elements, it
can be noted that for the chosen step At, there is a value
t for which this condition is fullfilled. The next step is
equating minimum or maximum vealues of inductances
or capacitances that change values in the vicinity of the
chosen value ¢. This gives an equation which yields the
optimum value of ¢.

Distributed element network development

The next step in designing a narrowband BPF is to
transform the lumped element BPF into one with dis-
tributed elements. Inductors are replaced with short-cir-
cuited capacitors and capacitors with open-circuited
transmission lines. In the case of the third degree BPF
given in Figure 7, a transformed BPF with ideal trans-
mission lines is given in Figure 8. The electrical length
of all transmission lines is 8,= 45° at the band center
frequency f, .

The BPF obtained this way usually has transmission
lines with characteristic impedance values that are too
high to be practical for realizaton in printed circuit tech-
nology. Therefore, a transformation should be applied on
the last BPF. The impedance values of the filter could be
scaled to the lower values:

Z,; = Zei Li=12,...10 (4)
n

and gyrators should be introduced at input and output
to transform all impedances to the characteristic imped-
ance at the input and output port, Z,.. The gyrators’ con-
stant is:
rZe (5)
\n

Parameter n from the equations (4) and (5) is a positive
number.

A ladder BPF network can be efficiently character-
ized by ABCD parameters, as seen in Figure 9. For reci-
procal networks AD - BC = 1, and for symmetrical
networks A = D. The use of ABCD parameters at
microwave frequencies is not very convenient from the
measurement point of view. Scattering matrix formula-
tion is a more general method of representing
microwave networks. Therefore, conversion from the
ABCD-matrix to the S-matrix for reciprocal and sym-
metrical network from Figure 9, gives [8]:
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A Figure 6. Norton's equivalent networks.

L ¢ Ly G Ly Cs
— 50| b=
L, L‘4
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A Figure 7. BPF structure ultimately obtained.

c'z_l_

B-CZ?
S, =5,=——"—""€¢ (6)
N T 947 + B+ CZ?
27
S, =8, =— 2%
T T 0AZ + B+CZ? )

A transformed network from Figure 9 with scaled
impedance values as in (4). This network with two gyra-
tors defined by (5) is shown in Figure 10. It can be
shown that this network has the next S-matrix

Ze ‘ izcmt

—_—

ZC ZC'

A Figure 9. A generalized two-port network.
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Sﬁ = 852 =-S5 =-S5y (8)
sz = Szg1 =813 =5y (9)

Equations (8) and (9) show that the transformed net-
work has the same S-parameters as the original net-
work. The only difference is a phase shift of 180° for the
reflection coefficients S§; and S3.. This fact enables the
use of this network for the BPF realization. In the case
of a narrowband BPF it is possible to realize gyrators as
low impedance transmission lines one-quarter wave-
length long at band center, with characteristic imped-
ance Z, = r and electrical length 8 = 90° at the center
frequency f..

In the next step, series connected, short-circuited and
open-circuited transmission lines in parallel branches
should be replaced with cascade-connected transmission
lines to obtain shunt stubs suitable for practical realiza-
tion. This is illustrated in Figure 11 and characteristic
impedance values are defined by

ZUB = Z(rl + Z(:Z’Zz:4 = é‘ztﬂ (10)

Zc-Z

Another problem for printed circuit realization of the
BPF is existance of short-circuited transmission lines in
series branches. In the case of the third degree filter,
those are scaled values Z,;, Z,; and Z. This disadvan-
tage can be removed by realizing these lines using short
transmission lines with high characteristic impedance

values Z_, and electrical lengths:
Z.; 180
6; = 24 =2 i =159 (11)
Y Zy ow y

ch

The final BPF structure with ideal transmission lines
is given in Figure 12.

BPF design example

A design procedure for BPF in SSS technology can be
given by example. A narrowband BPF, with passband
frequencies of f; = 4875 MHz and f; = 5125 MHz, is a
particularly good design example. In this case, the cen-
ter frequency is f, = (f1fy)V% = 4998.4373 MHz and the
bandwidth is approximately 5 percent of f,. Cauer’s LP
prototype third degree filter given in Figure 13 is trans-
formed into a bandpass prototype filter (BPPF) with
the normalized center frequency €, = 1. The LP pro-
totype filter C0325-28 |9] has maximum attenuation in
the pass-band o, = -0.2803 dB, minimum attenuation
in the stop-band o, = -30.4 dB, and element values are
Ly, = 1.221240, Cy, = 0.985344 and Ly, = 0.172857.
From the Richards frequency transformation

Q,, =tan0, =tanw T (12)
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A Figure 10. A transformed two-port network.

A Figure 11. Equivalent circuits.

the time delay 7' = 1/(8 £.) = 2.5008 x 10-!'s can be cal-
culated. The normalized bandwidth of the BPPF is B, =
tanw, T — tanw; 7' = 0.0786449. Applying the previously
presented procedure, the LP prototype filter given in
Figure 13 can be transformed into a BPPF as shown in
Figure 7.

The optimum value of parameter ¢ can be found in
closed form [5]. Equation (3) gives 0.2382307<¢<1. The
first step in getting an optimum value of ¢ is calculating
maximum and minimum values of inductances and
capacitances for the discrete values of the parameter .
It is shown in Table 1.

If the aim of the BPF design is to minimize the ratio
between the maximum and minimum values of reactive
elements, it can be seen from Table 1 that for 0.3 <¢<0.9
and step At = 0.1, ¢ = 0.6. Maximum and minimum val-
ues of reactive elements change the values in the vicini-
ty of + = 0.6. Therefore, it is necessary to calculate
extreme values for t = 0.55 and ¢ = 0.65.

For t = 0.55, the values are

Lo = L'5 = 131974, L, = L'y = 7.3001,
Cax = C'y = 0.136984, Cyy, = C'y = 0.0757725,
Lmax/Lmin = Cmax/Cmin = 1.808

For ¢t = 0.65, the values are

L...=L,=13.3666,L,,, =L,=6.17701,
Chax = C'y = 0.161891, C,;,= C'5 = 0.0748134,
LinaxLinin = Crmax/Cpmin = 2.164

To obtain a closed form for the exact values of optimal
parameter ¢, it is necessary to notice that for ¢ < 0.55 the
maximum inductance value is L, = L'5, and for ¢ >
0.55 it is L, = L. Equating L'y = L';, the optimal
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P P
ASS TFULTTERS
t Lmax "-rnln Lmax/’-min cma\x Cmin Cmax/cmin
0.3 L'y =69.0012 | L'5=4.19663 16.442 C'; = 0.238287 C'3 = 0.0144925 16.442
0.4 L'y =332684 | L's=8.24374 4.035 C'; = 0.121304 C'; = 0.0300585 4.035
0.5 L'y =17.7432 | L', =8.03011 2.209 C'y = 0.124531 C'y = 0.0563597 2.209
0.6 L'y=128518 | L, =6.59176 1.920 C', = 0.149438 C's = 0.0778099 1.920
0.7 L'y =13.8078 | L';=543158 2.542 C3 = 0.184108 C's = 0.0724229 2.542
0.8 L'y =145248 | L5 =2.77237 5.239 C5 = 0.360702 C's = 0.0688479 5.239
0.9 L'y =15.0824 | L'y=1.09526 13.771 C'y = 0.913027 C's = 0.0663024 13.771
A Table 1. The extreme element values for 0.3 <t < 0.9.
1 L1p L1p
L
Z,0 .0 E 2p 1

A Figure 12. The approximated BPF structure with ideal
transmission lines.

redundancy parameter

2
N L,+L,
L, +L,

(13)

oLy L,
2Ly +Ly) || 2Ly +Ly)

is obtained and the calculated value is ¢ = 0.560862. The
same value could be calculated from the requirement C';
= ('3, because we started from the symmetrical LP pro-
totype filter. The element values for the BPPF are L'} =
12.3849, C'; = 0.0852805, L'y = 7.15873, C'y, = 0.115486,
L'y = 12.3849, C'y = 0.0807437, L', = 8.65905, and C;
= 0.0807437. The ratio between the maximum and min-
imum values is L ,/Lnin = Chnad/Cmin = 1.73. The
obtained structure of the BPPF is very convenient for
realization in the printed circuit technology, because it
has a minimum spread of element values.

The next step in SSS BPF designing is transforming
the BPPF into the BPF with ideal transmission lines.
The characteristic impedance at the input and output
port is Z, = 50 Q. This BPF is shown in Figure 8. All
transmission lines have the same electrical lengths of 8,
= 45° at the center frequency f,. The characteristic
impedance values are

Z,=L\Z, =619245Q,7Z., = Z/C| = 586.3005 €,

Z.y=LyZ, = 351.9365Q,Z,4 = Z,/Cy = 432.9525 Q,
Z=L43Z, =619245Q,Z = Z,/C'5 = 619.24336 Q,
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A Figure 13. Double terminated LP prototype filter.

Z.=L,Z, = 4329525 Q, Z., = 357.9543 Q,
Z. = L'sZ,. = 586.3 Q, and
Zpo = ZJC'5 = 619.24336 Q

It can be seen that transmission lines have too high
characteristic impedance values to be practical in SSS
technology. Therefore, a transformation should be applied
on the last BPF by scaling impedance values and intro-
ducing gyrators as described earlier. For this example, n
= 16 in equations (4) and (5), and the electrical length of
the gyrators is 8 = 90° at the center frequency f..

Shunt stubs suitable for practical realization are
obtained by using the transformation given in Figure 11
and equation (10).

Short-circuited transmission lines in series branches
may be realized using short transmission lines with high
characteristic impedance, Z.,= 150 €, and electrical
lengths given in Equation (11).

The final BPF structure with ideal transmission lines
is shown in Figure 12. The element values are

z:? =12.5Q,Zy = 150 Q, Z 5 = 36.643781 Q,
Z' 5 = 49.430588 Q, Z" ., = 59.790262 Q,

Z ¢ = 38.70271 Q, Z" ., = 49.430495 Q,

7' = 40.865742 Q, Z .1, = 38.70271 Q,

0 = 90° 0, = 14.783386, 0, = 45°,

65 = 14.783386°, 6, = 13.996881°

All electrical lengths are calculated at f = f.

The next step in the BPF design is the calculation of
real printed circuit parameters with SSS and broadside
coupled SSS (BCSSS) transmission lines. The chosen
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Zc Zch Z‘CZ Z”C3 Zuc4 Zch ZCG z c7 4 c8 Zch Z‘c10
G 0, 6, 0, 0, 05 0, 0, 0 By 0,
w (mm) | 27.11 0.58 3.087 5.39 4.09 0.58 5.706 5.39 6.99 0.58 8.889
I (mm) 14.51 2.15 4.542 6.97 6.91 2.15 3.355 6.97 7.01 2.03 2.361

A Tahle 2. Physical dimensions of SSS and BGSSS transmission lines for BPF.

substrate is Cu-Flon with relative dielectric constant ¢,
= 2.1, substrate thickness A = 0.7874 mm, conductor
thickness ¢t = 0.0127 and upper and lower ground plane
to substrate spacing i, = h; = 1.7 mm. All transmission
lines except Z.o, Z., and Z.,, are synthesized by using
SSS transmission lines in the LineCalc program. Open-
circuited transmission lines with the characteristic
impedances Z., Z,q, and Z.;, are modeled with BCSSS
transmission lines [10] by use of the tuning and opti-
mization procedure in the Libra program. The calculat-
ed width and length values of all transmission lines are
given in the Table 2.

The last step is drawing the BPF layout in the
GasStation program. Calculated transmission charac-
teristics of the designed filter are shown in Figure 14.
The given characteristics are for the filter in Figure 8
(BPFIT), for the filter in Figure 12 (BPFITA) and for the
filter in suspended substrate technology (BPFSSS). It
can be seen that the designed filter in SSS technology
corresponds very well to the filters with ideal transmis-
sion lines. The layout for designed filter is shown in
Figure 15. The designed filter should be realized and
tested very soon and measured characteristics will be
given in a future article.

Conclusion

This article has presented A design technique for a
physically realizable selective band-pass filter. This tech-
nique enables narrow-band SSS filters to be designed. In

this article, transformations of BPFs have been given
based on the insertion of ideal transformers and the use
of Norton’s equivalencies. The closed form of the opti-
mal redundancy parameter ¢ has been obtained. A few
very efficient transformations and approximations con-
venient for the design of BPF with transmission lines
have been given. The design procedure has introduced
by one example of BPF designed in SSS and BCSSS
technology. It is shown that a BPF can be designed very
efficiently by using the presented technique. &
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A Figure 15. BPF layout a) upper side and b) lower side.
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Techniques for

Small-Signal Modeling

Designers should remember to include stability and maximum available gain

in their models

By Christopher Giusto and Dr. Carl White

COMSARE, Morgan State University

perennial wisdom is that if you

can match the S-parameters,
then you will have an excellent
model. However, this is not always
the case. The input and output
reflection coefficients, along with
the stability factor K and the maxi-
mum available gain, are also very
important optimization goals for a
model. These goals are rarely met
for a typical small signal model.

n small signal modeling, the
Gate

2 2
g =T
-

Drain

":Cda

Matching the S-parameters from
data can be accomplished through
optimization of intrinsic and
extrinsic elements. This created
model may not be accurate; the maximum avail-
able gain and K may not meet with the data’s
characteristics. Therefore, watching these para-
meters allows for a more accurate model.
Adding reflection coefficients, max gain and K
as goals allows the model to be as precise as pos-
sible. In the past, & model would be generated
without any knowledge of the reflection coeffi-
cients, maximum gain or K and sent on to a
designer. Any credible designer would automat-
ically label it as unreliable and not use it for
designing.

Modeling procedure

From a modeler’s standpoint, there is a fine
line between a good model and an accurate one.
Small-signal modeling starts by looking at the
equivalent circuit (Figure 1). Starting with mea-
sured S-parameter data, the first step is to use
parasitic values calculated by commercially
available software, such as Agilent’s ICCAP, for
a test device. For this example, a PHEMT device
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A Figure 1. Small-signal transistor equivalent circuit model.

was used at a drain voltage of 2.5 V and a gate
voltage of -0.7 V.

Next, an in-house extraction program was
used to generate starting values for the intrinsic
elements:

&m = 157.72 mS
Tau = 1.71 oms

R; = 0.81 ohms
R4, = 155.01 ohms
Cys = 148.15 fF
Cyq = 49.59 fF
Cy = 664.18 {F

Commercially available simulation software
such as Agilent’s Advanced Design System 1.1 is
then used to optimize the model using s-para-
meters only, as the goals. The new intrinsic val-
ues are:

gm = 1552 mS
Tau = 0.8 ms
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A Figure 2. S-parameters, red = data, blue = model.

R; = 1.85 ohms
R, = 180.3 ohms
Cys = 150.5 fF
Cyq = 62.0 fF

Cys = 662.7 {F

Figure 2 shows that the S-parameters were matched
very well, but Figure 3 shows that the reflection coeffi-
cients, max gain and K for this model are not as accu-
rate. So by logical deduction the next process is to model
these indicators as well as the S-parameters.

The new procedure is to add optimization goals for
reflection coefficients, maximum available gain and sta-
bility factor K. The equation goals for ADS are:

Stability Factor, K

K _ratio = our_k/our_k2

(our_k = data’s K, our_k2 = model’s K)
with this ratio goal set to a magnitude of 1.

Maximum Available Gain
maxg_ratio = our_maxg/our maxg2
(our_maxg = data, our_maxg2 == model)
with this ratio goal set to a magnitude of 1.

Input Reflection Coefficient

smgl_ratio = our_smgl/our_smgl 2

(smgl = data’s, smgl 2 = model’s)
with two ratio goals, one for magnitude set to 1 and
another for phase set to 0.

Output Reflection Coefficient

smg2 ratio = our_smg2/our_smg2 2
(smg2 = data’s, smg2 2 = model’s)
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A Figure 3. (A) Reflection coefficients, red = input for data,
blue = input for model, pink = output for data, light blue
= output for model. (B) Stability factor, K, red = data,
blue = model. (C) Max available gain, red = data, blue =
model.

with two ratio goals, one for magnitude set to 1 and
another for phase set to 0.

Now the small-signal modeling procedure is started
all over again. Extracting the original data gives the
same starting points for the intrinsic values, but now
optimizing the S-parameters with the reflection coeffi-
cients, max gain and K as added goals. This gives the fol-
lowing value for the intrinsic elements:

&m = 145.1 mS
Tau = 0.4 ms

R; = 0.15 ohms
R, = 160.3 ohms
Cy = 110.0 fF
Cyq = 54.0 fF

Cgs = 652.0 fF

Figure 4 show the new S-parameters and Figure 5
shows the matched coefficients, gain and K. As dis-
played, it takes only slight adjustments of the elements
to match our goals.
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A Figure 4. S-parameters, red = datla, blue = model.

Application example

A good example to illustrate the importance of reflec-
tion coefficients is the design of a simultaneously conju-
gent match amplifier. The process in designing this type
of amplifier starts by taking the device data or model
and matching the input and output reflection coeffi-
cients. If the designer uses a model that has not proper-
ly matched the reflection coefficients, then their ampli-
fier when simulated, will not attain the maximum gain
and in production will be an inferior device.

In the case of a matched amplifier the model’s reflec-
tion coefficients are the most important characteristics.
Without this parameter, a designer will have no need for
a small signal model; all the elements will have a higher
degree of inaccuracy.

Conclusion

In short, small signal modeling has been a somewhat
inaccurate field of study from the point of view of a
designer. However, this paper hopes to show new tech-
niques that will add the proper indicators and optimiza-
tion goals to the modeling procedures to give the most
accurate and credible model possible. [ |

Note

All graphs and optimizations were computed and pro-
duced by Agilent’s Advanced Design System 1.1 with
support from Agilent’s ICCAP 5.0.
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Ericsson Delivers (;

COLDMOS™ FETs

Product
Number

Frequency
Mhz

Pout
Watts

Gain

dB

Supply
Voltage

Package
Number

Internal
Matching

____________To 1.0 GHz— GOLDMOS FET

PTF 10136 1000 6 18.0 28 20244 N
PTF 10147 1000 10 15.0 26 20244 N
PTF 10137 1000 12 13.0 28 20244 N
PTF 10007 1000 35 12.0 28 20222 N
PTF 10052 1000 35 12.0 28 20235 N
PTF 10015 1000 50 12.0 28 20235 N
PTF 10031 1000 50 12.0 28 20222 N
PTF 10139% 1000 60 12.0 28 20235 N
PTF 10138%* 1000 60 12.0 28 20222 N
PTF 10009 1000 85 12.0 28 20230 N
PTF 10049 470-860 85 12.0 32 20240 I
PTF 10159 470 -860 120 12.0 32/28 20240 I
PTF 10019 860900 70 13.0 28 20237 1
PTF 10133 860-900 85 13.0 28 20237 I
PTF 10100 860-900 165 12.0 28 20250 I
PTF 10162 860-960 18 14.0 26 20222 N
PTF 10036 860-960 85 11.0 28 20240 I
PTF 10160* 860960 85 15.0 26 20248 IO
PTF 10020 860-960 125 11.0 28 20240 I
PTF 10149 921-960 70 15.0 26 20252 1

L 1.0-2.2 GHz — GOLDMOS FET

PTF 10111 1500 6 15.0 28 20222 N
PTF 10107 2000 5 11.0 26 20244 N

PTF 10135 2000 5 11.0 26 20249 N
PTF 10041* 2000 12 10.0 26 20249 N
PTF 10053 2000 12 10.0 26 20244 N
PTF 10021 1400 — 1600 30 11.0 28 20237 I/O
PTF 10125 1400 —-1600 135 11.5 28 20250 /O
PTF 10045 1600-1650 30 10.0 28 20222 N
PTF 10112 1800-2000 60 11.0 28 20248 /O
PTF 10153* 1800 - 2000 60 12.5 28 20248 /O
PTF 10120 1800-2000 120 10.0 28 20250 IO
PTF 10043 1900 —-2000 12 11.0 26 20222 I

PTF 10035 1900 -2000 30 11.0 28 20237 IO
PTF 10123* 2100-2200 5 11.0 28 20244 N
PTF 10119 2100-2200 12 10.0 28 20222 I

PTF 10048 2100-2200 30 10.0 28 20237 I/O0
PTF 10122 2100-2200 50 10.0 28 20248 IFe]
PTF 10134 2100-2200 100 10.0 28 20250 [/O

Note: An “*” next to the product part number indicates the specifications are preliminary and subject to change without notice. Please contact your

sales representative for further product information. Complete product information is available on our Website at: www.ericsson.com/rfpower.
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DSP PRODUCTS |

150 MHz DSP includes
3 Mb of on-chip RAM

Motorola has announced volume
production of its DSP56311, with 3
Mb of on-chip static RAM and a 150

-----

| DSP56311

processor (EFCOP). EFCOP can
perform echo cancellation while the
core processor performs compres-
sion or other signal processing
~functions, increasing the effective
MIPS from 150 to 270 in some
applications. The DSP56311 uses
the company’s HIP4 0.18 micron
process for high performance and
modest power consumption. Code
and footprint of the device are com-
patible with previous generation
DSP products in the 56300 family.
In quantities of 50,000, the
DSP56311 is priced at $36 each.
Evaluation boards and develop-
ment tools are also available.
Motorola

Circle #157

DSP-based paging infra-
structure transmitter

Sonik Technologies Corporation
has introduced the PTX-150, using
DSP technology in a VHF transmit-

ter for high speed FLEX and simul-
cast operation. The transmitter is
designed to generate all modern
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paging formats, including POC-
SAG, FLEX and ERMES. Standard
power output is 100 watts continu-
ous. Optional amplifiers can pro-
vide 250 or 500 watts output. Up to
16 channels can be preset for multi-
channel operation over the 138 to
174 MHz frequency range. For
simulcast operation, the internal
+1 ppm TCXO can be locked to an
external reference. Precision con-
trol over carrier offset and delay
equalization is provided. A separate
data port provides access to diag-
nostics and controllers.

Sonik Technologies Corporation

Circle #158

DSP development tools

get C++ support

Analog Devices has added C++
language support to its Visual DSP®
integrated development environ-
ment for programming DSP sys-
tems. Support of this widely-used
programming language enables
more programmers to take advan-
tage of real-time processing using
DSPs. VisualDSP provides support
for ADI's product families, includ-
ing SHARC®, TigerSHARC™,
ADSP-182x and ADSP-219x DSPs.
The first version, available now, is
used with the ADSP-2106x/2106x
SHARC DSP family.
Analog Devices, Inc.
Circle #159

Wideband amplifiers power
immunity testing

Kalmus, a Division of Thermo
Voltek, has added two new models
to its 7000 series. The 7200LC (200
watts linear) and 7400LC (400
watts linear) each cover the fre-
quency range of 20 to 1000 MHz in
a single band. This power level and
coverage is well suited for a variety
of broadband applications, includ-
ing radiated RF immunity testing.
The amplifiers are class A linear,
designed to be driven from 0 dBm
sources. They feature low harmon-

ics and spurious outputs, infinite

| VSWR tolerance and remote con-

trol via an optional RS-232 inter-
face. Indicators and controls can be
set or monitored manually or
remotely. The 7000 series ampli-
fiers are all specified by linear
power (1 dB compression point),
avoiding confusion caused by less
precise specifications.

Kalmus, Division of Thermo Voltek
Circle #160

Multiplier and amplifier
provide W-band output

United Monolithic Semiconduc-
tors (UMS) introduces the
CHU2277, a P-HEMT MMIC that

includes a frequency doubler and
medium power amplifier. The
CHU2277 is designed for an input
of 37.5 to 40 GHz, providing two
outputs at twice that frequency
(e.g. 77 GHz), one at 13 dBm for the
transmit chain and another at 9
dBm for the receive mixer.

United Monolithic Semiconductors
Circle #161
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PA provides +20 dBm for

Bluetooth radios

Maxim Integrated Products
offers the MAX2240, which pro-
vides power amplification control-
lable from less than +4 dBm to +20
dBm for Bluetooth, IEEE 802.11, |
HomeRF and other 2.4 GHz radio
applications. Integrated 50 ohm
output matching reduces external
parts requirements. The MAX224(0

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 mest
customer specified requirements for
surface mount applications on printed
circuits and microwave substrates.

Semi-Rigid Coaxial Cable Specialists
TEL (978) 372-6386 = FAX (978) 373-8024
P O. BOX 8222, Haverhill, MA 01835
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operates from a 2.7 to 5.0 volt DC
supply, drawing 105 mA in transmit
mode and 1 pA in shutdown mode.
The device’s ultra-chip-scale pack-
age (UCSP) occupies 16 percent of
the area required by an 8-pin
MSOP package. Pricing starts at
$1.75 each in quantities of 1,000 or
more. A fully assembled evaluation

| board is available.

Maxim Integrated Products
Circle #162

VHF modular amplifier

delivers 5 watts
Mini-Circuits’ model ZHL-03-
5WF is a 5-watt power amplifier for
use in the 60 to 300 MHz frequency
range. When operated from a +24
VDC supply, the broadband amplifi-
er provides a typical gain of 35 dB
+1.0 dB, maximum power output
of +36 dBm (P4p) and +47 dBm
IP5. The units can be used with up
to 28 volt supplies and are equipped
with a heat sink and built-in fan

with thermal shutoff. In small
quantities (1 to 9 units) the ZFL-
03-5WF is priced at $495 each.
Mini-Circuits

Circle #163

InGaP HBT module covers
1920 to 1980 MHz

Celeritek announces the
CHP2230-PM, a linear efficient 3-
stage power amplifier, covering
1920 to 1980 MHz and designed for
the requirements of 3G WCDMA
handsets and infrastructure equip-
ment. It offers 30 percent linear
power added efficiency at 28 dBm
output, under 3X WCDMA modula-
tion. The amplifier operates from



You are on a power trip...

you design amplifiers and every last dBm counts.

rely on Harmonica

You don't want any surprises when the part that performed so well during
simulation is built and tested. No shifted gain. No premature saturated power

or unaccounted spectral regrowth...and certainly no oscillations.

Successful amplifier designs demand optimal ACPR, power, IP3, nonlinear
stability and yield. That's why many engineers are turning to
Harmonica, the most powerful high-frequency circuit design solution
\ available for the PC desktop. With physics-based distributed
models and a time-tested

Harmonic Balance engine, Power Tri p

Harmonica delivers superior
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speed, accuracy, power and
functionality. And as a part of
Ansoft's Serenade Design
Environment, Harmonica
offers seamless links to
layout, system simulation,

electromagnetics, and third-party tools.
After all, every dBm counts.

Discover the difference Harmonica makes in the
design of amplifiers, mixers, oscillators, filters,

.f..-‘~‘-" matching networks and other components in

your wireless design.

For your free evaluation copy of Harmonica or

any of the tools in Ansoft's Serenade Design
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' = = \\“;} N R Environment call 412-261-3200 high performance EDA
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as low as 3.2 VDC from a single |
supply and has 30 dB gain at the

rated operating power output. The
CHP2230-PM has a 6 mm square
by 1.7 mm high package. Pricing is
as low as $7.10 each in volume
quantities.

Celeritek, Inc.

Circle #164

S-band amplifier delivers
+49 dBm output

Aethercomm introduces the

SSPA2.2-2.6-80, a high power solid
state amplifier for commercial or
military systems. The amplifier
covers the 2.2 to 2.6 GHz frequency

range with greater than 30 dB gain
and a rated power output (Py4p) of
+49 dBm with power added effi-
ciency of 35 percent (typical). The
noise figure is less than 6 dB and
input/output VSWR is better than
2.0:1. The amplifier operates from a
12 VDC supply.

Aethercomm, Inc.

Circle #165

ANTENNAS

23 GHz flat plate antenna

Andrew Corporation has
announced the 0.3 meter 23 GHz
ValuLine® flat plate antenna. The

54 - ApPLIED MICROWAVE & WIRELESS

antenna gives wireless operators a
new option for low visibility anten-
nas in short haul point-to-point
communications. Pattern perfor-
mance matches that of shielded

antennas, but in a package less that
46 mm deep. The ValuLine antenna
weighs less than 33.6 kg and has a
quick and easy mounting system
with adjustment in both the
azimuth and elevation planes.
Andrew Corporation

Circle #166

Omnidirectional antennas
for 1.9 and 2.4 GHz

SuperPass offers new omnidirec-
tional antennas for 2.4 GHz WLAN

and 1.9 GHz PCS applications. The
antennas are available with 2, 4.5,
5.5, 6.5 and 7.5 dBi gain and fea-
ture VSWR <1.5:1. They are sup-
plied with SMA, TNC or type N

connectors and may be customized |

for reverse polarized connectors. A
UV protection radome permits
indoor or outdoor installation.
SuperPass Company Inc.

Circle #167

SOFTWARE

Impedance calculator

helps design PCBs
The CITS 25 field-solving

Controlled Impedance Calculator
from Polar Instruments has been

upgraded to include impedance cal-
culation equations for coated,
embedded, offset and other copla-
nar structures. High performance
PCBs require controlled impedance
traces to support high bandwidth
memory. Fourteen coplanar struc-
tures are included, with automatic
prediction of propagation delay for
optimization of trace length. CITS
25 Version 2 is priced at £495.
Polar Instruments Ltd.

Circle #168

RF simulation and

modeling tools

Xpedion Design Systems offers
two EDA products, GoldenGate/
SIM™ and GoldenGate/NN Model
Compiler. GoldenGate SIM is an RF
and subsystem simulation and
analysis tool that offers linear RE
harmonic balance and envelope cir-
cuit simulation tools with unique
stability and phase noise analysis
capabilities. GoldenGate/NN Model
Compiler is a behavioral modeling
tool using a patent-pending neural
network technique to accelerate
runtimes. GoldenGate/SIM  is
priced at $55,000 list for Unix plat-
forms, or $10,000 to $40,000 for
Windows™ systems. GoldenGate/
NN-Model Compiler is $75,000 for
either UNIX or PC.
Xpedion Systems
Circle #169



FROM
$4.45

2T0O 500MHz RF TRANSFORMER
HAS 3:1 IMPEDANCE

Mini-Circuits has unveiled the TCM3-1T, a
2 to 500MHz broad band surface mount
RF transformer operating with a 3:1
impedance ratio. Referenced to midband
loss (0.5dB typ), insertion loss is 1dB from
5MHz to 300MHz, and 2dB band wide.
Maximum operating temperature is -20°C
to +85°C. Open case design has plastic
base with solder plated leads, and
applications include impedance matching.
RF power is 250mW (max.).

FROM
$82.95

2.5 TO 6000MHz BIAS TEE HAS
BROADBAND COVERAGE
Mini-Circuits has developed
ZNBT-60-1W, a new broadband bias tee
for 2.6MHz to 6000MHz. Ruggedly
constructed with Male-N and Female-N
connectors standard, these high power
1W RF (0.5A dc current), low cost units
typically provide low 0.6dB insertion loss
and good 1.10:1 VSWR. Applications
include biasing of laser diodes and active
antennas, biasing amplifiers, and test
accessory. Maximum operating temperature
is -55°C to +100°C.

the

I,.'..,‘.,IMlﬂl-Clrcults

LEVEL 7 MIXER FOR CELLULAR
AND VHF/UHF RECEIVERS
mw Mini-Circuits has added a 200
lt to 1000MHz mixer to their low
cost, low profile family of patent
pending “Innovative Technology” surface
mount mixers. The ADE-4 typically
features low 6.8dB conversion loss,
good 53dB L-R, 40dB L-I isolation,
and 15dBm IP3 at center band. The
ultra-low profile 0.112” package is
equipped with solder plated leads for
excellent solderability. A 5 year Ultra-Rel®
guarantee is included.

VHF VCO PERFORMS

WITH LOW NOISE

This 125 to 176MHz JCOS-175LN voltage
controlled oscillator from Mini-Circuits
features low -158dBc/Hz phase noise at
1MHz offset, flat 3-6MHz/V typical tuning
sensitivity, and operates from a 12V
power supply (20mA max. current). The
VCO is designed for 50 ohm VHF-TV
applications requiring 1 to 17V (min. to
max.) tuning voltage and 3.7dBm typical
power output. Typical 3dB modulation
bandwidth is 2900kHz. Available from stock.

: FROM
$49.95

&

FROM
$9.95

800 TO 2500MHz MIXER HAS
REPEATABLE PERFORMANCE
Mini-Circuits patented family of MBA
model Blue Cell™ mixers deliver a unique
combination of low conversion loss, superb
temperature stability, thin 0.07" profile,
and low cost. This level 17 (LO) MBA-12H
model for B00MHz to 2500MHz operates
with 30dB L-R, 13dB L-I isolation and low
6.8dB midband conversion loss (all typ).
Wide ranging applications include satellite,
ISM, PCMCIA, WLAN, PCN/PCS wideband
LDMA, and cellular. Operating temperature
is -40°C to +85°C.

1.8TO 2.2GHz 2WAY SPLITTER

1S FEATURE RICH

Outstanding characteristics of Mini-Circuits
patented 2way-0° SBA-2-2 Blue Cell™
power splitter/combiner includes superb
temperature stability within the 1800 to
2200MHz band, low 0.07" height, ceramic
multi-layer design, high repeatability, and
low cost. Electrically, these 50 ohm units
display low 0.5dB typical insertion loss
and excellent 0.7dB amplitude, 7 degrees
phase unbalance (max.). Typical isolation
is 22dB. Applications include PCS.

us 86 INT'L 96

CIRCLE READER SERVICE CARD

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

Morif

ISO 9001 CERTIFIED

™The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www. minicircuits.com
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Plotting and graphing soft-

ware for data analysis

SPSS Inc. now offers SigmaPlot
2000, graphing software for precise,
high-quality graphs for analysis
and presentation. New graph types
cover a wide range of error analy-
sis, including asymmetric error
bars, range plots, quartile plots and
high-low-close plots. Mathematical

Power Spectral Density

Synthesizers ~ Exciters ~ Local Oscillators

for
The Broadband Wireless & LM DS Markets

MSI is located in Sonoma County, California’s Wine Country
Sales (707) 573-4315 Fax: (707) 527-7176

Wwww.microsource -inc.com

"vsi MICROSOURCE INC.

%/ GLOBAL MICROWAVE SOLUTIONS
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data transformations are supported
without programming, and a
Function Plotter handles user-
defined and parameterized equa-
tions. SigmaPlot 2000 runs under
Windows™ 95, 98, 2000 or NT and
is compatible with major word pro-
cessing and presentation software,
including HTML output. The soft-

| ware is priced at $599.

SPSS Inc.
Circle #170

EMI measurement program
Version 2.5 of the EMI
Commercial Measurement Pro-
gram, EMICMP, for the Anritsu
MS2601B  spectrum  analyzer
includes both conducted measure-
ments from 9 kHZ to 30 MHz and
E-field measurements from 30
MHz to 2 GHz. EMICMP can mea-
sure trace data as well as individual
signal data. Amplitude accuracy is
enhanced beyond the spectrum
analyzer’s specifications. A Dual
Site option facilitates measure-
ments in the presence of ambient
signals. Pricing is $750 for the E
field Ex field module, $500 for H
field, $600 for conducted FCC and
VDE measurements and $300 for
the analysis package.
EMC Consulting
Circle #171

SEMICONDUCTORS

Low noise HJ FETs

California Eastern Laboratories
announces availability of two het-
erojunction FETSs

from NEC,

designed for low noise amplifier
stages in DBS receivers and other
X- and Ku-band receiver designs.
With a noise figure of 0.35 dB at 12



30 Day Trial Software
Free Download from
www.mwoffice.com

The World of RF & Microwave
Design has Changed Forever!

Microwave Office 2000 is the revolutionary
high-frequency design solution that is changing
all the rules! This award winning design suite now
includes the ultimate microwave layout solution,
statistical design capabilities, yield optimization,
MMIC foundry library support, plus new EM
based discontinuity models for incredibly
accurate simulations up to millimeterwave
frequencies and beyond. New schematic data
translators will import Agilent EEsof Series IV or
ADS designs directly into Microwave Office.
Finally you can say good bye to the expensive and
cumbersome solutions of the past. For more
information call your AWR sales representative!

AWR

Applied Wave Research, Inc.
1960 E. Grand Avenue, Suite 530, El Segundo, CA 90245
Tel: (310) 726-3000 Fax: (310) 726-3005
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GHz, the NE3210S01 is a high per- | priced at $0.75 each and the | including Bluetooth and HomeRF
formance first stage LNA with 13.5 | NE4210S01 is $0.71 each. ’ The device includes a power ampli-
dB gain. The NE4210S01 is a com- = California Eastern Laboratories | fier, low noise amplifier and switch
plementary choice for second and = GCircle #172 in one surface mount package. It
third stage amplifiers, with 0.5 dB
noise figure and 13 dB gain. Both .

devices il;e housed in lowgcost plas- 2.4 GHz mtegrated RF

tic packages, provided in tape and | front end

reel for high volume manufactur- GaAsTEK has introduced the
ing. In 100,000 piece production | ITT2306GL integrated RF front
quantities, the NE3210S01 is | end for 2.4 GHz applications

g ' | connects directly to popular single
Visit our new online catalog today @ | chip transceivers. The ITT2306GL
features a single positive supply, 3.3

J (@) h anso mfg i com | " VDC operation and 100 percent

duty cycle. It is provided ina 4 x 4

. ‘The source for trimmer capacitors and tuning el_emé 1ts ‘  mm micro-leadframe package.
- ' | GaAsTEK
Circle #173

EL driver IC controls RF

interference
Toko’s TK659xx series of regu-
lated electroluminescent lamp dri-
vers is optimized to reduce RF and
~audio harmonic interference that
can cause serious design problems
in wireless phones, GPS receivers,
PDAs and other portable devices.

The H-bridge output controls the
! , charging and discharging of the EL
ow you can have internet access lamp panel using a -patented
o the full line of Johanson products, sequence control. Current limiting
ust a mouse click away. protects the system from large cur-
rent spikes that can inject interfer-
ence into nearby components.
Three models cover drive require-

; ;ggﬁ;vyN\éwjigzs%mos : f ments for panels of 1 to 2, 2 to 4, or
TEL 973-334-2676 FAX 973-334-2954 3 to 6 square inches. Pricing of al

www.johansonmfg.com = three starts at $1.99 each in 1,300-
See us at Booth #2004 piece reels.

Toko America, Inc.

Circle #174
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reless semiconductor manufacturer,

ldwide
oelectronics develops leading edge technology that

keeps up with the pace of the world, while still meeting

relies on Teradyne’s A5 Mixed-Signal Microwave™ Test Systems.

“The A585 microwave fe'sl systems are the only ATE that m

testing at volume pro-
duction of a broad
range of cellular
and other wirel
devices. And,
unlike focused
RF/test systems,
the A5 series
and Catalyst are

configurable with
left to right: Gianmarco Riva
Sibille, Roberto Tose:

.CoIt ect our ereless world.

a full range of digital and analog capabilities — supporting the
trend towards wirel ems-on-a-chip.

in this field.”— Roberto

Toscani, DPG Operations Central Engineering Director.

As an ATE supplier, Teradyne delivers the technology road map
that matches STMicroelectronics’ goals. That’s done by
a partnership reinforced by strong global support.

“In today’s complex manufacturing environment, where time-to-
market and cost-of-test are primary concerns, a close relationship
with an e important for characte
izing and Gianmarco Riva,
DPG General Manager Operations.

To learn more about Teradyne’s wireless test solutions,
visit us at www.teradyne.com/icd or call Beth Sulak at
617-422-2746.
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Reference design kit for
wireless products

RF Micro Devices has announced
the release of a reference design kit
for remote keyless entry, wireless
security systems and remote con-
trol. The kit is based on the RF2516
transmitter and RF2919 receiver
and includes a rolling code encoder
and decoder, printed antenna, LED

 fine of hxgh_ performan_e_de_tectors i_irtab

commercial and hi=rel application

broad bandwidths

(10 MHz - 6 GHz)_ e
N @M,

low VSWR st
{(1.4:1) :

= 0.5 'fiathéés

high

dynamic

range

/' /"'/‘ Signal Processing Components & Subsystems

e COLGER

COMPONENTS

NEW |
_ ADDRESS .

1SO 9001 &
MIL-PRF-38534
Certified

290 Santa Ana Court, Sunnyva!e CA 94086

408-522-3838 fax: 408-522-3839 * web: www.cougarcorp.com

e-mali cougar.a pszﬁcougarcorp com
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indicators, activation pushbuttons
buzzer indicator and battery. The
kit is available for either 315 MHz
or 433 MHz. The transmitter has
been tested and found to be compli-
ant with applicable FCC regula-
tions at 315 MHz. Complete docu-
mentation is included with the kit,
and is also available on the compa-
ny’s Web site.

RF Micro Devices

Circle #175

Low voltage LDMOS FET
Polyfet RF  Devices has
announced the development of a
low voltage LDMOS FET, operating
from a 7.5 volt supply and provid-
ing 6 watts power output and 10 dB

gain at 500 MHz. The device is not
internally matched and can be used
down to DC. It is designed for both
narrowband and wideband voice
and data communications.

Polyfet RF Devices

Circle #176

Single-chip zero-IF ISM

band transceiver

The NT2903 Chip-Ceiver™ from
NUMA Technologies is a single-
chip, FM/FSK transceiver using a
direct-conversion zero-IF tech-
nique. The device offers full duplex
operation in any 26 MHz band from
400 to 1000 MHz. Integrated on-
chip are dual phase-locked loops,
reference oscillator, quadrature
mixer, baseband filters, AGC and a
“tankless” discriminator. The mod-
ulator can accept either analog or
digital signals. Pricing is $4.63 each
in quantities of 100,000.
NUMA Technologies Inc.
Circle #177



THERE ARE TWO KINDS OF MICROWAVE

AND RF CONNECTORS OUT THERE.

THEIRS.

The cookie-cutter approach to engineering just High quality manufacturing.
doesn't cut it. We never took it with our found- Dynawave has been a leader in the design
ing military defense clients, and we don't take and manufacture of cost-effective RF and mi-

it with our wireless and telecomm
customers. In fact, every connector,
every cable assembly, has to be de-
signed and built as if the entire sys-
tem depended on it. That's the
Dynawave way.

A team approach.

Balancing reliability with perfor-
mance and cost is what our design
engineers do best. They work with
you, at no charge, to deliver CAD,
CAD-CAM, fast-turn prototypes and
complete documentation packages
for solutions to your design chal-

lenges. And they will personally work with you

for the life of your product.

Visit us at Booth #2039.

dunauJove,

crowave cable assemblies, delay
lines, harnesses, and connectors
for over 15 years. All of our prod-
ucts undergo 100% functional per-
formance verification. Data col-
lection and product traceability
are available to support your
needs.

Contact us.

Ask for our new brochure. Con-
tact your representative or call us
at (978) 469-0555, fax us at (978)
521-4589, or e-mail us at connect
@dynawave.com. You won't get

cookie-cutter answers, either.

INCORPORATED

135 Ward Hill Avenue ¢ P.0. Box 8224 ¢ Haverhill, MA 01835 / TEL: 978-469-0555 / FAX: 978-521-4589
Dynawave is an ISO 9001 UL Registered Company ® www.dynawave.com
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PASSIVE COMPONENTS ]

Resistive terminations and
attenuators

BCP offers a line of attenuators
and terminations manufactured
with T2 copper technology for
increased temperature capabilities
and greater tensile strength.

Copper thick film is directly bonded
to thick film resistive materials for
higher performance than conven-

tional soldered connections.
BCP (Bird Component Products)
Circle #178

Miniature SMD crystal
Micro Crystal announces the
CC5 series crystal, offered in a

microminiature hermetically sealed
ceramic package measuring 4.1 X
1.5 x 0.85 mm. The CC5 is cur-
rently available in a 32,768 kHz fre-
quency and designed for use in
portable wireless and computing
devices. The CC5 requires a drive

level of 1 uW with =3 ppm aging
typical and the frequency tolerance
is £30 ppm. Pricing for a 100,000
piece quantity in tape and reel is
$1.66 each.

Micro Crystal

Circle #179

Precision resistor networks

A series of surface mount resis-
tor networks in SOIC packages has

been announced by Vishay
Intertechnology. The thin film net-

relied on SAW filters and subsystemns from Sawtek.

circle the Earth in communications satellites.

standards isn’t easy.

Call us today or visit our NEW website.

www._sawtek.com/amw

Phone (407) 8856-8860
Fax (407) 886-7061

Visit Sawtek at booth #2715 at the |EEE MTT-S Symposiurmn,
June 13-15, 2000, in Boston, Massachusetts.

Building precision components to
That’s why for more than 20 years, radar and
electronic warfare professionals who demand high performance have
We’ve gone to Mars aboard Pathfinder.
We were with our armed forces in Desert Storm
and continue to support national security with state-of-the-art technology. For

delay lines and all your filtering needs, depend on the leader..depend on Sawtek.

K

rugged mnilitary

We

oscillators,

A INCORPORATED
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A lot Less
Headaches

When you use Noise Gom’s UFX-NPR
to test Noise Power Ratio.

If you need to test Noise Power Ratio without a
complex, time consuming set up, look to Noise Com’s
UFX-NPR Noise Power Ratio Test Set. We offer
customers a trouble-free solution... NPR test capability
right out of the box!

Backed with 15 years of design experience the
UFX-NPR is loaded with unique features:

e High Frequency capability up to 40 GHz.
e Wide Noise bandwidths up to 10 GHz.
e Superior measurement speed and notch depth.

s Self contained test solution. Calibration,
configuration and set up not required.

e Automated measurement technique.
e Easy to use keypad or remote GPIB Control.

* Ongoing data storage within the Unit’s
memory capacity.

* Test TWTA’s, Linearizers, Frequency converters,
Amplifiers, CATV applications, Fiber Optic systems.

It's simple and painless....... the Noise Com UFX-NPR.

Test Smarter!

Noise Com

E. 64 Midland Avenue
Paramus, NJ 07652

Phone: (201) 261-8797

Fax: (201) 261-8339
Email: info@noisecom.com
Web site: www.noisecom.com

NOISEC
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works offer temperature tracking
of =5 ppm/° C, resistance tolerance
of =0.1 percent and matching of
+0.05 percent. Resistance values
range from 100 ohms to 100 kohms,
with standard or custom intercon-
nections available. The networks
are packaged in 14- and 16-pin nar-
row-body molded SOICs.

Vishay Intertechnology, Inc.

Circle #180

Surface mount resonators
for 315 and 433 MHz

RF Monolithics now offers sol-
der-seal surface mount SAW res-
onators at 315 and 433.92 MHz.
The 4.8 x 5.2 mm package foot-
print is smaller than the standard
RFM resonator package. The
RO2179B (315.0 MHz) is produced
for the US. market, while the

Find the true 7% ohm
digital connector

Don't be fooled into believing that yesterday’s BNC's are
up to the demands of digital broadcasting. You need the
true 75 ohm connection that you get with the new sleek,
black UPL2000 from Trompeter. It is the only BNC
designed for high bit-rate digital video signal transmission
and offers significant performance aclvantages over
standard BNC's (@1.485 Gbps >8db return loss improve-
ment). Built rugged to deliver reliable performance over
time, the UPL2000 is priced right and available today.

Don’t compromise your signal with vesterday’s connectors.
Do digital right with the sleek, black UPL2000.

Straight, 457 and 90" models. Various dia. cable sizes “)AT R 0 M P ET E R
y ® S, C

support broadcast, post-production and CATV headends

UPL2000 Return Loss Data
ey varsable s s fictorer of BN connecto

0510 152025303540 45

dB of Return Loss

Circle 63
64 - APPLIED MICROWAVE & WIRELESS

RO2180B (433.92 MHz) is used in
Europe. These resonators address
numerous applications in wireless
telemetry and control.

RF Monolithics

Circle #181

New product catalog

Avnet’s Microwave Technical
Solutions (Avnet MTS) business
unit has released its Year 2000
Short Form Catalog. Additions to
the catalog include surface mount
amplifiers, detectors and limiting
amplifiers as well, as a series of
MMIC-based microwave compo-
nents in LTCC packages. The cata-
log is organized to provide data and
specifications for the company’s
standard products, the majority of
which are available “off the shelf.”

h AVNET MTS 1999/2000 SHORT ForRM CATALOG

Custom solutions are also offered,
with more than 5,000 configura-
tions having been designed to
address special customer require-
ments. Specifications and outline
drawings are included for broad-
band amplifiers, limiting ampli-
fiers, detectors and coaxial cable
assemblies. High reliability screen-
ing services, lot acceptance testing,
element evaluation of semiconduc-
tor die and parametric testing are
also discussed as part of the compa-
ny’s value-added services.

Avnet MTS

Circle #182
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Cabhle data sheet

Times Microwave Systems has
issued a new product data sheet
covering its STRIPFlex®-11 high
temperature (200°) low loss flexible
50 ohm coaxial cable. STRIPFlex-11
employs a low density PTFE dielec-
tric and innovative shielding sys-

tem, resulting in attenuation values
up to 45 percent lower than con-
ventional RG/M17 coax cable coun-
terparts. With shielding effective-
ness of >95 dB and low passive
intermod (-155 dBc), STRIPFlex-I1
is a choice for high power intercon-
nect and jumper cables in military
and commercial applications
including cellular, PCS, paging and
mobile radio equipment.

Times Microwave Systems

Circle #183

Oscillator brochure
An expanded range of JITO-2%
Just-In-Time Oscillators, including

<

Fox’s Expanded Line of Custom and Standard
Frequenty Oscillators...in Just Days.

. .
m FOXElectronics

a new line of plastic-encased pro-
grammable oscillators, is featured
in a new technical data brochure
from Fox Electronics. The brochure

highlights Fox’s JITO-2 program,
which ships oscillators with stan-
dard or custom frequencies from
340 kHz to 250 MHz in ten working
days or less. Featured are Fox’s
JITO-2P plastic-encased oscilla-
tors, which are designed as drop-in
replacements for the Epson SG615
fixed frequency oscillator or

on JITO-2 reduced phase jitter
oscillators, which are available in
PECL and HCMOS outputs; have
supply voltages of +3.3 Vor +5.0V;
frequency stability of =25 ppm to
+100 ppm; a temperature range of
either —40° C to +70° C or —40° C to
+85° C; and are available in both
SMD and thru-hole packaging.

Fox Electronics
Circle #184

SG8002JA programmable oscilla-
tor. Full specifications are provided

We can get you out

of some tight spots!

_ Harbour’s HPF “High Performance Foam”
Flexible Coaxial Cables curve, twist, and
snake their way into those hard-to-reach

ots that more rigid cables just can’t touch,

s ultimate flexibility ensures the best
rformance for applications on Wireless

d Cellular Communications, Personal
ommunications Systems, and Antenna

unique manufacturing process makes
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Low-Noise VCOs: Key Components

for Base Stations

High performance communications systems require clean signal sources

By Frank Baberg
Tekelec Temex

he great economic success of
I modern mobile radio sys-
tems such as GSM and DCS
means even greater utilization of
the capacity of existing channels. It
is therefore immensely important
to exactly adhere to the GSM spec-
ifications.

In GSM systems, the available
frequency range is divided accord-
ing to the FDMA procedure] (fre-
quency division multiple access)
into radio channels of 200 kHz
each [1], [2]. Each radio channel is
further divided into eight traffic
channels through a time multiplex-
ing TDMA procedure (time divi-
sion multiple access) [1], [2]. These
channels contain the information

2 Oscillator

(voice and data signals) in
“bursts.” In the case of a channel
width of 200 kHz, this results in
the typical GSM system channel
number of 124 channels with bandwidths of 25
MHz (the first channel is not normally used).
For DCS, there are 372 channels with a band-
width of 75 MHz.

The block diagram in Figure 1 shows the fre-
quency generating scheme in a base station. In
the transmitter part (TX), the working signal
must be converted into a RF signal. In the
reception path (RX), the radio frequency signal
received is converted into one (or two) fixed
intermediate frequencies.

Each of the two conversion processes
requires a local oscillator (LO). As a base station
works in full duplex mode, the RX and TX paths
are seprate and must have their own local oscil-
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A Figure 1. Block diagram of the RF portion of a typical wireless
base station, showing frequency sources.

lators. With mobile phones, a common local
oscillator is sufficient because it they use half-
duplex operation due to the time slots (TDMA).

Obviously, the specific scheme used in a par-
ticular radio can differ significantly from Figure
1. For example, the RX path can also be con-
structed using only one intermediate frequency.

In modern communication systems, a synthe-
sizer is normally used. An oscillator is typically
synchronized with a reference via a phase-
locked loop. There are a number of different
ways to create a precise reference, such as deriv-
ing it from the fixed network clock or by syn-
chronization via GPS.

A VCO is used as an oscillator, as its frequen-
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cy is dependent on an applied voltage, so that the VCO
can be tuned (switched) to the channel frequencies rela-
tively simply and quickly.

Structure of the VCOs

Microwave oscillators are usually analyzed using the
concept of “negative resistance” (e.g. [3]). In designing
oscillators, various basic switching operations can be
found in the literature, such as the Hartley-Meissner or
Colpitts switching operations.

The so-called Clapp switching operation has proven
itself in VCOs in particular. The Clapp switching opera-
tion is very similar to the Colpitts switching operation,
only here the inductor is replaced by a resonant circuit
(Figure 2a).

In Figure 2b, the Clapp oscillator in 2a is shown,
includign only the RF components that are important
for the operation. Figure 2¢ shows the equivalent circuit
diagram, extremely simplified, as we are only interested
in the principle here. The following applies to the
impedance in the place of the serial resonant circuit:

7 \4 Vbt +V.,
i i
l N ) Gn
_ Ja)cl ch2 Jwr:d (1)
- i
_ L . L - Gn
Jo, Jo., Jog

Thus from Equation (1), the oscillation condition to
produce a negative resistance is as follows:

1 1
+
Jo, Jw,

Gn

- 2
@ cle2

(2)

The frequency is determined by the series connection
of the three capacitors:

LI I
L\c, ¢ ¢ @

In radio frequency technology, the oscillator is often
shown as a four-pole amplifier with amplification V, and
its output voltage is fed back to the input via a feedback
network. If one draws the Clapp oscillator in accordance
with Figure 3, introducing a “virtual mass,” then one
will get the known four-pole switching operation.

In order to determine the frequency of the oscillator
when tuned by a voltage, one of the capacitors is replaced
by a varactor. This component exploits the junction
capacitance of a diode operated in the junction direction,
which is dependent on the reverse voltage applied.
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a) Switching operation of a Clapp oscillator

i

R load
C1 Vbe *
L1

“I I° 1
b} RF equivalent circuit diagram of the Clapp osciliator
i
Vbe
%u v = C1
v
Cc3
T T &

) Greatly simplified equivalent circuit diagram of the Clapp oscillator

A Figure 2. Clapp oscillator operation and equivalent circuit
diagrams.
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a) Physical acuivalent circuit diagram

F’hysnca; mass

£C3 R load

ICQ

W
Virtual mass

b) Introduction of a virtual mass

C1zm= C3 L1

¢) Four-pole presentation

A Figure 3. Clapp oscillator feedback repsented as a four-
pole circuit.

Analogous to the capacitor, the junction capacitance
of a PN junction is dependent on the cross-section sur-
face and the width of the junction. A theoretical analysis
produces the following relationship for the voltage
dependence of the junction capacitance [2]:
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a) Equivatent circuil diagram of the junction varaclor
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b) Simplified equivalent circuit diagram of the junction varactor

A Figure 4. Equivalent circuit diagram of the junction var-
actor in the package.

m
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In this equation, C; is the junction capacitance, where
V=1V, Cyat V., = 0V, V4 is the diffusion potential
(approx. 0.65 V for silicon) and V, is the reverse voltage.

The exponent m depends on the course of doping and
is decisive for the voltage dependency of the junction
capacity. In a diffused junction, the junction of the accep-
tor density N, (P area) is linear to the donor density Np
(N area); in this case m = 0.33. With an abrupt junction,
the transfer is carried out suddenly; in this case m = 0.5.

If one requires a particularly strong dependence of the
junction capacitance on the voltage, m must be >0.5. In
this case, doping density must again fall after the abrupt
junction. Such doping profiles are called hyper-abrupt.

Figure 4 shows the small signal equivalent circuit dia-
gram of a junction varactor. The resistance Rg takes into
consideration the reverse current of the diode and
should be as large as possible, in the interest of low noise
(shot noise). In the case of higher frequencies, the bulk
resistances above all become noticeable. The influence of
the package is described by the line inductivity Lg as
well as the package capacitance C,.

In addition to the capacitance relationship C,/Cj, the
quality factor @ is a decisive characteristic. Analogous to
the capacitor, the quality of the varactor is also defined
as the relationship between the reactive and the active
performance. From the eqivalent circuit diagram 4b, (Cy
= Cj + Cg), thus results:

Q= S (5)
wC,(V.)R,

Basically, the quality of abrupt junction crossings are
significantly better than those of hyper-abrupt cross-
ings; however, very high reverse voltages of up to 90
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]
b) Ceramic coaxial resonateur with varactor swilched in parallel

A Figure 5. Ceramic coaxial resonator as used in a high
quality oscillating circuit.

volts are required to achieve sufficiently large capaci-
tance variations.

These high reverse voltages are also required
because, in the case of voltages which lie significantly
below the breakdown voltage, the reverse zone is only
partially purged; while the ohmic resistance, which is in
series with the capacitance, still lies within the non-
purged zone.

For these reasons, hyper-abrupt junction varactors
are most commonly used as oscillating circuit capaci-
tances. In selecting a suitable varactor, it is also impor-
tant that the relationship between the reverse voltage
and the junction capacitance is defined over as wide a
range as possible.

@ and its effect on phase noise

In the next section, we will state why the quality of
the oscillating circuit is important for the phase noise.
Since modern high @ capacitors offer excellent quality
[4], [5], the selection of the inductor [L], as well as the
varactor, determines the phase noise to a significant
extent. With low demands on phase noise, one can cre-
ate inductance through a coil printed onto the PCB.
Better results are obtained in using air-core reactors in
SMD packages.

The best characteristics are obtained by the use of
coaxial resonators (Figure 5). Ceramic resonators are
shaped as cuboids with a coaxial bore. The inner and
outer surfaces are metallized. The capacitance, induc-
tance and the resistance of the metallization create a
resonant circuit which oscillates in TEM mode.
Particularly space-saving are the one-quarter wave-
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15 particular care. In the

R case of sensitive pre-
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| amplifiers, normally
only the amplitude
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noise is taken into con-
sideration as it charac-
terizes the sensitivity

~
(]
o1

P1  RF output

P2 Viune
P3  VCC

of the amplifier. With
oscillators, the ampli-
tude noise plays only a
subordinate role.
Decisive here are the
o stochastic changes in
the zero transits of the
sinusoidal oscillation

A Figure 6. Approximately square VGO pack-
age, model SM1.

length (A/4) types. The additional metallization of an
end face creates the required short-circuit.

The resonant frequency is obtained from the relative
permittivity counter and the length of the resonator.
Basically, the context for A/4 resonators is as follows:

L= *o X i_ (6)
4 VEr
Dielectric values of €; = 20 to 78 are available.

The @ is almost exclusively determined by the final
conductivity of the metallization to a value of @ <800.
Where higher quality is required, a special silver metal-
lization is recommended; in the case of price-sensitive
applications, a copper-plated metallization is preferred.
The no-load operation quality @ is defined as the quo-
tient of the resonance frequency and the 3 dB band-
width of the resonance curve:

_ (7)
Q= B3,

Q increases in the first approximation by Vf. Higher
Q values can be achieved using larger cross-section mea-
surements, where it is then critical to integrate the res-
onator into the normal very small VCO package.

Characteristics of the VCOs

Basically, VCOs are customer-specific modules; each
user design is different and thus the VCO modules must
be adapted to customer specifications. For example, typ-
ical values are stated in Table 1 [6]. Such details can
only be used as guide values for sample deliveries; for
series, customer-specific values are generally stated. In
this section, an additional statement is made on the
most important parameters of a VCO specification.

Phase noise— Phase noise is the most critical para-
meter in designing a VCO and must be specified with
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A Figure 7. Rectangular package, model SM4.

created by the oscilla-
tor. The phase noise
characteristic ~ thus
describes the relationship of the carrier magnitude to
the noise magnitude in the region near the carrier fre-
quency. This relationship is described by the function &
= F(f,), dependent on the carrier offset.

The most obvious significance of the phase noise can
be found in the case where phase noise creates interfer-
ence in the neighboring channel. A typical VCO specifi-
cation, therefore, states certain values depending on the
carrier offset (see Table 1).

The phase noise of a VCO has been observed in
numerous theoretical experiments, and without going
into detail [7, 8], Equation (8) is determined:

fit f. \FT 2kTRV,’

C(f,,)=10logq| 1+ 7
(me Qload)z fm fm fmg

In this equation, the meanings are as follows:

£ (fy) Relationship of the magnitude of the phase
noise at 1 Hz bandwidth to the common output
magnitude of the VCO, stated in dBe/Hz
fm  Offset from the carrier frequency
fo  Carrier frequency
f.  Noise corner of the flicker or 1/f noise of the
active oscillator
Q1aq Quality of the loaded resonator (resonance cir-
cuit with active load and parasitic elements)

F Noise figure of active oscillator four-pole

k  Boltzmann constant (k¢ = 1.38 x 10723 J/K)
T  Temperature in Kelvins

P,, Output magnitude of the oscillator

R Equivalent noise resistance of the varactor

Vy  Voltage amplification of the oscillator

Even if this relationship is based on idealized values,

one can derive some important parameters for the
design of VCOs.
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Bipolar transistors are normally
used in VCOs instead of FETs.
GaAs devices are not suitable, as

Type Frequency  Output Tuning Phase Phase Phase 2nd Power
range level voltage noise (@ noise (@ noise @ harmonic supply
[MHz] [dBm] V] 10 kHz 100 kHz 800 kHz [dBe] [V/mA]
[dBe/Hel [dBe/Hz]  [dBe/Hzl
VLA195 195-220 8 1-14 -110 -130 -8 12/20
VLA255 255-320 8 1-9 -100 -120 -8 12/20
VLA380 380-430 0 0-5 -112 -132 -8 12/20
VLA809 809-845 5 05-5 -115 -135 -152 -12 5/25
VLA925 925-960 3 1.5-6.5 -115 -135 -12 5/25
VLA950 950-986 3 1-6 -115 -135 -12 5/25
VLA1250 1250-1350 3 1-8 -100 -120 -12 8/25
VLA1450 1450-1550 3 1-8 -105 -125 -145 -12 5/25
VLA1500 1500-1650 1 1-8 97 -117 -137 -12 5/25
VLA1594 1594-1669 3 1-6.5 -105 -125 -145 -15 5/25
VLA1750 1750-1900 1 1-8 -97 -117 -187 -12 8/16
VLW1800 1800-2700 1 0-19 -85 -105 -8 12/25
VLA2650 2650-2850 2 0-12 -90 -110 -12 8/20

they have a significantly higher
noise corner.

3) The noise figure of the oscil-
lator, which is internal to the
switching, depends not only on
the noise figure of the active com-
ponent but also on the switching
configuration. The setting of the
capacity of the oscillator signal
also influences the noise; in this,
however, the current consump-
tion must not be neglected.

One very important point,
which is not taken into considera-

A Table 1. Technical characteristics of a selection of VCO models.

1) The loaded @ of the resonator
directly affects the phase noise; for
this reason, coaxial resonators must
be used in the case of very high per-

formance requirements.

2) Low-noise oscillators re-
quire components with a low corner
frequency of the flicker (1/f) noise.
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tion in equation (8), is the voltage

supply. Significant fluctuations

can occur in the voltage supply.
Unwanted modulation side bands,
which lie outside the loop of the PLL
are produced from these fluctuations
in the bias of the VCO.

Tuning sensitivity

Tuning sensitivity describes the
tuning frequency range, depending
on the tuning voltage at the varactor
input. The tuning sensitivity
depends on the available capacity
variation and is inversely proportion-
al to the loaded quality of the reso-
nance circuit.

The frequency dependence of the
tuning sensitivity here must also be
borne in mind. If this is too great,
then the performance of the synthe-
sizers is adversely affected.

Load pulling

Load pulling gives the sensitivity
of the free-running VCOs compared
to the load fluctuations at the VCO
output. This load pulling is specified
for a mismatched load with a defined
VSWR (e.g. at VSWR = 2.0), where
the phase angle can lie between 0°
and 360°. At its simplest, this
requirement may be achieved using
an additional buffer amplifier. Such a
buffer amplifier also improves the
drive level of the VCO, which must
also supply RF to the prescaler of the
PLL synthesizer in addition to a
mixer stage. However, a buffer
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amplifier increases the current
required by the VCO. Because of the
load associated with power ampli-
fiers, the load pulling performance of
the transmitter branch VCO can be
of particular importance.

Packaging

Obviously, the design of the VCO
must be such that it can be
processed in modern manufacturing

installations that assemble large
quantities of products using SMD
technology. In practice, two basic
packages have been successful: the
approximately square package of
Figure 6 and the rectangular pack-
age shown in Figure 7.

Summary
In this article, I have attempted
to present the fundamentals for the
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design and the use of VCOs. From
what has been said, it is clear that
the VCO, together with the PLL,
represents an elementary unit that
makes an important contribution to
the design of a base station. It would
therefore be sensible if the manufac-
turers of VCOs were also involved in
the manufacture of suitable PLL
components. Therefore, a later pre-
sentation is planned for PLLs. |
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High Power RF LDMOS Transistors
Target WCDMA, IMT2000/UMTS
Applications at 2100 MHz

This month’s cover features new devices for 2-1/2G and 3G wireless systems

By Enver Krvavac, Dale Joersz, Nagaraj Dixit and Christopher P. Dragon

Motorola, Inc.

otorola has developed new 220 watt

I\/I (P34p) push-pull and 155 watt (Psqp)

single-ended transistors for base sta-

tion power amplifiers.. The devices are internal-

ly matched, common-source, N-channel,

enhancement-mode, laterally diffused metal-

oxide semiconductor (LDMOS) FETs, designed

for IMT2000/UMTSS single or multicarrier appli-

cations covering the 2110-2170 MHz band and
incorporating WCDMA digital modulation.

The two new devices, MRF21180 (push-pull)
and MRF21125 (single-ended), feature excep-
tional Py and Py output power capabilities,
which are essential for high peak to average
ratio digital modulation signals such as
WCDMA. Figures 1 and 2 show the MRF21180
and MRF21125 typical output power, efficiency,
and gain vs. input power at 2120 MHz with Vg4
(drain operating voltage) at 28 volts. At the
respective Pyg points of 170 watts and 135
watts, drain efficiencies of 42 and 49 percent are
achieved. The respective Psqp points are 220
watts and 155 watts.

Both parts are internally matched at the
input and output for simplified matching over
the 2110-2170 MHz band. The performance
over this band is illustrated in Figures 3 and 4.
The rule of thumb of -30 dBec IMj (third order
intermodulation distortion) for 2-tones with 10
MHz spacing at the respective PEP (peak enve-
lope power) ratings was used to show the broad-
band linearity of the two devices. A compromise
among gain, efficiency, and IMD was made to
achieve the best overall broadband perfor-
mance. The resulting load and source imped-
ances to achieve this best overall broadband per-
formance is shown in Table 1 for both devices.
For the MRF21180 at a PEP of 170 watts, an
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IM; of better than —-30 dBc is maintained across
the band with an input return loss of better
than —12 dB and drain efficiency and power gain
in excess of 33 percent and 11.5 dB respectively.

Similarly, for the MRF21125, at a PEP of 125
watts, an IMj of better than -30 dBec is main-
tained across the band with input return loss of
better than -12dB, drain efficiency greater than
34 percent, and a minimum gain of 12 dB.

While Figures 1 through 4 show high satura-
tion power capability and very good linearity at
rated PEP levels, Figures 5 and 6 show the IM;
performance vs. output power, which is better
than -45 dBc at 10 dB back-off power.

All three of these characteristics are essential
for multicarrier power amplifiers used for
WCDMA base stations.
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For a 2-carrier WCDMA application a base-station
manufacturer requires a 20 to 25 watt power level at the
antenna port, as well as adjacent channel power (ACP)
and IM; that is —-55 dB relative to the carrier channel
power. Figure 7 shows a snapshot of a 2-carrier WCDMA
spectrum 10 MHz apart. The bandwidth of a single
channel is 3.84 MHz (chip rate of the digital signal) with
the WCDMA signal at a peak-to-average ratio of 8.5 dB
at .01 percent probability on the CCDF plot (comple-
mentary cumulative distribution function). The adja-
cent channels will be £5 MHz away from each carrier
center frequency and the +ACP relative to each carri-
er’s integrated power level is measured in a 3.84 MHz
integration bandwidth. Likewise, the IMj; products
(+IMj3) will be £10 MHz away and are also measured in
a 3.84 MHz integrated bandwidth.

The most popular linearization technique used by
manufacturers for WCDMA application is the feedfor-
ward correction loop. This technique achieves around 15
to 20 dB minimum adjacent channel and IMj rejection.
Delay and coupling losses require about 2.5 to 3 dB high-
er power at the amplifier output than at the antenna
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A Figure 4. MRF21180 two-tone performance vs. frequency.

port. Examples of output device configurations for a
WCDMA base station PA incorporating the feedforward
technique are discussed below.

Figures 8 and 9 show the gain, efficiency, =IM5 and
+ACP vs. 2-carrier WCDMA power for each device. Most
notably, the IMj is the determining factor in the rejec-
tion that is needed to achieve the -55 dBec level.

One MRF21180 device, running at 44 watts and -35
dBc IM3, is sufficient to meet the 20 to 25 watt output
power level at the antenna port, with overall system
ACP and IM3 55 dB below the carrier when combined
with a linearization correction of better than 20 dB. The

Freq. Zin (Q) Zout (£2)
MRF21125 [2.11GHz [3.81+j6.86 [1.56—j1.58
2.14GHz [4.33+j7.90 |1.53 - j1.90
2.17GHz [4.84+ j8.46 [1.48-j2.26
MRF21180 [2.11GHz [4.03-j3.71 [3.79 - j4.04
2.14GHz [3.57 — j4.11  [3.52 - j4.33
2.17GHz [3.20 — j4.57 [3.30 - j4.77

A Table 1. Device impedances across the WCDMA band.
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gain and efficiency at this level are 12.0 dB and 23.5 per-
cent. However, should a manufacturer require some
margin in rejection of IMg, two MRF21125 devices run-
ning around 23 watts and —41 dBc IM5 can be used at an
expense of overall efficiency. The efficiency of the
MRF21125 at the 23 watt level is typically 20.0 percent

A Figure 6. MRF21180 IMD vs. power and I,

and the gain is 13 dB.

In conclusion, the MRF21180 and MRF21125 are
very attractive for single or multicarrier WCDMA or
other base station applications in the 2110 to 2170 MHz
band which require high saturation power levels and low
distortion requirements at peak and operating output
power levels. Also, their ruggedness, consistency, ease of
use, cost, and 100 percent production testing under

WCDMA conditions make the MRF21180 and
MRF21125 attractive for the WCDMA market. |
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A Figure 8. MRF21180 ACP and IM; performance vs. output
power.
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Accurate Phase Noise Prediction
in PLL Synthesizers

Part 2: Here is a method that uses more complete modeling

for wireless applications

By Lance Lascari
Adaptive Broadband Corporation

s discussed in part one
of this article, published
in the April issue of

Applied Microwave & Wire-

less, phase noise characteris-

tics of the frequency synthesiz-
er contribute greatly to system
performance. In this conclus-
ing section, we will show and

discuss experimental results

for the op-amp in loop filter.

Op-amp in loop filter
While the cases using the

Design goals Value Comments

Output Frequency 865 MHz

Reference Frequency 200 kHz

Frequency Step Size 12.5 kHz

PLL Loop bandwidth 750 Hz Get as close as
possible with avail-
able components

Phase Margin 55 degrees

Additional Reference 10 dB

Frequency Attenuation

Required from the Third Pole

passive loop filter (no op-amp)
are simply a matter of circuit
analysis, the case using the
active filter requires some explanation. This
case will only be described here; the accompany-
ing analysis can be found in the supporting
MathCad documents.

With the op-amp in the loop, and the filter
configuration shown in Figure 1, four different
noise sources and important factors exist within
the loop itself: Ry, the op amp itself, the gain of
the op-amp, and R..

The noise within R is the same as the cases
previously mentioned. However once this noise
is determined, the gain of the amplifier needs to
be applied to it (amp_gain in Figure 1). The out-
put of the op-amp is again filtered by Ry and Cs.
A schematic of this is pictured in Figure 2a.

The op-amp itself contributes noise, and this
is one reason to place the op-amp after the sec-
ond order filter section but before the third pole.
The third pole can then provide some attenua-
tion of the broadband noise. Manufacturer’s
data sheets will usually specify the input noise
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A Table 2. Design goals for the example loop filter design.

of the op-amp in nV/y Hz . This noise voltage is
simply multiplied by the amplifier’s gain
(amp_gain), and then passed through the filter
formed by R5 and Cs.

Op-amps are usually regarded as very low-
output-impedance devices. For this reason, the
analysis of the noise due to Ry can be greatly
simplified if an op-amp is in the loop as shown
in Figure 1. If it is assumed that the op-amp out-
put impedance is virtually a short (which would
be accurate, even if the op-amp output were a
few hundred ohms), then the noise voltage gen-
erated in Ry is simply connected to ground, then
filtered through R4 and C;.

Practical design example

To show the effect of the resistor noise, two
different loop filters were designed to meet the
basic specifications outlined in the goals section
of Table 2. The only differences between the fil-
ters were their implementation of the third
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pole. The values used in each of the

Component/Specification

Value Comments

designs were typical of what one

designer might choose over another. Synthesizer IC,

Experimental setup Fractional-N PLL

National LMX2350

Allows 1/16th
Fractional mode

Equipment used in the lab setup
included a Hewlett-Packard 85631X
spectrum analyzer with the phase

noise  utility  software  (P/N
HP85671A) installed; a PC running a

custom application developed to gath-
er tabular data after the phase noise
utility was run; and the PLL synthe-
sizer under test (modified standard

product produced by Adaptive
Broadband Corporation).
The results presented in Figures 9

Phase Detector Noise —200 dBc/Hz Data supplied by

Floor (Npd_ref from National Semiconductor.

Equation 6)

Phase Detector Gain 1.6 mA/cycle Set to maximum for this
design.

VCO Tuning Sensitivity, 27 MHz/volt Custom vendor supplied

Kyco component, measured at
frequency of interest.

VCO Phase Noise -103 dBc/Hz Measured for this

at 10 kHz offset particular device using a

very narrow and quiet loop

and 10 represent five averages of each
phase noise measurement. In order to

show the limitations of the measuring
system, (i.e. the spectrum analyzer),
the phase noise of the extremely low
noise HP 8642B signal generator was
plotted for comparison purposes. At
higher offset frequencies where the
measurements and models begin to
disagree, it is clear that that the noise
floor of the spectrum analyzer is con-

oscillator Phase
Noise (Ntxco_ref
from Equation 7)

TCXO reference 12 MHz
oscillator Frequency
TCXO reference -125 dBc¢/Hz This number was estimated

at 100 Hz offset from measurement data from
many PLLs. This is roughly
10 dB worse than published
data on a similar product
from the TCXO vendor.
Measurements for the model

used were unavailable.

tributing to measurement error.

A Table 3. Specifications for the components available.

Discussion of experimental results
Figures 9 and 10 show excellent

agreement between the modeled
phase noise of the synthesizers and

the measured results. The conclusion | C1

that must be drawn is resistor noise | R2

can be a very significant contributor | C2

to synthesizer phase noise, and thus | g3

needs to be considered in all low-
noise synthesizer designs. For the

Loop Filter Component Values Value for Case 1 Value for Case 2
0.1 uF 0.1 uF
500 ohms 500 ohms
1 uF 1 uF
1 kohm 10 kohm
C3 1000 pF 100 pF

case of these experiments, and others
performed by the author, the models
presented accurately predict this
noise, allowing the analysis of all of these degradations
at the time the loop is designed [1].

The loop filters for case 1 and case 2 both meet the
basic requirements of the design but have drastically dif-
ferent phase noise characteristics. For instance, at the
10 kHz offset points, the two synthesizers differ in phase
noise by almost 10 dB. For narrowband systems with
channels spaced at this interval, this would equate to a
difference in adjacent channel rejection of 10 dB when
comparing case 1 to case 2. Although the resistors are
much smaller in the case 1 analysis, the noise contribu-
tion should not be ignored.

Even more significant than the agreement well out-
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A Table 4. Component values for the two loop filters studied.

side of the loop bandwidth is the agreement near the
loop bandwidth. Since the magnitude of the noise that
falls near the loop corner is much larger than the noise
far outside of the loop bandwidth, it contributes signifi-
cantly to the RMS phase error and residual FM metrics.
These metrics are very indicative of the performance
degradations caused by frequency synthesizers in QAM
and FM/FSK systems respectively. If the synthesizer
noise were modeled without resistor noise, the results
would be dramatically different, especially for case 2.

Reducing resistor and op-amp noise contributions
When designing a frequency synthesizer, there are
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often several degrees of freedom that can be exer-
cised in order to minimize the system phase noise.
If there are no degrees of freedom, up-front design
analysis will at least show an accurate prediction of
the phase noise. This prediction may help to make
system tradeoffs rather than sticking to a more
stringent synthesizer specification.

In most synthesizer designs, it seems that R3 is
typically the single most significant contributor to

the resistor noise. This begs the question, “Is the | -

third pole really needed?” If the reference suppres-
sion within the loop is sufficient without the third

10, 100 1000

m——=modaled case 1 without R noise e modeled case 1 with R noise ®m=Case #1 Measured === g42b reference

10000 100000 1000000

frequency (Hz)

pole, it is in the designer’s best interests to leave
these parts out of the design. If this pole is required,
the value of Ry should be kept as small as possible
without upsetting the basic filter response.

Some VCO designs themselves use resistors to supply
the tuning voltage to the varactor (the similarity to the
R; analysis is staggering). In many published VCO
designs, large resistors are used to feed the varactor.
This is a good choice for simple, and low-cost designs
since resistors are inexpensive, resonance-free, and they
don’t typically degrade resonator Q if they're large rela-
tive to the other shunt resistances in the -circuit.
Resistors are hardly a good choice, however, if the tun-
ing sensitivity (VCO gain) is high. The noise contribu-
tion by this resistor is proportional to its value alone in
this case; a small resistor in series with a choke may be
a good choice in many applications.

Op-amps, even if chosen carefully, represent signifi-
cant contributions to phase noise. The synthesizer
designer should be careful to deterrnine whether an op-
amp is truly required in order to meet the system
requirements. If increased voltage is required, consider
using an external charge pump with higher supply volt-
ages (some synthesizer ICs still support the connections
required for using an external charge pump). Obtaining
good balance in an external charge pump can be diffi-
cult, leading to increased reference spurs and power sup-
ply noise at the reference frequency. A low noise charge
pump potentially offers reduced noise over the op-amp,
as the tuning voltage range can be increased with a
designer-chosen charge pump current. This represents
two degrees of freedom: lower tuning sensitivity and
reduced resistor values due to potentially increased cur-
rent. It would be excellent if the available synthesizer
chips allowed for higher tuning voltages or specifically
allowed for simple implementations of well-balanced
external charge pumps.

Reducing the VCO tuning sensitivity is another way
to reduce the overall noise. This needs to be analyzed on
a case-by-case basis, however, since the loop filter resis-
tor values will increase with reduced tuning sensitivity.
Any fixed magnitude noise sources in the loop will also
drop proportionally with the VCO tuning sensitivity.

One particular option the author feels worthy of
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A Figure 9. Measured and modeled phase noise of the example
synthesizer, case 1.

exploration is increasing charge pump current. With
increased charge-pump current, the impedance (hence
resistance) in the loop drops. If your synthesizer has a
programmable charge pump current setting, leaving it
at maximum is best in order to reduce the resistor noise
contribution.

Each of the suggestions presented carries with it
some design implication that needs to be carefully eval-
uated before tradeoffs are made. In some designs, simply
increasing charge-pump current or eliminating the 3rd
pole used for reference attenuation could yield dramatic
improvement.

Conclusion

In order for designs to meet the increasingly demand-
ing performance requirements in the wireless arena, a
detailed understanding of every component is critical.
While relatively simple, the models presented have
demonstrated excellent accuracy when compared to
experimental data. These circuit models represent new
tools that enable the designer to make important trade-
offs during the initial synthesizer design phase, rather
than on the bench using empirical and time-consuming

techniques. |
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Boston Hosts the 2000 MTT-S
International Microwave
Symposium and Exhibition

he MTT-S International Microwave
I Symposium (IMS2000) will be held in
Boston’s Hynes Convention Center, June
11-16, 2000. The event features a technical pro-
gram with hundreds of papers, including 180
interactive (poster) papers and 150 student
papers. In addition to the conference, the
IMS2000 exhibition provides an opportunity to
see products and services from hundreds of com-
panies serving the RF, microwave and wireless
communications industry.

Three additional symposia are held during
the same weeklong event. The Radio Frequency
Integrated Circuits Symposium (RFIC) takes a
special look at Bluetooth and SiGe as well as
other key RFIC technology developments. The
55th Automatic RF Techniques Group (ARFTG)
Conference has a theme of “Going Beyond S-
Parameters” and will focus on large-scale mod-
eling and simulation techniques. In conjunction
with the exhibition, the Microwave Application
& Product Seminars (uAPS) provide technical
information and background information on
current microwave products.

In advance of the symposium, we offer this
preview of new products that will be on display
at the exhibition.

4-way HF quadrature hybrid
Werlatone :

offers the new ey
QH6230, which
splits an RF sig-
nal four ways
with 90° phase
shift in the 2 to 30
MHz band. This
model is specified
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at 20 dB isolation, 6.4 dB insertion loss (split-
ting loss plus 0.4 dB), VSWR of 1.30:1 and a
phase unbalance of six degrees. The unit is pro-
vided in a 5 X 6 X 2 inch case and is rated at
1000 watts power.

Werlatone

Circle #185

Mixed signal test set

L-3 Communications’ Celerity Systems divi-
sion  announces
the CS2010 Mixed
Signal Test Set,
designed to meet
the development
needs of wireless
equipment suppli-
ers. The CS2010 is
an “off the shelf”
solution that can be tailored by the user to gen-
erate, record and analyze complex broadband
and mixed signals such as QAM, WCDMA, IS-
136, EDGE, COFDM and TDMA simultaneous-
ly (depending on the number of channels). Fast
and convenient testing of analog and digital sig-
nals is accomplished with the instrument’s 160
MHz bandwidth and up to 32 GB memory.
L-3 Communications, Celerity Systems
Circle #186

Hybrid LNA for the PCS band

Model QBH-
8756 offered by
REMEC Q-bit is
a hybrid surface
mount amplifier
with a noise fig-
ure of 1.0 dB in
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the 1850 to 1910 MHz PCS band. Intended for wireless
base stations and similar applications, the unit provides
22.5 +0.5 dB gain with a 3 dB output intercept point of
+37 dBm. The input and output VSWR are specified at
1.5:1 maximum. The QBH-8756 operates from a 15 VDC
supply, drawing a supply current of 200 mA.

REMEC 0Q-bit, Inc.

Circle #187

Low cost, high performance air variable capacitors
Johanson Manufacturing offers the 1500 series Eco-
Trim® variable capacitors for applications where high Q
and cost are design criteria. These capacitors are sulted
for use in impedance
matching, filter tuning,
interstage coupling and
antenna tuning circuits.
The 1500 series has a
capacitance range of 1 pF
to 10 pF with a rated volt-
age of 250 VDC and an [
operating temperature range of —65° to +125° C. Five
mounting styles are available for through-hole and sur-
face mount assembly. The capacitors are priced at $1.95
each in 2,500-piece quantities.
Johanson Manufacturing
Circle #188

SMA connectors fit LMR-240 cables

Times Microwave Systems now offers SMA male
straight and right angle and SMA female bulkhead con-
nectors for its LMR-240 ﬂex1ble coaxlal cable The con-
nectors are fabricated ‘
from passivated stainless
steel with gold-plated sol-
der-pin  contacts and
crimp-style outer conduc-
tor attachment rings. The
connectors are designed to
operate at frequencies up
to 18 GHz. LMR-240 cables are ﬂex ible, non- kmklng RF
transmission lines suitable for antenna feeders, system
jumpers and interconnects.
Times Microwave Systems
Circle #189

75 ohm directional couplers

Mini-Circuits announces immediate availability of
the new 5 MHz to 1000
MHz ADC-16-4-75 direc-
tional couplers. These
wideband 1-watt (max.)
units provide a nominal
coupling value of 16.2 dB
+0.5 dB and *0.1 dB flat-
ness for CAV applications.
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The couplers are water-washable and feature a low
0.108 inch profile. Typical insertion loss is 0.6 dB and
midband directivity is 30 dB. The ADC-16-4-75 is priced
at $6.95 each in quantities of 10 to 49 units.
Mini-Circuits

Circle #190

Dual synthesizer for microwave and VSAT radios
TRAK Communications is introducing the FL145
dual module synthesizer,
configurable to any 700
MHz band within X-band
for microwave radios and
VSAT link applications.
Performance features
include -70 dBc spurious
and 125 kHz synthesizer
step size. Integrated double sideband phase noise is
<0.2 degree RMS. Two independent X-band sources
provide independent receive and transmit functions,
while flexible interface options simplify integration into
customer systems.
TRAK Communications Inc.
Circle #191

Flexible cable assemblies

Storm Products offers the new GPPO™ cable assem-
blies, combining semi-rigid performance and flexible
convenience in a minia-
ture product. The 0.065
inch diameter cable has an
attenuation of 1.80 dB/ft
at 18 GHz and a minimum
bending radius of 0.200
inches. The small size is
suitable for systems . ‘
requiring high packaging density. The snap- together
blindmate connection of GPPO interfaces provides sta-
ble performance under severe vibration.
Storm Products — RF/Microwave Group
Circle #192

Power divider/switched combiner for PCS

Olektron has updated its SDU switch combiner line
with the Model SDU-2162.
This device permits sepa-
rate contributions from
modular amplifiers, sum-
ming 2, 3 or 4 coherent
signals of 150 watts each,
surviving random peak
power of 1800 watts. Insertion loss is 0.5 dB with max.
VSWR of 1.25:1. The unit is optimized for minimum loss
with three or four active inputs.
Signal Technology Corporation, Olektron Operation
Circle #193
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Satellite system interference monitor

Morrow Technologies announces the P9116 Satcom
Signal Monitor. The P9116 is a full feature 1.6 GHz
spectrum analyzer for =
local or remote monitor-
ing of a satellite system
downconverter to identify
interfering signals. When
used in a remote monitor-
ing application, the ana-
lyzer acts in a “server”
mode and can be accessed
by PC or laptop via RS-232, modem, Ethernet LAN or
the Internet. Data can be stored, processed and
retrieved from virtually anywhere in the world.
Morrow Technologies Gorp.
Circle #194

Varactor diodes in a SMMP package
Sprague-Goodman Electronics now offers silicon tun-
ing diodes in a Surface Mount Monolithic Package
(SMMP). This package approaches the size of a diode
chip, yet can be handles with SMT assembly equipment.
The diode is connected to the package using photolitho-
graphic techniques at the time of wafer fabrication, pro-

viding tight control of lead inductance. Operation is
optimized for 2 GHz and possible up to 10 GHz. The
GVD60100 has a C-V characteristic designed for low-
voltage VCOs, while the GVD60200 is suited for wide
bandwidth VCOs. They can be supplied in 5,000-piece
reels, 300-piece gel pack or bulk in vials. The price is
$7.75 each in single reel quantities.

Sprague-Goodman Electronics

Circle #195

Bit error rate communication tester

Agilent Technologies now offers the Agilent 86130A
BitAnalyzer, a general-purpose serial 3.6 Gb/s bit error
rate tester (BERT) for system or manufacturing test.
The instrument can per-
form multiplexer and
demultiplexer testing for
telecommunications, mul-
tiple transmitter and
receiver testing and com-
pliance testing of optical
components. The 86130A : 0
is now available with pricing starting at $110,000.
Agilent Technologies
Circle #196

FINALLY;
A SECOND
SOURCE!

GBBL S

APACITORS

¢ Maximum Values in Small Chip Sizes
e Temperature Stable (£15% -55 to +125°C)
e Thin Film Terminations

e | Available with or without Borders
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www.johansoniechnology.com

Does your company
have a new product?
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so we can tell our
readers!
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releases, with a color

photograph if available,
to:

A‘ = lied
T 7 MICROWAVE & WIRELESS

4772 Stone Drive
Tucker, GA 30084

Or e-mail to:
amw@amwireless.com




OEM’

Improve 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 S
Integrated Assemblles G Wavegulde/Duplexerq

See us at MTT-S 2000
Booth # 439

Tel: 410-860-0500 1918C Northwood Drive

Fax: 410—860—9()05 Clearcomm Salisbury, Maryland 21801

E-mail: clearcom@dmv.com technologies inc Clrcle 62 Web: clearcommtech.com
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50 GHz 2.4 mm automated tuner

Maury Microwave announces the MT984A, a high fre-
quency tuner capable of
presenting a high mis-
match of 15:1 over the fre-
quency range of 8 to 50
GHz. Designed to work
with the MT980 series of
automated tuner system
(ATS), the new tuner pro- s
vides additional capabilities for high mismatch. The
tuner systems are designed to perform noise, power,
intermodulation and adjacent channel measurements
used for device characterization and circuit design.
Maury Microwave

Circle #197

GaAs HBT amplifiers for PCS-band CDMA
Toshiba has introduced ‘ it

the TG2013F, a GaAs AT

HBT MMIC device provid-

ing +29 dBm power for
1.9 GHz CDMA systems.
The device operates from
a single 3.6 volt supply

with 24 dB gain and efficiency up to 30 percent. The
combination of HBT power amplifier and bias circuit
maintains a low VSWR and minimizes total parts count
in the application circuit. The TG2013F is housed in a
20-pin high power HSOP package and is priced at $4.50
each in quantities of 1,000.

Toshiba America Electronic Components

Circle #198

Single-instrument tester for 3GPP W-CDMA

Anritsu Company announces the MS8608A, an
instrument that combines a transmitter tester, power
meter and spectrum ana- i :
lyzer for the analysis of
3GPP W-CDMA signals.
The MS8606A covers 9
kHz to 7.8 GHz and fea-
tures an analysis band-
width of 20 MHz, power
measurement accuracy of
+0.4 dB and adjacent channel power of -68 dBc at 5 kHz
and -75 dBc at 10 MHz offset. Power measurement can
use either the sweep or filter method.

Anritsu Company
Circle #199

Combline
Filters ‘st

MICROWIR0003_3

*For Frequencies of 500 MHz to 26.5 GHz
*2 to 17 Resonant Sections
*Bandwidth of 3 to 50%

800-448-1666 » 315-433-4700
Fax: 315-463-1467 + Toll Free Fax: 888-411-8860
E-Mail: mfcsales@microwavefilter.com
Visit our Web Site: http://www.microwavefilter.com

m MICROWAVE FILTER COMPANY; INC.
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Microwave Waveguide Components
Where reliability and quality are paramount.
Quasar are Europe's leading manufacturer of high quality
flexible/twistable waveguide, from WG8 (WR430) to
WG24 (WR19) with flanges and jackets manufactured for
customer specific applications.
® Fixed and Variable Attenuators
@ Cross Guide and Broadwall Directional Couplers
@ Broadband Waveguide Horns
@ Fixed and Sliding Load Terminations
@ Rigid Waveguide
' Tee Junctions

Coaxial and Taper Transitions
@ Filters & Diplexers
@ Couplers, Splitters and Combiners

Rotary Vane Attenuators
Designed and manufactured in our purpose built factory in the FH48
UK to 1S09001 fast lead times and at low cost. Just take a
look at our NEW “On-Line catalogue” on our NEW website.

Whatever the application rely on Quasar.

Qluasar

Quasar Microwave Technology Limited
Battle Road, Heathfield, Newton Abbot,

Devon TQ12 6XU, England SE
Tel: +44 (0)1626 834222 [
Fax: +44 (0)1626 832994 ‘”)))

Email: sales@qmtl.com e

See our NEW WEBSITE ww
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NEW' SXH 1 nghLmearlty
Power Amplifier

As low as

$4 25

in quantity

For performance,
a highly efficient GaAs Heterojunction Bipolar reliability and value,

Transistor power amplifier housed in a low-
cost surface-mountable plastic package. turn toS t:anford
Microdevices.

Stanford Microdevices produces the
highest performance products utilizing
cutting edge technology at the lowest
possible cost. All Stanford MMICs are 100%
tested and qualified annually to ensure
reliable field performance even under the

This GaAsHBT amplifier is fabricated using
molecular beam epitaxial growth technology, ..

which produces reliable and consistent ALSO COMING SOON!
perf()rmance from Wafer to Wafer and lot to SXUSXT cELLUlAR & Pcs BAND
lot. The SXH-1 was specifically designed for POWER AMPLIFIERS

! i use as drivers stages for infrastructure L
ha.rshest environments, making Stalnford equipment in the 50-2000MHz cellular, ISM

Mlcrode.wces  favorite among major OEMs and narrowband PCS bands. Operating at a

W(.)rIdW'd.e' Over the past five years Stanford stingy 95ma of current, the SXH-1 is an ideal L 5 rﬂ N H ﬂ ”
Mlcrodfevu:es ha§ become the preeminent choice for multi-carrier as well as digital f

leader in the design and manufacturing of P ————————————

GaAs, LDMOS and SiGe amplifier and switch applications. . MIEH””EVIEES

products.
We Deliver RF Innovation

Offering significant advantages over existing . t 1-800-764- 6 6 42
competitive MESFET technology, the SXH-1 is ~_ Prog, Gain(dB] ST S22 M TP Voltag g wwvv_stanfordm’cro_com

MH) Ty Typ Typ. (dom) (dBm)
All company and/or product names are
trademarks and/or registered trademarks of their
respective owners.

Circle 56



LODUGTSEISRIECHN OO GIES

Hybrid Amplifiers Simplify
1 to 1000 MHz Medium
Power Applications

new family of hybrid amplifiers
Afrom Avnet Microwave Technical

Solutions (Avnet MTS) allows
designers to obtain up to +30 dBm P,4p
in a single impedance-matched surface
mount package. With broad bandwidths
extending from 1 MHz to beyond 1 GHz,
the amplifiers fit into many wireless
applications in digital radios, base sta-
tions and repeaters.

Five amplifier models are offered in an
8-pin SOIC ceramic package. Models
ASMA-101 and ASMA-201 cover 1 to 500
MHz, ASMA-202 covers 1 to 200 MHz,
ASMA-203 covers 1 to 300 MHz and
ASMA-601 covers 1 to 500 MHz.
Depending on the model, nominal gain
ranges from 11 to 13 dB, with typical
power output (P,4g) from +22 to +30 dBm.

For higher frequencies, the ASMA-301 covers
1 to 1000 MHz, or higher frequencies with
external matching. The device offers 10.5 dB
nominal power gain with a typical P g of +28

A The ASMA-301 covers 1 to 1000 MHz as a 50-
ohm matched part, and is usable to beyond 2000
MHz with simple external matching.
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A Avnet MTS has introduced a family of amplifiers well-
suited for many broadband applications.

dBm. The ASMA-301 is packaged in an indus-
try-standard 2-lead ceramic surface mount
package. Pricing of this amplifier model is as
low as $41 in quantity.

All amplifiers are available in tape-and-reel
for automated manufacturing, with most mod-
els available from stock. Data sheets can be
downloaded from the company’s Web site. [ |

For more information, contact:

Avnet MTS

6321 San Ignacio Avenue

San Jose, CA 95119

Tel: 408-360-4000

Fax: 408-281-8810

E-mail: mts.hybrids@avnet.com
Internet: www.avnetmarshall.com

Or circle Reader Service #201



directional
couplers

10kHz to 2600MHz 6 to 30dB

Achieve accurate power sampling with high

directivity and very little insertion loss using 99 ¢
Mini-Circuits surface mount, plug-in, and rom

coaxial directional couplers. Finding the right model for your design
layouts is easy with our large, off-the-shelf selection of over 100
models in 6 to 30dB coupling ratios. Choose from broadband 50
and 75 ohm couplers capable of handling input power as high as
25 watts. High performance bi-directional couplers for monitoring
forward and reflected power up to 10W are available as well.

Now, highly accurate power sampling and value pricing have merged!
The result...Mini-Circuits broadband directional couplers.

To order, contact Mini-Circuits today!
Mini-Circuits...we’re redefining what VALUE is all about!

[ Mini-Circuits o ®

P.O.Box 3501 66 Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
(¥” ' ""The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: hitp://www. minicircuits.com
o \ .

ISO 9001 CERTIFIED
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Chip RF Crossovers can
Eliminate Need for
Multi-Layer P.C. Boards

naren Microwave announces a simple, yet
Ahighly effective solution for DC and RF

path crossovers. The Xinger® crossover is
a chip component with a matched transmission
line section that provides low loss, repeatable
RF continuity with the convenience of automat-
ed assembly.

Two models make up the Xinger crossover
line, a 50 ohm RF-over-RF component and an
RF-over-DC model. Both are 0.2 X 0.2 inch in
size, constructed using Rogers® 4350 dielectric
and multilayer design.

The X2A RF-DC model allows normal on-
board DC lines to be used, while providing a
shielded RF signal path over the DC line.
Sufficient trace width is permitted for DC cur-
rent up to 10 amps. The RF travels on a
microstrip line with a minimum return loss of
20 dB and less than 0.1 dB loss over the speci-
fied range of DC to 6 GHz.

Model X2B is the RF-RF version of the device,
enabling an isolated crossover at the intersec-
tion of two RF-carrying traces. One trace is
routed through the device via a stripline section,
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A Figure 1. Isolation between the X2B signal paths.
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A Anaren’s Xinger crossover is a simple solution for
RF and microwave hoard layout problems.

while the other is routed over the top on a
microstrip line. Normally, the higher power sig-
nal will use the microstrip path, with its better
heat dissipation capability. The X2B has RF
specifications identical to the X2A: 0.1 dB maxi-
mum loss and 20 dB or better return loss from
DC to 6 GHz. Figure 1 shows the measured iso-
lation between the two RF signal paths. ]

For more information, contact:

Anaren Microwave, Inc.
6635 Kirkville Road

East Syracuse, NY 13057
Tel: 315-432-8909

Fax: 315-432-9121
Internet: www.anaren.com

Or circle Reader Service #202



WHEN YOU NEED YOUR CABLE ASSEMBLIES
RIGHT AND RIGHT NOW, CALL THE LEADER.

To be more efficient and more competitive, call a company that's more efficient
and competitive. Dynawave. For over ten years, we've been designing and manu-
facturing low cost, superior quality cable assemblies, delay lines, and harnesses for
the wireless and military markets. Our on-demand and just-in-time delivery systems
can satisfy the most stringent procurement requirements. And . ”‘M&%?EE
we can deliver prototypes, short runs, and high volume produc-
tion with the same efficiency.

For high quality flexible, semi-rigid, delay lines, phase matched,
and harnesses when you need them, call us today. Or send for
a free brochure. Either way, it's time to switch to Dynawave.

dunawave,

INCORPORATED

135 Ward Hill Ave., P.O. Box 8224, Haverhill, MA 01835 U.S.A.
Tel: 978-469-0555 / Fax: 978-521-4589 / E-mail: connect@dynawave.com / Website: www.dynawave.com
Dynawave is an IS0 9001 UL Registered Company
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Product Spotlight

WAVEGUIDE & COAXIAL
SWITCH SPECIALISTS

SWITCH OVER TO:

imi) SECTOR MICROWAVE
INDUSTRIES, INC.

999 Grand Blvd., Deer Park, New York 11729
631-242-2300 » Fax: 631-242-8158

www.sectormicrowave.com
Circle 101

SUPER NARROW NOTCH
Our TNF400 tuneable filters
provide <0.7% notch width
with notch depths of >30 dB.
Frequencies available are 10 to
500 Mhz. Units will pass up to
1.0 GHz. Package size is 2"x 2."
Call for FREE application note!

CAGRF

More Info? Phone: 520.204.2597

 SURGE PROTECTION
~ Seeusat CWTA, booth 35540 -

GGAKfAL Surge Supgmsers
for PCS, GPS, RF equipment

#SURGE ARRESTER

GAS TUBES

» Voltage from 75V to 1500V
lable in Surface Mount

CITEL lnc

Tel: (305) 621%22
Fax: (305) 621-0766
www.citelprotection.com

WAVEGUIDE DESIGN AND

ANALYSIS SOFTWARE
Windows 95/NT/Alpha
Full EM Field Modeling Based

Filters:

Lowpass, Bandpass, Bandstop,

Evanescent, Dual Mode, Finline
Diplexers & Multiplexers

E/H-Plane, Bifurcated, T, L. and Coaxial

Line Common Ports

Transformers

E-Plane, H-Plane & EH-Plane

Power Dividers & Couple

Hybnds and N- Way
OMT-Polarizers & Horn
Antennas

Consulting services for all types of
filter design including planar

POLAR WAVES CONSULTING
6-425 Pinehouse Drive
Saskatoon, SK S7TK5K2

Tel: (306) 934-6688 Fax: (306) 931-4694
e-mail: pramanick@sk.sympatico.ca
http://www.polarwaves.com
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Very Low Cost
High Function
A compact full featured. modestly priced, manually operated probe station
developed for engineers and scientists
Measure Microwave, RF and DC parameters of Semiconductor Deviees,
Packages and Assemblies with NIST traceability .
* BenchtopSize(<1fF) » Vacuum chuck « X-Y-@ stage

* X-Y-Z probe positioners ® Top Plate Z-liit »Vacuum Accessory Manifoide

* 7X-40X Stereo Zoom Microscope » Adjustable Halogen Huminator ©

*Vacuum Acgessories » Compalible with 40GHz+ probes »
* Accessories for Thermal Chucks and Probe Cards

Test walers, microstrip packages and surface mount compenenise®

@n—:humg\-

A Prohe Station (

J microTechnology
3744 NW Biuegrass Pl

In Every Bench

Circle 105

Circle 103

Designed for
reliability,
mggedness, and
performance.

% Crystal Oscillator-Multipliers
Frequency Multipliers

‘J Satellite Receiving Equipment

w

Block Down/Up Converters

www.wilmanco.com
Tel (805) 523-2390

Fax (805) 529-0892 wmﬂﬂm:'ﬂ

S8 Selles m;mm SULLEE
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vice you want to advertise.

Our Product Spotlight section allows you to
show off your company’s products or services 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, compa-
ny logo and a description of the product or ser-

Our Classifieds section is the place to adver-
tise career opportunities, consulting services,
used test equipment and just about anything
else. Special Classifieds rates are available and
are agency-commissionable if material is sup-

ad for you.

How to place Product Spotlight and Classified ads
plied. Or, if you prefer, our staff can make up the
Classified display ads are available in color or

black and white in standard ad sizes, or in black
and white by column inch. (Column-inch ads are

2-1/4 inches wide.)

For more information on advertising in these
two sections, please contact Applied Microwave
& Wireless, 4772 Stone Drive, Tucker, GA
30084; Tel: (770) 908-2320; Fax: (770) 939-0157;
E-mail: amw@amwireless.com
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Classifieds

ATLANTA, GA

Eagleware Corporation, located in NE Atlanta, is seeking expe- |
rienced engineers, software developers, and marketing and |
sales professionals to accommodate the company’s rapid |
| growth. We offer a competitive salary and exceptional benefits. |

POSITIONS AVAILABLE:

" RF/MICROWAVE

* Application/Testing Engineer
* Model Engineer

e System Simulation Developer
* International Sales Manager

e Electromagnetic Simulation Developer

Honeywell

Imagine a company with the
technology to make bullets stop
and flights go.

(We already have.)

* Come join the Honeywell team in beautiful Redmond, Washington.

We have openings for experienced RF engineers for our Traffic

Collision Avoidance Systems (TCAS) and Weather Radar product

ines.

RF DESIGN ENGINEERS

Seeking experienced RF/Microwave hardware design engineers for

new L-Band and X-Band product development. RF Hardware design

. from concept to factory introduction. Designs must be low cost and

« easily manufactured. Applicant should be familiar with available

= commercial RF parts. Competency in RF CAD tools such as HP ADS
or Ansoft is required. Skilled operation of RF test equipment such as

network analyzers, spectrum analyzers, and signal generators is

required. Avionics experience desired.

SENIOR RF DESIGN ENGINEER

\| Experience in the design and test of L-Band receivers, synthesizers,
¢ modulators, low noise amplifiers and high power switches. Min. 5
years exp. with BSEE or equivalent.

SENIOR RF DESIGN ENGINEER: High Power Transmitters
Experience in the design and testing of L-Band high power (>200

¥ W) pulsed amplifiers. Experience with LDMOS technology a strong
plus. Min, 5 years exp. with BSEE or equivalent.

i SENIOR RF/ANALOG DESIGN ENGINEER
Detailed active and passive RF/microwave circuit design using both
distributed and lump element techniques in frequencies from 100

¥

software firm that develops, distributes, and supports RF and
| microwave design software. Complete job descriptions are |

Eagleware, founded in 1985, is a successful, entrepreneurial

available on our web site, www.eagleware.com; or, send a |

MHz through 10 GHz. Experience in nonlinear as well as linear cir-
cuit design is desired. Background in radar a plus. Min. 5 years exp
with BSEE or equivalent.

Post your resume online at:
http://207.87.3.193/careers/index.html. Or Mail resume to: Bob
Clark, Airlines & Avionics Products 15001 NE 36th Street, M/S

resume to jobs @eagleware.com.

EAGLEWARE=—
| RF and Microwave Design Software FAX: 770-939-0157 |

Advertising
works!

To get your company’s ad
into Applied Microwave &
Wireless, the industry’s fastest
growing magazine, call your
advertising sales representa-
tive today!

Scott Spencer
Eastern US and Canada,
Europe, Africa, Middle East,
Caribbean and South America

Tel: 603-472-8261
Fax: 603-471-0716
E-mail: slspencer@csi.com

Tim Burkhard
Western US and Canada,
Far East, Central America,

Pacific and Australia

Tel: 707-544-9977
Fax: 707-544-9375
E-mail: TPBurk@aol.com

4772 Stone Drive
Tucker, GA 30084 |

L1B Redmond, WA 98073-9701.
Email: Bob.clark6@honeywell.com.

Honeywell is an equal opportunity employer committed to a diverse
workforce.

ywell.com

WWw.

IMMEDIATE OPENINGS

XPROFESSIONAL ADVANCEMENT
RCHALLENGING OPPORTUNITY
HGROWTH INDUSTRY

XIGREAT LOCATION / A\V”:(

AVX is a world leader in the COPPQQ A—HON

manufacture & sale of electronic
components. Join the winning AVX A KYOCERA GROUP COMPANY

team and become a part of the exciting,
challenging & rapidly growing electronics
industry. AVX s looking for:

PROCESS ENGINEERS-Develop & implement new manufacturing technology-
material systems, burnout/firing process, finishing/package.

APPLICATION ENGINEERS-Build customer relationships. Promote new
technology. Achieve growth in sales & market share.

Send resume in confidence to:
Larry Edwards
AVX Corporation
P.O. Box 867
Myrtle Beach, SC 29578

http://www.avxcorp.com

An equal opportunity employer
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WAVE & WIRELESS |

Author’s Guidelines

Applied Microwave & Wireless
does not use a detailed author's
guide! We don't want to make your
job of writing any more difficult.
We're editors, and it's our job to
make sure your efforts are pre-
sented to our readers in a profes-
sional manner. We want your
expertise, not your grammatical
ability.

To submit an article for publica-
tion in Applied Microwave &
Wireless magazine, send a propos-
al or abstract to Gary Breed,
Publisher, at the address below.
Please be sure to include a contact
name, telephone and fax numbers,
and e-mail address.

We will notify you if we want to
publish your work and will ask you
to submit the final article. We'll
need to receive your article at least;
eight weeks before the date of pub-
lication.

Submit article proposals to:

Applied Microwave & Wireless
4772 Stone Drive
Tucker, GA 30084
Tel: 770-908-2320
E-mail: amw@amwireless.com

MTS Wireless

omponents...

a subsidiary of AMERICAN TOWER CORPORATION,
continues to expand it’s leadership in customer support
with the addition of these key professionals:

SITE SPECIALIST

This position, in conjunction with our Project Managers,
will assist customers with technical support regarding:

* Evaluation of FAA Filings

e Structural Evaluations

* Foundation Design

* Component Specifications

¢ Coordination of Component Shipments
and Unloading Schedules

You will also participate in site feasibility analysis as a highly visible member of our
Project Management team. The successful candidate should have a minimum of
five years field experience in addition to understanding the relationship of compo-
nents selection and site management. Excellent communication and troubleshoot-
ing skills will make you a key player in our rapidly growing organization.
Opportunities exist in:

DALLAS, TX SALEM, OR
11312 So. Pipeline Rd. 4740 Ridge Dr. NE
Fort Worth, TX 76040  Salem, OR 97303

JUPITER, FL
508 Commerce Way
Jupiter, FL 33458

WATERBURY, CT
Waterbury, CT 06705

We offer an excellent salary with an outstanding benefits package
including 401k, stock options and more!
Call, 1/800-307-9160, Fax: 1/203-759-1210,
or Email your resume to: rgregory@mts1.com,
Attn: Manager of Professional Development.
www.mts1.com

MT WIRELESS

COMPONENTS

562 Captain Neville Dr.

EOE

Ap lied

Issue Space deadline
July 6-1-2000
August 7-3-2000
September 8-1-2000

~ MICROWAVE & WIRELESS

Upcoming issues

Editorial topics Bonus distribution

Wireless Data
Impedance Matching
GaAs and SiGe Technologies

Wireless Broadcasting
Oscillator Products,
Using Distributors

Wireless Chipsets
Noise Analysis
Education Update

RAWCON 2000

European Microwave

Materials due one week following space deadline

Contact Scott Spencer (Eastern region): 603-472-8261
or Tim Burkhard (Western region): 707-544-9977
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Big Pipe, Big Event: Broadband wireless access is fast,
reliable, quick to deploy, and cost effective. It's the
ultimate solution to the bandwidth bottleneck. Put the
power of the big pipe to work for your organization by
attending the world's leading forum on fixed wireless
broadband systems, services and content. At WCA 2000,
it's all about access!

Hot Topics: WCA's renowned conference program—
featuring more than 75 speakers—and the industry's
largest exhibition guarantee that you'll find answers to
your toughest questions.

Cast of Thousands: Meet with experts from five continents.
No other broadband wireless event offers this level of global reach.

Work Hard, Play Hard: New Orleans is the perfect place to mix business and pleasure.

For information or to register contact:
W)’,’ I"'\ Wireless Communications Association International
[ ] +1.202.452.7823 Telephone +1.202.452.0041 Fax

megan@wcai.com Vvisit us at. www.wcai.com

decvsrearcd

ALCATEL

ARCHITECTS OF AN INTERNET WORLD

elericerse

Lucent Technologies

el Labs Innovations.

Z,
“PANDREW.
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mmW Test Equipment

Vector Network Analysis Systems Use with popular Scalar Network
microwave VNA equipment to achieve millimeter wave Analysis
vector/amplitude measurement capability. Can be used
in either the forward direction only (S11 & S21) with one
T/R module and one T module or in the forward and
reverse direction (S11, S21, S22, $12) with two T/R
modules. Systems are available for all waveguide bands
from WR-22 to WR-05.

multip ’W—Wdﬂcspurs d harmol
dual directional coupler 'm:f dei\

Waveguide VNA Calibrat
above Vector Network Ana
the components necessar
calibration methodologies.

l ! Jrae at the OML Web Site is
‘the Windows™ compatible, block con-
rter “Spurious Product Prediction
ogram " illustrated to the left. With this
: mmm. engineers can examine their
converter designs for harmful
rious responses.

Iso contained on the Web Site are com-
plete specifications for all of the above
millimeter wave frequency extension
products as well as technical papers
addressing many of the more common
popular Spectrum millimeter wave testing problems.
providing continuo in these papers are many useful milli-
mixer is equipped w | _ ts and graphs not found elsewhere,

accomplishing the FCC

FCC Spurious and H



Market Update

The Software Defined Radio:
A New Technology Challenge

ation” technology that is already seeing limited

use, enabled by recent advances in the computa-
tional power and/or power consumption of digital signal
processing (DSP) devices. The value of SDR is that it
can be reconfigured at any time to match the transmis-
sion standards of any communication system.

SDR is the ultimate in flexibility, allowing access to
multiple standards. For example, it may be implement-
ed in a wireless handset that can operate with any cel-
lular standard. With this technology, true nationwide or
worldwide coverage is possible. Improvements and
upgrades can also be accommodated by simple software
changes that can be automatically downloaded via the
service network whenever necessary.

A more powerful use of SDR is in adaptive systems.
During times of heavy usage, a base station could
change to a more spectrum-efficient or interference-
resistant mode, instructing each handset to change pro-
gramming to be compatible. During times of low usage,
a mode with wider bandwidth would be available for
increased data capabilities or faster Internet access.

The software defined radio (SDR) is a “next gener-

DSP is the enabling technology

Reprogrammability of complex digital transmission
formats requires a great deal of computing power. DSP
devices from major semiconductor vendors are now
being developed with SDR in mind. Fortunately, other
communications services such digital television (DTV),
digital cable and digital subscriber line (DSL) also
require powerful DSP to make them work effectively.
The leverage of several key applications is a great incen-
tive for DSP manufacturers to push development.

DSP development is proceeding in three directions —
raw power, low cost and low power consumption. The
maximum processing power is needed for base stations
and central processing locations for all the services just
mentioned. Low power consumption is necessary for
portable devices that need significant computational
power, but also must keep customers happy with long
talk time and standby time. Of course, the lowest cost is
a necessity for mass-market products, from handsets to
set-top boxes to DSL user modems.

SDR is a regulatory challenge

At present, technical regulations (by the Federal
Communications in the U.S.) address single transmis-
sion formats and equipment configured specifically for
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one service, such as a DTV transmitter or CDMA PCS
base station. To address new SDR technology, the FCC
has issued a Notice of Inquiry, inviting interested par-
ties to contribute to these specific areas of discussion:

* How does SDR improve “interoperability” among
communications systems operating in multiple fre-
quency bands using different transmission standards?

* How would SDR improve spectrum efficiency and
spectrum sharing? For example, can such equipment
monitor activity and choose an open frequency? If so,
how does it identify itself to other users regarding the
frequency and modulation scheme it is using?

* What are the implications of SDR on equipment
authorization systems and interference control?
Should the radio hardware, software or both be
required to show compliance with FCC standards?

* How will SDR require changes in the FCC’s tradition-
al approaches to spectrum management? How should
the FCC facilitate experimentation and eventual
deployment of these devices?

In an address to the IEEE Radio and Wireless
Conference (RAWCON) in August 1999, FCC Chief of
the Office of Engineering and Technology, Dale Hatfield
stated that the software defined radio was one of two
great technical challenges that the FCC must address in
the near future (the other is ultra-wideband technolo-
gy). Hatfield observed that SDR will unquestionably
require changes to the FCC’s traditional approach to
technical regulations.

The magnitude of this revelation should not be
understated — SDR is a developing technology that will
alter the way the radio spectrum is utilized for both
existing and new communications needs.

How soon will changes occur?

The technical means are now available. Systems have
been demonstrated that can adapt to two or more simi-
lar wireless modulation schemes. In the past six months,
advances in DSP technology have been announced that
would support most practical SDR implementations.
Wideband radio front-ends have been around for many
years in test equipment, military systems and scientific
equipment. Like all wireless developments, SDR will find
that its practical implementation will follow technical
and regulatory issues, with its market acceptance con-
trolled by cost and perceived value. |
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Des1gn1ng for the future of. .

New integrated multi-chip
switch matrix products.

Patented SMT “robust lead”
circulator available for
pick & place automation.

..Wireless Infrastructure )

New PHEMT switches and
converters for high
linearity, low current
applications.

i less Handsets )

Advanced global automation
technology and fab capacity
to meet today’'s market demand.

...Volume Manufacturing )

Broad-based technologies
providing reliable and
high performance integrated
solutions for the aerospace
and defense industries.

...Aerospace )

Visit us at MTT-S and speak directly to

M/A-COM DESIGN ENGINEERS.
Wireless Products: Booth #2107
Aerospace Products: Booth #401

T
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Introducing an
infinitely smarter and safer

way to cross the road.

5

Introducing the Xinger® Crossover from Anaren — a simple solution for
the age-old problem of “getting to the other side.”

k. You can now cross any RF and DC line combination and avoid dangerous intersections
3 ” g’ within low- and high-frequency applications such as NMT, GSM, UMTS, MMDS and HiperLan.
The Xinger C-ossover’s multilayer-stripline packaging provides optimal line-to-line isolation to
ease signal transmission and is a low-cost alternative to bulky, multilayer boards. RF-DC and RF-RF components
are available — each with a tiny footprint of 0.2" x 0.2", a frequency range of 0 to 6GHz, and an insertion loss
of less than 0.1dB and a return loss of less than 20dB at 6GHz. The RF-RF version also maintains an isolation
higher than 25dB.
The Xinger Crossover is designed for surface mounting via tape or reel for quick circuit board assembly.
3 So, whether you want DC current capability or RF performance, the Xinger Crossover is the safest —
and soundest — way to ge: to the other side.
Call today to find out more about the Crossover and the entire line of Xinger* products, including the balun
and the mini-Xinger — exclusively from Anaren.

* Patent pending on the Crossover component and patent awarded on the Xinger packaging technology.

Questions? Contact Anaren at crossover@anaren.com

800-544-2414 > www.anaren.com Anaren
In Europe, call 44-2392-232392
Visa/MasterCard accepted (except in Europe) What'll we think of next?™
150 9001 certified .
e Circle 37
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