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C.W. Swift & Associates introduces ...

PGM Technology
and the new PGM connector

The new PGM sub-miniature
connector offers: g CQVMG_{’\/\J\/A\%— /

* Low VSWR, DC-50 GHz

 Intermateable with standard
SSMA connectors

* Standard 2.4 mm performance

* Rugged thick wall air dielectric
interface

* Sub-miniature in size

If standard SSMA connectors
don’t give you the performance
you need or high frequency
connectors such as the 2.4 mm are
too large for your application,
contact us today for more
information on PGM Technology
and the new PGM connector.

C.W. SWIFT & Associates, Inc.

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

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

LCoaxial Cable Assemblies

Just give us a call or visit us at www.iw-microwave.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: sales @ iw-microwave.com
WWW.iw-microwave.com

MICROWAVE PRODUCTS DIVISION
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THE WORLD'S LARGEST SELECTION

2kHz fo 10GHz /... 99‘

Choose from over 560 standard off-the-shelf models from 2way and 3way to 48way; 0°, 90°, and

180°; 60 and 75 chms 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 turmaround 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 is all about!



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

[JMini-Circuits

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET http://www.minicircuits.com  C/RCLE READER SERVIC
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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Shopping for the best in IC packaging?

Beware of plain brown wrappers — look for the ones
marked “RFMD”. From single-chip leadless designs

to multi-chip modules, we package for every purpose.

And there are no surprise packages.
Open any RFMD® package and you'll find
just what you want — dependable,
highly integrated components that deliver

peak performance while conserving board space.
Shop around...then let us wrap something up for you.

Because good things come in RFMD packages.

PACKAGING - it sets us apart.

RF >)>)))))))) ®

MICRO'DEVICES

Proprietary, State-Of-The-Art
RF Integrated Circuits®

7628 Thorndike Road
Greensboro, NC 27409-9421

Phone 336.664.1233
Fax 336.931.7454

Mention packaging when contacting us. www.rfmd.com

TM & © 2001, RF Micro Devices, Inc.
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¢

(Qty. 25)
'
lower thermal resistance
better gain flatness
wide choice of gain
high IP3
, high reliability *
& 2 year guarantee*
in stock!
TYPICAL SPECIFICATIONS AT 25°C:
Flatness Max. Power OutA Thermal DC Price
Freq.® Gain(dB)  DC-2GHz  @1dBComp. Dynamic Rangea  Resist.  Operating Power  $ea.
Model (MHz) 0.1GHz 2GHz (0B} (dBm) NF(dB} IP3({dBm] Bjc,°C/W Current{mA) Voit (25 Qty)
GAL-1 DC-8000 12.7 11.8 +0.5 12.2 4.5 27 108 40 3.4 .99
GAL-21 DC-8000 14.3 131 +0.6 12.6 4.0 27 128 40 3.5 .99
GAL-2 DC-8000 16.2 148 07 12.9 4.6 27 101 40 35 .99
GAL-33 DC-4000 19.3 175 +0.9 13.4 3.9 28 110 40 43 .99
GAL-3 DC-3000 22.4 1941 +1.7 12.5 3.5 25 127 35 33 .99
GAL-6 DC-4000 12.2 11.8 +0.3 18.2 4.5 36 93 70 52 149
GAL-4 DC-4000 14.4 13.5 +0.5 17.5 4.0 34 93 65 46 1.49
GAL-51 DC-4000 18.1 16.1 +1.0 18.0 3.5 35 78 65 45 1.49
GAL-5 DC-4000 20.6 17.5 +1.6 18.0 3.5 35 103 65 4.4 1.49

®Low freq. cutoff determined by external coupling capacitors. AModels tested at 2GHz except GAL-4, -5, -6, -51 at 1GHz.
*SUDJBC! to terms and conditions of the warranty published in our current Designer's Guide. Complete specifications,
performance data, and reliability report available on our web site,

Designer’s Amplifier Kit K1-GAL: Includes test board and 10 of each model
GAL-1,-2,-3,-4,-5,-6,-21,-33,-51 (90 pieces). Price only $99.95.

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

[ IMini-Circuits L

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
(b:: The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
e
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Products Unveiled at
2001 International
Microwave
Symposium

Product introductions at
the annual IEEE MTT-S
show included design
software, test instru-
ments, cable assemblies,

amplifiers, modulators
and more.

Artwork courtesy Applied
Wave Research, Semflex
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Microwave Lowpass Filters with a Constricted
Equi-Ripple Passhand

The author describes a modified Chebyshev pseudo-lowpass filter that
provides an additional degree of filtering performance by attenuating
frequencies below the desired passband.

— Dieter Pelz, RFS Australia

Microwave Band Pass Filters: Is Tuning Necessary?
Here is a short discussion of the advantages and disadvantages of band
pass filter design without tuning.

— Richard M. Kurzrok, PE, RMK Consultants

Limitations on Inferring cdma2000 Functionality
Based on cdmaOne Testing

The author reviews the differences between the modulation schemes
used in cdmaOne and cdma2000, including test considerations.

— Ryan Hendrickson,

Agilent Technologies, CDMA Mobile Test

Common Mistakes (and How to Avoid Them) in
Impedance Matching Network Synthesis

This short article offers practical advice about matching, a crucial part
of RF and microwave design engineering.
— Justin Magers, Anritsu Company

Phase Noise Effects on OFDM Wireless LAN
Performance

In this article, the authors address the impact phase noise has on the

performance of wireless LAN systems that use orthogonal frequency
division multiplexing to communicate.

— John R. Pelliccio, Heinz Bachmann and Bruce W. Myers,

Raytheon RF Networking

Design of Tunable Bandstop Filters using Multilayer
Microstrip

The authors demonstrate how to design bandstop (notch) filters using
techniques that operate with both LTCC technology and multilayer

printed circuit boards.
— Nasreddine Benahmed, Mohammed Feham and Saliha Dali,
University of Tlemcen, Algeria
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MEDIUM POWER AMPLIFIERS (UP TO 2 WATTS)
0

10

JCAO1-POT 0510 5 15 1 30 201 50

JCAI2-P01 1,020 3 3 1 30 40 204 800

JCA3POT 3742 30 3 1 30 40 201 750

JCAS6-POT  5.96.4 30 3 1 30 40 2.0:1 850

JCATE-POT  1.984 30 4 1 30 40 20:1 900

JCAB12-P02 83117 40 5 15 3 40 2.0: 1700

JCA910-PO1 95100 30 4 1 3B 40 201 1300

JCA1011-PO1 10.7-11.7 30 4 1 30 40 20:1 950

JCA1819-P01 18.1-186 30 5 1 27 37 20 800
RADAR & COMMUNICATION BAND LOW NOISE AMPLIFIERS

JCA23-32 2223 30 08 0.5 10 2 201 80

JCA34301 3742 30 1 0.5 10 20 20 80

JCAS6-502 5459 50 1 0.5 10 20 2.0: 160

JCATE-305 72515 27 12 0.5 13 3 2.0:1 100

JCA910-305  9.095 bij 14 05 13 3 1.5:1 150

JCAI112-305 117122 27 15 0.5 13 3 1.5:1 150

JCAN415-305 140145 26 16 0.5 13 3 1.5:1 160

JCA1819-305 18.1-186 22 20 0.5 10 20 1.5:1 160

JCA2021-600 202212 30 11 1 13 B3 1.5:1 pL)]

TRI-BAND AMPLIFIERS (5.85 TO 14.5)

JCA514-201  5.85-145 8 1 15 10 20 2.0:1

JCAS14-300 585145 14 b 13 10 20 201

JCA514-302 585145 1 6 15 20 30 20:1

JCA514-400 585145 25 6 15 10 0 2.01

JCA514-403 585145 32 6 15 3 3 20

JCAS14501 585145 35 b 15 16 26 201

JCA514-503 585-145 41 6 15 3 3 201

ULTRA-BROAD BAND AMPLIFIERS (2.0 TO 18 GHZ)

JCA218-200  2.018.0 15 5 25 10 20 201

JCA218-300  2.0-18.0 3 5 3 10 20 201

JCA218-400  2.0-18.0 29 5 25 10 20 201

JCA218-500  2.0-18.0 39 3 25 20
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Editorial

Wireless Technology
In Daily Life

By Gary A. Breed
Publisher

When interviewing prospective new employees, talking with business
associates, or just telling friends what my job is about, I often need to
explain what readers of Applied Microwave & Wirleless do in their jobs.
Recently, one of people subjected to my ram-
bling explanation expressed surprise at how
many ways wireless technology was used in
daily life. So I decided to analyze my own use
of wireless in a typical day.

My first wireless uses are opening the
garage door with a 318 MHz remote control,
starting my pickup truck and hearing
Morning Edition on the local National
Public Radio FM station, which gets its pro-
gramming via satellite link. Most people are
two steps ahead of me, because I use a sim-
ple alarm clock instead of a clock radio, and
I don’t watch TV in the morning.

As Idrive to work, I may see the Gwinnett County Police monitoring
traffic with radar. The radio station’s traffic report relies on wireless links
from helicopter reporters and wireless phone reports from drivers. Many
busy highway segments are monitored by cameras that use wireless links to
transmit the images to the traffic control center.

At the office, there’s a mix of wireless activity. The UPS and Fedex morn-
ing deliveries and afternoon pickups send reports back to their main offices
through their wireless terminals. Other office visitors have a wide assort-
ment of wireless phones, two-way radios and pagers. Some have found our
office using GPS-based navigation systems. During the day, at least a few of
our long distance telephone calls and faxes are relayed by satellite link.

Out of the office, I might make a couple calls on my wireless phone at
lunch time. The drive-through at a nearby fast food place gives the employ-
ees a chance to use their 900 MHz wireless headsets on my behalf. My FM
radio is now tuned to the local classic rock music station.

On the way home after work, a quick stop for a few items at a conve-
nience store finds a microwave motion sensor on the automatic door and a
clerk taking inventory using a handheld wireless terminal. Later, I'll make
calls using a 2.4 GHz cordless phone and may watch something on TV.

These are just a few daily uses of wireless technology. If my day involved
cross-country travel or some other activity out of the routine, I'd have an
even longer list of wireless experiences! B




Measuring peak power?
Please step around.

Sometimes all you want s a simple, basic' measurement. Peak power,

for instance. But you end up dealing with a system that's a lot more

complicated than the measurement. Now there's a way to get around

all of that. The Agilent Technologies EPM-P. power measurement system.

Starting at $3,625"

TDMA, COMA, or W-COMA, the EPM-P system gives you capability

» Simultaneous Peak, Average, Peak-Average ratio measurements

: ; : cross the board. In m idl of the hassles of multiple
* Four simultaneous independent time-gated power measurements e g DSt o voiu Lan getiid of thh P

= 8 pre-defined wireless configurations (GSM, EDGE, NADC, iDEN,

Wi i dwidth . And pre-defined con-
Bluetooth” 1595 COMA. W-COMA and ¢dma2000) sensors—with a single 5 MHz bandwidth sensor. And pre-defined con

* View up to 4 measurements or 2 traces at the same time figurations for common wireless standards let you set up instantly, with
on our easy-to-read display
+ 10 save/recall memory settings confidence. As technology changes, you can upgrade the EPM-P series

power meter via web or disk downloads. It's even easy to find out more.

Just call us, or go to the web site. Get in, get the measurement; and

u.s. 1-800-452-4844, ext, 7513 :
canada 1-877-894-4414, ext. 7390 get out. No hoops, no confusion.

Austraha;1:800-629-485+ Alistria 43-126126-7006 "+ Belarts 375-17-209-6341. = Belguim 32-2404-8340 - Bulgania 355-2-0533538 + Denmark-45-70131515 ~ Edynr 20-2301-53-52. - Finland 358-10855-2100 + Frande-33:626010700" < Getmary 49-1805-246330
Gragoe 301-7569060-« Hong Kong 862-3197-7889' Hungary 36-1382:6006 + lncha 81-11-682-6262 = relend 353-1615-8222 » Israbl §72-3-6892:570 « lialy 30-02-0260:8484 + Japan‘81.426-58-7837 » Kazakhstan 7-3272-582-020 « Korea 822, 20045114 = Kiivvair 065-243-2555
Lebanon 961:4-406-413 + Maldysia 1-800-88:8848 + Morocea 212-223-122-70 » Netherlands 31-020-547-2111# New Zealand 0800-738-378:+ Nigeria 234:1-269-3421 + Norway 47-2273-5759 + Oman 968-70-77-27 = Philippines 1-800-1651-0170 +Poland 4822-608-1440
Portagal 351:2+4222512 + PRC-1-800-810-0189 = Natar §74-439-900 » Romania 401-231-8687 » Russia 7:096-797-3928 « Saudi Arabia’ 956-1-462-4266 ~ Singapore 1-800-376-8100 ~ Slovenia 386-1436-3700 « South Africa 27-11-444-8010 * Spain 34-91-631:3300
Swiedan:46:8:506-48686 * Switzerland 41-1735-9300 * Taiwan 0800:47866 « Thailand 1-800-226-008 » Tunisia 216-1-237-123 Turkey'90-312-466-8212 + UK 44-7004-566566 +-Ukraine 380-44-21-222-95 + United Arab Ernirates 971-2:671-0800 + Uzhekistan 998-71-132-0871
©2001 Agilent Technologies ADEP466026/AMW -BLUFTOOTH is a:trademark owned by the Bluetooth SIG, fnc. LS, st price. **0,82 FF HT les 45 sectinden en joymee. ** DM 0.24/mir

Circle 24



Letters

Comments in support of wireless
data standards

Editor,

As one actively designing 802.11
radios, I just had to comment on
Gary Breed’s editorial, “Are
Standards Really Needed for
Wireless Data  Applications?”
(Applied Microwave & Wireless,
April 2001).

We all know in the engineering
field that real world designs, more
often than not, involve complex
parameter tradeoffs. As such, there
is usually “more than one way to
skin a cat.” It is therefore natural
and, in fact, healthy that the IEEE
802.11 group has such discussions!
This process may outwardly seem
slow (and perhaps “contentious,”
per the opinion expressed in your
editorial); however, it ensures that
the adopted protocol meets its goal
of flawless transfer of data over real
(make that imperfect) radio chan-
nels. We have also put in place a
world class certification authority
guaranteeing the complete interop-
erability of all IEEE 802.11 prod-
ucts.

Since IEEE 802.11 has been
around substantially longer the
Bluetooth, I'd also like to point out
the uphill battle that we had to
endure in order to sell the non-RF
world on wireless data. Most of the
non-RF world (make that the vast
majority of the human race) views
radio as some form of (unreliable)
black magic with maybe a bit of sci-
ence thrown in to confuse everyone.
Let's be honest with ourselves - we
as a radio community have not
always been successful demonstrat-
ing how reliable radio can be! Kudos,
therefore, to both our 802.11 team
of protocol/modulation experts and
to our substantial marketing talent
in proving to the Computer and
MODEM community that 802.11
delivers its promises and that they
can be comfortable deploying it in
mass production.

12 - APPLIED MICROWAVE & WIRELESS

At this time there are millions of
802.11 chipsets out there routinely
performing data transfers at true
Ethernet speed. I must confess that
I tend to get very blasé walking
around our campus from meeting to
meeting with my little 802.11-
equipped wireless laptop, surfing
the net, keeping minutes, etc., and
almost never ponder the consider-
able technical achievement of flaw-
less Access Point communications
that 802.11 provides. Now let’s turn
our attention to Bluetooth: I've been
reading about its potential for sever-
al years now. Correct me if I'm
wrong, but I'm not aware of any
really mass deployment of Bluetooth
technology to date. Also, let’s admit
that Bluetooth was never really
intended for networking utilizing
infrastructure devices such as
Access Points. It was really only
designed for relatively low data rate
transfers over short distances, such
as downloading a file from a laptop
to a printer. As such, it is quite a bit
less complex than 802.11.

With regard to your suggestions
of possibly utilizing a non-standard
device for communicating, I have to
note the rapid emergence of public
802.11 WLANs (PUBLANS) in
many major airports, hotel chains,
ete. The near term possibilities here
are mind boggling. This can only
happen with a world wide interoper-
able standard. IEEE 802.11 devices
are significantly dropping in price.
Due to economies of scale, I can
almost bet that most of the non
standard devices will soon disappear.

Interestingly, we don't really view

802.11 and Bluetooth as competing
technologies. Each has its own place
where it shines. Bluetooth is cheap,
slow, and only operates over rela-
tively short distances. 802.11 is a bit
more pricey, however fast, network-
friendly and capable of range in
excess of 30 meters at the full 11 Mb
data rate. However, when comparing
the complexities of the two and the
effort it took to compose the protocol
for each of these standards, I think
that you've done 802.11 a great
injustice! I think that IEEE 802.11
was well worth the wait!

The opinions expressed are strict-
ly those of the author.

Richard L. Abrahams
Intersil Corp.
Wireless Applications Engineering

Product announcement correction
On page 116 of the May 2001
issue, we published the wrong photo
with Raytheon’s announcement of
new chipsets for 23, 26 and 38 GHz.
The photo was of Raytheon’s 5 GHz
Tondelayo devices. More informa-
tion on these mm-wave products can
be found online at: www.raytheon.
com/micro/index.html#mwc

Figure correction

In the May 2001 article “A New
Broadband Coupled-Line N-Way
Power Combiner/Splitter,” by Simon
Y. London, Figure 2 was published
incorrectly. The corrected figure is
below. A complete copy of the article
is available for download through
the article archive available at our
Web site: www.amwireless.com

(@)

(b)
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A (a) Even-mode decomposition cirucit and (b) odd-mode decomposition circuit.
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The part of Goliath is now being played by David.

The balance of power has shifted. The lumbering software of the past has
finally met its match—a more agile, more accurate high frequency design
solution. Microwave Office 2001. It can literally double your productivity
over legacy design tools. And the precision of its models now makes first-
pass success a reality. No EDA software is more powerful or intuitive either.
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Simple optimizations are a snap. It's easy to customize. 2
pie op ! R Y Microwave

And you get regular timely upgrades. Moreover, our

schematic data translators import existing Agilent EEsof

Download a fully-functional 30-day trial (just 20MB) designs, so you won't lose any valuable data. For more

at www.mwoffice.com and start designing today. info, visit www.mwoffice.com or call us at 310-726-3000.
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Calendar

CONFERENCES

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

July 9-12, 2001
The 13th Annual International Conference on Wireless
Communications (Wireless 2001)

Calgary, Alberta, Canada

Information: Leila Southwood

Tel: 403-289-3140; Fax: 403-282-5870

E-mail: leila@cal.trlabs.ca

Internet: http://www.trlabs.ca/wireless

July 18-22, 2001
Progress in Electromagnetics Research Symposium
(PIERS 2001)
Osaka, Japan
Information: Prof. H. Ikino
Tel: +81 96 342 3851; Fax: +81 3 3259 0783
E-mail: h_ikuno@eecs.kumamoto-u.ac.jp
Internet: http://www.piers2001.gr.jp

July 19, 2001
Interconnect By Design — 8th Annual Advanced
Technology Symposium

San Jose, CA

Information: Kulicke & Soffa

Tel: 215-784-6560

Internet: http:/www.kns.com

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

Tokyo, Japan

Information: ISSSE

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

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

July 29-August 3, 2001
International Conference on Subsurface and Surface
Sensing and Imaging Technologies and Applications 11l
San Diego, CA
Information: Prof. Cam Nguyen
Tel: 979-845-7469; Fax: 979-845-6259
E-mail: cam(@ee.tamu.edu
Internet: http://ee.tamu.edu/subsurface-sensing-
conference
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August 1-3, 2001
IMAPS Brazil 2001
Sao Paulo, Brazil
Information: IMAPS
Tel: 202-548-4001
E-mail: imaps@imaps.org
Internet: http://www.imaps.org

August 19-22, 2001
2001 IEEE Radio and Wireless Conference
(RAWCON2001)
Boston, MA
Information: Dr. Michael S. Heutmaker
Tel: 609-639-3116; Fax: 609-639-3197
E-mail: heutmaker@lucent.com
Internet: http://rawcon.org

August 21-23, 2001
ITCOM + Opticomm 2001
Denver, CO
Information: SPIE
Tel: 360-676-3290; Fax: 360-647-1445
Internet: http://www.spie.org/info/itcom

SEPTEMBER

September 10-14, 2001
International Conference on Electromagnetics in
Advanced Applications (ICEAA 01)

Torino, Ttaly

Information: COREP-ICEAA 01

Internet: http://www.polito.it/iceaa0l

September 11-13, 2001
PCIA GlobalXChange 2001
Los Angeles, CA
Information: PCIA
Tel: 703-739-0300; Fax: 703-836-1608
E-mail: bergerep@pcia.com
Internet: http://www.pcia.com

September 24-26, 2001

EDA: Front-to-Back
Santa Clara, CA
Information: Penton Media Inc.
Tel: 1-888-947-3734

September 24-28, 2001
European Microwave Week
London, UK
Information: Nicola Jedrej
Tel: +44 20 7861 6391; Fax: +44 20 7861 6251
E-mail: njedrej@cmp-europe
Internet: http://www.eumw.com



Tough Environment. Top Performance.

Stanford Microdevices has expanded its industry-
leading silicon-germanium (SiGe) amplifier line
with two new power devices ideally
suited for driver-amplifier functions
in wireless equipment operating
in the most demanding signal
environments.

SOT-89 Package

Offering the wireless system designer typical GaAs linearity
atsilicon prices, these cost-effective heterojunction bipolar

transistor (HBT) units produce high output IP3 performance
across the DC-3000 MHz frequency band. SGA power devices

are excellent choices for wireless infrastructure driver amplifiers,
CATV amplifiers, as well as wireless-data and wireless-local-
loop amplifiers. Stanford Microdevices delivers the power you

need for your toughest operating environment.

For more information, visit us at stanfordmicro.com.

Part Number | Frequency | Device Id P1dB IP3 Gain @ | Gain @ | NF @
Range Voltage 1GHz | 2GHz | 1GHz
(MHz) (v) (mA) | (aBm) | (dBm) | (dB) | (dB)) | (dB)

SGA-9189 [DC-3000| 5 180 | 26 39 18 12 2.5
3 165 | 225 | 35 18 12 2.2
SGA-9289 |DC-3000| 5 270 | 28 a4 18 1 29
3 315 | 26 39 17 11 2.6

*Data at 2 GHz unless otherwise noted

* 5TANFURD
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Calendar

SHORT COURSES

University of California at Los Angeles Extension
Optical-Layer Networking: Key Enabling Technologies
and Architectures
Los Angeles, CA ... ... .. July 9-11, 2001
Satellite Communications Payload and System Design
Los Angeles, CA .. ...... July 18-20, 2001
Digital Signal Processing: Theory, Algorithms and
Implementations
Los Angeles, CA .. ...... August 13-17, 2001
Information: UCLA Extension, Short Course Program
Office, Tel: 310-825-3344; Fax: 310-206-2815.

Besser Associates
Fiber Optics Made Simple
San Diego, CA ......... July 10-11, 2001
Advanced RF Power Amplifiers Techniques
Mountain View, CA . .. ... July 10-13, 2001
Short Range Wireless and Bluetooth
San Diego, CA ......... July 10-13, 2001
Mountain View, CA . .. ... September 25-28, 2001
RF and Wireless Made Simple
San Diego, CA ......... July 12-13, 2001

Mountain View, CA ... ... August 7-8, 2001
DSP Made Simple for Engineers

Mountain View, CA ... ... July 16-18, 2001
RF Transceiver Design

Mountain View, CA ... ... July 24-27, 2001
Wireless Digital Communications

Mountain View, CA . . . . .. July 30-August 3, 2001
RF and Wireless Made Simple II

Mountain View, CA . . . . .. August 9-10, 2001
Applied RF Techniques I

Mountain View, CA . ... .. August 13-17, 2001

Practical Design of Integrated and Discrete Wireless
Circuits

Mountain View, CA . ... .. August 20-22, 2001
RF Wireless System Design Fundamentals

Mountain View, CA . ... .. August 22-24, 2001
RF CMOS Design

Mountain View, CA . ... .. August 23-24, 2001
Bluetooth: Operation and Use

Mountain View, CA . ... .. August 27-28, 2001
Behavioral Modeling

Mountain View, CA . ... .. August 28-30, 2001

Information: Annie Wong, Tel: 650-949-3300; Fax: 650-
949-4400; E-mail: info@bessercourse.com; Internet:
www.bessercourse.com.

International Institute of Connector and
Interconnection Technology (lICIT)
Basic Connector Technology

Detroit, MI ............ July 16-17, 2001
Connector Failure Mechanisms

Detroit, MI ............ July 19, 2001
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Connector Testing

Detroit, MI ............ July 18, 2001
Bandwidth, High Frequency and RF Effects

Detroit, MI ............ July 19, 2001
Information: Suzanne Romeo, Tel: 1-800-854-4248; E-
mail: sromeo(@iicit.org; Internet: www.iicit.org.

Coventor Inc.
Microfluidics Design and Analysis

Cary, NC .............. July 17-19, 2001
MEMS Design and Analysis
Cary, NC.............. July 31-August 2, 2001

San Mateo, CA ......... August 8-10, 2001

Amsterdam, Neth. ...... August 29-31, 2001
Top Down MEMS Design

San Mateo, CA ......... August 6-7, 2001
Information: Coventor Inc., Tel: 919-854-7500; Fax:
919-854-7501; E-mail: events@coventor.com; Internet:
www.coventor.com.

Process Sciences Inc.
SMT Bootcamp

Chicago, IL . ........... July 23-24, 2001

Denver, CO . ........... August 2-3, 2001
Information: Process Sciences Inc., Tel: 512-259-7071;
Fax: 512-259-7073; Internet: www.process-sciences.com.

University of California at Berkeley Extension
Advanced Digital Integrated Circuits

Berkeley, CA .. ... ... ... August 1-3, 2001
Design of Analog Integrated Circuits for Mixed-Signal
Integrated Systems

San Francisco, CA ... ... August 6-10, 2001
Information: Continuing Education in Engineering, Tel:
510-642-4111; Fax: 510-642-0374; E-mail: course@
unex.berkeley.edu; Internet: www.unex.berkeley.edu.

University of Wisconsin at Madison

Electrical Grounding of Communications Systems
Madison, WI ........... August 1-3, 2001

Information: Katie Peterson, Tel: 1-800-462-0876; Fax:

608-263-3160; E-mail: custserv@epd.engr.wisc.edu.

Monmouth University
Software-Defined Radio

West Long Branch, NJ .. August 7-8, 2001
Information: Mickey Kuntz, Tel: 732-571-4491; E-mail:
mkuntz@monmouth.edu; Internet: www2.monmouth.
edu/ctdt/specialcourses.htm.

University of Missouri-Rolla

Grounding and Shielding Electronic Systems
Toronto, ON, Canada . .. .August 8-9, 2001

Circuit Board Layout to Reduce Noise Emission and

Susceptibility

Toronto, ON, Canada . . . .August 10, 2001



ror Point-to-muitipoint
Anphcauons".ﬁ;_

'...MMDS and UNII RF Heads

W] MMDS Point-to- W) UNII Point-to-
Multipoint RF Unit Multipoint RF Unit
«2.5-2.7GHz =5.725-5.825GHz
= Up to 60MHz Tx, Rx =25MHz Tx, Rx Bands  "SS9222222

MDS Tx Option ' | | o

W) Communications - a Cisco Technology Partner
Other features include:

= Full duplex operation = Single cable interface from IDU to ODU
= Integral antennas = Optional duplexer configurations

For more details, call our toll free number, fax us at 408-577-6620 or
e-mail us at sales@wj.com. Data sheets are available in PDF download
file format by visiting our web site at www.wj.com.

1-800-WJ1-4401

Visit us on the web at www.wj.com

The Communications Edge™
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Information: Sue Turner, Tel: 573-341-6061; Fax: 573-
341-4992; E-mail: suet@umr.edu; Internet: www.
umr.edu/~conted.

Georgia Institute of Technology
Infrared/Visible Signature Suppression

Atlanta, GA ........... August 28-31, 2001
Information: Georgia Tech Distance Learning, Continu-
ing Education and Outreach, Tel: 404-894-2547; Fax:
404-894-7398; E-mail: conted@gatech.edu; Internet:
www.conted.gatech.edu.

Agilent Technologies
RF & Microwave Fundamentals

Winnersh, UK . ... ...... August 29-31, 2001
Information: Tracey Bull, Tel: +44 118 9276741; Fax:
+44 118 9276862; E-mail: tracey bull@agilent.com.

Arizona State University
Semiconductor Physics and System Reliability

Tempe, AZ ............ September 10-13, 2001
Information: College of Engineering and Applied
Sciences, Tel: 480-965-1740; Fax: 480-965-8653; E-mail:
asu.cpd@asu.edu.

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

Santa Barbara, CA . . .. .. September 19-21, 2001
Information: Brian P. Slatery, Tel: 805-682-7171; Fax:
805-687-6949; E-mail: brian@ttiedu.com; Internet:
www.ttiedu.com.

R.A. Wood Associates
Introductory RF & Microwaves

Lake George, NY ....... September 20-21, 2001
Information: R.A. Wood, Tel: 315-735-4217; Fax: 315-
735-4328; E-mail: rawood@rawood.com; Internet:
www.rawood.com.

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

More courses listed at www.amwireless.com

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

tel: 650-949-3300

Besser Associates™
The Worldwide Leader in RF and Wireless Training

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

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

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

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

Stop by our website for a full listing of courses
through December 2001!
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Wireless is transforming
What about you?

Will you keep pace with 3G, or will you set it? Profound change
confronts the wireless world. Technologies are migrating fast and
furiously toward 3G. Agilent has been spurring this evolution since
the beginning, as a driving force on the test standards boards. So in
collaborating with us, you'll propel yourself quickly ahead of the
development curve. Not only are our solutions 3G compliant, they're
infused with industry insight you'd expect from the company who
helps define the test standards. Whether you're designing, verifying,
or manufacturing, you'll have the solid foundation needed to focus
on executing quickly. And, no matter where in the world your team
is working, they'll have access to that expertise—whether it's

u.s. 1-800-452-4844, ext. 7323 I8
canada 1-877-894-4414, ext 7389 W-CDMA, cdma2000, or EDGE. LIFE

@2001 Agilent Technologies ADEPSIG4009/AMW
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OF NONLINEAR SIMULATION PERFORMANCE

B fraph (Workspace: clipl

That’s what you get with Eagleware's new

™

harmonic balance simulator, HARBEC . From

real-time tuning, to application of artificial
intelligence techniqgues, to co-simulation with
electromagnetics, HARBEC does it all ... with a

powerful set of features that includes:

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

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

So Grab a Seat and Hold ;
With nonlinear modules priced at $4990, they're
going fast. And so will your design.

FAGLEWARE,

- —d RF and Microwave Design Software

Phone: +1 678-291-0995

Fax: +1 678-291-0971
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BRIEFS

* Anritsu Company has
announced the opening of a
research and development and
manufacturing facility in San Luis
Obispo, CA, to accommodate de-
mand for the company’s optical and
microwave and RF components.

* Andrew Corporation has
opened a dedicated Technical
Support Center in Sorocoba, Brazil.
The facility is staffed by technical
personnel and offers telephone and
online technical support to the
company’s customers in English,
Spanish and Portugese.

* Galtronics has announced the
completion of its wireless design
center in Phoenix, AZ. The new
location includes an anechoic
chamber, SAR testing equipment,
network analyzers and other equip-
ment designed for testing of the
company’s high performance
antenna products.

* Xitron Technologies, a manu-
facturer of electrical power mea-
surement devices, has relocated to
a larger headquarters facility in
San Diego, CA. The new 10,000-
square-foot location includes space
for research and development, pro-
duction, warehouses and offices.

* Glassman High Voltage, a
manufacturer of high voltage DC
power supplies, has moved into a
56,000-square-foot facility in High
Bridge, NdJ. The new location hous-
es the company’s manufacturing,
engineering, sales and administra-
tive operations.

* Spectrum Control has updated
its Web site, www.spectrumcontrol.
com, to include access to instant
product information, parametric
and integrated search capabilities
and custom product design.

* Gowanda Electronics has
unveiled a new Web site at
www.gowanda.com, offering prod-
uct, technical and company infor-
mation. The site also includes a
product search feature allowing
customers to search by either part
number or properties.
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Agere Systems, RF Micro Devices team for chip manufacturing

Agere Systems and RF Micro

- Devices have announced the signing

of definitive agreements to form a
strategic alliance to develop, design
and manufacture high performance
chips for next-generation, data-
capable digital cellular phones and
other products.

Under one part of the agreement,
RF Micro Devices will invest approx-
imately $58 million over two years
to upgrade manufacturing clean
room space and purchase semicon-
ductor manufacturing equipment.
This equipment will be set up in
Agree’s Orlando, FL, manufacturing
facility and will be used to fulfill the
terms of the alliance.

Production from the equipment
will be allocated to RF Micro
Devices first, providing the company

with silicon capacity while giving
both companies the benefits of com-
bined operations and increased
manufacturing volume. RF Micro
Devices will provide silicon engi-
neers for the Orlando operation.

The two companies also plan to
create an RF center of excellence to
jointely advance RF chip process
technology and design methology.

Agere Systems Inc., based in
Allentown, PA, was formerly the
Microelectronics Group of Lucent
Technologies. The company pro-
vides integrated optoelectronics and
integrated circuits solutions for
communications. RF Micro Devices,
based in Greensboro, NC, designs
and manufactures proprietary radio
frequency integrated circuits for
wireless communications.

Modelithics created
for CAD/CAE services

A new company, Modelithics, has
been created to provide characteri-
zation and CAD/CAE modeling ser-
vices for telecommunications.

The company, based in Lutz, FL,
stems from a successful university
research program and was founded
by Drs. Lawrence Dunleavy and
Thomas Weller. Services offered
include models on demand, libraray
development and management and
model validation. A database of chip
component models is planned for
release in late 2001.

Further information is available
at the company’s Web site, www.
modelithics.com.

Sheldahl, GIL Technologies
partner for roll-to-roll circuitry

Sheldahl Inc. and GIL Techno-
logies Inc. have announced a joint
development effort to produce high
performance, thin, reinforced roll-
to-roll circuitry.

The alliance combines GIL’s
expertise in roll-to-roll reinforced
circuit products with Sheldahl’s cir-
cuit fabrication technologies. The
companies will develop a new line of

products offering lower cost and
improved performance for RF and
microwave products, high speed dig-
ital circuits and IC packages.

Sheldahl, based in Northfield,
MN, provides high-density substrat-
ed and other products for telecom-
municationss. GIL Technologies,
based in Collierville, TN, offers sub-
strate solutions for printed circuit
board designers, fabricators and
assemblers.

Hitachi, TRW join forces
for InP amplifier modules

Hitachi Ltd. and TRW’s new
semiconductor company, Velocium,
have signed a joint development
agreement to design and develop
very high-efficiency power amplifier
modules for 3G wireless handsets
and other wireless devices. Hitachi
will manufactur the modules using
Velocium’s indium phosphide (InP)
semiconductors.

Hitachi, based in Tokyo, Japan,
manufactures semicondutors, power
and industrial equipment and other
electronics products. Velocium,
based in Manhattan Beach, CA,
manufacturs semiconductor prod-
ucts for telecommunications.



BUILD YOUR 45MHz TO 650MHz
OSCILLATOR IN ()5 MINUTES

STEP Choose the STEP Insert inductor STEP Test oscillation
appropriate into EVKIT. frequency. Done.
1 ®  Maxim part 2 N s 3 =
®  from table = ‘ u
below and . out
calculate the
inductance
using the I _GD—D s
formula in the
data sheet. E?ﬁa EPE |
+ Easyto Use + Up to -8dBm Output Power
¢ 2.7V to 5.5V Supply + Ultra-Small Implementation Size
+ On-Chip Temperature Compensated Bias ¢ Low Supply Current

+ Differential or Single-Ended Output

The MAX2605-MAX2609 series of oscillators contain varactors, core transistors, bias circuity, coupling
capacitors, and a differential output buffer in a miniature SOT23-6 package. The internal varactor’s tuning
range is factory tested so that startup and proper operation over temperature are guaranteed.

e FREQUENCY RANGE SUPPLY CURRENT PHASE NOISE @ 100kHz OFFSET
(MHz) , (mA) (dBo/Mz)
MAX2605 4510 70 19 117
MAX2606 7010 150 ‘ 2 12
MAX2607 150 to 300 ' 2.1 107 N
MAX2608 F ' 300 to 500 ' 27 ' -100
‘MAX2609 | 50010650 3.6 ‘ 93 B
FREE Wireless Design Guide—Sent Within 24 Hours! e FU O L0G
includes: Reply Cards for Free Samples and Data Sheets ON Go-ROM

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

M AXI /W
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1S0 9001

i\ [Get Price, Delivery, and Place Orders
- Online at www.maxim-ic.com

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

Distributed by Maxim/Dallas Direct!, Arrow, Avnet Electronics Marketing, CAM RPC, Digi-Key, Elmo, Nu Horizons, and Zeus
Distributed in Canada by Arrow and Avnet Electronics Marketing.

MAXIM s a registered trademark of Maxim Integrated Products. © 2001 Maxim Integrated Products.
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News

BUSINESS AND FINANCE

Motorola wins contracts
for wireless networks
Motorola Inc.’s Global Telecom
Solutions Sector has received a
number of contract awards to pro-
vide wireless network installation
and expansion services worldwide.
* Three contracts with China
United Telecommunications Corpo-

ration (China Unicom) call for the
expansion of GSM900 and 1800 net-
works in the Jiangsu, Shandong
and Xinjiang provinces. The con-
tracts are valued at $141 million.

* Oman’s Ministry of Transport
and Telecommunications Company
(OmanTel) has awarded a contract
for the expansion of the country’s

Johanson High Frequency
Multilayer Ceramic Capacitors

) CSofte ¢ 1.2
VR, MR “‘p@
\\i%c. i

“or podelind _ i

| Performance!

See for yourself, try before you buy!

Surf over to our web site and download your free copy of MLCSoft®, our
industry leading RF capacitor modeling and evaluation software. Using
MLCSoft® you’ll be able to chart critical performance parameters such as Quality
Factor, Equivalent Series Resistance and S-parameters for the entire range of
Johanson high frequency multilayer ceramic chip capacitors from IMHz through
20 GHz. After youve found the high frequency capacitor that’s right for your
design, order an engineering kit for in-circuit evaluation.

johansontechnology.com
camarillo california 805.389.1166
Circle 38
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existing GSM digital cellular net-
work, to offer additional capacity.
The contract is worth $5.2 million.

e Three contracts with Brazil’s
Global Telecom call for the supply
of 3G-capable cellular infrastru-
ture in the country’s Parana and
Santa Catarina states. The awards
are valued at $52 million.

* An agreement with Hellenic
Telecommunications Company in
Bulgaria provides for development
of the first phase of a
GSM900/1800 and GPRS digital
cellular network. The contract is
worth $31 million.

Motorola, based in Schaumburg,
IL, provides semiconductors, inte-
grated communications solutions,
embedded electronic systems, com-
ponents and network services.

Conductus awarded
Naval research contract

Conductus Inc. has been award-
ed follow-on funding from the
Office of Naval Research to further
develop advanced tunable filter
technology.

The research is funded under
the Frequency Agile Materials for
Electronics (FAME) program,
which is sponsored by the Defense
Advanced Research Project Agency
(DARPA). The contract is worth
$800,000.

Conductus, based in Sunnyvale,
CA, manufactures superconductor
wireless systems.

Agilent to acquire Sirius

Agilent Technologies Inc. has
signed an agreement to acquire all
of the issued share capital of Sirius
Communications. Financial terms
were not disclosed.

Sirius is a Brussels, Belgium-
based developer of CDMA applica-
tion-specific integrated circuits for
the 3G wireless and satellite com-
munications market.

Agilent, based in Palo Alto, CA,
provides a range of communica-
tions services worldwide.
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other mixers, our HUD and HJK models require no DC power, HJK-9MH 13 31 6.7 37 27 1495
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which simplifies circuit layout and makes them very easy to use Pt 1oMH w0 B R
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DaCkage flttlﬁg the fQOth\ﬂt of conventional SOIU{»IOHS' *Units protected under U.S. patents 5,416,043 and 5,600,169.
Nobody else has these hlgh performance. high IP3 mixers. **Additional patents pending
But even if they did, nobody but Mini-Circuits could offer them Size {LxWxH): HUK 0.500" x 0.375" x 0.23", HUD 0.803" x 0.470" x 0.280".
off-the-shelf at an amazing price from only $10.95 each!
Mini-Circuits...we’re redefining what VALUE is all about!
[ Mini-Circuits’ a1 i3
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Microwave Lowpass Filters with a
Constricted Equi-Ripple Passhand

Improved lowpass filter performance is achieved by using a nonstandard

prototype network

By Dieter Pelz
RFS Australia

systems with RF bandwidth-limited sig-

nals, such as cellular, PCS and UMTS,
usually demand lowpass-type selectivity. The
standard DC-to-cutoff equi-ripple passband,
however, is seldom required. Here, standard
lowpass prototypes may be considered non-opti-
mum or even wasteful in terms of an excessive
passband width.

Lowpass functions with a finite-interval equi-
ripple passband produce higher selectivity and
allow control of the impedance level within the
lowpass network [1]. Levy [1, 2, 9] has shown
that special Zolotarev functions are suitable as
quasi-lowpass approximation functions. Horton
[3] has described Zolotarev quasi-elliptic low-
pass filters with finite transmission zeros. How-
ever, Zolotarev functions are relatively compli-
cated for run-of-the-mill lowpass filter design
work, and easy-to-use filter tables have only
been published for limited cases.

This paper presents a quasi-lowpass proto-
type network similar to a standard Chebyshev
prototype, but with a constricted equi-ripple
passband of variable width. A fast-converging
iterative approximation method is introduced.
Tables of normalized prototype elements (g-
parameters) for various network degrees, pass-
band ripples and passband widths are given for
direct use in lowpass filter design at RF- and
microwave frequencies. A detailed design exam-
ple is given at the end.

I owpass filtering requirements in modern

Introduction

Lowpass filters are vital for modern commu-
nication systems with strict limits on unwanted
signal radiation/transmission. Bandpass filters
often require additional external lowpass filter-
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A Figure 1. Attenuation responses of the standard
lowpass filter and the passbhand-constricted low-
pass filter.

ing for suppression of spurious- and higher-
order passbands. In these cases, the lowpass fil-
ter is only required to provide a true passband
for the frequency range given by the passband
of the preceding bandpass filter. Hence, it is not
advantageous to start the lowpass filter design
process with standard prototype networks with
passbands from DC (zero) to a cutoff frequency
@c. Moreover, the selectivity of a “constricted
passband” lowpass prototype is superior to that
of a standard lowpass prototype, and the physi-
cal size is smaller (Figures 1 and 3).

Approximation
The desired lowpass attenuation function




CUSTOMIZED LOW PASS

CABLE FILTERS

At Your Finger Tips

Smaller Package
Better Performance
Spurious Free

RLC Electronics’ computerized
Custom Low Pass Filters are
available to your specifications.

RLC units are available over

the pass band frequencies of

10 MHz to 26 GHz. Advanced
coaxial techniques and optimum
selection of component materials
assure low VSWR over the entire
pass band

qp - ndEsl o foake T - RLC Electronics is 1SO 9002

Certified.

+ Computerized Custom Designs
+ Pass Band: DCtof ..
2 o Miniature Low Pass and Band

s Impedance: 50 Ohms or 75 Ohms . .
« Power Rating: 25 Watts average Pass Filters are also available.

RLC ELECTRONICS, INC.

83 Radio Circle, Mount Kisco, New York 10549  Telephone: 914-241-1334 « Fax: 914-241-1753
e-mail: sales@ricelectronics.com * www.rlcelectronics.com

RLC is your complete Microwave Component source...
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associated with a realizable network is established by
approximation. The reflective insertion loss of a lossless
passive 2-port network is given by

12 1

Sl = g

(1)

where K(w) is referred to as either characteristic func-
tion, filtering function or reflection function. For stan-
dard lowpass approximations, such as the Chebyshev
type, K(w) is directly given as a hyperbolic-cosine func-
tion with inherent equi-ripple properties.

For a lowpass filter with all its transmission zeros at
infinity, K() is a polynomial in j@ and can be written as

n-uv

K(jo)=eljo) T](2,* +(jo)’)

(2)

where v = number of reflection zeros at DC (zero) and n
= number of reflection zeros.

Here the reflection zeros Q, can be placed freely
between zero and the cutoff frequency @ to suit any
desired passband reflection behavior. However, only a
certain distribution of these reflection zeros will ensure
an equi-ripple behavior within a finite frequency inter-
val. Analytic equi-ripple-solutions involving special
Zolotarev functions are available [1], and their applica-
tion in commensurate microwave lowpass filters has
been demonstrated [2].

A relatively simple and fast converging iteration
process for generating a desired characteristic function
directly can be found in bandpass filter approximation
theory [6]. K(jo) can be used for finding lumped lowpass
filter elements, as well as for the synthesis of cascaded
transmission line lowpass filters.

The iterative approximation process

Consider a characteristic function in the form of
Equation (2). A linearized change AK of K [6] can be
derived from the logarithmic form of Equation (2) as fol-
lows:

(3)

In the given case of a lowpass filter with n — v reflec-
tion zeros in the passband, we obtain n — v — 1 reflection
maxima plus two-band-edge frequencies giving a total of
n —v + 1 critical frequencies where the reflection coeffi-
cient reaches exactly the passband ripple level. The
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unknown parameters in the characteristic function
given by Equation (2) are ¢, Q... Q, , — a total of n —
v + 1 parameters — which is a figure identical to the
number of critical passband frequencies. Therefore, a
system of n — v + 1 linear equations can be set up using
Equation (3) with a set of starting values for the
unknowns ¢ and Q,. The starting values can be rough
estimates (Equation (18) in [1] can be used for calculat-
ing starting values). Solving the equation system pro-
vides A¢ and AQ,, for improving the starting values ¢ and
Q,, with which a new iteration is then carried out. This
process is repeated until the desired accuracy of K() is
achieved. Convergence is very fast; [a MathCAD version
takes three seconds for six reflection zeros with an
attenuation accuracy of 10> dB using 10 iterations].
The critical frequencies inside the passband (the reflec-
tion peak frequencies) depend on the reflection zeros.
These peak frequencies are the zeros of the derivative of
K{(®) within the passband and need to be calculated dur-
ing each iteration cycle.

Synthesis

With the polynomial in Equation (2), the transfer
function polynomial is given by the left s-plane roots of

H(s)H(-s) = 1 + K(s)K(-s) (4)

For both K(s) being an odd- or even function, only an
n-th degree polynomial needs to be rooted for finding
the zeros of H(s) [7]. With the two polynomials K(s) and
H(s), the chain-matrix of the desired ladder network is
given. From the chain-matrix elements the short- and
open-circuit reactances are determined and normalized

circuit elements can be extracted by continuous pole
removal at ® = o,

Tables of normalized elements

Tables of normalized element values are shown in
Table 1 (see Appendix). These tables can be used to
design lumped-element and distributed-element lowpass
filters with constricted equi-ripple passbands. If n is odd,
the characteristic function has a simple zero at DC (v =
1in (2)). For an even n, the characteristic function has a
double zero at DC (v = 2 in (2)); thus is avoided the
problem of having non-zero attenuation at DC (g, =
&, +1 = 1 for all cases). The double-zero also ensures that
the network is by and large symmetric, which is not the
case with even-degree Chebyshev prototypes. Separate
tables are provided for two different passband ripple val-
ues and different lower equi-ripple, band-edge frequen-
cies. The rightmost column contains stopband attenua-
tion values at 1.5 times the cutoff frequency for each set
of normalized element values. The process for finding
denormalized elements is identical to that for the stan-
dard Chebyshev filters with the normalization frequen-
cy being the cutoff frequency w.
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A Figure 2. (a) Conductor of the standard prototype design.
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A Figure 3. Lowpass filter response curves obtained from 3D
EM simulation (left y-axis = RL, right y-axis = IL).

Design example

A seventh degree coaxial lowpass filter was designed
and simulated on the 3D EM simulator HFSS. The lower
band edge was chosen to be at a normalized frequency of
w = 0.65,

Example filter design specifications

Cutoff frequency: 2.3 GHz
Lower passhand edge frequency: 1.495 GHz
Passband return loss: 20 dB
Port impedances: 50 Q

A. Physical realization

Coaxial lowpass filters can be constructed in many
different ways [4, 5]. A realization using quasi-lumped
capacitors was chosen (Figure 2). The inductive sections
are made of 150 ohm lines. A dielectric tube (g = 2.2)
supports the capacitive sections. Corrections for the
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fringing capacitances at the discontinuities are neces-
sary [4, 8]. Here, the complication of having a “mixed
dielectric” at the discontinuities was overcome by ex-
tracting exact fringing capacitance data from 3D EM-
simulation S-parameter data.

Coaxial geometry data
Outer diameter: 6.0 mm
Inner diameter of dielectric tube: 5.6 mm
(this is also the OD of the quasi-lumped capacitors)
Diameter of inductive sections: 0.5 mm

B. Electrical performance

Given the excellent agreement between 3D electro-
magnetic simulation and prototype measurement, the
former was chosen to determine the electrical perfor-
mance of the designed lowpass filter (thick traces in
Figure 3).

C. Comparison with standard Chebyshev design

A standard seven-pole Chebyshev lowpass filter was
designed for comparison with the constricted passband
lowpass filter (CPL). In addition to better selectivity of
the CPL filter (thin traces in Figure 3), there is also a
clear size advantage. The length of the CPL design is
only 75 percent of the length of the standard lowpass
design. This means that higher degree CPL filters can
be accommodated in the same space occupied by lower
degree standard prototype lowpass filters.

Lowpass stopband requirements in popular commu-
nication systems often exist up to 13 GHz. The example
CPL design provides a monotonic attenuation increase
up to and above 13 GHz (109 dB at 13 GHz). In the stan-
dard prototype lowpass design, the attenuation slope
changes its sign at 10 GHz and can only provide 63 dB
attenuation at 13 GHz.

Conclusion

Lowpass filter prototypes with a constricted equi-rip-
ple passhand have distinct advantages over standard
prototypes for most common microwave lowpass design
applications. The required approximation can easily be
accomplished by employing a flexible iterative method.
A set of tables of normalized element parameters
enables direct application of restricted equi-ripple pass-
band lowpass prototypes in practical lowpass filter
design work. ]
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Appendix
n ' gl | g2 l 23 | g4 l g5 g6 | g7 g8 I 29 ‘ gl0 AZTnsuatiO" &
0.1 dB ripple / 16.4 dB RL normalized lower equi-ripple passband edge at = 0.5
3 1.03156 1.1474 1.03156 4.60 dB
4 | non existent
5 1.27439 1.28243 2.19193 1.28243 1.27439 20.73 dB
6 1.05042 1.51196 1.79566 1.79676 1.51146 1.05042 26.65 dB
7 1.57515 1.10489 3.15826 1.02307 3.15826 1.10489 1.57515 39.27 dB
8 1.22100 1.43926 2.04059 1.78699 1.78612 2.03917 1.43939 1.23588 45.00 dB
9 1.90936 0.88365 5.13993 0.54663 7.32761 0.54663 5.13993 0.88365 1.90936 57.90 dB
10 1.45985 1.25478 2.57245 1.47858 2.11793 2.11062 1.47955 2.56911 1.25455 1.47700 63.59 dB
0.044 dB ripple / 20 dB RL normalized lower equi-ripple passband edge at = 0.5
3 0.85495 1.10444 0.85495 2.61 dB
4 | non existent
5 1.06807 1.32100 1.94451 1.32100 1.06807 17.18 dB
6 0.90909 1.47702 1.72580 1.72648 1.47776 0.90731 23.07 dB
7 1.29823 1.21992 2.58993 1.21468 2.58993 1.21992 1.29823 35.67 dB
8 1.04493 1.45973 1.92370 1.78726 1.78847 1.92577 1.46026 1.03992 41.40 dB
9 1.56552 1.02581 3.83443 0.75501 5.03706 0.75501 3.83443 1.02581 1.56552 54.30 dB
10 1.22850 1.34127 2.27881 1.58697 2.03153 2.03653 1.58883 2.29055 1.34101 1.20923 60.00 dB
0.1 dB ripple / 16.4 dB RL normalized lower equi-ripple passband edge at = 0.65
3 1.08651 1.13655 1.08651 5.07 dB
4 0.92937 1.43463 1.43499 0.92838 9.59 dB
5 1.67051 1.02212 3.05011 1.02212 1.67051 23.65 dB
6 1.21803 1.43823 1.87832 1.87666 1.43834 1.22618 28.71 dB
7 2.48372 0.63281 8.47624 0.34639 8.47624 0.63281 2.48372 44.10 dB
8 1.73611 1.09373 2.82300 1.61314 1.60960 2.83516 1.09270 1.72573 49.12 dB
9 3.01774 0.47731 19.80094 0.10111 51.20188 0.10111 19.80094 0.47731 3.01774 64.58 dB
10 2.37530 0.72603 5.79318 0.76445 297182 3.02747 0.75557 5.78325 0.73139 2.33083 69.60 dB
0.044 dB ripple / 20 dB RL normalized lower equi-ripple passband edgeat =0.65
3 0.89562 1.10594 0.89562 2,94 dB
4 0.80064 1.35411 1.35360 0.80259 6.57 dB
S 1.34925 1.14466 2.46492 1.14466 1.34925 20.08 dB
6 1.03627 1.44707 1.79133 1.79032 1.44740 1.03067 25.12dB
7 1.98884 0.77819 5.75880 0.51169 5.75880 0.77819 1.98884 40.51 dB
8 1.42857 1.21598 2.43672 1.66558 1.65881 2.44598 1.21681 1.41297 45.53 dB
9 2.50813 0.56856 13.76005 0.15077 32.16559 0.15077 13.76005 0.56856 2.50813 60.98 dB
10 1.96078 0.84981 4.56363 0.88918 2.71558 2.68475 0.89434 4.56979 0.84490 2.00569 66.00 dB
A Table 1. Normalized prototype elements for lowpass filters with a constricted equi-ripple passhand.
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Microwave Band Pass Filters:
Is Tuning Necessary?

By Richard M. Kurzrok, PE
RMK Consultants

icrowave band pass filters can be
‘ \ / I designed and developed in various con-
figurations. Some of these filters are
manufactured, tested, and shipped with no in-
plant tuning. Other filters require alignment of
individual resonators prior to testing. This can
include adjustment of center frequencies using
mechanical or electronic techniques.

In some situations, filter couplings also entail
adjustments [1]. In this article, various band
pass filter design considerations will be dis-
cussed as an overview without delving into the
intricate details of specific design requirements.

Types of microwave band pass filters

Field tunable band pass filters inherently
entail adjustability. The need for these tunable
units has been substantially reduced by refine-
ments in microwave systems architecture. Many
band pass filters are designed using approxi-
mate equations. Developmental procedures
(2,3), that experimentally determine filter cou-
plings, can be quite effective in overcoming the
limitations of available design equations.
Coaxial band pass filter structures, such as
comb line and interdigital, and waveguide band
pass filters are often designed using resonator
tuning screws. Band pass filters using planar
(microstrip, stripline, and coplanar waveguide)
construction, in single or multiple layers, usual-
ly do not require alignment. Filters, printed as
planar circuits, sometimes require several
design iterations.

Basic considerations

In the era of government electronics,
microwave band pass filter production quanti-
ties usually were not large. Primary considera-
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tions were performance and reliability. Unit
costs were of secondary concern. In the current
era of commercial electronics, cost has become a
very important specification. Elimination of
microwave band pass filter tuning provides two
areas of cost reduction: filter hardware is sim-
plified and alignment labor costs are eliminated.
Furthermore, significantly lower unit cost can
result in the demise of repairs. Some defective
microwave filters can be treated as throw-aways
replaceable by available spares.

In many situations, the need for band pass
filter tuning depends upon filter percent band-
width [4, 5]. Filters with percent bandwidths in
excess of twenty percent, are rarely tuned. Some
filters with moderate bandwidths of five to
twenty percent can be realized without tuning.
Narrow band pass filters of less than five per-
cent usually have needed factory adjustment of
individual resonators. With the advent of tem-
perature stable ceramic filters for small percent
bandwidths, low cost filters have been achieved
without tuning screws.

Technical advances in many areas have
affected the art of microwave band pass filter
design. New materials and manufacturing
processes have facilitated performance enhance-
ment and cost reduction. The advent of person-
al computers (5,6) has permitted judicious use of
optimization techniques and electromagnetic
simulation. This can substantially reduce the
number of iterations required during filter
design and development.

Future realization of some microwave band
pass filters will entail monolithic microwave
integrated circuits (MMICS) at the sub-system
and systems levels. During the past decade,
lumped circuit band pass filters have replaced
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Band Pass Filters Without Tuning Screws
Cost reduction

Miniaturization

Reliability

Unloaded Q not reduced by tuning screws
Power handling not reduced by tuning screws
Hermetic sealing not impacted (no bellows)

No tuning screw vibration

Can reduce or eliminate unit repairs
Compatible with system integration

Band Pass Filters With Tuning Screws
Can correct for manufacturing tolerances
Can reduce model multiplicity
Can correct for source/load mismatches
Can help optimize system or sub-system
Can adjust for equalizations
Can be adaptive units
Can help with stringent specifications
Electromagnetic simulation not always available
Can provide comb line capacitive loadings

dent upon both the
filter and the source/
load interfaces. Mis-
matched source im-
pedances and load
impedances can ap-
preciably degrade
band pass filter per-
formance. Some cur-
rent systems use pas-

A Table 1. Comparative features of microwave hand pass filters without and with tuning screws.

some transmission line filters at microwave frequencies.
Active microwave band pass filters can ultimately
engender total integration. Silicon germanium semicon-
ductor material can provide an order of magnitude
improvement in frequency coverage for some future per-
sonal computers and other microwave products.

Impact of mechanical and materials tolerances

Mechanical and materials tolerances can affect the
performance of fixed tuned microwave band pass filters.
Sometimes, filter requirements permit use of guard
bands that can mitigate response shape aberrations that
accompany actual tolerance variations. Stringency of fil-
ter specifications is intricately related to allowable per-
formance degradation. As operating frequencies
increase, resonator wavelengths become smaller. This
exacerbates the impact of mechanical tolerances when
manufacturing precision is approaching practical and
cost effective limits. The current availability of comput-
er-aided design and analysis software [5] is crucial in
determining the sensitivities of band pass filter response
shapes to mechanical and materials tolerances.

Impact of resonator quality

Microwave band pass filter performance is quite
dependent on the unloaded Q's of the filter resonators
[4, 5]. Unloaded Q's are dependent upon resonator size
and geometry, conductor surface finish, and materials
properties. Filter quality is a function of unloaded Q,
percent bandwidth, and nominal filter response shape.
Inadequate unloaded Q can result in unacceptable filter
pass band dissipation losses. In an extreme situation, a
band pass filter with sharp selectivity can deteriorate
into a frequency sensitive attenuator. Filter quality also
affects filter power handling capabilities. As average
power increases, excessive filter dissipation losses can
cause overheating that could lead to equipment failure.
As peak power increases, narrow gaps, sharp corners,
poor surface finish, and materials properties can con-
tribute to voltage breakdown.

Impact of filter interfaces
Actual band pass filter response shapes are depen-
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sive interface buffers.
Future integrated
systems will use ac-
tive buffers. Ultimate interface corrections can employ
feedback control techniques with embedded micro-
processors.

Computer-aided analysis software [5] can determine
filter responses under specific conditions of source/load
terminations. Other computer software can predict the
effects of perturbed filter responses, on communications
systems performance, for prescribed modulation tech-
niques.

Advantages and disadvantages

The pros and cons of microwave band pass filter tun-
ing are a complex area where considerations of cost, per-
formance, and operations are interrelated. Some of
these features have been summarized in Table 1. The
applicability of these considerations can change as elec-
tronic technology advances and equipment cost consid-
erations become more dominant.

Some application considerations

1. Wireless handsets entail very low unit cost and
high production volume. They will probably never use
tunable microwave band pass filters.

2. Digital data links at T1 rates have non-critical
transmission specifications. Tunable microwave band
pass filters will seldom, if ever, be required.

3. High speed digital data and video at satellite earth
stations can have stringent transmission and reflection
specifications. High quality tunable microwave band
pass filters are often needed for current performance
optimization.

4. Satellite repeaters in aerospace environment
require equipment with no movable parts. Microwave
band pass filters must be provided without tuning
SCrews.

Conclusions

The elimination of tuning in microwave band pass fil-
ters is a desirable objective. This design simplification is
not always viable. For short-term new applications,
manufacturing volume, unit cost objectives, and the
complete range of applicable electrical, mechanical, and
environmental specifications will determine the appro-
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priate design tradeoffs. Many exist-
ing products, wusing tunable
microwave band pass filters, will be
continued to be manufactured. The
non-recurring costs of redesign will
often prohibit some possible product
improvements.

Enhanced communications sys-
tems architecture and ongoing
advances in systems/subsystems
integrated circuits will reduce and
possibly eliminate the need for tun-
ing microwave band pass filters in
future equipment. This could entail
further improvements in computer-
aided design and analysis plus
expanded use of embedded micro-
processors. ]
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Limitations on Inferring
cdma2000 Functionality
Based on cdmaOne Testing

By Ryan Hendrickson
Agilent Technologies, CDMA Mobile Test

ow that cdma2000 compatible mobile
| \ ‘ phone designs are beginning to increase
volume production, many mobile manu-
facturers are deciding what testing needs to be
implemented in their production process to
incorporate the cdma2000 mobile functionality.
Many of these manufacturers have existing
lines that have been producing TTA/EIA/IS-95-
A/B based CDMA mobile phones for several
years. The new cdma2000 mobile phones or
3GPP2 compliant mobiles incorporate many
advancements in spread spectrum technologies,
such as the ability to maintain backward com-
patibility with the previous 2.5G technologies.
There are many similarities between cdmaOne
and cdma2000 compliant mobiles, but there are
also significant differences in their physical RF
implementations.

The two technologies may at first look similar
enough to make assumptions on the ability to
test one technology and make inferences on the
functionality of the other. To some extent or
fraction of the complete functionality, this may
be true. But when it comes to providing reliably
tested functionality across the entire product
feature-set, it becomes a very high-risk position
for mobile manufacturers to take.

It has been suggested in the industry that
cdma2000 functionality can be inferred based
on the testing and verification of cdmaOne func-
tionality. This risky assumption is based on sev-
eral factors:

* The physical RF channel structures in most
cases is different.

* Modulation schemes vary between the
cdma2000 RC configurations and cdmaOne
modulation structure.
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* The actual fully channelized cdma2000
waveform varies compared to cdmaOne.

* ¢cdma2000 has a much higher peak-to-aver-
age ratio when fully channelized.

In regard to accurately testing the function-
ality of the device, the differences between the
two technologies are significant. Specifically, if
the edma2000 mobile design is marginal in one
specific RF performance, incorrect assumptions
will lead to significant failures in what was
assumed to be a passing functional parameter.

This article reviews and compares the differ-
ences between the modulation schemes used in
cdma2000 and edmaOne. It will be shown that
inferring ¢dma2000 functionality from
cdmaOne testing is not a recommended choice
for mobile manufacturers. cdma2000 test con-
siderations will also be discussed.

Modulation differences between cdmaOne and
¢dma2000

In order to understand the implications of
inferring cdma2000 RC 3, 4 and 5 functionality
from testing either cdmaOne or cdma2000 RC1
and 2, the differences between their respective
modulation methods must first be understood.

cdmaOne technologies incorporate an Offset
Quadrature Phase Shift Keyed (OQPSK)
approach to deal with the transition of the
reverse link through the 1/Q zero-origin.
OQPSK introduces a 1/2-chip delay in the Q
channel as compared to the I channel. This
causes the waveform to change amplitude and
phase on the I axes first and then change ampli-
tude and phase on the Q axes, eliminating the
overall transition of the waveform through the
I/Q origin, thus minimizing dynamic range
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A Figure 1. (a) 0QPSK waveform; (h) HPSK waveform.

requirements of the power amplifier. This method is

successful because:

* The I and Q channels contain the same symbol
data, both with common gain settings. These iden-
tical symbol streams are isolated by mixing with
individual short code sequences.

* Only one channel, the traffic channel, is transmit-
ted on the reverse link. This is a significant differ-
ence as compared to cdma2000, which incorporates
multiple channels on the reverse link.

These two facts ensure that the [ and Q channels are
of the same amplitude, which provides a balanced trans-
mitted I/Q waveform for cdmaOne mobiles.

To address the 1/Q imbalance, zero-origin transition
(180 degree phase transition), as well as repeated sym-
bol transition (0 degree phase transition) issues of the
cdma2000 waveform, a different modulation scheme has
been incorporated in edma2000 devices. This new mod-
ulation method is called hybrid phase shift keying
(HPSK). This variant on a complex modulation scheme
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eliminates the transition through the I/Q zero-origin on
every other chip by using standard orthogonal Walsh
codes to designate the particular channels (R-PCH, R-
FCH, and R-SCH1/R-SCH2). In addition, specific repeat-
ing sequences are used to scramble the signal to produce
one of multiple of +90-degree phase transitions. HPSK
does not entirely eliminate the zero-origin and repeated
symbol transition issues but reduces their number of
occurrences. Amplifier compression remains a concern
that must be tested for.

There are several significant differences between
cdmaOne and ecdma2000. First, the cdma2000 reverse
link structure incorporates multiple channels: a pilot (R-
PCH), a fundamental or traffic channel (R-FCH), and
the option for up to two supplemental channels (R-
SCHI1/R-SCH2) and one dedicated control channel (R-
DCCH) that can be used for obtaining higher reverse
link data rates. Also, these multiple channels can have
varying power levels which, when summed together,
dramatically complicate the overall transmitted wave-
form, causing a much higher peak-to-average waveform.
In addition, I and Q channel data is further isolated by
assigning specific orthogonal codes of various lengths,
depending on the rate at which the data is being sent.

These differences preclude the use of OQPSK modu-
lation edma2000 devices. Zero origin transitions, repeti-
tive symbol transitions and unbalanced I and Q channel
modulation become an issue when multiple channels are
individually transmitted on the I or Q channels. HPSK
reduces the effects of such issues as amplifier compres-
sion and I/Q zero origin transitions. Figure 1 shows a
comparison of a ecdmaOne reverse channel (using
OQPSK) and ¢cdma2000 channel (using HPSK).

cdma2000 test implications

By moving to the HPSK modulation methods for
cdma2000, I/Q imbalance, as well as I and Q zero origin
transitions, are reduced but not entirely eliminated.
cdma2000 and cdmaOne modulation structures are
entirely different and cannot be assumed to have similar
test responses. By testing the transmission quality of
OQPSK modulation, the transmission quality of HPSK
cannot be inferred to be similar. They are two entirely
different structures in the device, each with radically
different characteristics on identical baseband signals.
Following are several test considerations that are partic-
ularly important in verifying edma2000 functionality as
opposed to considerations that would be made for
cdmaOne testing.

cdma2000 spectral mask

Typically, spectral mask, otherwise known as adjacent
channel power (ACP) or TX spurious emissions, has not
been tested in production of edmaOne mobiles. But due
to potentially large peak-to-average ratios of the
cdma2000 waveform, especially when the reverse link is
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the flexibility to perform concurrent trans-
mitter tests while performing receiver sensi-

A Figure 2. CCDF plots for cdmaOne and cdma2000.

transmitting multiple channels at the same data rates,
the amplifier has more potential for becoming com-
pressed. This in turn will produce increased power leak-
age into the frequencies outside of the channel. Thus,
the capacity of adjacent channels that might be utilizing
cdmaOne technologies or other cdma2000 deployments
will be affected. Service providers are especially con-
cerned with spurious emissions that may end up in their
competitors frequency blocks. Service providers will rely
heavily on this measurement for determining cdma2000
mobile quality. As cdma2000 networks are deployed and
populated.

Figure 2 shows a comparison of CCDF plots for
cdmaOne and edma2000 waveforms. As shown, the plot
for the cdma2000 waveform is 2 dB greater in its peak-
to-average ratio when incorporating a reverse waveform
with the R-PCH, R-FCH, and R-SCHI. Relying on the
ACP results of a cdmaOne device to be similar to a
cdma2000 device will lead to the potential for releasing
cdma2000 devices that interfere with other adjacent ser-
vices, especially when the device is transmitting the
maximum channel options at full rate.

Multicode Rho

Waveform quality, known as Rho, is the primary test
used in manufacturing CDMA mobiles to determine the
quality of the mobile’s transmitter. Since cdmaOne com-
pliant mobiles only have one channel (the traffic chan-
nel on the reverse link), TIA/EIA/IS-98-C (cdmaOne
minimum performance standards) only specified this
measurement on the traffic channel. Because edma2000
compliant devices have multiple channels during normal
operations, the standards defined a waveform quality
test measured as preamble waveform quality or pilot
only waveform quality. TIA/EIA/IS-98-D (cdma2000
minimum performance standards) specifies this test to
be performed during the preamble associated with a
hard handoff, where the pilot is the only channel that is
transmitted. This may be problematic because the
mobile is being tested for transmission quality in a mode
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tivity tests. In addition, the mobile is tested in
a realistic operating mode, with all applicable
channels active as would be in an active net-
work. This is the preferred method.

Code domain power

TIA/EIA/IS-98-D has incorporated an additional min-
imum recommended test called code domain power. This
measurement is capable of demodulating and analyzing
the specific Walsh channels that make up the composite
cdma2000 waveform. Due to the complex modulation
scheme used in cdma2000 as compared to a BPSK based
modulation scheme used in cdmaOne, significant noise
in the active, as well as inactive Walsh channels can be
detected.

Waveform Quality is a key measurement for
cdma2000 mobiles, but it is not sufficient to fully test
the functionality of the cdma2000 transmitter as com-
pared to the cdmaOne transmitter. Simply testing the
waveform quality of the cdma2000 waveform, or worse
vet, testing the waveform quality of cdmaOne function-
ality and inferring edma2000 transmitter quality will
not reveal anything about the noise contributions in and
out of the code channel. It is entirely possible to have a
passing Rho value (0.97 as compared to the 0.944 spec-
ification) and still have a code domain noise issue. The
TIA/EIA/IS-98-D standards specify that the code
domain noise in inactive channels must be below 23 dB
of the overall power that is transmitted. The primary
source for code domain noise, in and out of the active
Walsh channels, is from either amplitude error or phase
error in the ecdma2000 Modulated waveform. Figure 3
shows a comparison of the waveform quality passing
value and the failing code domain power measurement.

Maximum power calibration

Since the waveforms of a cdma2000 mobile can incur
much higher peak-to-average ratio transmission, espe-
cially when transmitting all channels, accuracy in mea-
suring the transmitted power becomes more difficult. In
the past, standard diode slope detectors were sufficient
to accurately measure the average power of a cdmaOne
transmission. Now that cdma2000 incorporates multiple
channels at high data rates, the high peak-to-average
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Temperature compensation
Temperature compensation is often
used in the calibration process of a
mobile device. Because cdma2000
devices have a high peak-to-average
ratio, the power amplifiers used to gen-
erate the RF waveforms require more
bias current. This in turn will cause the
power amplifier (PA) to heat up differ-
ently as compared to a cdmaOne device.
Heat generated from the PA causes
adjacent components to potentially
change their characteristics. Filters and

(b)

mixers are primarily subject to varia-
tions due to temperature changes.

The cdma2000 implementation has a
much higher potential peak-to-average
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A Figure 3. (a) Code domain power display on the Agilent E5515C/E1962B. (b)

Waveform quality or Rho on the Agilent E5515C/E1962B.

ratio potential increases the inaccuracy of a standard
diode power detection method.

The desired accuracy for a power detector used for
maximum power detection is around 0.2 dB. Since many
service providers require that mobile devices transmit as
little power as possible, while still passing the maximum
power specification. By calibrating the mobile device’s
maximum power gain to as close to the lower limit of the
specification as possible, battery life is increased and
possible noise contributions in neighboring base stations
is reduced. Therefore, the capacity of the network is
increased overall. For example, by maintaining a 0.5 dB
or better accuracy in the maximum power calibration
and verification process, the resolution to which the
maximum power can be calibrated and verified becomes
at least 0.5 dB. This example takes into account other
potential system uncertainties.

Due to the waveform differences in cdma2000
mobiles, a thermal power detector should be used to pro-
vide a comparable level of accuracy in maximum power
calibration as compared to a diode slope detector method
used in edmaOne power calibration.
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and filter performance will vary as the
transmission channelization of the
cdma2000 reverse link changes. A par-
ticular temperature calibration for a
cdma2000 reverse link with the R-PCH
and R-FCH active may not be valid for a edma2000
reverse link with the R-PCH, R-FCH, R-SCH1, and R-
SCH2 active. It is not correct to assume that the tem-
perature effects and power transmission accuracy of a
reverse link with R-PCH and R-FCH active is the same
as a reverse link with all possible channels active.
Ideally, each transmission possibility should be consid-
ered individually with respect to temperature compen-
sation. Without considering each case separately, it is
likely that unintended performance at the various chan-
nel configurations will become an issue.

The same argument is true for the receiver tempera-
ture compensation. The sensitivity point of the mobile
must be different due to the temperature effects on the
receiver front end. This will be especially noticeable if
the edma2000 mobile device is marginal in sensitivity,
meaning that the actual sensitivity point of the receiver
is close to the test specification.

Conclusion
At first glance, cdma2000 and edmaOne technologies
may seem similar. To some extent this is true, but in



terms of accurately calibrating and
verifying functionality, there are
substantial differences that will
impact the quality of the mobile if
inferences are made based on
cdmaOne performance. Inferring
¢dma2000 functionality based on
cdmaOne test processes should not
be made:

e ¢cdma2000 and cdmaOne have
different modulation struc-
tures, which affect the overall
transmitted waveform and
causing variations in peak-to-
average power transmission.

* The physical component biasing
is primarily different between
the cdma2000 and cdmaOne
transmitter and receiver paths.
By testing the cdmaOne func-
tionality with its unique bias-
ing, the functionality of the
c¢cdma2000 components is not
truly determined. This is espe-
cially true when it comes to
accurately calibrating the
receiver and transmitter paths
for power level accuracy and
temperature compensation.

Due to the difference in the

cdma2000 waveform, new mea-

surements must be introduced
into the verification process to
fully verify the functionality of
the individual edma2000 device.

These new measurements are

multi-code Rho, code domain

power and spectral mask.

Marginality of the mobile’s design
and the implemented channelization
(R-PCH, R-FCH, and R-SCHI1/R-
SCH2/R-DCCH active) in which the
cdma2000 mobile is tested will have
an effect on the quality of the
¢dma2000 device that is produced. It
is always desirable to test for the
worst case, or at least test to the
most realistic “real life” scenario.
This paper has offered suggestions
for determining a production test
process and the equipment used to

test cdma2000 functionality in order
to meet these objectives. Each imple-
mentation should be based on an
evaluation of costs and benefits. B
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Products

Featuring: New Products Introduced at the
2001 IEEE International Microwave Symposium

Microwave signal

generator

Agilent Technologies has intro-
duced two performance signal gen-
erator (PSG) series designed to
allow broadband component manu-
facturers who design and test sys-
tems with high frequencies, wide

bandwidths and complex modula-
tion formats to accelerate design,
simplify test and streamline pro-
duction through incorporation into
their design and production cycles.
Agilent’s PSG consists of two
series; the Microwave PSG-L Series
is optimized for local oscillators
(LOs), while the PSG-A Series is
optimized for analog modulation.
Both series are available in 20 and
40 GHz models.

Agilent Technologies, Inc.

Circle #165

Personal probe station

J microTechnology has an-

nounced that its KRN-18A precise
positioners have been improved to
offer smoother control, larger “Z-
axis” travel and improved knob
adjustable planarity. Vertical trans-
lation, “Z-axis” is now 0.45 inches
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on a cross roller bearing slide
assembly. A knob adjustable pla-
narity, KRN-KAP module can be
bolted to the front of the compact
positioner to allow *10 degree

adjustment, suitable for the widest |

pitch microwave cpw probes.
J microTechnology
Circle #166

Cable assembly series
Semflex has introduced its new
LAI series of interconnect assem-
blies, designed for telecommunica-
tions and military/aerospace appli-
cations up to 18 GHz, where low
loss and relatively long length

interconnects are required.
Constructed of double shielded
cable with a standard FEP Teflon®
or optional polyurethane jackets,
the LAI series delivers a low loss
performance of 20 dB per 100 feet
at 18 GHz, along with phase and
temperature stability of 15 ppm
degrees Celsius.

Semflex, Inc.

Circle #167

Co-siting diplexers
M/A-COM, a division of Tyco

Electronics, has introduced a new |

line of custom co-siting diplexers

for wireless communications infra-
structure applications. This prod-
uct family allows for co-siting vari-
ous air interface systems at a com-
mon base station. The diplexers
feature high Q filter technology for
low loss and high selectivity in a
relatively small package size. These
units provide passive intermodula-
tion products of less than -100 dBm
tested with two 20-watt input sig-
nals. Type N connectors, as well as
7/16-inch DIN connectors, are
available.

M/A-COM

Circle #168

One-instrument solution
synthesizer

Anritsu has introduced the
MG3690A synthesizer, a single-
instrument solution that combines
the bandwidths of separate RF and
microwave signal generators with
the spectral purity and frequency
stability of a phase-locked source.
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The MG3690A achieves frequency
resolution of 0.1 hertz over the full
frequency range, with leveled out-
put power adjustable in 0.01 dB
steps from —-120 dBm to +17 dBm.
Anritsu Company
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Amplifiers for dual-mode
wireless applications

Anadigics has introduced two
new InGaP HBT power amplifiers
for use in multi-mode, multi-band
CDMA handsets that support 2.5 G

CDMA applications. The AWT6105
is specifically designed for cellular
CDMA, CDMA-1X and AMPS
applications in the 824 to 849 MHz
range, and the AWT6106 is target-
ed for PCS CDMA and CDMA-1X
applications operating at 1850 to
1910 MHz. Both devices combine
all of the necessary passive compo-
nents for full compensation and 50-
ohm input/output matching. The
AWT6105 and AWT6106 are +3.5
VDC devices with a 6 x 6 mm foot-
print, 1.6 mm profile and low leak-
age.

Anadigics, Inc.

Circle #170

High-linearity HBT

Metelics has introduced the
MMAY701, an InGaP HBT amplifier
in a SOT-89 surface mount pack-
age. The MMA701 will produce
+45 dBm OIP3 at the minimum
bias voltage and is suited for cellu-
lar/PCS, 2.5/3G, WLL and MMDS
systems and other types of wireless
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applications where high-gain, high
Pi4g, high OIP3 and convenient
power down are required. Custom
packages and die options are also
available.

Metelics

Circle #171

Design software update
Applied Wave Research has

updated its Microwave Office™

2001 ‘

software. Improvements

Microwave Office 2001

include a new COM-based design
automation interface; a new har-
monic balance simulator; new lay-
out editing features and design rule
checking; and new nonlinear and
linear models.

Applied Wave Research

Circle #172

Antenna design software

Ansoft has announced the latest |

release of Ensemble, [Version 8.0],
with new functionality targeting
the needs of RFIC, MMIC, PCB and

planar antenna designers. New fea-
tures in Ensemble 8.0 include Full
Wave™ Spice capability, improved

modeling, speed and user-interface
enhancements and second-genera-
tion Optimetrics™,

Ansoft Corporation

Circle #173

System analyzer

IFR Systems has added group
delay measurement capability to its
6845 microwave system analyzer
(MSA). Previously available up to

24 GHz, the 6845 group delay
option adds group delay measure-
ments and frequency modulation
for microwave test applications up
to 46 GHz. Now all 6840 series
models can be offered with a group
delay module using an expansion
slot inside the instrument.

IFR Systems, Inc.

Circle #174

Commercial VCO

Vari-L’s new Model VC0O191-
9156W generates frequencies from
902 to 928 MHz, with control volt-
ages from 0.4 to 2.5 Vde. The unit
typically requires 7.0 mA of current
from a 3.0 V supply voltage. Typical
phase noise is 100 kHz, offset is
-127 dBc per hertz, typical output
power is —3.0 dBm, second harmon-
ic suppression is typically -15 dBc
and third harmonic supporession is
typically -20 dBe. The unit is
housed in a 8 x 6 x 2 mm surface
mount, pick and place/reflow com-
patible package.

. Vari-L Company, Inc.

Circle #175

RF modulator

Analog Devices introduces its
new AD8345, a 1 GHz quadrature
modulator designed for use as an IF
modulator in cellular 1895, IS136,
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BINMIA. BEMZ, BZ
Connectors & Components

Features

« Offers the advantage of slide-on mating while
providing superior microwave performance

» Unique spring-loading mechanism allows fo
axial and radial misalignment m

¢ Increased package densities

* Quick connect/disconnect

* Lower applied cost

e First QPL source for Mil PRF-31031

r

Configurations
 Semi-rigid and flexible cable connectors
» Hermetic versions and adapters
* Fixed and floating versions
* Low profile .
» High power 1
« Stripline and microstrip
launchers
e Adapter

¢ Terminations

Typical Applications

Radars and sensors
Integrated avionics
Missile systems

Navigation systems
Automated test equipment
 Satellite communication

* Wireless/broadcast

RF Connectors & Components

3301 Electronics Way, West Palm Beach, Florida 33407
Phone: 561-840-1800 * FAX: 561-842-6277 * E-Mail: sales@svmicro.com
Website: www.svmicrowave.com
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GSM and 3G basestation equip-
ment, as a direct conversion modu-
lator within the CDMA/GSM
800/900 MHz bands or as a
QAM/QPSK modulator found in
broadband access systems.
Features of the AD8345 include a
noise floor of 155 dBm/Hz, an out-
put power of 0 dBm, an output IP3
of +25 dBm, a simplified interface
to ADI’s TxDAC® family, a buffered
50 output stage and a single 3 volt
or 5 volt supply with power down.
Analog Devices

Circle #176

Surge protector

PolyPhaser has introduced a
new unit for ultra-high frequency
(UHF) communications lightning
and surge protection. Known as the
UF50, the new unit is approximate-
ly 5 x 1-3/4 inches long, completely
weatherized, DC blocked and avail-
able in type N or 7/16-inch connec-
tor configurations. Comprehensive
testing proved low surge through-
out measuring significantly less
than 5 microjoules at 3 kiloamperes
(8/20 microsecond waveform).
Providing both positive and reverse
voltage protection, the Micro
UniBody Lightning Filter Protector
exhibits low insertion loss (<0.1
db), as well as low VSWR (<1.1 to 1)
over the frequency range of 300 to
700 MHz.
PolyPhaser Corporation
Circle #177

LDMOS transistors

GHz Technology has debuted its
first two designs in a series of later-
al diffusion metal oxide semicon-
ductor (LDMOS) transistors devel-
oped for the wireless infrastructure
marketplace. GHz Technology
offers two LDMOS transistors: a
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30-watt (1920LD30) and a 85-watt | the automotive industry. APLAC
(1920LD85). Both transistors ini-
tially target the 1.9 GHz personal
communications band and offer
gold metalization for enhanced reli-

ability and ESD protection inte-
grated on the transistor chip. The
30-watt and 85-watt transistors
offer 11 dB and 10 dB of gain
respectively.

GHz Technology, Inc.

Circle #178

Simulation, analysis tools
APLAC Solutions has introduced
its family of industrial-strength cir-
cuit simulation and analysis tools.
APLAC 7.61 introduces an open-
simulation environment approach,
offering an edge to engineers who
use major design frameworks.
Application areas include consumer
electronics, defense, aerospace and

technology covers applications
ranging from ICs to board- and sys-
tem-level simulations, from DC to
RF and microwave frequencies.

APLACG Solutions Corp.
Circle #179

Low noise amplifier

Motorola’s Semiconductor

Products Sector has introduced its
first SiGe:C low noise amplifier
with an on-chip bypass switch. This
device uses the SiGe:C module of
Motorola’s advanced 0.35 micron
RF BiCMOS process. Features
integrated bypass

include an

switch, low noise figure, high input
IP3, receive/enable pins, selectable
current settings, simplified off-chip
matching, packaging in an ultra-
small SOT-363 surface mount pack-
age, usable frequency range of 400
to 2400 MHz, low standby current
< 20 microamps and supply voltage
from 2.5 to 3.0 volts.

Motorola

Circle #180

CDMA power amplifier
TriQuint Semiconductor an-
nounces the release of a jointly
developed CDMA/AMPS power
amplifier, the TQ7135. This power
amplifier is the first product
released by TriQuint and Atmel’s
CDMA345™ joint development
project. A companion PCS-band
CDMA power amplifier is sched-
uled for release later this year.
These introductions represent the
first step in the planned release of a
complete CDMA RF transmit solu-
tion this year. Features of the
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TQ7135 include high efficiency,
ACP and ALT; quiescent current
switch and low quiescent current; a
single +3.0 volt operation; a small
16 pin, 4 mm square surface mount
fine pitch lead-less package; few
external components; and full ESD
protection.

TriQuint Semiconductor, Inc.

Circle #181

High-Q-cavity oscillator
The free running high-Q oscilla-
tor of Huber+Suhner provides a
stable, fixed frequency microwave
signal source for application as ref-
erence or local oscillator in
autonomous electronic systems for
airborne, satellite and terrestrial
communications. Features include
temperature stability, low phase
noise and no moveable parts,
resulting in low impact of shaking

and low microphonic effects.
Huber+Suhner AG
Circle #182

High power amplifiers
Sophia Wireless has introduced a
new family of high power ampli-
fiers, which offer output power for
LMDS, point-to-point digital radio,
satellite transmitters and other
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millimeter-wave applications. The
HPA28 and HPA38 amplifier fami-
lies have many features and bene-
fits, including 2.9 mm (f) input/out-
put connection with DC isolation,
small footprint and low profile,
high thermal conductivity housing
for long-term reliability, low DC
power consumption, low cost, high
and low gain varieties and
block/mounting hole compatible
with DRVR and LNA series.
Nominal output power is +30 dBm
at 28 GHz for LMDS and +26 dBm
at 38 GHz for point-to-point appli-
cations, with enough bandwidth to
cover surrounding frequency bands
with the same amplifier.

Sophia Wireless, Inc.

Circle #183

Sectorized hub antennas
REMEC Magnum has
announced the latest in its family
of SectorShape™ antennas. The
Series AMH2000 SectorShape
antennas are designed for a 3.5
GHz hub (head-end) application.
z These antennas
have shaped ver-
tical  patterns
that provide uni-
form coverage as
a function of
range and elimi-
nate nulls.
Three horizon-
tally polarized
and three verti-
cally polarized
standard models operate over the
3400 to 3600 MHz frequency range.
Azimuth sector coverage of 45, 60
and 90 degrees Fahrenheit is avail-
able, and power capacity is rated at
450 watts.
REMEC Magnum
Circle #184

High frequency laminates
GIL Technologies has introduced
its new GML 2000 Series of high
frequency laminate materials. The
series uses new TPA resin chem-
istry to combine electrical proper-
ties with the advantages of a ther-

moset, providing an alternative for
printed circuit materials in flat
panel antennas, transceivers,
LNBs, LNAs and other high-
demand applications. The first new
product in the series, GML 2032,
has a dissipation factor of 0.0029
and a dielectric constant of 3.20 at
10 GHz.

GIL Technologies, Inc.

Circle #185

Coaxial switch

DB Products has introduced a
2SB Series SPDT coaxial switch for
the commercial wireless and
telecommunications industry. This
DC to 3 GHz switch is ideal for
PCS, ISM and broadband systems

‘288’ Series

(el
: 2

DB PRODUCTS, INC.

Pasadena. CA
826-449-3790
FAX 626-449-7169
dbpdswitches . com

applications. Standard options
include failsafe or latching opera-
tion, indicating circuitry, arc sup-
pression diodes, T'TL interface and
mini-SMB snap-on connectors.
Custom RF connectors are also
available.

DB Products, Inc.

Circle #186

Bandpass filter

Compel Electronics has
announced the availability of a
small size filter for clock recovery
circuits in OC 192 10 Gb/s optical
communications architectures.
Operating at 10 GHz, the new
Model FDR10-4 bandpass filter
offers maximum insertion loss of
0.7 dB, VSWR of 1.1:1 maximum,
frequency stability of 14 ppm



Dual RF Output, Internal Reference

YIG-Based Synthesizers
for Digital Radios

“Look to the leader in YIG-Technology”

MICRO LAMBDA
WIRELESS, INC.

Generation Il
YIG-Based Synthesizers

Micro Lambda, Inc. a leader in the devel-
opment of next-generation YIG devices
introduces the second generation of YIG-
Based Frequency Synthesizers covering
the 2-12 GHz frequency range. Designed
specifically for Digital Radio 0DU's and
harsh commercial environments, these
latest synthesizers offer dual RF outputs
and/or Internal Crystal reference oscilla-
tors yielding excellent integrated phase
noise characteristics over carrier offset
frequencies from 10 kHz to 10 MHz.

Tunable bandwidths of either 2 GHz

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

24 GHz through 44 GHz.

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

FEATURES

* 2-12 GHz Frequency Coverage

¢ Excellent Integrated Phase Noise
Characteristics

Dual RF Outputs

3-Line Serial Interface

Internal Crystal Reference

500 kHz Step Size

Internal Memory

(last frequency programmed - recall)

MLSL-SERIES SYNTHESIZERS

These series of synthesizers utilize an
internal 10 MHz crystal reference oscillator
to generate tunable frequencies covering the
2-12 GHz range. Dual RF output power lev-
els of +8 dBm to +10 dBm are offered de-
pending on frequency, with a standard tun-
ing step size of 500 kHz. Input tuning com-
mands are via 3-Line Serial interface. The
size of these compact units is 2.5" x 2.5" x
1.0" without mounting plate and consume
less than 6 watts of prime power. The units
have an internal memory capability which
“recalls” the last frequency programmed
when the prime power is removed and reap-
plied. Standard models include 2-4 GHz,
4-6 GHz, 5-7 GHz, 7-9 GHz and 9-11 GHz.
Specialized frequency ranges are easily im-
plemented utilizing the versatile synthesizer
architecture.

@ Cards

48041 Fremont Blvd. Fremont, CA 94538 (510)770-9221 sales@microlambdawireless.com www.microlambdawireless.com
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o MMIC Chip & Wire assembly

® Precision high tolerance softboard

® Mixed dielectric mulitilayers

Full technology support and design
guidelines www.labtechnical.com

Contact details and free CD-Rom
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Custom design and manufacture of RF/Microwave cavity filters and diplexers
from 350MHz to 50GHz, with low Insertion loss and excellent Return loss.
High speed modelling and high accuracy machining produce new designs within
days, often without the need for any cumbersome tuning screws.
This improves reliability and stability in field use. Ideal for point to point radio,
LMDS and satellite communication applications.
Make Quasar your first choice for filters and diplexers.

Quasar

Quasar Microwave Technology Limited
Battle Road - Heathfield - Newton Abbot - Devon TQ12 6XU - England.
Tel: +44 (0)1626 834222 Fax: +44 (0)1626 832994
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degrees Celsius and power handling of 10 watt maxi-
mum. Package size measures 2.83 x 0.67 x 0.87 inches,
plus connectors. SMA female connectors are standard,;
however, alternate connector or pin requirements can
be satisfied upon request.

Compel Electronics, Inc.

Circle #187

HBT amplifiers

Mitsubishi Electric & Electronics USA has rolled out
two new radio frequency amphfiers for the PCS cellular
phone market. This Fm
new chipset boasts
increased perfor-
mance over the pre-
vious model, with a
25 percent reduc-
tion in idle current
and a 35 percent
reduction in overall size. The BA01202 is des1gned for
the 1.9 GHz CDMA band and is complemented by the
BA01203, designed for the 800 MHz CDMA band.
Mitsubishi Electric & Electronics USA
Circle #188

Vector modulator

The Multi-Mix® VMD-Q series provides a vector
modulator with variable 1Q control of phase and ampli-
tude in a surface mount
outline. Features include
frequency from 2.04 to
2.24 GHz, 30 dB attenua-
tion range, 360 degree
phase range, surface
mount, and tape and reel.
The series is cost effective
for commercial wireless
applications and offers surface mount outline, operat-
ing temperature range of -55 to +85 degree Celsius
range. It can be integrated with other Multi-Mix® com-
ponents in a multi-function module.
Multi-Mix Microtechnology
Circle #189

Bluetooth™ module

Murata Electronics North America has introduced
Blue Module™, the world’s smallest Bluetooth™ mod-
ule. Developed using low temperature co-fired ceramics
(LTCC) technology, the module integrates both active
devices (ICs) and passive components onto a single sur-
face mount ceramic chip that supports universal serial
bus, universal asynchronous receiver transmitter and
pulse code modulation interfaces.
Murata Electronics North America
Circle #190
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Compact RF components

Toshiba has broadened its portfolio of ultra-compact
radio frequency components with new devices designed
for use in cable TV tuners, cable modems and
Bluetooth™ applications. Called cell packs and desig-
nated the TA4107F and the TA4018F, these devices pro-
vide a way for
designers to imple-
ment a variety of
communications
functions. Toshiba’s
growing cell pack
lineup, which now
includes more than
20 products, helps
reduce time, compo-
nent count and
board space by
allowing RF engineers to use one cell pack instead of
multiple discrete devices.
Toshiba America Electronic Components, Inc.
Circle #191

PLL for wireless market

TEMEX has introduced a complete line of phase
locked loops for the wireless market. These PLLs have
been designed for high volume, surface mount and low
cost applications including GSM, DCS, PCs and the
UMTS BTS market. The PLLs cover the frequency
from 750 MHz to 2.2 GHz, with bandwidth up to 20 per-
cent. SSB phase noise is as low as —148 dBc at 800 kHz
for GSM application and — 140 dBc at 800 kHz for DCS;
and output power from -1 to +4 dBm. The PLLs offer
fast switching speed, 5-volt power supply and charge
pump (available) and programming by one three-wire
port (clock, enable and data).
TEMEX Components
Circle #192

Connector system

EZ Form Cable has introduced its EZ QuickSnap
Connector System. The system offers snap-on conve-
nience, can be used with any SMA jack and is ideal for
test fixtures. Specifications include characteristic
impedance of 50 ohms nominal, a frequency range of DC
to 20 GHz, insulation resistance of 5000 megohms min-
imum, dielectric withstanding voltage of 1000 Vs and
a voltge rating of 335 Vyys.
EZ Form Cable Corporation
Circle #193

Coaxial connector series

Sabritec’s SMP coax connector line features a snap-
in vibration proof connection, suitable for high shock
mobile applications and space level connector require-

TechFilm Nakes

Adhesive Application
Fast & Easy

TechFilm preforms
and film adhesives make

application fast, easy,

accurate, reliable and consistently repeatable

from part-to-part and lot-to-lot. Designed specifically

for your application, TechFilm adhesives are supplied on

an easy-to-handle carrier sheet, continuous roll or as a

preform.

Greater Reliability and Improved Profitability

There’s no mess, no fumes. .. and coverage is excellent

with uniform bond lines. The efficient, labor-saving

TechFilm process allows you to launch new products to

market faster and increase production rates. Available in

electrically conductive, thermally conductive, or insulative

formulations.

1-888-832-4345

Visit our wehsite: techfilm.com
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ments of extreme random vibra-
tion, thermal shock and outgassing
environments. Frequency range is
DC to 40 GHz. The small package
size allows for high density board-
to-board applications.

Sabritec

Circle #194

Adapter kit

J microTechnology has intro-
duced a printed circuit card chuck
adapter kit (LMS-10) for the Jr-
2727 personal probe station. This
product improvement makes the
test system, with its coplanar
RF/microwave probes, compatible
with the PCBs and substrates made
of epoxy glass, PTFE glass, poly-
styrene and ceramic materials.
Printed circuit cards are ideal test
fixtures in that they reflect the
actual environment of the devices
under test. The PCB card chuck kit
will capture a substrate/pcb up to
2.25 inches wide and greater than
4.0 inches long of thicknesses from
5 to 25 mils.

J microTechnology
Circle #195

Catalog of coaxial cable
assemblies

Avnet is stocking more than 150
coaxial cable assemblies from
Semflex for test and measurement
and production applications. These
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cables are ideal for communications
infrastructure and test, where per-
formance and repeatability are
required. Frequency response is up
to 50 GHz on the test and measure-
ment cables and 18 GHz on the pro-
duction cables. Connector styles
include 2.4, 29, 3.5 and 7 mm,
SMA, N and TNC.

Avnet

Circle #196

Designer’s handhook
catalog

Synergy Microwave has intro-
duced its new Designer’s Handbook
standard parts catalog. Parts fea-
tured in the catalog include attenu-

" DESIGNER'S
HANDBOOK

ators, switches, couplers, demodu-
lators, filters, fixed attenuators,
frequency doublers, frequency syn-
thesizers, hybrids, mixers, modula-
tors, monolithic amplifiers, phase
comparators, phase detectors,
phase shifters, power dividers,
transformers, test fixtures and
voltage controlled oscillators.
Synergy Microwave Corporation

Circle #197

Product brochure

Microwave Device Technology
has released its newest product
brochure, which highlights the
company’s current capabilities.
MDT  manufactures  gallium
arsenide diodes, sensors, sources
and millimeterwave components in
support of the commercial, as well
as military markets. MDT is a cus-

@ Better by Design.

Microwave Device
Technology

tom designer and manufacturer of
advanced devices, components and
subsystems for telecommunica-
tions, wireless, automotive, securi-
ty, safety, industrial processing and
traffic management applications.
Microwave Device Technology

Circle #198

Cable and interconnect
systems catalog

Tensolite’s new catalog features
its high-performance cable and
interconnect systems. Products fea-
tured in the catalog include high-
density cable assemblies, RF and
microwave assemblies and connec-
tors, precision coaxial and multi-
conductor harnesses and assem-
blies and high-performance wire
and cable.

Tensolite Company
Circle #199
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10 TO 2000MHz LEVEL 7 MIXER

IS PRICE/PERFORMANCE VALUE
Mini-Circuits has introduced a very low
cost high performance frequency mixer
for the broad 10 to 2000MHz band.
Typically at midband, the ADE-11X displays
low 7.1dB conversion loss, 9dBm [P3,
and excellent L-R/L-1 isolation of 37dB

typical. This patented mixer is housed in a -

low profile 0.112" SM package with solder
plated leads for excellent solderability and
has all-welded connections for improved
reliability. The low $1.99 price includes a 2
year reliability guarantee.

: $9.95 ea.
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1400 TO 2400MHz HIGH IP3

MIXER EXCELS ELECTRICALLY
Mini-Circuits new SYM-24DH frequency
mixer is ideal for suppressing intermodulation
products in the crowded 1400 to 2400MHz
band. Typically at center band, this level
17 mixer displays high +29dBm IP3, low
7.0dB conversion loss, and good 32dB L-R,
36dB L-I isolation band wide. The mixer is
housed in a miniature 0.375"x0.500"x0.23"
low cost plastic package with solder plated
terminations and targets cellular, DCS,
and PCS applications.
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WORLD’S SMALLEST 9 TO 20dB

COUPLERS SERVE 5 TO 2000MH=

Micro-miniature 0.15”x0.15”x0.15” DBTC
directional couplers from Mini-Circuits
can be ordered in nominal coupling values
ranging from 9.0dB to 20.4dB covering
broad frequency bands within 5 to
2000MHz. This 50 and 75 ohm family of
9 incorporates patented Blue Cell™
technology providing low insertion loss,
very flat coupling, high performance
repeatability, and all-welded connections.

2400 TO 3000MHz VCO

OPERATES FROM 5V SUPPLY
Mini-Circuits low cost ROS-3000V voltage
controlled oscillator provides 2400 to
3000MHz linear tuning with low -96dBc/Hz
SSB phase noise at 10kHz offset, 0.5 to
22V tuning voltage (min. to max.), and
operates from a 5V nominal power supply
drawing up to 40mA current. The unit is
housed in a miniature 0.5"x0.5"x0.18”
aqueous washable surface mount package.
Power output is 9dBm typical.

$4.95 ea.
& osome o

1425 TO 1800MHz 2WAY SPLITTERS
ACHIEVE VERY LOW PROFILE
Leading characteristics of Mini-Circuits
2way-0° SBB-2-18 Blue Cell™ power splitters
include superb temperature stability within
the 1425 to 1800MHz band, very low
0.070” height, high repeatability, and low
cost. Electrically, these 50 ohm units
display excellent 0.6dB insertion loss
and 22dB isolation typical. The item is
part of Mini-Circuits patented family of
10W (max. power input) “SBB” model
2way-0° power splitters for the 800 to
2300MHz band.

SMB TERMINATION HAS

DC TO 6GHz BROAD BAND USE
Mini-Circuits new ROSE-50 termination is
the optimum price/performance sclution
for a wide range of applications in the DC
to 6GHz band including cellular, test set-up,
instrumentation, and PCS. The unit features
a half watt rating to 70° ambient (derate
linearly at 0.005W/°C to .35W at 100°), 50
ohm impedance, and minimum 30dB
return loss in the DC to 2GHz band, 35dB
return loss (typ) from DC to 4GHz, and
28dB (typ) return loss band wide.
Equipped with SMB plug connector.
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Common Mistakes (and How to
Avoid Them) in Impedance
Matching Network Synthesis

By Justin Magers
Anritsu Company

requently, students or those new to
Fimpedance matching will synthe-
size the wrong matching network
when applying textbook methods to real

<TOWARDS GENERATOR
Y X

designs, such as the small-signal transis-
tor amplifier. The two problems which
manifest themselves most often are
whether to start with the reflection coef-

&
-

ficient or the conjugate reflection coeffi-
cient (i.e., where to start on the Smith
chart), and whether to move towards the
generator (load-to-source) or towards the

=0 I

L

load (source-to-load).

Unfortunately, many popular
microwave textbooks fail to point out
these small subtleties. The goal of this
article is to provide a simple and consis-
tent method of setting up the correct matching
network synthesis problem.

Consider the standard textbook impedance
matching network design problem (Figure 1).
The student is presented with a load impedance
Z;, and is asked to synthesize the matching net-
work M, which matches the load impedance Z;
to the generator impedance Z,,.

For this article, the color blue has been inten-
tionally mapped to the “genera-

A Figure 1. Textbook matching problem: Load-to-source
matching.

in mind that one should always move on the
WTG (wavelengths towards generator) scale on
the Smith chart when using distributed ele-
ments. Moving toward the “generator” on the
Smith chart is analogous to moving to the left
on the circuit schematic as indicated.

Now, consider the practical design of an out-
put matching network M, for a small-signal uni-
lateral transistor amplifier (Figure 2). Here, the

tor” impedance (port Y-Y"), red
to the matching network and
green to the “load” impedance
(port X-X'). These correspond
to movement on the Smith
chart.

The problem can easily be
solved by plotting the “load”

= (s

<

reflection coefficient T';, using a
single-stub tuner or other
matching network and keeping
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A Figure 2. Design of an output matching network for a small-signal
unilateral transistor amplifier.




The easiest, most complete online search for cascadable amplifiers
(0.5 to 6000 MHz) is at Cougar’s new website!

Our site offers complete parameter searches Download Cougar's new cascading software

over three temperature ranges of our program, the only cascade program in the

cascadable amplifier product line. industry that allows the user to build a custom
cascade. Perform complete cascadable amplifier

You can now send RFQs online by adding searches within the program as well.

amplifiers to your quote, submitting custom
specifications, and adding your own file

attachments to your online quote. View online and print Acrobat PDF files of our
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A Figure 3. Matching the load impedance Z, to the genera-
tor impedance Z;,.

appropriate direction to move on the Smith chart is less
trivial.

The student is asked to provide a conjugate matching
network such that I'; = (I'py)*. At this point, confusion
can arise: which way is “towards the generator”? Should
[y, or (I'p* be plotted? The student might even be
inclined to follow the textbook method presented in the
first example by plotting I'; on the Smith chart and
moving towards the generator impedance (of the whole
system). Clearly, there is room for error if one is not
careful. One should also keep in mind that Smith chart
software packages can be set up differently — some
work from source-to-load, some from load-to-source, and
their placement of matching elements can be different
as well.

One good method for avoiding these pitfalls is to
redraw the network so that it resembles the textbook
example given in Figure 1. In Figure 3, the output net-

work of Figure 2 has been redrawn such that moving
“towards the generator” is to the left in both Figure 1
and Figure 3.

Further visual simplification is achieved by repre-
senting the output impedance of the transistor with load
Zin. Note the similarity to Figure 1 and that the “load”
reflection coefficient is I'yy, not I'[. In Figure 1, we
would say we are going to match the “load” impedance
Z; to the “generator” impedance Z;,. In Figure 3, we
would say that we are going to match the “load” imped-
ance Zpy to the “generator” impedance Z,. In Figure 3,
we are not matching I';, to the generator impedance.

The original problem of Figure 2 has been effectively
redrawn in terms of the classic textbook impedance
matching problem (Figure 1), and the solution can be
found using the matching network of the student’s
choice. For clarity, Figure 3 is inserted back into the
original network transistor amplifier (Figure 4).

Conclusion

When presented with impedance matching problems,
mistakes can be avoided by redrawing the network care-
fully in a form that is consistent with textbook
approaches to matching, thus avoiding confusion with
the direction of movement and the appropriate starting
location on the Smith chart. Furthermore, when using
software tools for matching, be sure to understand how
the software works in terms of direction and element
placement. &
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Phase Noise Effects on OFDM
Wireless LAN Performance

This article quantifies the effects of phase noise on bit-error rate

and offers guidelines for noise reduction

By John R. Pelliccio, Heinz Bachmann and Bruce W. Myers

Raytheon RF Networking

onsumers are looking to wireless
‘ data transceivers to convey all types

of information. From 3G cell phones
to wireless LANS, the convergence of voice,
data and video is driving the demand for
wireless gear that is capable of transmit-
ting farther, faster and more efficiently
than ever before.

In the wireless LAN industry, for exam-
ple, the past few years have seen a migra-
tion from 1 and 2 megabit per second
(Mbps) radios to the recent proliferation of
11 Mbps devices. Driven by the insatiable
demand for bandwidth, manufacturers are
rolling out plans for products capable of
data rates as high as 54 Mbps at frequen-
cies in the 5 to 6 GHz range. These prod-

ucts, based on industry standards such as
the IEEE’s 802.11(a) and the European

Quadrature

In-Phase

Telecom Standards Institute’s HiperLAN

2, use a unique and spectrally efficient A Figure 1. Constellation diagram of a 64-QAM subcarri-

modulation scheme known as orthogonal
frequency division multiplexing (OFDM) to
communicate.

OFDM is essentially a series of orthogonally
separated subcarriers each with its own modu-
lated waveform. OFDM is very robust against
multipath signals and amplitude and group
delay variations in the channel. Although this
waveform type is very well suited to an indoor
environment, it presents some unique chal-
lenges to system designers. The waveform prop-
erties that most affect the analog design are
accommodation of an inherently high peak to
average power ratio (up to 21 dB), sensitivity to
non-linearities of the analog components (i.e.,
gain compression and AM to PM conversion),
and sensitivity to phase noise. A system
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er with no distortion.

designed without the appropriate amount of
margin in any of these categories will generate
an unacceptable number of bit errors.

An 802.11(a) transceiver uses a total of 64
separate subchannels, each spaced 312.5 kHz
apart, for a total channel bandwidth of 20 MHz.
Of these subchannels, 48 are used for data,
while 12 are unpopulated to allow for guard-
bands at the channel edges, and four are
reserved exclusively for pilot tones. The 48 data
subchannels are each modulated independently.
Modulations range from BPSK for 6 Mbps data
transfer through 64-QAM for 54 Mbps service.
A single QAM symbol of modulation level 2" can



NEW PRESCALERS

With InGaP GaAs HBT Technology!

4 DCTO 13 GHz Performance
’> Siﬂgle POSMVO sum . ~ Description {ivency Pha:esgoise sk

Range (GHz) @ 100 KHz |- Number

4 Selectable Output Power [ DC-110 | -148cBcz | HMC36)
Bias Opﬁon For Chips ‘ A, IR T DC-10.0 | -148 dBo/Hz | HMC361S8G
: e : DC-13.0 | -145dBe/Hz | HMC364
. High Frequency
4 - +72
* Wid‘ 'npm Power Window: ELTEL P e DC - 125 -145 dBc/Hz | HMC364S8G
~15 to +10 dBm DC-120 | -149 dBcHz | HMC362

4 High Efficiency

% Ultra Low SSB Phase Noise 4 Med. Output Power DC - 12.0 149 dBo/Hz | HMC36258G
-145 to -153 dBclm @ 1“ Km L4 | Hian Frequency DC - 13.0 151 dBo/Hz | HMC365

High Output Power DC - 12.5 -151 dBc/Hz | HMC365S8G
’ Fw H'gh Wume VSAT -8 High Efficiency
Micmmve R‘d’ﬂ and opﬁca' . ML QLI (PO DC - 12.0 153 dBc/Hz | HMC36358G
Applications

DC -12.0 -153 dBc/Hz HMC363

* B & ® [ L
Divide-by-2 Divide-by-2 Divide-by-4 Divide-by-4 Divide-by-8

HMC361 HMC364 HMC362 HMC365 HMC363

HMC361S8G HMC364S8G HMC362S8G HMC365S8G HMC363S8G

CONNECTING OQUR WORLD
THRQUGH INTEGRATED SOLUTIONS!




VOISE EFFECTS ON OFDLY
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A Figure 2. Constellation diagram of a 64-QAM subcarrier
with distortion.
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A Figure 3. Constellation error vector definition.

carry n bits, so one 64-QAM symbol can convey 6 bits of
information. The constellation diagram of a 64-QAM
subcarrier is shown in Figure 1.

The constellation diagram shows all possible states on
the complex plane that a 64-QAM symbol can assume.
However, additive white Gaussian noise (AWGN), trans-
mitter and receiver nonlinearities and multipath effects
affect QAM symbols. A received QAM symbol may look
like the example in Figure 2.

Every QAM receiver has a processor that takes each
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bit and determines its position in the constellation rela-
tive to the origin and a set of predefined decision bound-
aries. When a symbol crosses a decision boundary, a bit
error results. The system must therefore be designed so
that this happens infrequently. Since the decision
boundaries are placed closer together as the QAM order
increases, the requirements placed on the modulated
signal become more restrictive as higher order modula-
tions are used.

In principle, the error contribution could be allocated
between the transmitter and receiver in any proportion.
However, 802.11(a) specifies that each transmitter
must, over the course of a defined number of symbols
and packets, provide an average error vector (defined as
the distance from the ideal symbol point to the location
in the constellation at which it is actually received) less
than a certain magnitude. This magnitude decreases as
the data rate (and QAM order) increase, from -5 dB at 6
Mbps to —25 dB at 54 Mbps. This “constellation error”
specification allows interoperability between different
vendors’ products by ensuring that neither transmitters
nor receivers are designed so that they produce so much
error that an interoperable product will not be able to
resolve the signals with a good degree of accuracy.

Several factors can impact this error vector. AM/AM
conversion in the transmit amplifier due to gain com-
pression can cause errors in the intended amplitude of
the transmitted symbol. AM/PM conversion and phase
noise can cause errors in the phase component of the
error vector. There are two important points to note
regarding the contributors to constellation error. One is
that since the magnitude of the error vector is derived
from a combination of all these factors, reducing the
magnitude of one error contributor allows more latitude
for the others. For example, if an extremely linear ampli-
fier is used, amplitude distortion will be minor and so
AM/PM conversion and phase noise can be allowed to be
larger. The second important note is that while AM/AM
and AM/PM conversion can be predicted and proactive-
ly corrected (for example, through digital predistortion),
phase noise is by definition a random process. Thus, the
amount of phase noise in a system will always have a
direct and irreversible effect on the quality of the
received signal.

Every active component in a transmitter and receiver
can generate phase noise. However, for practical purpos-
es the frequency synthesis components of the system
tend to contribute far more noise than amplifiers and
other types of circuits. Everything in the frequency syn-
thesizer, from the reference frequency generator to the
phase locked loops to the local oscillators, contributes to
the overall phase noise power of the system. If the phase
noise power is too high, the resultant error vector in the
received constellation will be large, decision boundaries
will be crossed, and bit errors will result.

Like most parameters in a system design, the amount
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of allowable phase noise in an OFDM system becomes a
question of compromise. Components with ultra-low
phase noise specifications are readily available, but are
often large and expensive. Conversely, trying to “over-
integrate” a system to save on parts count or board
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space can cause problems if the processes or components
used do not have phase noise specifications that will lead
to an acceptable phase noise power in the final analysis.

How, then, can the effect of phase noise be deter-
mined? Phase noise has two effects on an OFDM system.
The first is that it causes a phase shift in the received
signal so that its constellation might appear as shown in
Figure 4. The second effect of phase noise is to cause the
receiver frequency reference to not align properly with
the transmitted signal, causing loss of orthogonality and
thereby introducing interchannel interference (ICI).

These effects are not difficult to alleviate. As dis-
cussed earlier, phase noise is mostly due to the synthe-
sizer, with most of the noise power being near the nom-
inal carrier frequency. To compensate for differences in
the frequency sources of the transmitter and receiver,
some tracking of the received signal must be employed.
The tracking algorithm will also follow and thus com-
pensate for any low-frequency phase noise. In fact, it has
been determined that the presence of the frequency
tracking algorithm allows us to negate the effects of
phase noise located closer to the carrier than about 10
percent of the subcarrier spacing. IEEE 802.11a re-
quires that the RF frequency and data clocks be derived
from the same source. By tracking the carrier frequency,
it is possible to also compensate for differences in data
clocks at the same time, thus maintaining orthogonality.

It is evident, then, that the amount of allowable phase
noise in an OFDM system needs to be quantified so that
the frequency synthesis section of the OFDM radio is
neither overdesigned nor underdesigned. Since the pri-
mary system design goal is a low bit error rate, the
designer must decide upon an acceptable increase in the
carrier to noise ratio (CNR) at the operating bit error
rate due to phase noise. Figure 5, obtained through sim-
ulation, shows the effect of residual phase noise with a
few different RMS values on an OFDM signal using 64-
QAM subcarriers. Note that the CNR required for a spe-
cific bit error rate will decrease depending on the decod-
ing algorithm employed. Figure 5 shows raw results,
without the benefit of decoding.

The residual phase noise depends upon the imple-
mentation of the tracking loop. The following example
may serve to illustrate the considerations needed to
design the frequency sources used in the transceiver.

Consider the demodulation scheme illustrated in
Figure 6 (note that this is an oversimplification present-
ed for discussion purposes only). An OFDM signal s(#)
with quadrature amplitude-modulated subcarriers is
passed to a tracking loop, a second order phase locked
loop, with a corner frequency fr. Because f- is much
smaller than the bandwidth of s, the VCO output is close
to the ideal carrier frequency with no modulation.
Multiplying this with the modulated signal and remov-
ing the high-side mixing product results in recovery of
the baseband signal.
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We begin with the power trans-
fer function of the second order
PLL in the tracking loop that can
be approximated by

1
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A Figure 7. Lorentzian phase noise power spectrum with 1
hertz linewidth.

For this discussion we will assume that the VCO itself
does not generate any noise. Phase noise at frequencies
that are smaller than the corner frequency will then be
tracked by the PLL and therefore introduce no errors
into the demodulation process. Phase noise outside of
the loop bandwidth, however, will cause misalignment of
the FF'T spacing as well as phase rotations to the recov-
ered symbols and therefore increase the bit error rate.

Let us assume that the degradation caused by 1.5
degrees of phase noise is acceptable. The question is how
to design the synthesizer and select the tracking loop
bandwidth so that the remaining RMS phase noise not
tracked does not exceed 1.5 degrees.
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source used to generate the carri-
er has phase noise that follows
the Lorentzian model [1], the sin-
gle-sided noise density spectrum
of which is defined by

n‘fl.[i(gf]

where f] is the 3 dB linewidth of the oscillator and fis the
offset from the carrier frequency at which the phase
noise density function S;(f) is evaluated as depicted in
Figure 7.

Then the remaining phase noise at the output of the
VCO would be

Su(f)=

R e

At the baseband output, the noise power density
affecting the demodulation would then be the difference
between that of the receiver input and the tracking loop
output, or

Svco(f) =
3)

= Y Py (4)
[

and might appear as shown in Figure 8.

Figure 8 was generated with a 3 dB linewidth of 1
hertz and a tracking loop bandwidth of 1 kHz. The
remaining phase noise introduces a phase error that fol-
lows a Gaussian distribution. The RMS value for small
RMS phase angles ¢ (that is, for ¢ << 1 radian) (stan-
dard deviation) can be determined in radians as
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where B is the channel bandwidth. Evaluation of the
integral in Equation (5) is straightforward but quite
tedious, and the derivation is not presented here.
Although only the power within the channel bandwidth
need be considered, the integral is easier to evaluate
from 0 to infinity. This is a legitimate approximation
because the loop bandwidth must be much smaller than
the carrier bandwidth for this demodulation scheme to
work, and power in the bandwidth outside of B will be
very small. The so evaluated integral can be written as

(5)

9
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A Figure 9. RMS phase noise versus f,/f;.

where ¢gyg is in radians. Equation (7) shows that the
RMS phase noise angle is a function of the ratio of the
receive tracking loop bandwidth to the Lorentzian
linewidth, as shown in Figure 9.

It remains to select values for receive tracking loop
bandwidth f» and Lorentzian linewidth f;. In general, f.
must be narrow enough so that no modulated informa-
tion is lost. In the case of IEEE 802.11(a), the subchan-
nel at the center frequency is not used and therefore
contains no information. The edge of the first occupied
subchannel is at 156.25 kHz. Let us assume that we
want the tracking loop to suppress any modulation at
that frequency by 30 dB. We determine the loop band-
width by solving (I) for f(, inserting 156.25 kHz for f and
1073 (- 30 dB) for Sy, and arrive at a value f; = 27.8
kHz as the largest allowable tracking loop bandwidth.
From Figure 9 we see that, if the phase noise into the
receiver is Lorentzian, the 3 dB linewidth must be no
greater than 1073 the tracking bandwidth, or 27.8 Hz.

In reality, the models of the carrier phase noise and
receive tracking loop are more complex. However, the
following basic design rules can be used:

* Determine an acceptable tracking bandwidth for
your application. Design a tracking loop with a
response Stp,q(f) that provides sufficient suppres-
sion in the bands of interest.

* Design a synthesizer with a noise profile S,(f) so
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that the most of the phase noise spectrum falls well
within the receiver tracking bandwidth.

* Determine the RMS phase noise (in radians) at the
demodulator output as

[0.5B

P rus = \ [8d(f)- (1= Spyer(£))df (8)

* Determine (perhaps through simulation) whether
this phase noise will degrade performance to an
unacceptable level.

Equation (8) is valid only if there is no significant
phase noise contribution from the receive tracking loop.
This should be the case if tracking is implemented as a
digital PLL.

In implementing the transmit synthesizer, care must
be taken to use components that minimize phase noise
far removed from the carrier. An actual synthesizer con-
structed of real components tends to have a phase noise
spectrum dominated by VCO noise from the edge of the
loop filter bandwidth to the edge of the system noise
bandwidth, encompassing frequencies far from the car-
rier frequency. Reference frequency generators such as
crystals generally possess phase noise spectra concen-
trated close to the carrier. While we have established
that this noise will be negated by the tracking loop in the
receiver, a low phase noise crystal is important for other
system considerations such as meeting the 802.11a
transmitter constellation accuracy requirements. The
crystal frequency is generally much lower than the LO
frequencies, and must be multiplied by n inside the PLL.
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The crystal phase noise is correspondingly multiplied by
20 log (n) where n is the multiplication factor required
to arrive at the output frequency from the reference fre-
quency. Therefore, a better approximation of a phase
noise spectrum for an OFDM system would include the
crystal phase noise, PLL loop response, and VCO phase
noise as well as other, less prominent contributors, such
as reference supression filters, summed together to gen-
erate a total SSB phase noise spectrum. A sample of
such a summation is presented in Figure 10.

Care should be taken to specify components (or ana-
log cells and processes, if synthesizer components are to
be integrated into larger functional blocks) that are
capable of meeting the phase noise requirements for a
given system BER.

Conclusion

It has been established that phase noise causes an
uncancellable and detrimental effect on the accuracy of
an OFDM system, measurable as an increase in bit error
rate. Simulation results depicting the effect of various
levels of phase noise upon the BER of a 64-QAM system
have been presented. An example of how to define the
tracking filter bandwidth necessary to comply with the
chosen level of residual phase noise has been presented.

Once the tracking filter bandwidth is defined, some
guidelines for designing a real-world synthesizer with a
noise spectrum largely within the stated tracking band-
width are presented and some general design guidelines
for choosing real-world components capable of suiting
the system phase noise specifications have been estab-
lished. [
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Design of Tunable Bandstop Filters
using Multilayer Microstrip

These shielded filters are readily simulated and analyzed using CAD programs

By Nasreddine Benahmed, Mohammed Feham and Saliha Dali

University of Tlemcen, Algeria

his article introduces the analysis of

I bandstop filters using multilayer

microstrips designed to operate in a given

frequency range. These filters can be used to

reject unwanted carrier frequencies in the IF

processing unit of a digital communication sys-
tem (DCS).

A modification of the short circuit position of
the bandstop filter presented by Jaisson [1] per-
mits the realization of a tunable bandstop filter
in a frequency range. Other structures that can
be easily realized are analyzed and simulated
using CAD programs [2].

Introduction

A bandstop filter with multilayer micro-strips
has been presented by Jaisson [1]. The filter
consists of a double layer microstrip resonator
coupled to a microstrip line and was designed to
operate around f; = 1842.5 MHz and reject un-
wanted carrier frequencies in the IF processing
unit of a DCS.

In this article, we present the analysis of
shielded bandstop filters and the design of tun-
able bandstop filters. Our analysis is based on a
numerical resolution of the electrostatic prob-

A Figure 1. Open stub for bandstop filter.

microstrip may be the better choice. One possi-
bility is to rotate the open microstrip and place
it on top of the access line, as shown in Figure 2,
with an additional layer of substrate between
them [1].

The structure in Figure 2 was selected in [1]
for use as a bandstop filter. Figure 3 gives the
equivalent circuit of the bandstop filter, where
its output is matched with Z,, = 50 Q.

It shows that for a chosen length b, the band-
stop filter is constituted by two coupled TEM or
quasi-TEM transmission lines. The left end of

lem using the finite element method
(FEM). The filter can be modeled by
determining the ([L]), ([C]) parameters
and the scattering coefficients (S,
S19) of the equivalent circuit.

Description
Figure 1 shows a microstrip line
with a parallel open stub, which brings

Top layer
Short circuit
Bottom layer

Open strip (w2)

11— Strip (wl)

Zco
4+ —>
f Length b

about a stopband effect around some
frequency f,. In MICs, where space is
restricted, a somewhat more compact
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A Figure 2. Bandstop filter using multilayer with asymmetri-
cal microstrip.
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A Figure 3. Equivalent circuit of the bandstop filter.

A Figure 4. Cross section of the filter showing homogenous
multilayer construction and using asymmetrical
microstrips.

the top line is connected to that of the bottom line, and
its right end is kept open.

The cross section of the filter showing in homoge-
neous multilayer with asymmetrical microstrips con-
struction is presented in Figure 4.

For asymmetrical strips, and using this numerical
model, capacitances C; (&,) are computed for

V= 1volt (1)
O-oooto.do...'..;.'...-hlli'—-"l!.-...-".. ....!.. -
-5 .--' .... ..o’ .l..
—~ L]
% ‘10_ .I .. .‘l n'
g 5] . % .
- ® .
L a) .
@ 254 " ¢
4 s % . 75/
d . /Sﬁgj
40 i T T T "‘"'""_’__' : T
0 500 1000 1500 2000 2500 3000 3500
Frequency (MHz)

A Figure 5. The bandstop filter response using a homoge-
nous multilayer microstrip.
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where all other conductors are grounded.

Setting V; = V,, = 1 volt yields capacitance Cj3, so that
the coupling capacitance C,, is calculated by the follow-
ing relation [3]:

1

Inductances L; are given in terms of capacitances, as
in the case of a single quasi-static line [4]. The mutual
inductance L,, is calculated as follows:

(3)

A CAD program was used to calculate the matrices
[L] and [C] of the bandstop filter. Once these matrices
are determined, the filter response can be analyzed
using an adapted numerical model [2].

Bandstop filter using homogeneous multilayer
microstrip

To validate our numerical results, we first studied the
bandstop filter using homogeneous multilayer micro-
strips [1]. The cross section of this bandstop filter is
shown in Figure 4.

The features of this filter are:

wl = 0.5 mm
w2 =5 mm

* Bottom strip width
* Top strip width

* Bottom material thickness hl =1mm

* Top material thickness h2 = 0.165 mm
* Separating length s = 2.5 mm

* FR4 material €. = 4.7

* Length of the filter b =19.44 mm

* Strip thickness is neglected

L) 778672 116.36 |(nH
111636 248741|l m

)= 67.065 —31.37 (pF)
" 1-31.37 209946 || m

The bandstop response in the frequency range [50;
3200] MHz is presented in Figure 5. Figure 5 shows that
aminimum |Sy,| = -35.24 dB is obtained at 1870 MHz.
At fy = 1842.5 MHz, |Sy;| = -33.195 dB. The minimum
measured at 1836.8 MHz is |S,;| = -27.287 dB.

Bandstop filter using shielded multilayer microstrip

To show the influence of the shield on the properties
of the bandstop filter, we analyzed a shielded bandstop
filter using multilayer asymmetrical microstrip. The
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A Figure 6. Bandstop filter using a shielded multilayer
microstrip.

Figure 7 shows the filter response in the frequency
range [50; 3200] MHz. The minimum obtained is | S, |
= -52.02 dB at 1870 MHz. At f, = 1842.5 MHz, |So1| =
-46.8852 dB.

Tunable bandstop filter using multilayer microstrip
Figure 8 shows a bandstop filter using a homoge-
neous multilayer with asymmetrical microstrips. To
change the value of the operating frequency fo of the
reject filter, we can change the short circuit position
along the strips.
The features of this filter are:

v Filter using stucture of Figure 4
*  Filter using stucture of Figure 6
0 Thbbdddds e, H T " ! ! .".v". ’ !
-5 vy +**
. "
-10+ %o s
-154 e 8'
*
-20 v °
g ] .3
4 35] ~
404
‘45_ -
50 :
—55 M T T T T T T 1
0 500 1000 1500 2000 2500 3000 3500
Frequency (MHz)

* Bottom strip width

wl = 0.5 mm

A Figure 7. Shielded bandwith filter response.

cross section of this filter is presented in Figure 6.
For A3 = 3 mm, the central frequency f, = 1842.5
MHz is obtained when the filter has a length b = 22 mm.

83.095

[L]={560.157 83.095 }(nH)

166.453

m

c]= 76.6064 — 35.6868 (pF)
" 1-356868 24057 [ m

by

Top layer Open strip(w2)

Variable short circuit —_— Strip (w1)

* Top strip width w2 = 5 mm

* Bottom material thickness hl =1mm

* Top material thickness h2 = 0.165 mm
* Separating length s = 2.5 mm

* FR4 material g = 4.7

* Length of the filter b = 19.44 mm

* Strip thickness is neglected

Figure 9 shows the influence of the short circuit posi-
tion along the strips on the operating frequency fo- For
this structure, the operating band of frequency is [1870;
3700] MHz, obtained for a variation of the short circuit
position between 0 and b/2. Between b/2 and b, the same
band frequency is browsed in the opposite direction.

This structure is difficult to realize and it is present-
ed here only to show the concept for tuning a bandstop
filter in a frequency range.

Bandstop filter using three asymmetrical microstrips

To realize a bandstop filter that is easy to manipulate,
we propose using three asymmetrical microstrips. The
cross section of this filter is shown in Figure 10.

The first short circuit is realized at the input of the
circuit between the strip (w1l and w3). A variable short
circuit is placed between strips (w3 and w2), as shown in
Figure 11.

1% T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
Length b,(mm)

A Figure 8. Tunable bandstop filter using multilayer asym-
metrical microstrip.
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A Figure 9. Influence of the short circuit position on the
operating frequency.
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Variable short circuit

Top layer O??H Sms, (w2)
Short circuit Str!p (w3
Bottom o - Strip (w1)
layer
Zco
o . Zco
f ~ Lengthb

A Figure 10. Cross section of the filter using three asym-
metrical microstrips.

This structure is analyzed with the following fea-
tures:

wl = 0.5 mm
w2 =5 mm
w3 = 0.5 mm

* Bottom strip width
* Top strips width

* Separating length s =2 mm

* Bottom material thickness Al =1mm

* Top material thickness h2 = 0.1656 mm
* FR4 material g, = 4.7

* Strip thickness is neglected.

The obtained matrices [L] and [C] are:

N

A Figure 11. Tunable bandstop filter using three asymmetri-
cal microstrips.

frequency range [485; 1800] MHz (Figure 12) for b =
19.44 mm, and the second is designed to operate in the
frequency range [1880; 6335] MHz for b = 5 mm (Figure
13). For the second tunable bandstop filter, at 1880
MHz, the 10 dB rejection is 140 MHz; at 6335 MHz, the
20 dB rejection is 490 MHz.

Additional/alternative configuration of tunable
bandstop filter using two strips

To reduce the number of microstrips and complexity
of the structure, the following configuration (Figure 14)
of a tunable bandstop filter is used. The short circuit is
realized between lines of width w1l and w?2. Figure 15
shows the cross section of this type of bandstop filter.

For the following features:

3995 1624 3048
[L]=|1624 1892 3551 %J

3048 3551 614.8

2011 -1726 -389 -5
[C]=|-1726 3779 -4186 ﬂ)

—2-3 —4186 583 m

We have designed two tunable bandstop filters
(Figure 11). The first one is designed to operate in the

* Right strip width

* Top strip width

* Bottom material thickness
* Top material thickness

* Separating length

* FR4 material

* Length of the filter

* Position of the short circuit
* Strip thickness is neglected

wl = 0.5 mm
w2 = 5 mm

h1l =0.75 mm
h2 = 0.25 mm
s = 0.25 mm
g = 4.7

b =22 mm

b1 = 0 mm

Operating frequency f (MHz)

&

T

T

6500 g1

Gmo-
55004 *®
5000
4500
4000
3500 .

3000 =

2500+ "o

2000

Operating frequency f, (MHz)

LA
L= |
* »
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Length b, ()
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A Figure 12. Influence of the short circuit position on the
operating frequency (b = 19.44 mm).
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A Figure 13. Influence of the short circuit position on the
operating frequency (b = 5 mm),
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TUNAILE FOLTIERS

Variable short circuit
Open strip (w2)

Strip (wl)

A Figure 14. Tunable bandstop filter with two microstrips.

The analysis of this structure
yields the [L], [C] matrices:

)= 546.0 146.6]( nH
11466 254.9|\ m

)= 7344 —4481 pF)
|-4481 1911 (m

microstrips.

Figure 16 illustrates the band-
stop filter response in the frequency
range [50; 3250] MHz. The mini-
mum obtained is | Sy, | = - 40.7dB at
1840 MHz. The 10 dB rejection is
680 MHz and the 20 dB rejection is
180 MHz. For the same structure,
Figure 17 shows the influence of the
short circuit position along the
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A Figure 15. Cross section of the bandstop filter using two

strips on the operating frequency f;.
It shows that the operating frequen-
cy range of the tunable bandstop fil-
ter is [1840; 3660] MHz. The low
value is obtained for (b1 = 0 or b1 =
b) and the high one is obtained for
(b1 = b/2). At 3100 MHz, the 20 dB
rejection is 420 MHz and the 30 dB
rejection is 120 MHz.

Conclusion

Several configurations of tunable
filters have been presented and sim-
ulated. The main idea is to achieve a
variable short circuit that allows for
a variation of the stub length and its
position on the transmission line.
Structures as shown in Figures 11
and 14 can be realized without major
difficulties. 2
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ARF460 125 60 125 0.50 150 AB/C
ARF461 250 60 125 0.50 150 AB/C

* DC Breakdown Voltage is 4 Times
The Rated DC Operating Voltage

Download these and other data sheets at

www.Advancedpower.com 11!

' ADVANCED  Phone: (541) 382-8028

‘TECHNOLOGY * Fax: (541) 388-0364
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New Signal Processing
Components Support
W-CDMA Wireless Systems

ariable phase shifters, vector modulators

‘ ; and attenuators are important elements
in advanced wireless systems. These com-
ponents enable the operation of smart anten-
nas, power amplifier linearization systems and
power control circuits, some of the most impor-
tant technologies used in 3G wireless systems
such as W-CDMA. SV Microwave has introduced
three new products to support the needs of
design engineers developing W-CDMA products.

The VP212B-80E is a surface mount analog
voltage variable phase shifter that provides
excellent amplitude and group delay stability
over a 100-degree minimum phase shift range.
The insertion loss is typically 0.9 to 1.1 dB and
group delay variation is under one nanosecond
over the entire phase shift range. Phase shift is
controlled by a 0 to +15 VDC control voltage.
Input and output return loss are typically better
than 18 dB. The VP212B-80E covers the 2100 to
2200 MHz range. Other models area available
for center frequencies of 50 to 3000 MHz.

Model VA212B-80C is a surface mount volt-
age variable attenuator, specified for operation
in the W-CDMA band of 2100 to 2200 MHz.
Minimum insertion loss is 0.6 dB, with attenua-
tion of up to 15 dB using a 0 to +7 VDC control
voltage. Over the entire attenuation range, the
unit features a typical IP3 of +45 dBm, return
loss of 18 dB, 100 ps group delay variation and
less than one degree per dB phase shift.

SV Microwave also offers the MV212-72C1
analog vector modulator that provides indepen-
dent control of both amplitude and phase of RF
signals in the 2100 to 2180 MHz band. At mini-
mum attenuation, the loss is just 1.8 dB at any
phase control setting. The phase shift range is 0
to 100 degrees (90 degrees minimum) with 0 to
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A SV Microwave announces new variable attenua-
tor, phase shifter and vector modulator products.

+10 VDC control. Attenuation up to 20 dB (16
dB minimum) is controlled with 0 to +5 VDC.
Return loss is better than 20 dB over the entire
modulation range.

All three products are provided in a true SMT
package. Custom models can be developed to
meet specific customer requirements. ]

For more information, contact:

SV Microwave

3301 Electronics Way

West Palm Beach, FL 33407
Tel: 561-840-1800

Fax: 561-842-6277

Internet: www.svmicrowave.com

or circle Reader Service #200




SPECTRUM CONTROL INC.

A Control Products and Systems Company

Spectrum Control and Richardson Electronics are
changing the rules with SPECWAVE"™ components.

To meet the surging demand for high performance and reliable products
designed for wireless applications, Spectrum Control has greatly
expanded its SPECWAVE " line of microwave products. SPECWAVE™
now consists of inductors, capacitors, filters and antennas:

Ferrite Beads, Ferrite Inductors, and
Ceramic Inductors

Hi-Q Chip and Leaded Styles, Single Layer
Capacitors, and Substrates

Ceramic and Dielectric Resonators; LC,
Bandpass, and Duplexers

Ceramic Patch Elements

Applications: Blugtooth, Compuiters and Peripherals, LAN/WAN
Equipment, Wireless Modems, CATV Amplifiers, Wireless Handsets,

RF Power Amplifiers, Cellular Base Stations, GPS, Land Mobile Radio,
Satellite Transceivers, Telematics, Radar and Guidance Systems.

These new wireless components are available with customized
specifications to provide designers the flexibility to satisfy varied filtering
and real estate concerns.

Count on the high performance of SPECWAVE " and Richardson’s
global logistics and engineering expertise for your wireless needs.

Richardson
Electronics

Engineered Solutions

More than 60 locations worldwide to serve you. E-mail: vc@rell.com, Internet: www rfpowernet com, Toll Free: 800-RF Power or 800-737-6937 (U.S. & Canada), Australia: Castle Hill AGN 069 808 108 +61
(2) 9804-7288, Bayswaler ACN ABN 19069 808 108, +61 (3) 9738-0730, Brazil: Sao Paulo +55(11) 3845-8199, Rio De Janeiro +55(21)521-4004, China: Shanghai +86 (021) 6440-0807, Shenzhen +86 755-329-7141,
Colombia: Sante Fe de Bogota, DC {57-1) 636-1028, Denmark: Hedenhusene +45 4855-5630, Finland: Helsinki +35 (8) 9386-00110, France: Colombes Cedex +33.1.55 66.00.30, Nozay +33.1.60.80.71 33,
Germany: Puchheim +49 (89) 890 214-0, Hamburg +49 (40) 555 88 410, ltaly: Agrate (MI) +39 (039) 653 145, Roma +39{06)41.73.37.51, Sesto Fiorentino (FL) +39 (055) 42 08.31, Japan: Osaka +81 (6) 6314-5557, -
Tokyo +81(3) 5216-1577, Korea: Seoul +82 (2) 539-4731, Malaysia: Selangor +60 (3) 5511-5421, Mexico: Mexico City +52 (5) 674-2228 Guadalajara +52 (3) 6454641, Philippines; Pasig City +63 (2) 636-8891,
Singapore: +65487-5995, Spain: Barcelona +34 (93) 415 8303, Madrid +34 (91) 526 3700, Sweden: Stockhofm +46 8 564 705 90, Taiwan: Taipei +886 (2) 2698-3286, Thailand: Bangkok +66 (2) 7494402, The
Netherlands: Amsterdam +31 (20) 446 7070, United Kingdom: Slough +44 (1753) 733010, Vietnam: Ho Chi Minh Cily +84 8-8233016. For other intenational inquiries call Corporate Headquarters: LaFox, IL
(630) 208-2200, Fax (630) 208-2550. © 2001 Richardson Electronics MK1314 : :

1-800-RF POWER + 1-800-737-6937 ° Www.rfpowerﬁet._cbmw Mc@rell.cqm_'
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N MICRowav® P

RF Connectors & Components

HAS YOUR RF CONNECTOR SUPPLIER...

a) Been swallowed up by a huge conglomerate?
b) Moved to a new location and lost the recipe?

c) Changed names and forgotten yours?

If so, SV Microwave can solve your problems by providing:

 An accessible engineering staff

« A supportive and helpful sales team
* Quick responses

* Short lead times

 Direct equivalents

» An array of Mil Qualified items

Tired of being treated like a number? Feeling misplaced in the
confusion? Being turned away on special design projects?
Give us a call. We haven't lost the personal touch!

3301 Electronics Way, West Palm Beach, Florida 33407
Tel: 561-840-1800 * Fax: 561-842-6277 * E-mail: sales@svmicro.com
Circle 17



One-Chip Radio Supports
Unlicensed Wireless
Transceiver Applications

he Honeywell Solid State Electronics
I Center (SSEC) has introduced the Radio
On A Chip, a low-cost, programmable sin-
gle-chip RF transceiver designed for 434, 868
and 915 MHz wireless applications. This highly
integrated ASCI uses 0.35 micron CMOS tech-
nology and direct-down conversion radio archi-
tecture to obtain the combination of reduced
cost; on-chip integration of RE analog and digi-
tal functions; low power consumption and
future customized applications.

The device offers a direct serial interface to
the controlling microprocessor at a 10 MHz
data rate. Programmable features include vari-
able packet size and data rates up to 28.8
kbits/s, BPSK modulation with variable modu-
lation index, —20 dBm to +3 dBm output power
level, TX/RX/standby modes, synthesized oper-
ating frequency and 2.4 to 3.3 volt single-supply
operation.

To develop a direct downconversion radio
using low cost CMOS technology, several design
innovations were required:

* Minimized flicker noise — All circuits, espe-
cially the PLL/VCO, are designed to minimize
the impact of flicker noise.

* On-chip baseband filter — On-chip filtering
reduces external component cost by eliminat-
ing the need for ceramic or SAW IF filters
needed in hetroydyne architectures.

* Expanded dynamic range — The receiver
chain was designed to correctly distribute
gain, which maximizes sensitivity and mini-
mizes compression for large-signal radiators.

* On-chip digital interface — Direct connection
to the microprocessor increases integration
while lowering cost.
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Limiter

PLL Demod

r

Data/Control

Modulate

S i
SPI

A Honeywell’s programmable Radio On A Chip fits
wireless applications from 300 to 928 MHz.

The HRF-ROC09325 operates from 300 to
928 MHz, with a typical sensitivity of 95 dBm,
-5 dB input IP3 and 75 dB rejection of adjacent
channels (£200 kHz). The device is provided in
a surface mount plastic package. i

For more information, contact:

Honeywell

Solid State Electronics Center

12001 State Highway 55

Plymouth, MN 55441

Tel: 763-954-2638

E-mail: mysoicservices@honeywell.com
Internet: www.mysoicservices.com
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THE GLOBAL SOLUTION...
AND BEYOND!

JOMHz to 7GHz AMPLIFIERS .> 99>

From amateur radio to cellular to satellite applications, ~ SPECIFICATIONS

. . Gain (typ) Max. Dynamic Range Price
Wllth r“nedllum OUIVDUJ[ power up to 17dlel Freq  Midoand Flat Pout! (Typ @2GHz<) $ea.
Mini-Circuits versatile ZJL and ZKL connectorized  Model (MHZ  (@B) (:dB) (dBm)  NF(B) IP3(cBm) ImA)3 (1-9)
amplifiers offer the broad range of choices  zi-sc 20-5000 9.0 055 15.0 85 3820 80 129.95
i v ; ZIL-7G 20-7000 100 1.0 80 50 240 50  99.95
GGSIgnerS demand for aChIerg hlgh SyStem ZJL-4G 20-4000 124 +025 135 5.5 30.5 75 129.85
performance goals. Ultra-wideband models — zi6G ~ 20-6000 130 =18 90 45 240 50 11495
: : : ZIL-4HG  20-4000 170 %15 150 45 305 75 12995
deliver gain ranging from 9 to 40dB and IP3  7755" 205000 190 22 80 38 220 45 11495

R . U.p t.O +32dBm. BUt beyond the per.‘ermanlce ZKL-2R7 10-2700 240 07 13.0 5.0 30.0 120 14995
and reliability built into these miniature 12V amplifiers lies  zki2rs 102500 300 15.0 50 310 120 149.95

+1.5
i i | ZKL-2 10-2000 335 1.0 15.0 4.0 31.0 120 149.95
another important feature, the low price...from only $99.95! e 90 50 a0 e taoos

ZKL-1R5 10-1500  40.0

NOTES:
1. Typical at 1dB compression.

Mini-Circuits...we’re redefining what VALUE is all about! g ZA:TL ﬁnaT‘fgrshgésoeciﬂed at 1GHz.
. units al .

m M““'CII'CI.IItS 106, 118

CIRCLE READER SERVICE CARD
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com

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

ISO 9001 CERTIFIED F 232 RevD

Call now for fast delivery.




Antenna Technology
Improves Radiation and
Front-End Performance

e-tenna Corporation have announced

development of a new antenna technolo-
gy for wireless handheld products. e-tenna’s
Artificial Magnetic Conductor (AMC) is the
heart of this development. AMC is a technique
that isolates a radiating element from the sur-
rounding environment, reducing its effects on
antenna radiation. An AMC surface can be real-
ized on a thin printed circuit board, resulting in
smaller, higher-performance antennas for
portable wireless products.

AMC is, essentially, a tuned surface that
exhibits a high impedance at the operating fre-
quency. Antennas using AMC technology do not
rely on return currents from a traditional
“ground plane.” The company reports a perfor-
mance gain of more than 2 dB, which can either
reduce the power required for communication
or increase range.

Another characteristic of AMC is that it can
be made tunable, which is the key to e-tenna’s
next development effort. Using two high-Q tun-
able antennas instead of switches, diplexers and
filters, a frequency-agile wireless transceiver
can be developed that simplifies many of the fac-

B

The Titan Corporation and its subsidiary

|
RX module|
TRX 2
Tunable I
Anie?nas
X ACU |-= PLL DSP

4] TX module

l AGC

lo |-

AMC
Surface

\ Radiating
| Element

A Block diagram of a reconfigurable handset.
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A A wireless AMC-based antenna developed by e-
tenna Corporation.

tors faced by engineers designing multi-band,
multi-standard handsets and wireless termi-
nals. The company is designing MEMS-based
technology for tunable antennas and AMC sur-
faces, which will simply the design of reconfig-
urable systems. e-tenna intends to license these
technologies to interested wireless product
developers and manufacturers. |

For more information, contact:

e-tenna Corporation
6100-C Frost Place
Laurel, MD 20707

Tel: 240-456-4100

Fax: 240-456-0655
Internet: www.etenna.com

or circle Reader Service #204




IN FILTER SYNTHESIS PERFORMANCE

Hig h Pe rformance and COﬂtr0| . That's what you get with Eagleware’s new direct synthesis

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

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

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

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

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

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

Phone: +1 678-291-0995
e FAGLEWARE
R RF and Microwave Design Software
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Product Spotlight

Your Connection to Quality
Custom Built Cable Assemblies

i

Semi-Rigid Cable Assemblies

Custom built on CNC Benders, with our design

software available to customers. Our 141 SMA

assemblies offer 19dB return loss to 33 GHz.

Flexible Coax Cable Assemblies
RG types, Conformable, LMR, or TFlex. Our
new SRC-316 offers 20% lower loss than RG316
with 90dB shiclding!

Contact us at:
Phone: (707) 573-1900
Fax; (707) 573-1999
www.SRC-Cables.com

Circle 250

tParsonal Probe
Station

Very Low Cost
High Function

A compact full featured, modestly price erated probe station
developed fo
Measure Microwave, RF and DC parameters o ductor Devices

Packages and Assemblies with NIST traceability

* BenchtopS t') & Vacuum chuck ¢ X-Y-@ slage =
& X-Y-Z prabe positioners «Top Plate Z-lift »Vacuum Accessory Manifolds
* 7X-40X Stereo Zoom Microscope » Adj Halogen Hluminator ®
*Vacuum Accessories » & with 40GHz+ probes
* Acoessories for i Chucks and Probe Cards »

o Test walers, microstrip packages and surface mount componenise

J microTechnology
3744 NW Bluegrose Pl
Portland,
Technology - :
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Quality Reconditioned
Network & Spectrum Analyzers
etc. by Agilent HP Tektronix Fluke

and other major manufacturers
www.naptech.com
1-800-336-7723

Test Equiprnernt inc.
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Waveguide Hardware and Software Solutions

@ Rigorous EM field analysis based software
(WindowsNT/98/2000) is available for design and
analysis of all types of waveguide filters (E-plane,
iris, dual iris, asymmetrical iris, evanescent mode
LPF, BPF, bandstop dual mode), Diplexers (E-Tee,
| H-Tee and Bifurcated common junction)
4 Rigorous EM field analysis based designed
low-loss Waveguide Ceramic Block and air
cavity filters are available for applications in 900
MHz to 50 GHz frequency band.
Consulting services are available for:
@ Development of custom software for
waveguide component and circuit design
® Development of waveguide hardware

For your specific needs contact eWAVE
Customer Service: Email.ewavel@qwest.net

Tel: (505)7923878  Fax: (505) 792 0827

AREMCO

Use Aremco’s high strength, easy-to-handle
temporary adhesives for dicing, grinding and
polshing all types of ceramic, electronic, opti,
and metallurgical materials. ..

* Semiconductors * Liquid Crystals
© Optoelectronics  * Single Crystals
* Dense Ceramics = Ferrites

@ Piezoelectrics © And More...

§ AREMCO PRODUCTS, INC.

. 1 707-B Executive Boulevard Valley Cottoge, NY 10989
| 914-268-0039 « Fax 914-268-0041
 www.oremco.com e e-mail: aremco@aremco. com

g

CoaxStrip 5400 — Programmable
Coaxial Cable Stripping Machine

The CoaxStrip 5400 stripping machine performs multiple
stage strips on a variety of cable types, from discrete wire
to triaxial cable.
Maximum cable
diameter that can
be processed is
11 mm (0.44")
0.D., and overall
maximum  strip-
ping length is 40
mm (1.58"). In-
creased capacity [/
makes it possible
to process all common coaxial cables on the market,
including larger RG8, RG11 and RG213 types.

Schleuniger
North American Headquarters
87 Colin Drive = Manchester, NH 03103
Tel: 603-668-8117  Fax: 603-668-8119
Internet: http://www.schleuniger.com
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How to place Product Spotlight and Classified ads in

Applied
~ T MICROWAVE & WIRELESS

Our Product Spotlight section allows you to show
off your company’s products or services in an econom-
ical 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 pro-
vide is a product photo, company logo and a descrip-
tion of the product or service you want to advertise.

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

Classifieds rates are available and are agency-com-

missionable if material is supplied. Or, if you prefer,
our staff can make up the ad for you. Classified dis-
play ads are available in color or black and white in

standard ad sizes or by the column inch.

For more information on advertising in these two
sections, including rates and deadlines, please con-
tact Aileen Kronke, Tel: 770-449-6774; Fax: 770-448-
2839; E-mail: aileen@noblepub.com.
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WD N D E R how RF circuits work?

Introducing the practicing engineer’s NEW guide to

RF POWER AMPLIFIERS

o RF PO
Mihai Albulet AMPL"#EES

In this thorough overview of large- Mihai Albutet

signal RF circuits, Mihai Albulet cov-
ers fundamental concepts used in the
analysis and design of RF power
amplifiers. This book provides readers with
good theoretical descriptions of circuit topolo-
gies, operating principles, advantages and
limitations of the different power amplifier
types. Detailed mathematical derivations
illustrate the assumptions and limitations of
the presented results, allowing the reader to
assess their usefulness in practical designs.
Areas discussed include:

« Amplification classes (Classic PAs, D, E, F, S)

* Circuit topologies ‘
 Bias circuits

* Matching networks

2001, 376 pages
ISBN 1-884932-12-6
NP-36.....covvveeneenese...$75.00

For more information, or to place your order online,

point your brpwser to WWW.I’I_Ob'EPU b.GDm

For information or to order contact: European Customers:

Noble Publishing Corporation Please order through

630 Pinnacle Court American Technical Publishers

Norcross, GA 30071 Tel: +44 (0) 1462 437933

Tel: 770-449-6774  Fax: 770-448-2839  Fax: +44 (0) 1462 433678

www.noblepub.com www.ameritech.co.uk PUB
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Product Spotlight

Frequency Multipliers

 © COAXIAL Surge Suppressors
for PCS, GPS, RF equipment
# AC Protector UL 1449

* TI/E] Protection

* SURGE ARRESTER
GAS TUBES

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

CITEL, Inc
Tel: (305) 621-0022
Fax: (305) 621-0766

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

mlmam fax 800 $19. 0092

'SURGE. PROTECTION |

www.citelprotection.com
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| épresentatwe toda

Scott Spencer
Eastern region

Tel: 603-472-8261

Authors’ 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 edi-
tors, and it’s our job to make sure your efforts are presented to our read-
ers in a professional manner.

To submit an article for publication in Applied Microwave & Wireless
magazine, send a proposal or abstract to the address given at right.
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, including all figures and images, both on disk
and in hard-copy form. Articles are accepted on PC-formatted disks or
by e-mail, with Microsoft Word documents preferred. Figures and
images should be high-resolution (300 dpi) to ensure high quality when
printed. We cannot accept low-resolution JPEGs or other web-formatted
image files.

We’ll need to receive your final article at least eight weeks before the
date of publication. You may consult our Editorial Calendar and indicate
a topic on your proposal, although we cannot guarantee publication in a
specific issue.

A

Submit article proposals to:

lied

630 Pinnacle Court
Norcross, GA 30071
E-mail: amw@amwireless.com
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Been online
lately?

Visit AMW online and see how
you can subscribe or renew your
subscription to Applied Micro-
wave & Wireless magazine.
Browse through the archive and
download select articles to read.
Read news in the RF and
microwave community, or check
our calendar of events for
conferences, short courses and
calls for papers. Authors and
advertisers can access all the
information they need, including
our deadlines and editorial
calendar. Or, if you prefer, you
can simply contact a member of
our staff.




General Chair

Dr. Michael S. Heutmaker
Lucent Technologies
tel: +1-609-639-3116

heutmaker@lucent.com

Technical Program Chair
Dr. Peter Staecker
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2001 IEEE Radio and Wireless Conference
Westin Waltham-Boston
Waltham, Massachusetts, USA
August 19-22, 2001
http:llrawcon.org

Invitation to Attend

The IEEE Radio and Wireless Conference (RAWCON2001) highlights the
connections between component design and system performance in a
variety of wireless data systems, including fixed wireless, wireless LAN,
3G cellular, and ultra wideband (UWB). RAWCON is known for its
informal atmosphere, where attendees from industry and universities
around the world exchange the latest ideas in various RF/wireless
disciplines. After five years in Colorado, RAWCON has moved to Boston
this year. See http://rawcon.org for on-line registration and full details.

Don’t miss these highlights of RAWCON2001:

¢ Technical Program containing approximately 65 oral presentations
and poster papers on a single track.

¢ Keynote Address “The Ever-Present Wireless LAN Future” by Greg
Ennis, Technical Director of the Wireless Ethernet Compatibility
Alliance (WECA), will focus on the challenges when future wireless
LANS are integrated into products beyond the portable PC.

e Tuesday Panel Session “The Next Step for the Wireless LAN”,
moderated by Craig J. Mathias of the Farpoint Group, will feature the
perspectives of service providers, hardware developers, and IC/system
designers on the improvements in speed, security and quality of
service enabled by the latest WLAN technologies.

e Banquet Address “Opportunities from the Wireless Migration”, by
Thomas Rowbotham, Venture Partner, St. Paul Venture Capital, gives
the viewpoint of a venture capitalist on the evolution of wireless data
technology.

¢ Sunday Workshop “Characterization and Modeling of Power
Amplifier Circuits and Transistor Technologies”, organized by Gene
Tkachenko; Alpha Industries.

e Monday Workshop “Methods and Concepts for Power Amplifier
Linearization”, organized by Steve Kenney, Georgia Institute of
Technology.

¢ Vendor Exhibit featuring booth and tabletop displays from leading
wireless industry suppliers.

Register now at http://rawcon.org

RAWCON2001 is sponsored by the IEEE Microwave Theory and Techniques Society
(MTT-S) and technically cosponsored by the National Institute of Standards and
Technology (NIST) and the Institute for Telecommunications Sciences (ITS).
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Market Update

The New FCC Begins to Take Shape

ctivity from the Federal Communications
ACommission has been limited recently, as a new

Chairman and Commissioners build their staffs
and begin their work in a new administration. Four of
the five Commissioner positions have been filled at the
time of this writing (mid-June). A brief biography of
each is provided here.

Michael K. Powell, Chairman

Powell was nominated by
President Clinton and sworn in as
a Commissioner in 1997. President
Bush named Powell FCC
Chairman on January 22, 2001.
His present term ends June 30,
2002. Powell has previously served
as Chief of Staff of the Antitrust
Division in the Department of =
Justice. He has practiced law and been a judicial clerk.
Powell is a graduate of the College of William and Mary,
with a J.D. from Georgetown University.

Gloria Tristani, Commissioner

Tristani has served as
Commissioner since 1997, after
being nominated by President
Clinton. She previously served on
the New Mexico State Corporation
Commission and has been a
lawyer in private practice. Born on
Puerto Rico, Tristani is a graduate
of Barnard College of Columbia H
University, with a law degree from the University of
New Mexico School of Law.

Kathleen Q. Abernathy, Commissioner

Abernathy was nominated by
President Bush on May 1, 2001
and confirmed May 25, 2001.
Before appointment to the FCC,
she was director for government
affairs at BroadBand Office, Inc; a
partner in a Washington, DC, law
firm; vice president for regulatory
affairs at U.S. West (now Qwest
Communications); and vice president for federal regula-
tory affairs at AirTouch Communications. She also
served as advisor to past Commissioners Sherrie
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Marshall and James Quello. Abernathy has a degree
from Marquette University and a J.D. from Columbus
School of Law at Catholic University of America.

Michael Copps, Commissioner

Copps was nominated by
President Bush on May 1, 2001
and confirmed May 25, 2001.
Copps has served as Assistant
Secretary of Commerce for Trade
Development and was previously
Deputy Assistant Secretary of
Commerce for Basic Industries. He
has been Chief of Staff for Senator
Ernest Hollings (D-SC) and was a professor of U.S. his-
tory at Loyola University of the South. Copps has a
degree from Wofford College and earned a Ph.D. from
the University of North Carolina at Chapel Hill.

Recent FCC activity

The fiscal 2002 budget for the FCC proposed by the
President is $248,545,000. This budget represents an
increase of $18,5645,000 over the FY 2001 appropriation
of $230,000,000. Full time equivalent staffing is pro-
posed to be 1,975. Forty percent of the increase will
cover mandatory increases in salaries and benefits, plus
inflationary increases for contracts. The balance of the
increase includes funds to replace outmoded computer
equipment and make other improvements to the
Commission’s information technology infrastructure.

In the wireless arena, the Commission has released a
staff report, “Spectrum Study of 2500-2690 MHz Band:
the Potential for Accommodating Third Generation
Mobile Systems.” This report is a companion to a study
done by the National Telecommunications and
Information Administration (NTTA) on the 1755 to 1850
MHz band, “Federal Operations in the 1755-1850 MHz
Band: The Potential for Accommodating Third
Generation Mobile Systems,” and the NTIA Final
Report, “The Potential for Accommodating Third
Generation Mobile Systems in the 1710-1850 MHz
Band: Federal Operations, Relocation Costs, and
Operational Impacts.” A January 2001 Notice of
Proposed Rulemaking (NPRM) was issued that will
examine and propose spectrum for allocation to 3G fixed
and mobile wireless services. Comments on these
reports and the NPRM were due by April 16 (Docket No.
00-258). No action has yet been taken. i
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