-MAY 2001 ,

desian.

Engineering RF & Wireless ProBlucts . . .. DC to Light www.rfdesign.com

.
At »

| Imp‘ro,ve rqject\oftware cost estimates

égigr! a cellulabetwork for greater profits

Tune y6 PA'fLr best nois {d ower perfo'rménce

An INFERTEC®/PRIMEDIA Publication
.



We Have Our
Eye On Broadband

Noise Com has focused in on broadband noise
test solutions. Our broadband capabilities include:

* Noise Power Ratio Test Sets,
¢ Noise Generators,
* Noise Sources for C/N, E./N,,

* Noise Sources for Noise Figure Measurement
and much more.

Noise Com will help you see your way through
broadband testing!

Contact us today for more information.

Noise Com

Email: info@noisecom.com
Web: www.noisecom.com
Phone: (201) 261-8797

E. 64 Midland Avenue
Paramus, NJ 07652

NOISEC

A WIRELESS TELECOM GROUP COMPANY
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Higher Q Compared to non-wirewound chip coils, most
Coilcraft parts have Q factors that are 50% to 150% higher.

Lower DCR Put as much as 3 times the current through
our chip inductors thanks to their low DC resistance.

Higher SRF Ceramic construction shifts SRFs to much
higher frequencies than multilayer or ferrite designs.

Tighter tolerance Precision manufacturing techniques let
us consistently produce parts with 2% inductance tolerance.
Our most popular values also come in 1% tolerance.

Better support From our engineer-friendly web site to our
global manufacturing capabilities, Coilcraft is
just plain easier to do business with. ORDER YOUR

Visit us at www.coilcraft.com for technical F EE
data, free samples, simulation models and more. SAMPLES

& ™
é www.coilcraft.com 800/322-2645 Fax847/639-1469
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THE WORLD'S LARGEST SELECTION
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Choose from over 550 standard off-the-shelf models from 2way and 3way to 48way; 0°, 90°, and

180°; 60 and 75 ohms covering 2kHz to 10GHz. Mini-Circuits will also supply your special needs and custom
designs such as wider bandwidths, higher isolation, lower insertion loss and phase matched ports...all at catalog
prices with rapid tumaround time. Case styles include surface mount, plug-in, flat pack, and coaxial connectorized
and custom case styles are no problem! Super-miniature and ultra-low profile surface mount units provide excellent
solutions in cellular communications, cable systems, and countless wireless applications. And all units come with a

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

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



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

[ Mini-Circuits @ @

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET htip://www.minicircuits.com ~ C/7CHE READER SERVICE CARD

For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE « EEM « MICROWAVE PRODUCT DATA DIRECTORY « WWW.RFGLOBALNET.COM
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Designing the cellular network infrastructure — Cellular network design for greater
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SOT-89
Actual Sze

8 GHZ from 9 9

lower thermal resistance

better gain flatness

wide choice of gain
high IP3
high reliability *

TYPICAL SPECIFICATIONS AT 25°C:
Flatness Max. Power Ouia

freq.®
Model (MHz)
GAL-1 DC-8000
GAL-21 DC-8a380
GAL-2  DC-8000
GAL-33 DC-4000
GAL-3 DC-3000

GAL-6 DC-4000
GAL-4  DC-4000
GAL-51 DC-4000
GAL-5 DC-4000

Gan (dB)

12.7
14.3
16.2
19.3
22.4

12.2
14.4
18.1
20.6

0.1GHz 2GHz

18

DC-2GHz

(B}
0.5
0.6
0.7

L8818
oUW ~NO

1.
+1.6

2 year guarantee*
in stock!

@1dB Comp
{dBm)

Themmal DC
Dynamic Rangea  Resist.  Operating Power
NF(dB) IP3{dBm) @jc,°C/W Current(mA} Volt
45 27 108 40 34
4.0 27 128 40 3.5
4.6 27 101 40 3.5
3.9 28 110 40 4.3
BISF RE25 127 85 33
45 36 93 70 512
4.0 34 93 65 4.6
3:5 35 78 65 45
3.5 35 103 65 4.4

®| ow freq. cutoff determined by external coupling capacitors. AModels tested at 2GHz except GAL-4, -5, -6, -51 at 1GHz
*Sub,ect 1o terms and conditions of the warranty publshed m our current Des gner's Guide. Complete specrfications,
performance data, and reliability report avallable 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 $39.95.

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

[ JMini-Circuits
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For lower price and excellent performance,

look to the AG101 amplifier.

Experience the EXCELLENCE with WJ Communications!

IP3 VS, Output Powsr |dBm) WIJ announces a low cost, high-linearity amplifier.
' WJ‘s AG101 is a general purpose gain block that
offers excellent dynamic range and low power con-
sumption, based on a proven-reliable MESFET pro-
cess with an associated MTBF of >100 years. The
combination of flat IP3 and noise figure perfor-
mance over frequency makes the AG101 attractive
for both narrow band and broadband applications.

O1F3 (dBm)

For more details, call our toll free number, fax us at
(408) 577-6620 or e-mail us at sales@wj.com.

¢ —_— - — - - ™
AH1 | 2503000 | 41 21 150 The Communications Edge

', Visit us on J;'}ié”rﬁb at 1-800-WJ1-4401 WMOM

Distributed in U.S.A. by Nu Horizons Electronics: 888-747-6846; Richardson Electronics: 800-737-6937
In Europe call WJ: 44-1252-661761 or your local Distributors: Richardson Electronics Worldwide: 800-737-6937 Web Site: www. rell.com/gen_sales_locations.asp
and BFI-Optitas-Europe: Telephone 44-1622-883467 Web Site: www.bfioptilas.avnet.com
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Sprague-Goodman has passive and
active tuning devices to meet
microwave designers’ needs. A wide
variety of tuning elements is offered
to work with waveguides, cavities,
and dielectric resonators at
frequencies too high to use variable
capacitors and inductors.

Sapphire
PISTONC

« Q to 4000 at 250 MHz

* 2 configurations and 6 mounting styles
suitable for all RF structures

« Operating temp: -55° to +125°C

» Cap ranges: 0.3-1.2 pF t0 0.8-8.0 pF

AIRTRIM®
Multiturn

* Q: > 5000 at 100 MHz
* 9 mounting styles including
surface mount
* Operating temp: -65° to +125°C
o Cap ranges: 0.35-3.5 pF to 2.0-16.0 pF

Microwave
Elements

Metallic tuning elements
e 210 33 GHz

Dielectric tuning elements
* Alumina, quartz, sapphire

* 6 t0 100 GHz

Dielectric resonator tuners
* 210 18 GHz

LC tuning elements

* 510 11 GHz

Resistive tuning elements
*1t0 18 GHz

Silicon
Varactors

Super Hyperabrupt

* UHF - Wireless (4V, 6V, 8V)

* VHF - Wireless (10v)

Hyperabrupt

* Microwave (20V)

Abrupt (20V)

Economical SOT-23 and High Performance
Surface Mount Packages

For information on these and our other
quality products, visit our website, or
phone, fax or write today.

SPRAGUE

GOODMAN

1700 Shames Drive, Westbury, NY 11590
Tel: 516-334-8700 « Fax: 516-334-8771

www.spraguegoodman.com
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RF editorial
What’s next?

By Don Bishop
Editorial Director
dbishop@intertec.com

Ah, the glory days. Remember when the wireless telephone industry enjoyed
annual growth rates of 40%? It was easy to get used to, wasn’t it?

Exactly how much heat the industry will lose is difficult to estimate, but maybe
handset manufacturers will have to adapt to growth rates of 20% or less. Only 20%?
Phfffft! Forget it!

So, we nail the casket shut on wireless telephones, and move on. What’s next?

Wireless [.LANs.

As a generation of mobile phone users, we're not through talking, although
maybe we're talking as much as we can stand.

But as a generation of connected device users, we've only just begun. Let’s con-
nect all of our computers—home, auto, office, hand-held, implanted—and let’s do it
wirelessly, with 802.11a, home RF, Bluetooth, ETSI HiperLAN2 and 5-UP.

Let’s make our wireless wireless, so there’s no wire between our earpiece and
handset for the hands-free handset headset ... oh, you know what I mean.

Teresa H. Meng, Ph.D., chief technical officer at Atheros Communications, sees a
huge potential to reduce wireless LAN costs and improve network robustness with
CMOS technology. “Together with wireless signal processing, more powerful CMOS
processes may deliver a ubiquitous wireless fabric, allowing connectivity of a multi-
tude of computation and consumer devices incorporating a variety of data rates and
quality of service,” Meng has written.

Successful implementation may require even higher frequencies. Instead of 2.4
GHz, the 5 GHz made might have to be pressed into service to avoid microwave
interference and double the bandwidth, and for higher data throughput and multi-
media application support as well.

Talk among yourselves

When we're tired of talking with each other, we can let our possessions talk
among themselves. Computers, printers, projectors, televisions, DVD players,
speakers, telephones, DSL or cable modems, and satellite dishes all can use wire-
less LANs to talk to each other wirelessly. Video and audio content can be down-
loaded from the Internet and played on entertainment systems in your home or in
your office. Maybe in your head. If there aren’t too many voices in there already.
Any device with a keypad could control the computer, television, telephone, stereo
and security system.

With a display, you could have access to e-mail, news and stock quotes. Heaven
help me, not stock quotes. Not this year.

MTT-S

Are you coming to the IEEE MTT-S International Microwave Symposium in
Phoenix? If so, you'll have an opportunity to hear Dr. Meng speak at the Monday
morning plenary session. Clearly, Atheros has a vested interest. in wireless LANSs.
But that docsn’t mean wireless LANs aren’t the next “wireless.”

Also, don’t miss the special memorial session for Al Gross that’s scheduled for
Thursday. I hope you read Roger Lesser’s remarks about Al in the April issue.
Phoenix was Al's home for many years, and the memorial session promises a look at
the life of a remarkable individual.

As for diversions in the Phoenix area, my recommendation involves Frank Lloyd
Wright architecture. Visit Taliesin West in Scottsdale if you have time before or
after the conference (www.franklloydwright.org). Another suggestion: Drive to
Tucson and tour the Desert Museum (www.desertmuseum.org). There’s some
fine hiking near the museum, although it might be too hot in mid-May.

Wireless should only be so hot.

www.rfdesign.com May 2001
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WLAN
Wil Creating RF and Microwave solutions since 1953.

WWAN What can we do for you?

We Have A Part In Your Future

4895 Peoria Street OUR PLL Synthesizer Modules | Wideband RF Transformers | Couplers 1S09001 Certified

lorad
Denver, Colorado 80239 [EftyT,1Vla i3 Special integrated Assembllesl Voltage Controlled Oscillators

INCLUDE:

Double Balanced Mixers

™ 303.371.1560

Power Dividers/Combiners | 1Q Modulators/Demodulators ] PROUDLY MADE IN THE USA -

fax 303.371.0845

e-mail:sales @ varilcom | Contact the Vari-L Sales Department for your special microwave and RF component assembly needs,

www.vari-l.com

Vari-L Company, Inc.
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RF calendar
MAY

2224 Eastec 2001 — West Springfield, MA
Information: Tel. 800.733.4763.
International Microwave Symposium:
IEEE-MTTS — Phoenix —

Information: Web site:
http//www.ims2001.org/

JUNE
g7

22-24

Supercomm — Atlanta — Information:

Web site: www.supercomm2001.com
Sensors Expo 2001 — Chicago —
Information: Tel. 203.882.1300 x181.

Web site: www.sensorsexpo.com

2001 IEEE International Frequency Control
Symposium/ Exhibition — Seattle —
Information: Web site: www.ieee-uffc.org/fc
WCA Annual Conference — Boston —
Information: Wireless Communication
Alliance (WCA). Tel. 202.452.7823.

JULY
9-12 Embedded Systems Conference — Chicago —

Information: Web site:
www.embedded.com/esc

57

24-27

RF courses

AUGUST

13-17 IEEE-EMC Symposium — Montreal —
Information: Web site:
www.ieee.org.
SEPTEMBER

4-7 Embedded Systems Conference — Boston —
Information: Web site:
www.embedded.com/esc

24-26 EDA: Front-To-Back — Santa Clara —

Information: Penton Media. Tel. 1.888.947.3734.
OCTOBER

1-4 Communications Design Conference —
San Jose — Information: Web site:
www.CommDesignConference.com
Sensors Expo Fall — Philadelphia —
Information: Web site:
WWW.SEeNnsorsexpo.com

DECEMBER
36 Internet World Wireless West 2001 —

San Jose — Information: Web site:
www.ccievents.com

AGILENT TECHNOLOGIES — RF and Microwave
Fundamentals — Aug. 29-31, Dec. 4-6; Network Analysis
Measurements — May 29-30, Oct. 16-17; Spectrum
Analysis Measurements — May 31-June 1, Oct. 18-19.
Information: Tracey Bull, Eskdale Rd., Winnersh
Triangle, Wokingham, UK; Tel. +44.118.927.6741; Fax:
+44.118.927.6862;
e-mail: tracey_bull@agilent.com

ALEXANDER RESOURCES — Making Money in the
U.S. Wireless Internet Market — July 10-11. Information:
Jeff Stone, Alexander Resources, 15851 N. Dallas Pkwy,
Addison,TX 75001; Tel. 972.818.8225; Fax: 972.818.6366;
e-mail: jstone@alexanderresources.com.

BESSER ASSOCIATES — RF and Wireless Made
Simple — May 15-16; RF and Wireless Made Simple I —
May 17-18; Bluetooth: Operation and Use — May 10-11;
Mountain View, CA. Information: Besser Associates, 201
San Antonio Circle Building E, Suite 280, Mountain View,
CA 94040; Tel. 650-949-3300; Fax: 650-949-4400;
e-mail: info@bessercourse.com;

Web site: www.bessercourse.com

R.A. WoOD ASSOCIATES — Introductory RF and
Microwaves — Sept. 20-21; RF and Microwave Receiver
Design — Sept. 24-26; RF Power Amplifiers, Classes A-S:
How Circuits Operate, How to Design Them, and When to
Use Each — Sept. 27-28, Lake George, NY. Information:

14 www.rfdesign.com

R.A. Wood Associates, 1001 Broad St. Ste. 450, Utica, NY
13501; Tel. 315.735.4217; Fax 315.735.4328;

e-mail: RAWood@rawood.com;

Web site: www.rawood.com

UCIL.A — Communication Systems Using Digital Signal
Processing — May 14-18; Introduction to Data
Compression — May 30-June 1; Digital Signal
Processing: Theory, Algorithms, and Implementation —
Aug. 13-17; Bluetooth: Technology, Applications, and
Performance — Aug. 20-22, Los Angeles, Information:
Information Systems and Technical Management Short
Courses. Tel. 310.825.3344;
e-mail: mhenness@unex.ucla.edu;

Web site: www.uclaextenstion.org/shortcourses

UNIVERSITY OF MISSOURI-ROLILA —
Grounding and Shielding Electronic Systems — June
19-20, Boston; August 8-9, Toronto; Circuit Board
Layout to Reduce Noise Emission and Susceptibility —
June 21, Boston; August 10, Toronto; September 19,
Denver. Information:

Web site: www.umr.edu/-conted>

UNIVERSITY OF WISCONSIN MILWAUKEE —
Production Documentation Control/ Configuration man-
agement — June 13-15, Irvine, CA. Information: Tel.
800.222.3623; Fax 800.399.4896;

Web site: www.uwm.eduw/dept/ccee
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What You Want...

[Test and Measurement Equipment]

TestMart—your one-stop solution for test and Make TestMart work for you. Application or
measurement equipment—is leveraging the power of  availability issues? Visit our site or talk to TestMart’s
the Web. We help you make informed decisions that ~ knowledgeable support and applications people.

put you in charge of buying the equipment you Contact them online, or by phone or fax.

need now. TestMart. There's much more than meets the eye.

Convenient, reliable and fast. With complete specs,
product comparisons and timely delivery—24/7, you
save time and money with TestMart.
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What You Get...
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The sky is not

falling

By Roger Lesser
editor
rlesser@intertec.com

When did the sky start falling? I mean the telecom sky, of
course. It seems like only yesterday (hey, it was only yesterday)
that telecom was riding an economic wave. And then, suddenly
the wave crested and the Chicken Little emerged to paint a
tale of woe. The latest Chicken Little was Barron’s. The way
they tell it, the semiconductor and telecom worlds are in such
bad shape that they will figure out what really happened in the
Florida presidential election before the industries rebound. (By
the way, if these industry “insighters” are such gurus, why are
they still writing for Barron’s and not sitting on a beach using
cell phones as coasters?)

Well, I'm here to tell you that telecom may be down, but it
isn’t out by a long shot. What makes me the forecaster of pros-
perity? Commonsense. Ask yourself, have companies stopped
designing products? Of course they haven’t.

I've talked with a number of companies who, admittedly, are
seeing a down economic quarter, but are looking to the future.
And to get there they are designing new products and working
with their component suppliers on the enabling technologies.
I've yet to talk with anyone in the industry who believes that
telecom is going to be the next dot.com fiasco.

And for another thing...

Check out the product pages of RF Design. Look at the new
and updated products. What does that tell you? It tells me that
component and other technologies are continuing to emerge.
Also, I've seen projections from industry analysts that point to
a continuing growing market for wireless applications.
Admittedly, there is going to be a slowdown, but there will also
be a quick recovery.

But, that assumes...

The quick recovery is going to depend on the applications
new devices offer. The market is ready for new applications. As
a good friend of mine recently said, when he bought a cell
phone, everyone now has a cell phone. He is always the last to
buy into a technology. Well, now that Phil has his phone, the
market must be ready for something new. So, it’s up to OEMs
and service providers to jumpstart the telecom recovery by
pushing forward with new applications.

We are taking a hard look at what is really going on in the
industry and will offer you our analysis in next month’s issue.
Until then, I have one piece of advise to offer the doomsayers —
Go buy some dot.com stock. I hear you can get it really cheap.

e
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OFDM Forum promises
vehicle communications

The Orthogonal Frequency Division
Multiplexing (OFDM) Forum, an asso-
ciation working toward a single stan-
dard for high-speed wireless communi-
cations, held its first anniversary meet-
ing in San Francisco in February.

To mark the event, the forum partici-
pated in an automated vehicle merge
demonstration at the University of
California at Berkeley’s Partners for
Advanced Transit and Highways
(PATH) program research facility.
Three vehicles using IEEE 802.11b
technology with fully automated steer-
ing, acceleration and speed were used
in a low-speed merge maneuver in
which one car merged into a gap creat-
ed by the other two without human
assistance. PATH researchers plan to
migrate the technology to OFDM in
the near future to mitigate multipath
issues and provide higher data rates
for improved vehicle-to-vehicle com-
munications.

Though the technology is currently
only in the test stage, networking
vehicles in this way has the potential
to enable vehicles to operate much
closer together. This would allow each
motor lane to carry twice the amount
of traffic.

In addition to this demonstration,
the anniversary meeting was marked
by the attendance of 11 of the most
recent additions to the forum, includ-
ing 3 Com, RF Integration, Runcom
Technologies, and Littlefeet. The
OFDM Forum has grown to include 56
members. Fifteen are listed as princi-
pal members.

Multi-tenant buildings could
be hottest broadband market

The multi-tenant unit (MTU) mar-
ket, including apartment buildings,
office complexes, hotels and public
buildings, is a prime opportunity for
broadcast service providers and equip-
ment vendors, according to Cahners In-
Stat Group, Scottsdale, AZ. The
research group forecasts that MTU
broadband service and equipment sales
will jump from $3.4 billion in 2000 to
$8.5 billion in 2005.

About a dozen niche companies have
carved out territory in the MTU broad-
band service arena, but major players
such as AT&T, Sprint, Qwest and
Verizon have responded to the
increased interest and are now giving
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the market more attention.

Service providers roll out MTUs by
establishing mini-points-of-presence
(Mini-POPs) in buildings. Mini-POPs
are smaller-scale versions of the aggre-
gation devices that sit in telecom
providers’ central offices. In early 2001,
the MTU broadband market slowed
down as a result in a tightening in capi-
tal funding. Vendors are expanding the
range of products available despite the
slowdown however, and service
providers are preparing to roll out
value-added offerings such as voice,
video and application services. As
broadband becomes a commodity, these
services will be vital to providers’ suc-
cess, Cahners said.

More power a must for new
generation of mobile devices

As the world awaits more advanced
mobile Internet devices, it is a new gen-
eration of power supplies that will
allow these devices to be useful, accord-
ing to a new study from Allied Business
Intelligence (ABI), Oyster Bay, NY.
While users try to use new Internet
functions on mobile devices, many will
experience frustrations with insuffi-
cient power supply in battery life and
standby time.

Fortunately, according to the ABI
study, “Wireless Power Systems:
Powering the Next Generation of
Wireless Devices,” there is a movement
toward more robust power supplies.

While semiconductor chip perfor-
mance has risen over 3,000% in the last
decade, battery performance has risen
only 80%. If battery performance and
reliability do not rise to the power
demand of next-generation wireless
devices, the growth of the sector
could be affected.

Mobile commerce and mobile
applications will require more com-
plex mobile devices, including those
that combine voice, data and multi-
media applications. To allow these
complex devices to perform properly,
next-generation power supplies will
be needed that possess a higher
energy-density ratio.

The ABI study examines the dynam-
ics of the battery industry and the
potential market surfaced by the explo-
sion of the use of mobile devices. The
market potential of wireless handsets
and other devices is given by region in
detail. The report also shows the con-
vergence in three major industries:
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wireless connectivity, Internet access
and laptop usability and power.

Wireless technologies and devices
currently in use are explored, along
with next-generation wireless technolo-
gies and the standards that future
products will have to meet. The report
also dissects battery technologies and
alternative power supplies under devel-
opment.

WCA comments on
FCC 3G report

The Wireless Communications Asso-
ciation (WCA) issued a statement on
March 30 commending the FCC’s
report on third-generation (3G) wire-
less spectrum policy. The study is enti-
tled “Spectrum Study of the 2500-2690
MHz Band: The Potential for Accom-
modating Third Generation mobile Sys-
tems.”

The WCA’s statement, issued by
President Andrew Kreig, commended
the FCC’s researched findings, saying
that the findings advance U.S. policies
toward deregulation, coherent spec-
trum policy and market forces as the
best way to promote advanced services

www.rfdesign.com

Interactive FCC filing
service available online

Comsearch announces a cooperative effort with the
Federal Communications Commission (FCC) to pro-
vide an online application filing system called ULS
Express. ULS Express offers as much as 90% auto-
matic completion and batch filing of the FCC Form
601, as well as access to Comsearch licensing
experts. The interactive system is available for Part
101 Common Carrier
Operational Fixed Microwave, and Part 74 Broadcast
Auxiliary Microwave service users. ULS Express
works with the FCC’s Universal Licensing
System(ULS) and proprietary Comsearch databases
to automatically pre-populate more than 90% of FCC
Form 601 applications and allows users to prepare
multiple applications simultaneously. Users can also
download technical data to automatically populate
appropriate fields on their Form 601 applications.

www.comsearch.com

Microwave, Private

for the public. Kreig also said that the
report confirms what the WCA and oth-
ers in the MDS/ITFS community had
been saying throughout the proceeding.
“There is no comparable spectrum to
which MDS and IFTS licensees can be
relocated,” Kreig said. “Any attempt to
segment the 2500-2690 MHz band,
without undermining the deployment
of broadband wireless services and the
benefits that deployment will bring to
the educational community, would
raise substantial policy and regulatory
issues that cannot readily be resolved.”

The WCA was founded in 1988 and
is a non-profit trade association repre-
senting the fixed wireless broadband
industry. The association has 460 com-
pany members including carriers, ven-
dors and consultants.
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BUSINESS BRIEFS

Link America, XEL Communi-
cations team — Link America, Dal-
las, TX, has been awarded a three-
year contract with XEL
Communications Aurora, CO, to sell
the company’s voice and data trans-
mission products. Under the agree-
ment, Link America will sell XEL
products that include integrated
access solutions for emerging voice
and data networks.

Anritsu partners with Silicon
Wave — Anritsu, Richardson, TX,
and Silicon Wave, San Diego, have
partnered to conduct interoperability
testing and get Bluetooth-qualified
products to market. Specifically, the
partnership consists of an agreement
between Anritsu and Silicon Wave
that provides for the exchange of
prototype units for the purpose of
interoperability testing. The Anritsu
Bluetooth Test Set conducts mea-
surements in accordance with
Bluetooth RF Test Specification
V0.9, thereby helping Silicon Wave
qualify the interpretation and imple-
mentation of the test protocol in its
Bluetooth radio.

ISI joins Cisco AVVID Partner
Program — ISI, Schaumburg, IL,
has joined the Cisco Architecture for
Voice, Video and Integrated Data
(AVVID) Partner Program as a voice
and IP telephony solutions member.
The program is an interoperability
testing and co-marketing program
enabling product and services firms
to deploy e-business solutions. It
provides enterprise customers with
Cisco AVVID Partner products and
services that have been tested and
verified to interoperate with Cisco
network technology.

Spectrian receives follow-on
order from Samsung — Spectrian,
Sunnyvale, CA, has received a fol-
low-on purchase order from
Samsung for multicarrier power

www.rfdesign.com

amplifiers to support the PCS
CDMAZ2000 network in Korea. The
purchase order is valued at more
than $9 million, increasing
Spectrian’s CDMA2000 backlog to
more than $14 million.

OFDM Forum, CABA sign reci-
procal membership agreement —
The OFDM Forum, an association
organized to promote a single stan-
dard for high-speed wireless commu-
nications, has signed a reciprocal
membership agreement with the
Continental Automated Buildings
Association (CABA). The OFDM
Forum will work with CABA to
establish the future direction of
home and building automation.

Anadigics acquires Telecom
Devices — Anadigics, Warren, NJ,
has acquired Telecom Devices,
Camarillo, CA. The acquisition will
help Anadigics’ fiber strategy by
adding long wavelength PIN photodi-
odes and unique packaging capabili-
ties to its fiber product line. The
transaction will be accounted for as a
purchase and is valued at $28 million,
in addition to certain earn-out pay-
ments tied to future financial perfor-
mance targets, for a potential consid-
eration of as much as $45 million. If
the financial performance is achieved,
the earn-out payments will be payable
in the second quarter of 2002.

XEMICS licenses Bluetooth IP
from NewLogic — XEMICS,
Neuchatel, Switzerland announces a
licensing deal with NewLogic
‘I'echnologies, Lustenau, Austria.
The deal encompasses NewLogic’s
Boost Core and Boost software IP
products. Terms of the deal have not
been disclosed, but the agreement
will allow XEMICS to add Bluetooth
functionality to its Bluetooth inte-
grated circuits.
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RF interconnect/interface

Designing the

cellular network

infrastructure

Cellular network design for greater
profits and better quality of service.

By John Arpee

I nitially, cellular networks were designed for max-
imum coverage at minimum cost.

At one time, Sacramento, CA was covered by eight
cells! and New York City required no more than 24
cells. Now Sacramento requires hundreds of cells
and New York is served by well over 2,000 cells.

The most amazing thing about all these addition-
al cells is that there is no clear business case for
them. The cells are required to support the addition-
al traffic the networks now carry. Without them,
there would be even more interference and quality
degradation than exists today. The problem is that
it is difficult to define the
value of a new ‘capacity’
cell and to know where to
draw the line or how to
set priorities.

Network design
criterion

Every design decision
is based on four criteria:
coverage, capacity, C/I,
and cost. Coverage is
how much area is served
(km?). Capacity is the
ability to carry traffic
(Erlangs today, bits
tomorrow). C/I is a com-
monly used term that
references the “carrier-
to-interference ratio,”
but in this article we will
define it as “the ratio of
the signal you want to
the signals you don’t
want” (dB). Cost is
defined by $.

These principles apply

Network planning - the key to tomorrow’s wireless to all cellular networks

infrastructure.
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including code-division multiple access (CDMA)
and 3G. In FM and time-division multiple access
(TDMA) networks, interference has a direct impact
on quality. Where there is low C/I there is poor
quality. In CDMA networks, the network responds
to high interference levels by increasing power.
Because the total power output is limited, high
interference can result in reduced capacity. And, if
the interference is too severe at a location, the sys-
tem may not be able to compensate. Another effect
of cells sending too much signal out is the increases
in overlap between cells, which also robs network
capacity. Therefore, in CDMA, a direct relationship
exists between interference and capacity.

In the mid 1980s, cellular design was all about
coverage and cost. Because there was little traffic
initially, capacity was not an issue. The spectrum-
to-traffic ratio was large, therefore interference was
easy to control.

In the early stages, sites were located on moun-
tains, tall buildings or tall towers. New sites were
periodically added to extend the footprint of the
network. Whichever company could show the most
covered area in its marketing literature won. The
business case was straightforward. Everything was
based on the projected traffic. Planners assumed
that traffic on a cell was roughly proportional to the
population covered by the cell. Over time, the traffic
for the same population might increase with
increasing penetration, but the proportions were
assumed to hold. To calculate the cost of a new cell,
the planners would use the traffic estimate to calcu-
late the number of required channels. The number
of channels plus the usual fixed costs determined
the cost of the cell. The revenue generated by the
cell was directly related to the amount of traffic.

Capacity cells were not initially required, but
eventually the spectrum was used up and frequency
reuse began abruptly. At this point, omni-direction-
al antennas were replaced with directional anten-
nas to form three- or six-sectored sites. This had
ripple effects. The quality immediately degraded
because of the sudden jump in network complexity
and an increase in adjacent and co-channel inter-
ference. The cost-per-site increased immediately
because there were now more antennas, more costly
equipment to manage them and more channels
required because of the loss of trunking efficiency.
This sudden barrage of changes often resulted in
changes in personnel and organizational structure.

In defense of quality

The fundamental problem, the industry discov-
ered, is that there is no effective way to form a busi-
ness case for capacity cells. According to cellular
theory, capacity cells are required to maintain min-
imal C/I targets. The theory assumes perfectly flat
terrain and evenly distributed traffic. Once the
number of required channels in a sector reaches a
threshold, the theory requires that a “split cell” be
built to maintain acceptable C/1.

Some operators attempt a business case by esti-
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mating the predicted amount of traffic
that will be carried by the new capacity
cell. They use the traffic estimate to cal-
culate the revenue for the cell. However,
the underlying assumptions behind this
method are false. If a cell is purely off-
load, it will not generate any new traffic.
This is because the traffic that it carries,
by definition, is off-loaded from other
cells. The net increase in traffic, and
therefore in revenue, is zero.

Other operators justify new capacity
cells with an increase in revenue. They
explain that new urban cells generate
new traffic while minimally off-loading
neighboring cells. This interpretation
assumes that usage increases because
new cells improve building penetration
and quality. Because the off-loaded traf-
fic is low, and there is an incremental
jump in traffic, it is argued that such a
cell is actually a ‘coverage’ cell, not a
‘capacity’ cell. What is interesting is
that a direct relationship exists between
quality and revenue.

The rules of thumb

Typically, operators find that new
capacity cells do not result in an incre-
mental increase in traffic. When there
is no direct revenue benefit, engineers
resort to rules of thumb (ROT) to justify
new capacity cells. Planning new cells
based on rules of thumb is successful to
the degree that the assumptions behind
them are valid. In practice, the rules
are bent when it is clear that the
assumptions do not apply. Examples
include micro-cells in high traffic areas
where the RF is clearly limited to a con-
fined area and directional cells along
major traffic corridors.

This should make financial managers
uncomfortable. There is no way to mea-
sure the value of individual projects.
Typically, engineers ask for lots of capi-
tal to build many new cells and other
projects to improve quality. Then man-
agement reacts with horror to the cost
of the proposed projects, makes an arbi-
trary decision, and tells the engineers
they can build fifty cells; leaving it to
them to decide where to locate the cells.

The solution is to define the economic
value of improving quality or prevent-
ing quality degradation. If such a defini-
tion exists, and there is a reliable way
to predict the quality improvement that
will result from a capital investment,
then the economic viability of a project
can be found by subtracting the capital
cost from the value that results from
the quality improvement.
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There are various arguments against
defining quality. Some people argue
that it is unrealistic to assign value to
quality because quality is subjective.
Amazingly, other people claim that
quality has no significant impact on rev-
enue. When companies fail to define
quality standards, they delegate quality
standards to their engineers. This is
unacceptable. If quality truly has no
economic impact, then operators can
save billions of dollars by not building
new cells and allowing blocking and
interference to increase. Churn, flaming
news articles and customer lawsuits are
merely distractions.

Current design methods rely heavily
on ROT. For example, when the traffic
on a sector reaches 12 Erlangs, it is
time to build a capacity cell or allocate
more spectrum. According to ROT, a cri-
terion indicates when a new cell should
be added, but it is up to the engineer to
ensure that the new cell off-loads a
decent amount of traffic without caus-
ing interference. Likewise, if one of the
original cells in the network causes a
huge amount of interference, it is up to
the engineers to persuade management
that it is worth building three smaller
replacement cells so that interference
may be controlled.

There is a tacit understanding of the
trade-offs between coverage, capacity
and quality, but no business case exists
to support good design. A good engineer
constantly balances the capacity and
interference properties of new cells that
they plan into a network. Design deci-
sions regarding quality are made intu-
itively and the success of the outcome
depends on how well the engineers
negotiate with management. This is a
sloppy way to run a business and it dis-
integrates when decisions need to be
made with regard to multiple overlaid
technologies and classes of service.

The value of quality

We can debate the value of quality
for a long time without reaching any
conclusion, but the networks that are in
service today are nominally designed to
meet certain quality targets. Therefore,
an implied value of quality can be calcu-
lated. To derive the implied value, a
simple model will be developed that
defines total network cost as the sum of
capital plus an unknown quality cost.
The challenge is to have a model that
adequately describes the trade-off
between cost and quality without being
too complicated.

www.rfdesign.com

To simplify the calculation, work
with a degradation score:

q=1—i’
g=quality(0<q <1)
i = degradation score (0 < i < 1)

The most critical, and the most contro-
versial, element in deriving the value of
quality is a simple model that relates
network load to quality. Our assess-
ment is that a square law relationship
is accurate for TDMA networks with
more than 20 cells. It has been repeat-
edly demonstrated that this relation-
ship exists by performing a series of
optimization runs at increasing traffic
loads. As traffic is increased by the
same proportion across the network, the
required number of channels per sector
increases. Each increase in the channel
count requires a new optimization run
and the amount of interference increas-
es with the square of the traffic load.
This makes intuitive sense because a
square law relationship is simply the
second term of a Taylor series.

For CDMA and universal mobile
telecommunications system (UMTS) net-
works, it may be more appropriate to use
a function with a higher power of ¢
Those networks make extensive use of
features that adapt to the RF environ:
ment. Quality is maintained until the
network cannot sufficiently compensate
and then quality degrades rapidly
Depending on how the network quality is
modeled, the rate of degradation can be
more or less abrupt. Skepticism exists
about quality models that assume thai
overall network quality suddenly
degrades at some magical traffic level. Ir
an ideal network with every cell equally
loaded and similar radio propagatior
characteristics, there may be some kinc
of abrupt degradation as all cell:
approach their capacity limits at the
same time. In reality, however, condi
tions vary and quality degradatior
begins in traffic or interference hot spots
As the traffic grows, the affected area:
spread out from the initial hot spots.

To be reasonably flexible withou
making the model too complicated, us
the model below to relate degradation t«
traffic load:

A

i is the degradation score, ¢ is the aver
age traffic per cell, and B, % and p an
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arbitrary constants. This model reflects
a general relationship for a market.

A more sophisticated model is typical-
ly required to determine the appropriate
values for the constants. For example,
there might be a sophisticated model of a
CDMA network that considers the radio
propagation, traffic density, error correc-
tion and the behavior of the
coder/decoder (CODEC) to produce a

degradation score for a particular traffic
level on the network. Running the mod-
els multiple times at various traffic lev-
els, an engineer could tabulate a function
that relates degradation to traffic. This
simple mathematical relationship is
used to make a point, but it is also possi-
ble to use the tabulated values directly.
Inserting the degradation model into an
equation for total network cost (TNC), use:
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TROMPETER

total network cost = capital cost + inter-
ference cost =

=$+aiT

Sl

C = cost-per-cell
T = total network traffic

By definition, 7'/t is the number of cells
in the network. The capital (CT/t) is the
number of cells times the capital per
cell. Ignore the capital invested ir
switches, service centers and other over-
head costs to ignore any cost that is nof
a function of ¢. In other words, addition
al costs may grow with the total traffic
(T), but if they do not depend on the¢
traffic per cell, they do not provide any
information about how the air interface
should be optimized. Ignore the saving:
provided by improved trunking efficien
cy because the only interest is in broac
relationships. The equation is represent
ed graphically by Figure 1.

Smaller Gamma values result ir
more shallow curves, and larger expo
nents result in sharper curves. RO’
design criteria essentially assume
Gamma = . When Gamma = < the tota
cost is equal to the capital cost until ¢
threshold is reached and then the cos
explodes. When Gamma = 2, we see tha
the average traffic per cell can vary b
about 10% without a significant chang
in total cost. The total cost is roughl:
constant because the cost due t
increased churn and decreased usage oft
sets the improved capital savings. As th
traffic increases beyond 20%, the chun
and usage costs accelerate dramaticall;
and outweigh the capital savings.

Taking the first derivative witl
respect to ¢, the optimum traffic per cel
can be found:

i
{ va ]y+l
t=[—=—
l Bo

To find the implied value of quality
assume that the initial traffic-per-cel
is set for optimum financial perfor
mance and rearranging:

_ CoPo’

a= TN
YBOtOY
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Cost Per Subscriber vs Busy Hour Traffic Per Cell
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Figure 1. Cost-per-subscriber vs. busy hour traffic-per-cell.

This constant allows the determina-
tion of the dollar cost associated with a
degradation metric. The units must be
defined jointly with the units of the
degradation metric so the product of
the two results in dollars-per-Erlang.
It is important to note that the value
of quality has been reverse-engineered
. In reality, the value of quality
depends on pricing plans and the com-

petitive environment.
Inserting the formula for alpha back
into the equation for ¢ for:

1

=Je @)

Set y = « to model ROT-based desig:
criteria. Assume that traffic has ni
impact on quality below some thresholc
and then quality collapses abruptly a:
the threshold is reached. In that case
the optimum traffic is insensitive to the
capital costs:

t=to—9"

Po

If y= 2, the optimal traffic level depend:
on the capital cost and the rate at whicl
quality degrades with traffic. The for
mula indicates that 25% more cell:
should be built if the total cost for a cel
is cut in half. The f§ value is the gate
way for evaluating the economic benefi
of any proposed capital investment fron
new cells to new quality-enhancin;
technologies.

Practical application

Once it is accepted that quality ha
measurable value, albeit approximately
an ROI can be generated for any pro

www.temex-components.com

sales@temex-az.com
America: +1.623.780.1995
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posed project including capacity cells or
the introduction of new interference-
reducing technologies. To do this practi-
cally, there must be tools that predict the
quality impact of proposed changes with
a tolerable degree of accuracy. The ability
to predict quality impact is essential to
produce an ROI prior to implementation.

After a change is implemented, the
impact on quality should be measur-
able, but this is not a trivial exercise.
First, the impact on performance met-
rics is obscured by the amount of inher-
ent noise in the metrics. Second, from a
value standpoint, a single metric
should be dealt with that indicates
overall network quality. Instead, there
are usually several incomplete or over-
lapping (ie. correlated) statistics. The
solution for the first problem is to aver-
age the data over a sufficiently long
interval. There is a tendency in the
industry to only include statistics from
the 10 busiest hours of the month and
discard the remaining data. This is a
statistically nonsensical practice. By
including more hours of data, the accu-
racy can be improved dramatically.

Typical network performance met-
rics include: dropped calls, blocked
calls, bit error rate (BER) and frame
error rate (FER). E,/N, or C/(I+N) sig-
nal quality data can also be collected.
The network performance metrics are
results of the signal quality. The goal of
the engineer or optimization software is
to maximize the signal quality, which
should improve the resulting perfor-
mance metrics.

One way to obtain a single quality
metric is to only consider BER data.
The logic is that performance statistics
are correlated to BER. FER is directly
related to BER. For a given network,
histograms of the BER can be produced,
as can predicted signal quality and
measured signal quality. To apply TNC
design criteria, map these histograms to
scalar values. Using this approach,
design tools can be obtained that pro-
duce predicted quality metric, which
can be used to evaluate the merits of a
project. Data can also be collected to
evaluate and improve the accuracy of
the design tool. This approach is exam-
ined in the case studies below.

ROI case studies — new cells

One of the main limitations of ROT
is the inability to produce an ROI
analysis for a new capacity cell. By
placing a value on quality, an ROI
analysis can now be performed. When a
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new capacity cell is added to a network,
it reduces the traffic-per-cell by defini-
tion. If it causes about as much inter-
ference as it prevents, then the b of the
network will remain the same. Savings
will result because of the reduction in
interference, which results from the
reduced traffic load per cell. The ROI is
simply the reduction in the TNC. The
increase in the CT/t is the capital
required for the new cell. The predicted
decrease in the aiT term must be
greater than the capital cost to justify
the investment.

A capacity cell can be even more
worthwhile if it reduces the amount of
interference in the network. If the new
cell is close to a traffic hot spot and has
antennas that are low enough not to
interfere with other cells, then interfer-
ence will be reduced. In the quality cost
model, the reduction in interference is
indicated as a reduction of b. If many
new cells have improved interference
properties, there can be an overall
improvement in quality or more traffic
can be carried per cell without sacrific-
ing quality.

Interference mitigation

Visiting the 3GSM show in Europe or
the Cellular Telecommunications and
Internet Association (CTIA) show in the
United States, one is amazed by the
number of companies offering some
technology to “reduce interference and
increase capacity.” It is impossible to
evaluate these claims using ROT, but it
is possible using TNC. Consider a menu
of typical options that an operator
might pay to use:

1. Hire more engineers
2. Network features
¢ Frequency hopping
o Automatic channel allocation
¢ Automatic power control
3. Antennas
e Custom antennas
e Smart antennas
4. Better tools
* Automated frequency
optimization
eMeasured path loss data

Admittedly, it is difficult to come up
with a model that relates 8 to the
number of engineers, but the compen-
sation package might be changed.
Most engineers have a bonus that is
related to the performance metrics. It
might make more sense to reward
engineers based on the total network

www.rfdesign.com

cost, which includes capital efficiency.

The other options can be evaluated by
setting up trials that demonstrate the
impact on performance metrics. The
quality impact is then converted to dol-
lars. In some instances, it is difficult tc
assess how much the amount of quality
improvement is due to a new option and
how much is simply due to increased
attention to the network. The way tc
prevent this confusion is to give the
market engineers a chance to clean ug
their market before testing any new
methods. The resulting quality improve:
ment can then be converted to dollars.

Once a new technology has beer
accepted, the engineers must have tools
that guide them in the application o
the technology. For example, smart
antennas have been shown to improwve
performance, but the amount of traffi
or the amount of improvement in a par
ticular sector may not be sufficient
justify the cost. Many attempts tc
model the quality improvement simply
add a few dB to the predicted C/I. Thi:
approach is woefully inadequate fo
most applications. The predicted degra
dation must consider the probabilit;
and severity of interference to produc:
a reasonable, accurate estimate tha
can be correlated with BER.

Multi-mode networks

ROT is marginal, at best, for single
mode networks. For multi-mode net
works, it is hopeless. As 3G becomes :
reality, operators will be faced with sup
porting legacy 2G mobiles and multipl
classes of 3G voice and data services
They will have to consider spectrun
allocation, target quality levels, ai
array of interference mitigation tech
niques and changing market conditions

TNC can be easily adapted fo
multi-mode networks by including :
separate quality cost model for eacl
service and a means for analyzin;
the intra and inter service interfer
ence. The total degradation cost i
the sum of the degradation costs fo
each service. If the cost model an
the models for predicting quality ar
reasonably accurate and well
defined, optimization functions ca:
be developed to jointly optimize th
spectrum allocations and the finan
cial performance of each service.

The final countdown

The arrival of complex multi-mod
networks and the need for greater cap:
tal efficiency will force the networ
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operators to adopt objective desigr
methods. ROTs have been responsible
for present-day conditions, but they dc
not scale and they are useless for mak
ing trade-offs between capacity anc
quality or deciding how to allocate spec
trum and capital between multiple ser
vices. Placing a value on quality i:
admittedly approximate, but it is les:
approximate than blindly following
rules of thumb.

RF

1 In this context, a cell is a bank o
radio transceivers connected to one o
more transmit antennas and, typically
two receive antennas with practically
identical patterns. There are usually
one or three cells per location.
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RF amplitiers

Noise and ACPR

correlation in CDMA
power amplifiers

Noise is as critical a parameter in digital

systems as it is in analog systems.

Understanding bit and frame error rates

Noise...the data killer

38

and how they affect throughput is
paramount in system design.

By Oleksandr Gorbachov,
Yu Cheng and Jason S.W. Chen

(editors note: due to the complexity and length of
the equations, they are on page 44.)

he issue of noise is one of the most important

parameters when considering overall communi-
cation system quality. For wireless systems, major
noise sources are the transmitter, the air interface
and receiver noise.

In code-division multi-
ple access (CDMA) sys-
tems, the signal-to-noise
ratio determines the bit
error rate (BER) or frame
error rate (FER) numbers
that represent a digital
information loss!. In
transmitters, one of the
critical noise sources is a
power amplifier (PA).
Usually, the PA’s non-lin-
ear characteristics associ-
ate with spectrum re-
growth. An adjacent-
channel power ratio
(ACPR) imposed by the
non-linear effect of the
PA has been investigated
by many authors? Some
use the clipping noise
power approach®, while
others use a hypothetical
third-order intercept
point approach®. Both
methods are used to eval-
uate the system degrada-
tion characteristics due

www.rfdesign.com

to an increased noise level for digitally modulate:
signals. Direct in-channel noise measurements ar
impossible because of the presence of a useful signal
Therefore, a statistical approach is used based upor
CDMA systems. This approach allows a simple eval
uation of increased noise on a basis of an ACPR mea
surement (or simulation) due to the digital signal
passed through a non-linear PA .

Random signals and distorted noise power
Consider a PA driven by a statistical signal witl
the idealized, solid rectangular flat shape of a1
average power spectrum at a frequency band Af (se:
Figure 1). This signal can be represented statisti
cally in the frequency domain with a flat probabili
ty distribution function in margins® 6. It implie:
that each average-power spectral component insids
the flat shape is created from the instantaneou:
input signal on the same frequency with the addi
tional probability of an appearance of a signal o1
that frequency. The probability of an appearance o
the spectral component inside the limits df, i
equal to the formula in equations (1) on page 44.

It’s in the IMD

In (1), g(P,) is the density of a probability distri
bution function for a PA input power. At the samt
time, the spectral component inside the limits df
exists with the similar probability. It can b«
assumed that the spectral components at limits df
and df, are not correlated. These simultaneou:
spectral components cause instantaneous inter
modulation distortions (IMD) of a PA output signa
at frequency offsets determined by a difference
between f; and f, (the particular case in Figure :
presents the IM; definition). For the out-of-channe
spectral re-growth, the IMD contribution has beer
considered in [5] and [6]. For in-channel nois:s
power elevation due to IMD products, the situatior
differs from the previous one. Again, referring t
Figure 1, the IMD appearance at a frequency offset
fo is possible from two parts of a spectrum: left, &f
and right, &, (below, the left side is determined a
df, > Af/2, and the right side at §f. < Af/2). The
probability of the appearance of IMD products a
different frequency offsets may be represented a:
the equation in formula (2).

In (2), g(IMD) is the density of a probability dis
tribution function for IMD imposed by an instanta
neous input signal. Assume that the main contribu
tion to IMD is from frequency components with
equal power levels (it has been verified experimen
tally for metal semiconductor field-effect transisto
[MESFET] PAs). Then the effects occur at a fre
quency band near the saturation region for the
average value of IMD at different frequency offset:
(see equation (3)).

The first term in (3) represents the left side spec
trum contribution to the total IMD value, and the
second term represents the right side (see Figure
1). Remember that the total probability of an IML
appearance equals the sum of particular probabili
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Figure 1. Elements of equation (3).

ties. The integral limits in (3) determin-
ing the two-tone frequency spacing are
defined by the equations of the formula.
The frequency-spacing margins, where
the IMD products are placed, are at a
frequency offset f, (see Figure 2—top).
These margins have been previously
defined in [5] and |6] for out-of-channel
spectral re-growth (at f,/Af > 0.5). For
in-channel (in margins of Af) IMD prod-
ucts, the solid lines belong to the left
side of a spectrum and dashed lines to
the right side.

It can be observed that, at a specified
frequency offset f;, the total IMD prod-
uct (3) combines components with dif-
ferent frequency spacing starting from
near-to-zero and up to margins deter-
mined by (4) and Figure 2-top. For the
lower order of IMD, the frequency spac-
ing range is wider than it is for the
higher ones. CDMA signals are narrow-
band and the difference in IMD prod-
ucts at a frequency offset is small
through the range of the frequency
spacing mentioned above. In this case,
consider the mean values and equation
(3) transforms into the formula in equa-
tion (5). The function F(f,) plays the
role of a weighting coefficient for the
IMD average value at different fre-
quency offsets and its shape is present-
ed in Figure 2-bottom (at f,/ Af > 0.5, it
has been defined in [5] and [6]). So,
IMD products from (5), together with
the proper noise of a PA (without input
signal) and with a spectral density of
N,, create the total noise spectral com-
ponent at a frequency f,, as determined
by the formula in equation (6). The
total in-channel noise is given by the
formula in equation (7).

The function (5) has been deter-
mined in |5] and [6] for CDMA signals
by the formula in equation (8).

In (5), IMD[mW] and P,/mW] are the
IMD power at a specified input power
in milliwatts. g(P,/dBm] is the density
of a power probability distribution func-
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tion for an input signal (usually, it has
a logarithmic-normal distribution [7]).
Ta = g(P,[JdBm] is the auxiliary trans-
fer function for the IMD [5]. The inte-
gral from the function 7, is proportional
to the IMD at a given frequency offset,
fo- The function T, versus P, is conve-
nient for a graphical representation of
equation (8). It directly represents a
contribution from the input signal sta-
tistics and IMD characteristics of a PA
at each instantaneous drive power lev-
els to the in-channel noise spectral
power at f,. The square restricted by
the curve T, and P,, axis is equal to the
additive noise with the accuracy of a
coefficient. Considering curves T, ver-
sus P,, The circuit can be tuned to
decrease the additive noise imposed by
the PA’s non-linear characteristic at
input power levels with high noise con-
tribution.

AWGN or not

Observing the weighting functions
F(f)), and assuming the constancy of
IMD products through the frequency
spacing defined above, it can be con-
cluded that an in-channel noise power
distribution is not additive white
Gaussian noise (AWGN)-type. The
noise-power spectral density elevates
by 3 dB at spectrum margins over a
center frequency. The noise influence
on a system’s performance is defined by
the integral (7). In this case, one can
represent an in-channel noise as
AWGN with mid-values of a noise spec-
tral density. For each IMD product con-
tribution to a total noise, the mean
weighting functions Fif;) are presented
in Figure 2-bottom by horizontal
dashed lines (8.0 dB for IM,; -11.2 dB
for IM; and -13.6 dB for IM, ).

Then, comparing the in-channel
noise power elevation defined by (8)
and the out-of-channel spectral re-
growth [5], [6] imposed by IMD prod-
ucts yields the following: It can be con-
cluded that the mechanism of the
appearance of these two figures of
merit is virtually the same except for
the different weighting coefficients.
Therefore, ACPR measurements can
estimate for in-channel noise power
(manifold equipment exists for that?).

Discussing ACPR

For the small output power of a PA,
the IM, virtually determines the total
noise power. In this case, it is possible
to measure an ACPR at “X” frequency
offset, and use the IM; weighting func-
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tion in figure 2b to define the reference
between the noise and ACPR. However
it is necessary to check the smoothness
of the ACPR shape. It should resemble
the shape presented in Figure 2-bot-
tom. Furthermore, base-band matching
networks (usually biasing ones) can
sharply elevate IMD products and
ACPR at certain frequencies [9]. Tc
note, at small signals, the mean in-
channel noise spectral component
equals the ACPR spectral component at
a frequency offset of f,/ Af = 0.72, or f, =
885 kHz for CDMA-one systems (exact-
ly the spectral mask frequency speci-
fied for PCS base station PA). However
to use this test point, it is important tc
to check the input signal spectrum
quality. Even 10 dB difference betweer
ACPR measurements for input and out-
put signals, due to an improper filter-
ing of an input signal, results in 0.4 dB
“alleged growth” of an in-channel noise
power. The best frequency offset can be
chosen at f,/Af = 0.8 to 0.9. The refer-
ence position for the noise correlatior
will be as 1.0 to 2.4 dB.

There are some issues with ACPE
measurement and simulation for thei:
correlation with different orders’ IML
products. For class AB MESFET PA
modules driven by multi-carrie:
CDMA-one and W-CDMA (4.096 Mch/s
signals up to the systems’ specifiec
margins (defined by ACPR) at frequen-
cies of 0.8, 1.8, 2.4, and 3.5 GHz the
IM, related noise power exceeds the
IM, -related noise power by more thar
6 to dB. This means that, if choosing
the ACPR measurement frequency off
set at f,/Af = 0.8, the mean in-channe
noise spectral density will be equal t«
ACPR +1 dB, with an accuracy of 0.4
0.6 dB for maximal output power levels
(ACPR +0.4 to 0.6 dB). Higher values o
a frequency offset are undesirable¢
because of an increased uncertainty o
measurements for noise and ACPR cor
relation. In fact, the weighting func
tions in figure 2-bottom represent the
clipping noise power imposed by a P2
non-linear characteristic, and this noise
is distributed through frequencies anc
divided on different terms. Usually
each term varies insignificantly
throughout the frequency, and the tota
additive noise power spectral density i
not “white.” The high portion of a clip
ping power is placed out of the channe
margins and defined as Af. For exam
ple, the related IM, noise power inside
Af comprises only -3.1 dB of a tota
noise power produced by IM,. For IM
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should not be consid-
ered a correlation
between the in-channel
noise power and ACPR
for the center of an
adjacent channel. It
may result in an erro-
neous conclusion.
However, the PA cir-

cuit’s tuning needs a

trade-off between
ACPR and noise for
PDC and PHS systems.
For the best noise, the
minimizing of IM; is
important and, for the
best ACPR, the higher
orders of IMD products
play a decisive role®.
For the multilevel
quadrature amplitude
modulation (QAM) and
hybrid phase-shift

keying (PSK)/QAM, the
results obtained may

Figure 2. IMD products at frequency offsets.

this figure is —4.8 dB and for IM,, -6.3
dB. Exact values of each noise power
component may be evaluated by the
formula in equation (8) by means of the
IMD products’ measurement. The
validity of a proposed correlation
method between ACPR and IMD has
been verified experimentally for W-
CDMA PAS.

Methods and procedures

Certainly, the method proposed is
valid for multi-bearer signals when
the signal statistics result in a short-
er, proper time for a random process'.
In this case, for a linear PA, the
amplitude and phase modulation
(AM/PM) characteristic may be
excluded from consideration owing to
a fairly high-output power back off.
But, even for a single-user, CDMA
reverse-link channel, one approach
proposed allows the tuning of a PA
circuit for the best BER (FER) perfor-
mance.

The method is also valid for personal
digital cellular/communications (PDC)
and personal handiphone systems
(PHS) communication systems with a
flat shape of the signal power
spectrum®. But, if a PA circuit is tuned
for the best ACPR at a frequency offset
of fo/ Af = 0.8 to 0.9, it automatically
results in the lowest added in-channel
noise power level for CDMA PA
(including W-CDMA systems). This
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be applied directly.

For manifold orthog-
onal frequency division multiplexing
(OFDM) modulation formats, an
approach proposed is applicable.
However, it requires some modifica-
tions due to the frequency hopping time
and frequency guard intervals intro-
duced, which result in a different sta-
tistical correlation between the individ-
ual spectral components.

The method also works with non-flat
power spectrum signals such as
Gaussian signals!!, however, the power
spectrum statistics differ.

For a strict result, the multiple self-
convolutions of a signal should be con-
sidered!!. However, this simplified
approach only takes into account the
first convolution procedure. The formu-
la in equation (8) represents the main
contribution of IMD to a noise growth.

Conclusion

The in-channel noise growth evalua-
tion imposed by a PA in CDMA systems
is based on the two-tone IMD product
approach and signal statistics analysis
in a frequency domain that allows a
noise evaluation by ACPR measure-
ments. The ACPR test frequency offset
is defined as f,/ Af = 0.8 to 0.9 for the
best correlation accuracy. The method
proposed is also valid for other digitally
modulated communication systems
with a flat power spectrum.

The analysis addresses and clarifies
PA tuning procedures to achieve the

www.rfdesign.com

best noise characteristics in the whole
system. Finally, to avoid confusion, the
base-band matching networks shoulc
be considered as a first order.

RF
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The dawning of the
age of convergence

Convergence — entertainment,
communications and commerce all

merging into a single stream of discrete
bits carried on a single common thread.

By Ernest Worthman

C onvergence: not products...not technology...not
people...but synergy! Convergence promises to
be all thing to all people, but can it? Will it? Do you
really want it to be? The term convergence still
reminds me of the planetary alignment thing that
the ‘60 generation claimed happened when, “the
moon is in the 7" house, and Jupiter aligns with
Mars”...aka the age of Aquarius.

Converging Technologies—A world of opportunity.

Today, convergence is being played as the final
frontier — the end result of the impending integra-
tion of voice, data, video, music, the Internet, home
automation, satellite delivery systems, instant mes-
saging, and global positioning systems (GPS), just
to scratch the surface.

Terms like Bluetooth, HomeRF, wireless

www.rfdesign.com

Internet, the wireless access protocol (WAP), broad
band, asychronous transfer mode (ATM), variou:
flavors of digital subscriber lines (xDSL), wireles:
local loop (WLL) and others yet to be defined, al
will likely play a part in the upcoming convergence.

What is it, really?

Many “adapt” the term convergence to benefi
them as they see fit. One of the key issues with thi:
term is that it is relational. It can relate to whatev
er product, technology or “solution” it is bein;
applied to.

3G players are using it to bring video, stocl
quotes, music, messaging and other services to the
mobile communicator.

Computer players use it to add wireless feature:
to wired devices. In a recent advertisement
noticed that Bluetooth-based wireless access point:
and computer add-in cards are being listed righ
next to the wired Ethernet devices.

Bluetooth, HomeRF, 802.11x and other unlicensec
wireless players are using the term to integrate home
automation, Internet appliances, computer commanc
centers and wireless Internet in a convergence tha
promises complete control over your lifestyle.

And still other players (like the entertainmen
industry) are integrating digital cameras with MP:
players (can wireless interfaces be far behind?)

Yet trying to make sense of convergence is over
whelming. Convergence should not stack afte:
stack of protocols patching disparaging technologie:
and applications together. Rather, it should be ¢
seamless, synergistic melding of the technologie:
and applications — one where they complemen
each other...where they are universally avail
able...where they are reliable and dependable, n¢
matter what, where or when.

Let there be technology

Promising technologies exist at all levels. Fron
the global pipeline referred to as “broadband” t«
basic modulation schemes like orthogonal-fre
quency division multiplexing (OFDM), designer:
are seeking ways to implement these technologie:
on a system-wide platform.

But perhaps the most important of all is tha
ubiquitous pipeline that delivers the content. I
doesn’t matter if it’s the Internet protocol (IP)
ATM, DSL, or cellular digital packet data (CDPD)
And it doesn’t matter if its 802.11x Bluetooth
WAP, Wi-Fi (an acronym for wireless high fideli
ty). And it doesn’t matter if it’s spread spectrum
OFDM, code-division multiple access (CDMA) o
any other coding scheme. It matters that the enc
user can get and send the content over one, single
megabit-wide channel — the broadband.

Is it broadband?

Of late, one cannot open a technology maga
zine, view a technology advertisement or carry
on a conversation with a generation “d” individ
ual without hearing the term “broadband.”
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frequency mixers...but why? Mini-Circuits patented ADE-1 and
ADE-11X mixers are your total solutions for high performance, reliability, and
value...and they cost only $1.69 each {quantity 1000), with prices even lower at
higher quantities! Right from the start, we've embedded premium advantages
into these level 7(LO) mixers such as broad bandwidths within 0.5 to 2000MHz,
low conversion loss, excellent L-R isolation, and IP3 as high as +15dBm typical.
Then there's our low profile surface mount friendly package with open cover
to allow water wash to drain, solder plated leads for excellent solderability,
and all-welded connections which reduce parasitic inductance and

improve reliability. In fact, a 2 year reliability guarantee is included!

Be sure to specify Mini-Circuits ADE-1 and ADE-11X. - - ,
The frequency mixers that make you more competitive! =S o actualsze
Mini-Circuits...we're redefining what VALUE is all about!

(ea. qgty. 1000)

*“Typical Specifications: ADE-1  ADE-11X
Frequency LO/RF (MHz) 0.5-500 10-2000
Frequency LO/IF (MHz) DC-500  5-1000
LO Level (dBm) 7 7
IP3 (dBm) 5 9
Conv. Loss (dB) 5.0 7.1
L-R Isolation {dB}) 55 36
L-I Isolation (dB) 40 37
Price $ea. (Qty. 25) 2.49 2.49
Dimensions: L .310"xW.220"xH 162" athi2g

2 year reliability guarantee.

* Specified midband unless otherwise noted.
Protected by U.S. patert 6133525.

i’ Winnovative technology

[ JMini-Circuits 8 .40

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
M”"’ " The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
-y

4 ISO 9001 CERTIFIED % F 348 Rev. Orig.



SURFACE MOUNT

RF TRANSFORMERS

v,
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Like convergence, many players
morph the term broadband to suite
their needs and applications. Internet
service providers claim broadband to
be anything that is faster than cur-
rent dial-up technologies. Satellite
providers use it to consolidate the
gamut of signals being beamed down
to us. Computer players use it to tie
together wireless and wired Internets

and Intranets and ship voice, data
and video within the loop. And wire-
less and wireline providers are find-
ing that broadband offers them the
opportunity to partner, buyout and
cross-platform.

Yet broadband will open a plethora
of opportunities, once the bugs get
worked out and everyone is on the
same page.

T -

TRIMMER
CAPACITORS

ww VoltronicsCorp.com

IF ONE OF OUR THOUSANDS OF

CATALOG PARTS DO NOT MEET

YOUR REQUIREMENTS WE WILL «
DESIGN YOUR TRIMMER CAPACITOR

Voltronics =

CORPORATION =&

The Trimmer Capacitor Company

100 Ford Road ¢ Denville, NJ 07834
973.586.8585  Fax: 973.586.3404
e-m‘a‘il: info@voltronicscorp.com

50

INFO/CARD 64

www.rfdesign.com

L
=)
S
3
T©
c
©
10}

Figure 1. Packet data time slicing.

Let there be platforms

Broadband can be delivered by any
number of platforms. Some are:
Integrated services digital network
(ISDN - to 128 kb/s), various flavors of
digital subscriber lines (ADSL, HDSL,
IDSL, MDSL, RADSL, SDSL, VDSL —
to 25 Mb/s), microwave (to 1.5 Mb/s),
T1/T3 (to 45 Mb/s), fiber (OC-48 — to 2
Tb/s), personal satellite systems (cur-
rently download only speeds to 2 Mb/s),
and cable modem (to 4 Mb/s). And there
are others as well. Most are derivations
of the above technologies deployed in
various standards around the world.

A broadband or “fat” data pipeline
requires that all the components be
digitally savvy. Content must be digi-
tally codeable. The transmission medi-
um must be digitally capable. And the
destination site must be digitally-
decode capable

Let there be packets and frames

Although many options are available
for broadband delivery, essentially al
of them implement either packetizec
data or frame relay data. And, while
there are almost innumerable deriva-
tions for packet and frame transmis:
sion technologies, this article will focus
on the most common.

Today, common broadband technolo:
gy involves wrapping data in “packets.’
Each packet contains a certain amount
of data. Packets can be either fixed o
variable in length. Each packet can con:
tain all of the data, or just part, depend:
ing on contents. Packet switching is
based on the premise of all of the band:
width, part of the time (see Figure 1)
As packets are placed into the pipeline
bandwidth is allocated as needed. Thi
give all transmissions as much band
width as they need, a chunk at a time
This allows for a fast, bursty pipeline.

Currently, packet data is implement
ed in three major protocols: Interne:
protocol (IP), frame relay and ATM. Al
packets begin with a delimiter, followec
by a header, the payload (contents), the
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Contents

Trailer

Figure 2. Packet architecture.

trailer or delimiter (see Figure 2).

The major differences among them is
that ATM packets are of a fixed length
while frames and IP are variable. Each
has its advantages and disadvantage.

ATM packets are easier to process.
There are no variables when it comes to
size and overhead. This makes it easier to

predict system performance and to design
the overall system. ATM and frame relay
packets are called connection-oriented.
This means that a virtual circuit must be
established for the packet to traverse.
However, once established, such a circuit
reduces the need for overhead.

IP and frame relay packets are vari-
able in length. Their main advantage
is that they use bandwidth more effi-
ciently because they can be adapted to
available bandwidth readily. IP has
the additional advantage in that it is
“connectionless.” Basically what this
means is that the packet has a unique
address in a universal system. It can
find the address regardless of the
path. However, this universal system
requires a much larger address space
because it has to search the entire uni-
verse, as opposed to following an ad-
hoc established virtual circuit.

But what about voice?

Static data and video are fairly
easy to process into packets.
Broadcasters have been doing it for
years, pretty much the same for com-

puter graphics and other data.

Voice, on the other hand has some
unique issues.

First of all, we are used to a certain
grade of acceptable quality — that of
the plain old landline. Second, society
as a whole is not particularly tolerant
of voice system delay (a significant rea-
son satellite phones aren’t extensively
deployed). Such is not the case for
data, which isn’t sensitive to delay.

Of late, voice over the Internet
(wireline or wireless in various forms)
has become a significant industry. But
early attempts to get voice into ones
and zeros was dismal. It didn’t come
anywhere close to the quality we have
come to expect. There were (and still
are) issues with application and equip-
ment incompatibilities, bandwidth,
and legal and political issues as well.

Broadband has given some relief to
this problem, but the main improve-
ment has come in processing power.

Now, combine wide bandwidths with
high-speed digital signal processors
(DSPs) and suddenly, voice as data
becomes attractive.

¥4

\

E - Commerce Is Here’

Rotary Attenuators

Power Dividers

Terminations Fixed Attenuators

DC-2200 MHz 800-2200 MHz up to 18 GHz DC-2200 MHz
JFW Industries, Inc.
Speclalists In Atienuation and RF Switching
T TEL (317) 887-1340 ¢ Toll Free 1 (877) 8874539 « FAX (317) 881-6790
5134 Commerce Square Dr. « Indianapolis, Indiana 46237
- www.jfwindustries.com C€
= v -
£ sales @jfwindustries.com
ISO 9001 Certified
INFO/CARD 36
52 www.rfdesign.com May 2001



bring  your

design team

together with

SystemView.,

The program

manager gets a

complete view : g

of the project at < The DSP designer SystemView is the only
hand, including gets bit-true
the immediate simulation and
effects of \ a direct path to simulation system for

: e : Ti C5x/Céx DSP . &
doengss, L implementation. wireless communications.

integrated design and

Imagine the speed and
power of using a single
tool for the entire team.
Eliminate complex math-
based tools and facilitate
rapid development.
Manage entire teams
effectively, no matter
where they are. That's
SystemView by Elanix.
The fastest way to get
your communications
designs to market.

Try it for yourself—
free! Go to
www.elanix.com

or call us at
1.800.5.ELANIX
today to order your
free functional

demo copy.

The RF designer
can design with
distortion-true
system blocks,
then move directly
to Xpedion

The systems architect simulation tools. ‘“’
can build his working £

simulation with easy to

use functional blocks— Y < INFO/CARD 62 E A I
then hand off to DSP . -, - I_“ ‘ N . sz

and RF designers. L . 3
www.elanix.com




“Mean Opinion Score” Values

e ——
|mG 7231 @63 kips|
‘|ADP CH @ 32 kbps

aToll Quality

Errortree % Frame Twotandems

Loss

Reference

Data Source: IEEE at Hp://wwawv. comsoc.org. nxistd_7231.tem

Figure 3. Some data regarding quality of voice.

The voice protocols

Today’s protocols for voice traffic are
comprised of voice over Internet proto-
col (VolIP), voice over frame relay
(VoFR) and voice over ATM (VoATM).
All use algorithms based on mixed
excitation linear prediction (MELP)
and, more commonly, code-excited lin-
ear predictive coding (CELP).

CELP coders using complex algo-

rithms to provide
good-quality ana-
log-to-digital con-
versions at low bit
rates have been
around for more
than 15 years. But
only recently have
they been integrat-
ed into large scale
implementation
because they
extract such a high
price in terms of
processing power.
Typical CELP
coders require
hundreds of MIPs
(millions of instructions per second) to
produce acceptable quality. This has
only been practical of late, with the
development of high-speed DSPs.
Current algorithms for CELP are
based on the International
Telecommunications Union’s specifi-
cations. For VoIP the standard is
G.723.1, which calls for 5.3 and 6.3
kb/s. For VoFR, the standard is G.729

at 8.0 kb/s. So far, it seems that gener
al opinions tends to notice degradatior
when the frame loss rate hits about
3%(see figure 3). Overall, VoXX sys-
tems work well if packets aren’t toc
long, transmission speeds are kept ug
and voice packets are given priority.

DSP, the great enabler

The reality of convergence and broad:
band is that DSP is the basic hardware
that will make it happen. DSPs are now
reaching speeds and integration levels
that make it both practical and possible
to digitize information from all sources.
DSP technology allows coding and com-
pression of megabit information quickly
and efficiently for transmission over
broadband systems.

The next generation of convergence
products will have embedded DSPs as
the core enabler. One currently avail-
able device is an integrated DSP that
includes a plethora of hardware-imple-
mented protocols such as hypertext
transfer protocol (HTTP), simple mail
transfer protocol (SMTP), file transfer
protocol (FTP), terminal connection

ENTER OUR WORLD OF
ELECTRONIC DESIGN AUTOMATION

version
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point (TCP), IP, and point-to-point
(PPP) protocol. It also integrates a pro-
grammable memory chip (PMC) that
can have various software functions
programmed in. Such a device is ideal
for Internet broadband systems.

Field of DSP dreams

In the near future, expect to see high-
performance real-time embedded con-
trollers addressing a “virtual multi-
processor-based environment.” Multi-
tasking will be the key with highly sec-
tionalized processors that offer multiple
interfaces so system designers can embed
multiple hardware-based functions into
systems.

The next generation of DSPs will be
also be much more real-time capable.
They will be 32-bit, superscalar,
embedded RISC controllers utilizing
high levels of integration, reliability
and parallel processing. These func-
tions will not only apply to the DSP,
but control functions as well.
Bandwidth will be in the hundreds of
MIPs, and addressable memory will be
in the gigabytes.

Furthermore, refinements in DSP
techniques within embedded control
loops will be the integrator among
applications in the convergence of con-
sumer, industrial, computer, automotive
and communications markets. Expect to
see devices such as third-generation
mobile telephones with auto-location
and preemptive artificial intelligence so
your theater tickets will be waiting
when you arrive, paid for, with your pre-
ferred seats reserved. Compact disk,
MP3 and other various flavors of music
players will be capable of wireless down-
loads. Multifunction communications
devices will integrate music, digital
video, messaging, voice and data, seam-
lessly. DSP-based, wireless-enabled in-
car navigation systems will render the
gene that prevents men from asking for
directions, obsolete.

New DSPs will eliminate the concerns
current generation systems have with
benefits and drawback of floating point
software support within an embedded
control environment.

Given the advancements in sub-
micron processes that will allow

extremely packed semiconductor den-
sities, software-based precision float-
ing-point performance will become
mainstream.

Within the next couple of years, DSPs
will routinely achieve speed of 200 MH2
and higher and 500 MIPs and up.
Increased implementation of super-
scalar architecture, along with 64- and
128-bit wide code and data pipelines and
enhanced multithreading capabilities
will become the mainstays of conver-
gence and broadband technology. Power
consumption will be reduced to less than
2 VDC and RFI will be minimized.

The industry believes
In short, the dream of worldwide,
seamless application-independent con-
tent capable of traversing any channel,
medium or platform will be realized. It
likely won’t be tomorrow, or the day
after, but certainly, once the technical,
political, and infrastructure issues are
finally addressed, and the lure of finan-
cial opportunity is identifiable, progress
will astound us.
RF
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RF software

Structured
estimating —

A new approach
to a critical
project parameter

Improve your project software
cost estimates with a structured
estimating process.

By Gary Constantine and
William J. Vitaliano

M oving to a structured estimating process can
substantially improve the accuracy and qual-
ity of software cost estimates. The cost-estimating
process is crucial to major systems providers
because it has a significant impact on the profitabil-
ity of large programs. In the past, the process of
estimating software development costs has been
less-structured and has delivered variable results.
In recent years, however, many systems

Cost estimating — it’s in the numbers.

60 www.rfdesign.com

providers have implemented a more formal process
in which standardized metric elements are used to
provide a quantitative basis for generating program
estimates. The accuracy of estimates has increased,
and the structured approach helps build increased
confidence in the accuracy of the estimating process
that simplifies downstream negotiations. The
method has been successful on two major projects.

The challenges

Large software projects present a complex esti-
mating challenge. The methodologies, languages
and standards used in the software development
process are constantly changing. Human ingenuity
has increased the difficulty of the measurement
process, sometimes with nearly the entire value
being added to the end results. Traditional bottoms-
up measurement methods vary widely in accuracy
because they depend, to a degree, on the skill and
experience of the estimator.

Another problem with unstructured approaches
is the lack of documentation created during the
estimating process. This makes it difficult to quick-
ly and reliably evaluate the inevitable changes and
concerns that occur during the negotiation process.

The limitations of previous approaches

The spreadsheets historically used to document
bottoms-up estimates have built-in limitations. A
major concern with spreadsheet models is that they
are vulnerable to errors whose likelihood increases
as the model becomes more complex. Something as
simple as entering the wrong formula in a cell could
change the final estimate by millions of dollars.
This type of error is difficult to catch because of the
difficulties in auditing a one-of-a-kind spreadsheet
model. Another problem with spreadsheet models is
that they provide a single-point answer that does
not normally take range-estimating into account.

To overcome these challenges, most systems
providers work with a variety of structured esti-
mating tools. The basic advantage of the structured
approach is that it provides a standardized method-
ology that uses historical data to refine the estimat-
ing process. Over time, as metrics used for generat-
ing initial estimates are calibrated to actual project
results, accuracy increases. The structured
approach also generates, as a byproduct of the esti-
mating process, phase distribution of effort and
scheduling information that can dramatically
improve the project oversight function. The impor-
tance of this effort increases as the size and com-
plexity of systems continues to grow and pressure
increases to minimize project costs.

Technology to generate estimates

Using structured estimating tools, the process
begins when the engineering members of the pro-
posal team develop a solution set for meeting the
requirements of the request for proposal. At this
point, the estimating members of the team begir
building the model by entering parameters that

May 200
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organize the costs in an understand-
able manner. An example of a typical
parameter is one that measures the
program’s level of formality. A manned
space flight, for example, requires a for-
mal program that adheres to military
standards so that high-level designs,
detailed designs and test plans can be
presented at standup presentations
that require a considerable amount of
preparation. The majority of military
programs, on the other hand, now use
high-grade commercial standards that
simply involve technical interchange
meetings demanding less preparation.

The program generates an estimate
for each phase of the project, organizing
the costs in any manner desired by the
project team. The transparency of the
estimate makes it possible for the pro-
ject team to easily consider its reason-
ableness and, if necessary, make adjust-
ments to the program parameters. An
advantage of this approach is that it
allows the user to enter probability lev-
els for each parameter. This makes it
possible to determine the impact of
changes in various program parameters.
The result is that the estimate includes
a most-likely value, as well as a range of
probable values based on the uncertain-
ty factors entered by the estimators.

62

Model accuracy

Estimators typically use the model
for a rough order of magnitude esti-
mates, firm proposal estimates and
management evaluation of software
development activities. In most cases,
they consistently achieve a high level of
accuracy for proposal estimates. The
key to achieving these high levels of
accuracy is a comprehensive calibration
effort. The model is calibrated by evalu-
ating completed programs in which the
costs are known. The person who per-
forms the calibration interviews the
engineering lead on the program in an
effort to understand variables such as
the skill level of the developers
involved and the characteristics of the
project. A model is created to estimate
the program after the fact. This is an
iterative convergence process consist-
ing of comparisons between the model’s
parameter selections and resultant cost
estimate, and the real-world program
characterization and cost.

After calibrating a considerable num-
ber of programs, general trends start to
emerge. An awareness emerges about
the capabilities of an organization and
the requirements of its customers as
they fit into the continuum measured
by the model. The skill level of different
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groups can be compared within the
organization and trends such as an
increase in a particular group’s perfor-
mance can be identified as its members
gain more experience. This process is
critical to a successful structured esti-
mating program. By fine-tuning the
process it, is possible to dramatically
improve both the accuracy and consis-
tency of estimates over time.

The negotiating process

Much of the advantage of using struc-
tured estimating tools comes well after
the estimating process has concluded. A
characteristic of structured estimating
is that it delivers not simply a number,
but also a methodology that makes it
possible to trace exactly how the num-
ber was generated. The fact that esti-
mators can easily provide backup infor-
mation to explain the estimating
process increases the customers’ confi-
dence. In many cases, even after the bid
is accepted, the negotiating process may
continue. Furthermore, the model pro-
vides an audit trail and makes it possi-
ble to evaluate the impact of changing
program assumptions.

The model can also provide a frame-
work for evaluating the performance of
the project. Comparing actual results
with detailed model estimates can pro-
vide early visibility of problems and can
determine the resultant impact on the
overall cost and schedule of the pro-
gram. In certain cases, early results
from a program may cause estimators tc
question parameters used in creating
the model. In such a case, the model can
be quickly updated to factor in the effect
of changing early assumptions and
determining the impact on the overall
program budget and schedule. The
model can also assist management deci-
sion-making by enabling managemeni
to compare the expected results of differ-
ent program management alternatives.

For example, the use of parametric
costing on a recent government propos-
al saved 1,000 hours and helped pro-
mote the use of less-expensive desigr
alternatives. In the past, one manufac-
turer has used the bottom-up and simi-
lar-to basis of estimate (BOE
approaches to determine progranm
development costs. On a recent project
in response to the government’s cost as
independent variable (CAIV) initiative
the firm tried the parametric costing
approach in conjunction with the BOE
approach. A commercial knowledge
base consisting of extensive industry
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data was used to estimate the develop-
ment and production cost of a new sys-
tem. The use of the knowledge base
saved a considerable amount of
research time and guesswork on the
part of the cost engineer and made it
possible to evaluate alternative
approaches on a much more timely
basis. The conclusion of the develop-
ment team was that the parametric

costing approach provided a useful
alternative to the bottoms-up and simi-
lar-to BOE approach that could offer
significant benefits in future programs.

The estimating challenge

The example OEM recently received an
invitation to bid on a government project.
A critical part of the proposal was devel-
oping an accurate development and pro-
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duction cost estimate. In the traditiona
process, estimates of this type are pro
duced by first breaking the system dow:
into its individual components, both elec
trical and mechanical. The ¢lectrical hard
ware components, which typically consti
tute the bulk of the cost on Harris’ pro
Jjects, are analyzed down to the individua
printed circuit board (PCB) level. At thi
point, cost engineers search through pre
vious programs to find similar boards tha
were produced in the past. Once some
thing similar is identified, the enginee
makes an estimate such as: “The PCl
used in the earlier project took 500 hour
to design. The one in the current projec
will actually be a little easier. Let’s esti
mate the cost at 425 hours.” Because thi
process is used so frequently, many majo
government contractors have people dedi
cated to collecting and organizing costiny
data from previous projects.

The CALV initiative

On the study under discussion, th
customer requested a differen
approach. The motivation was not actu
ally in saving time during the proposa
process but rather in reducing life-cycl
costs through the CAIV initiative. Thi:
initiative involves a twofold process
The first is a planning activity estab
lishing and adjusting program cos
objectives through the use of cost-per
formance analysis and tradeoffs. Th
second component involves execution o
the program in a way that meets o
reduces stated cost objectives.

Early in the acquisition process, ths
high leverage of CAIV-inspirec
cost/performance/schedule tradeoff:
should shape the requirements anc
proposed design objectives. Later, ths
overall cost objectives can be allocatec
to specific cost and system elements
The bottoms-up and similar-to BO}
approach is not conducive to CAI\
methods because it takes so long t
compare alternate design approache:
from a cost standpoint. That’s why th
customer suggested that a parametri
costing approach be used on this projec
in support of the standard approach.

Engineers examined several types o
software packages that use the paramet
ric costing approach. All of these pack
ages provided estimating software anc
knowledge bases built on extensive real
world data and expertise. The engineer.
selected programs called SEER-H anc
SEER-SEM, primarily because they fel
that its interface is more intuitive anc
easier to use. This software packag:
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Figure 2. High level project overview.

reduces the learning curve by avoiding
the use of less-than-obvious adjustments
to present the estimating objective more
clearly. It also bases the price of individ-
ual PCBs on their number of components
rather than on their weight, an approach
that usually provides more realistic
results. The program is sensitive to the
difference between mechanical and elec-
trical elements as well as costs between
labor and materials. It provides databas-
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es that are compiled from thousands of
real-world projects to help make accu-
rate estimates. Finally, it provides many
tools that allow users to assess risks,
make trade-offs, perform sensitivity
analysis and create technology forecasts.

Developing the parametric model
The proposal team started by devel-

oping the systems architecture, includ-

ing defining the input, processing steps

Project WBS

Figure 3. System overview and cost estimates.
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and output. Throughout the process
the cost engineer worked closely witl
the project team to develop a gooc
understanding of the system at a hig}
level. This is an essential part of th
costing process. It helps the cost engi
neer comprehend the requirements o
the system fully, so they are satisfied i1
making tradeoffs that may be require«
from a cost standpoint as the projec
moves further along. During this peri
od, the cost engineer also began con
structing the parametric model b:
entering high-level systems data int
the software package.

As the proposal matured, the elec
trical systems engineers and softwar:
engineers diagrammed the system an¢
the cost engineer began adding mort
detail. The cost engineer used the soft
ware tools to describe each component
identify its quantity, material compo
sition, design and manufacturin;
processes involved. At this level, th
SEER-H model began predictin;
recurring and nonrecurring develop
ment and manufacturing costs b:
identifying similar components fron
its database. While SEER-H is primar
ily designed to model the developmen
process, it does include manufacturin;
cost estimation capabilities that ar
usually sufficient for low productio
programs. If higher quantities will b
produced, then it would probabl:
make sense to also develop a desig
for manufacturing-type models sucl
as SEER-DFM.

Alternative cost comparisons

As usual, the proposal developmen
process involved a continuing series o
changes and tradeoffs. The cost engi
neer stayed involved with the projec
and continually updated the model t
reflect the latest thinking of the desig
team. The use of the parametri
approach made it possible to provid
near-real-time feedback about the tean
on the effect of choosing various option
for the development and manufactur
ing costs. Using the conventional cost
ing methodology approach, the length;
period of time required to develop nev
cost estimates means that a consider
able amount of effort may be put int
design approaches that will later b
ruled out from a cost standpoint.

The cost engineer included highe
level costs (costs for the program man
agement office) as a common facto
that was automatically allocated to var
ious elements of the project. This save:
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the need for what would have other-
wise been a series of time-consuming
calculations. The model also sped the
development of productivity curves that
estimated the rate at which manufac-
turing costs could be reduced during
the life cycle of the project. Whenever
the design was changed, these curves
were automatically updated based on
assumptions that had been entered

previously, eliminating additional man-
ual calculations.

The results: time-savings

The parametric cost approach saved a
considerable amount of time on this pro-
ject. The database provided by the soft-
ware is more comprehensive than the
existing project library. The software
automatically selects appropriate histori-
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cal projects, eliminating the time previ-
ously spent searching through the library.
The software also removed the need for
the cost engineer to create and maintain a
complicated spreadsheet. However, there
is still a need to capture, analyze and
organize cost history data to calibrate,
and if necessary, validate the model.
Finally, the program can automatically
generate a range of reports, including all
of those that were needed on this project.
The team also used the parametric results
to perform engineering and management
reviews of the cost data The result was a
substantial time-savings — about 1000
hours of cost engineering support were
saved using SEER tools.

At the same time, engineers involved
in the project believe that the quality of
information provided by the parametric
approach is superior to the conventional
method. The capability of the program
to quickly evaluate the cost of alternate
approaches saved considerable time
during the proposal process by provid-
ing information that guided engineers
toward a cost-effective approach sooner
than without the process. The ability of
the parametric costing approach to
allow consideration of cost from the ear-
liest possible stage of the design process
is the primary reason why the govern-
ment is encouraging its use and, based
on the experience of this project, it
works. Because this was the first use of
this parametric model approach, a com-
parison was made using the convention-
al estimating approach at the end of the
project and the results matched closely
(within 7%).

The parametric approach is clearly
an effective alternative that should be
considered on larger projects with a
high magnitude of nonrecurring devel-
opment and manufacturing expenses.

RF

About the authors
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On
The Web

Site dedicated to
algorithm suite

NCTI introduces a new
Web site dedicated to the
ClearSpeech technology
developed by the NCT Algo-
rithm Group. The new site
provides fact sheets for each
of the ClearSpeech algo-
rithms, wave files that
demonstrate the ability of the
ClearSpeech algorithms to
remove noise from speech
communication signals, and
access to the newly released
Windows-based software pro-
gram ClearSpeech-PC. The
site also includes information
about NCT’s fixed-point plat-
form, the ClearSpeech Mod-
ule, which provides a digital
processing core.

NCTI Algorithm Group
INFO/CARD 115

Manual, automatic

applications on Web
Aries Electronics an-
nounces the expansion of its
Web site’s RF Test Socket
segment. The expanded site
now features a full listing of
design footprints for both
manual and automatic appli-
cations, enabling engineers
to view all available foot-
prints to determine require-
ment-matching. New data on
the site includes Giga test re-
ports on the Aries 1.27 20-pin
SSOP Test Socket and the
.5mm 64-pin QFP Test
Socket, providing complete
information on the sockets’
performance.
Aries Electronics
INFO/CARD 116
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DC blocking capacitor

brochure

Dielectric Laboratories announces
its new Ultra Broadband DC Block-
ing Capacitor brochure. Featured in
this brochure are the Opti-Cap and
Milli-Cap broadband solutions, as
well as 0603- and 0805-size broad-
band DC blocks. The Opti-Cap takes
advantage of Milli-Cap characteris-
tics such as the 0502 footprint, high
Q, low series inductance and com-
bines it with high value capacitance
for coverage from DC-to-light (12
KHz to 40+ GHz). While the DC
blocking capabilities are the key fea-
ture, the overall size of .055" 2 with
an 0502 footprint, combined with
single-step assembly, makes this
useful for fiber-optic applications
such as OC-192 and OC-768. The
Opti-Cap is designed for conductive
epoxy attachment to the board. The
Milli-Cap provides broadband width
resonance-free performance with low
loss and high series resonance.
This product covers the bands
applicable to digital radios, LMDS,
SONET, filters, and test equipment.
The technology uses single-layer
capacitors in a surface-mount pack-
age that allows for coverage in fre-
quencies of 20 MHz to 40+ GHz,
depending on the product selected.
Dielectric Laboratories
INFO/CARD 117

Design guide features
latest LED chip technology

Lumex’s new eLEDs design book
is a 140-page design guide for engi-
neers in need of discrete light-emit-
ting diode (LED) solutions. The book
features LEDs that use the latest
die technologies. The eLEDs design
book describes four major categories
of discrete LEDs including bare-
leaded LEDs, printed circuit board
indicators, panel indicators, and
LED arrays. A range of products is
described, from basic two-leaded
LEDs to intricate chips-on-board
devices with more than 100 LED
chips. Also included in the catalog is
a tutorial on LED technology, which
explains how it works, commonly
used terminology, how to select the
right device, and how to operate
these devices within their safe elec-
trical limits. Full technical specifica-
tions, including part numbers, LED
die compositions, emitted color, peak

www.rfdesign.com

wavelength, lens color, brightness,
typical and maximum forward volt-
age, and viewing angle, are given for
every device

Lumex
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Handbook covers digital
video interfaces/ processing

Video Demystified, A Handbook
for the Digital Engineer (3rd
Edition), by Keith Jack, is a stan-
dard reference for digital video hard-
ware engineers and programmers.
The third edition has been complete-
ly updated and contains new chap-
ters on analog and digital interfaces,
H.261, and H.263, consumer DV,
and DTV. The book also covers all
international video standards in
detail, MPEG 1 and MPEG 2, color
spaces, video processing, and con-
tains reference data in easy-to-use
tables. The book includes a detailed
glossary as well, which features
practical, tutorial-style explanations
of terms. The two accompanying CD
ROMs have various test images to
evaluate video performance, includ-
ing still and image sequences of var-
ious resolutions. The CD ROMs also
include a complete searchable
Deluxe eBook version of the book,
with hyperlinked references and
bookmarks.

LLH Technology Publishing
INFO/CARD 119

Data book/short-form
catalog covers ICs

TDK Semiconductor announces its
new 2001 Data Book/ Short Form
Catalog covering its recently intro-
duced line of ICs for the communica-
tions and broadband Internet mar-
kets. The volume includes technical
data sheets on products released dur-
ing the past 18 months, including ICs
for optical fiber network equipment
portable communications, embedded
modem and digital set-top boxes
Products more than 18 months olc
are highlighted in product briefs. A
complete listing of worldwide sales
and distribution locations is includec
and a CD ROM version with addi:
tional product updates will be avail
able later this year.

TDK Semiconductor
INFO/CARD 120
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High Performance Electromagnetic and Network

=) Simulation and Optimization Tools

From: Zeland Software, Inc., 39120 Argonaut Way, PMB 499, Fremont, CA 94538, US.A.,
Phone: 510-623-7162, Fax: 510-623-7135, E-mail: zeland@zeland.com, Web: http://www.zeland.com

Products:
1E3D Planar and 3D Electromagnetic Simulation and Optimization Package
FIDELITY Time-Domain FDTD Full 3D Electromagnetic Simulation Package
MDSPICE Mixed Frequency Domain and Time-Domain SPICE Simulator
COCAFIL Cavity coupled wavguide filter synthesis package

Applications:

Microstrip, CPW, striplines. suspended-strip lines, coaxial Lines. rectangular waveguides, high speed digital
transmission lines, 3D interconnects, decoupling capacitors in digitial circuits. PCB, MCM, HTS circuits and
filters, EMC/EMLI. wire antennas, microstrip antennas, conical and cylindrical helix antennas, inverted-F antennas,
antennas on finite ground planes, and other RF antennas.

Important Announcements:

* The 113D 8.0 is released. The most important features added into the IE3D 8.0 are: (1) Boxed Green's tuncuions

for structures in enclosures: i 21, Periodic Green's functions for large antenna phase arrays; (3) Muttiple robust
dvanced iterative matrix solvers (AIMS) for aceurate and fast simulations of large structures usnmg much less
R AN The IE3D has complete modeling and design capability for patch antennas, wire antennas. microwave

and RF circuits, MMICs and RFICs. multile layered PCBs and BGA structures. The IE3D also has robust and
efficient advanced symbolic electromagnetic optimization.

» The FIDELITY Release 3 has complete SAR analysis features for the wireless applications. It will offer multiple
frequency independent head models.

* The MDSPICE I | is released. The MDSPICE 2.1 features robust s-parameter based time domain simulation for
non-linear circuits in both analog and digital circuit design. Its results normally meet the casuality condition with
accurate time delay prediction. The MDSPICE also features wide band SPICE model extraction.

e The COCALIL is released. The COCAFIL allows precise modeling and synthesis of waveguide filters.

IE3D and FIDELITY Simulation Examples and Display
An 8 by 8 patch array modeled with all coupling IE3D modeling of a multiple layer PCB structure The human head models without frequency limitation
included on the IE3D 8.0 using 100 MB RAM with traces, vias, ground and power planes on the FIDELITY for SAR research

IE3D modeling of an inverted-F antenna with finite The forward and backward radiation from a horn FIDELITY maodeling of a cylindrical helix antenna
thick plate and finite size ground plane antenna modeled on the FIDELITY
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Zeland Software. Inc. provides excellent technical support and services.
Zeland Software, Inc. is also the north American exclusive representative for the LINMIC product from Jansen Microwave GmbH
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RF software

ASIC tool provides auto
parasitic extraction

OEA International’s NET-AN tool is
used by full-custom IC designers to ana-
lyze clock skew, interconnect delays, and
signal coupling (crosstalk) problems in
high-performance microprocessors, com-
munications devices, and other custom
ICs. To fit within the ASIC design flow,
NET-AN has a new push-button auto-
mated flow that starts with a list of nets
and automatically produces delay and
skew information. It extracts fully dis-
tributed RCLM parameters using a 3D
field solver and generates results in
minutes while running on standard
engineering workstations. NET-AN
includes all cell geometry within a
“sphere of influence” distance from the
selected net and extracts accurate and
correctly distributed capacitance at
every point of the net. In addition, NET-
AN uses a full Spice simulation in the
flow, including the full Spice subcircuits
for drivers and loads.

OEA International
INFO/CARD 121

Modulation analysis for
GSM/ EDGE signals

Anritsu announces modulation
analysis software that expands the
measurement capability of the com-
pany’s MS8608A and MS8609A trans-
mitter testers to include GSM and
EDGE. With this software, the trans-
mitter testers can conduct power, fre-
quency, and modulation accuracy
measurements on next-generation
signals. Modulation analysis func-
tions include carrier frequency, fre-
quency stability, RMS phase error,
and magnitude error. The software
allows for the creation of constella-
tion, eye, and trellis diagrams for
detailed analysis, as well as for trans-
mitter power measurement using an
accurate thermal power meter.
Additional measurements include
output RF spectrum, measurement of
rising/falling edge of antenna power,
adjacent channel leakage power, and
spurious emissions.

Anritsu
INFO/CARD 122

EMC test management pack
offers flexibility

Schaffner announces a new EMC
test management software package.
Compliance 3 is a flexible, fully con-
figurable Windows-based test man-
agement tool for creation, execution,
data acquisition and reporting of
EMC emissions and immunity tests.
In addition to a comprehensive
library of standard test programs
and subroutines, Compliance 3
allows engineers to customize any
aspect of the test program. Routines
can be edited, created and combined
in functional blocks using a graphical
flow-chart approach and complex test
programs can be constructed for effi-
cient production. The software pro-
vides direct control of EMC test
equipment and can be used as an
interface to other equipment being
used to monitor or control the EUT.
Compliance 3 is a multi-lingual pack-
age and can be interface-customized.
Schaffner
INFO/CARD 123
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Now Available
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PALADIN PM7815 AMPLIFIER

PMC-Sierra offers an enhanced version of its Paladin digital signal
processor (DSP) controlled broadband power amplifier architecture for
wireless infrastructure equipment. Designed to support previously unat-
tainable 15 MHz applications, the PM7815 architecture eliminates
transmitter distortions and improves spectral efficiency in wireless base
transceiver stations (BTS) at lower power. Key features of the Paladin-
15 chip design are the ability to enable 15 MHz multi-carrier WCDMA
and cdma2000 applications without using costly, power-hungry, feed-for-
ward radio frequency (RF) amplifiers. When bandwidths of more than 5
MHz are required, wireless service providers typically use multiple
feed-forward amplifiers that consume large amounts of power, com-
promise reliability, and increase deployment and maintenance
costs. The device eliminates these bottlenecks and accelerates
the deployment of new generations of wireless equipment. A
single 2G or 3G power amplifier employing this technology
meets or exceeds bandwidth requirements for more than

90% of the world’s licensed wireless spectrum. The device

can be used in any second-generation (cdmaOne,
GSM/EDGE) and third-generation (WCDMA, ¢dma2000,
EDGE) power amplifier at any frequency. The chip operates at a
high 93 MHz sampling rate and uses firmware that enables soft-
ware reconfiguration of the BTS, while enhancing reliability and deliver-
ing power efficiency. PM7800 Paladin-10 DSP devices provide off-of-the-
shelf chip solutions for digital wireless BTS power amplifier lineariza-
tion. Deployed in a typical 10,000 BTS wireless network, the Paladin-15
architecture would save about 15 mW of power or about $20 million per
year with power costing 15 cents per megawatt hour. The chip over-
comes the need for expensive and time-consuming manual amplifier cali-
bration by automatically adapting to, and compensating for, each ampli-
fier’s unique distortion pattern.
This eliminates the need for
tuning and alignment during
manufacturing and in the field.

EDITORS' CHOICE

PMC- Sierra
INFO/CARD 124

ALADIN- Paladin-15
15 enhanced digital

PM7815BI-P power amplifier.

CG601161A
M0O109
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RF product focus — time & frequency

Broad bandwidth frequency mixers

Mini-Circuits debutes a wide bandwidth series of mixers.
The ADE-1 and ADE-11X offer 0.5 to 2 GHz bandwidths, low
conversion loss, L-R iso-
lation, and IP3s as high
as +15 dBm typical.
Constructed on a low-pro-
file, surface-mount pack-
age with open cover, the
design allows water wash
to drain and offers solder-
plated leads for fault-tol-
erant solderability and
all welded connections.

ADE-11X - specifications:

Frequency (MHz) LORRF ............... 10 to 2000
Frequency MHz) LOAF ................ 5 to 1000
O e el (ABIE TS xR o e o o'+ o2 Ereh: 7

I3l BI) s LA OP RS T aes s aeh o 9

(RN Lo (o 12)) 2 e T Pt TS S a1, 71
L-Rlsolation(dB)..................... 36
L-Ilsolation(dB)..................... 37

Mini-Circuits
INFO/CARD 125

200 MHz inverted mesa crystal VCXO

Raltron announces a o 4
new 200 MHz VCXO that [
reduces system-accumu-
lated jitter and noise. The
VC-8000 VCXO uses an
inverted-mesa quartz
crystal to combine higher
frequency, lower noise,
increased stability, wider
pullability range, and
faster on/off times.
The device functions as a
signal-enhancing filter for asynchronous communication sys-
tems that imbed their own content data, clock, and error cor-
rection data. It offers characteristics such as high-Q filter
with narrow bandwidth and does not allow noise, jitter, or
other perturbations to get through. This results in a newly
regenerated signal that is noise-free. The unit provides a volt-
age-controlled reference output frequency as high as 200
MHz, with less than 1 picosecond jitter, and an overall fre-
quency stability of +30 ppm. Long-term stability is specified
at +2 ppm per year and pullability is specified at +100 ppm.
The VC-8000 operates from either 3.3- or 5-volt rails.
Raltron
INFO/CARD 126

Crystal for wireless and

portable apps.

Fox Electronics introduces a new
crystal that provides a cost-effective
alternative for portable, wireless and
other applications with space and
budget constraints. The FUE crystal
measures 13.4 mm x 5.08 mm x 4.6
mm. It offers a frequency range of

3:579545 MHz to 66.6667 MHz, a
frequency tolerance of +50 ppm, a
frequency stability of +80 ppm or
less, and an operating temperature
range of -20° to +70° C. A surface-
mount device (SMD), the crystal is
manufactured completely encased in
a plastic package. The crystal can be
furnished in standard 1,000-piece

76

tape-and-reel packaging for use with
automatic assembly equipment.

Fox Electronics
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Low-jitter, low-noise SAW
oscillator

Micro Networks has developed a
series of voltage-controlled SAW oscilla-
tors (VCSO’s) targeting high-perfor-
mance telecommunications applications.
The M600 series of VCSOs features low

phase noise and jitter over a frequency
range of 300 MHz to 900 MHz. These
devices are well-suited for phase-locked
loop applications, as well as clock and
data recovery and clock smoothing cir-

www.rfdesign.com

cuits used in OC-12, OC-48 and OC-192
SONET/SDH systems. The M60Q series
is available in a 28-pin surface-mount
package and offers an output disable
feature that forces the output into a sta-
tic condition. This enables an external
clock to control the output frequency.
Operating from a single +5 VDC supply,
the M600’s differential outputs are
10/100K PECL logic-compatible.

Micro Networks
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SDM programmable
oscillators

Vectron International Technology
Express introduces a series of SMD pro-
grammable clock oscillators for use in
telecommunications and networking
applications. The model VPC1 program-
mable crystal-controlled oscillators are
housed in an industry-standard 5 x 7
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MINIATURE

SURFACE MOUNT VCO’s .‘12%

The big news is Mini-Circuits miniature family of 50 to 2500MHz ROS
voltage controlled oscillators! Each unit is housed in a shielded
0.5"x0.5"x0.18" non-hermetic industry standard package for highly
efficient wash-thru capability, reliability, and cost effectiveness. Models
with “PV" suffix typically operate from a 5 volt power supply and
require 5V tuning voltage to cover the frequency range. This makes
them ideal for integration with monolithic PLL chips and commercial
synthesizers in the 180 to 1605MHz band. The series also features
broad band 12V models optimized for 50 to 2500MHz linear tuning, up
to one octave band widths, and low phase noise. -
Support your customers demands for smaller size and
better performance, switch to ROS VCO's today!

ACTUAL SIZE
Mini-Circuits...we're redefining what VALUE is all about!

[JMini-Circuits

Model

ROS-205PV
ROS-285PV
ROS-660PV
ROS-725PV
ROS-900PV
ROS-960PV

ROS-1000PV
ROS-1435PV
ROS-1600PV
ROS-1605PV
ROS-100
ROS-150

ROS-200
ROS-300
ROS-400
ROS-535
ROS-765
ROS-1000V

ROS-1100V
ROS-1121V
ROS-1410
ROS-1720
ROS-2500
ROS-1200W

ROS-1700W

Freq. Range
(MHz)

180-210
245285
640-660
710-725
810-900
890-960

900-1000

1375-1435

1520-1600

1500-1605

50-100
75-150
100-200
150-280
200-380
300-525
485-765
900-1000

1000-1100
1060-1121
850-1410
1560-1720
1600-2500
612-1200

770-1700

ROS-2150vW  970-2150

ROS-2160W

1160-2160

Vi

=
QOO A Qg

Phase Hamonics=+

Noise*
Typ
-110
-100
-107
-105
-102
-102

-104
-101
-100
-98
-105
-103
-105
-102
-100
-98
-95
-102
-103
-1}
-99
-101
-0
-97
-100
-96
97

(dBc)
Typ.
-30
-20
-17
-19
-25
-27
-33
-26
-26
-17
-30
-23
-30
-28
-24
-20
=27
-30
-26
-11

-8
-17
-14
-28
-25
-15
-11

Curmrent  Price
Se

Voltage (mA) a.
Max.  (5-49)

5 15 17.95
5 20 17.95
5 15 19.95
S 15 19.95
4.5 12 19.95
5 12 19.95
) 22, 19.95
5 20 19.95
5 25 18.95

33 16 19.95
12 20 12.85
12 20 12.95

12 20 12.95
12 20 14.95
12 20 14,95
12 20 14.95
12 % 15.95
5 25 15.85

5 25 15.95
5 30 15.95
12 25 19.95
12 25 19.95
12 26 2195
12 40 2485
12 40 2495
5 251 29195
10 30 2495

-Phase Noise: SSB at 10kHz offset, dBc/Hz. *+Specified to fourth.

us 90 pr 91
CIRCLE READER SERVICE CARD

P.O.Box 35016j78!ooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
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ISO 9001 CERTIFIED §
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mm ceramic surface-mount package
and have a frequency range to 160
MHz. The oscillators are programmed
to a specified frequency prior to ship-
ment using an EPROM. The units are
HCMOS- or TTL-compatible and avail-
able with either a supply voltage of 5.0
VDC +10% or 3.3 VDC +10%. Operating
temperatures are 0° to +70° or —-40° to
+85° C. Options include +25, +50 or
+100 ppm frequency stabilities and a
tri-state or power-down function. Jitter
performance as low as 7 PS rms is
available. In addition to the 5 x 7
ceramic SMD version, the oscillators
are also offered in a 14-pin (VPAINPA2)
or 8-pin (VPB1NPB2) hermetically
sealed metal package and a plastic
SMD package (VPE1).

Vectron International
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TCVCXO now with

RE W

mount TCVCXO 1707 series oscilla-
tors to 5 X 3.2 mm, which is about
half the size of the current industry-
standard package of 5 X 7 mm. The
oscillator covers a frequency range of
12.6 to 19.8 MHz with a stability of
+2.5 ppm over an operating tempera-
ture range of -20° C to +75° C.
Pullability is 5-15 ppm with a control
voltage of 1.5 VDC +1 VDC. Supply
voltage is 3.3 VDC, with a maximum

Low phase noise

frequency synthesizers

EM Research announces the HFS-
series low phase noise frequency synthe-
sizers for up/down converter mixer local
oscillator applications. Developed for use
in ISM, GSM, WLL, and MMDS/LMDS
system transceivers, these products are
available as fixed-frequency or externally
programmable, covering the frequency
range (in bands) from 40 MHz to more
than 8 GHz. Product features include
fast switching speeds in step sizes of 50
KHz to 2.5 MHz, typical phase noise
characteristics of - 95 dB/Hz at 10 KHz

e

reduced footprint

ILSI America has reduced the
ceramic package size of its surface-

ILSI America

INFO/CARD 130

current of 2.0 mA @ 3.0VDC.

DOVEBID TEST & MEASUREMENT GROUP

Over 30,000 pieces of Test & Measurement
Equipment at your fingertips

Featuring:
* RF & Microwave Hardware
» Signal Generators
* Spectrum Analyzers
* Oscilloscopes
* Multimeters
* Telecom Equipment
* Neowork Analyzers
and more

Rentals ¢ Sales o

For your equipment needs contact

DoveBid Test & Measurement Group at 650.969.1142

All equipment is checked in our NIST traceable lab and guaranteed to meet the
onginal manufacturers’ specifications and backed by our standard parts and labor warranty.

Leasing

www.dovebid.com/tmg

DOVEBID

DoveBid, DoveBid.com, and the DoveBid iogo
are trademarks of DoveBid, Inc

INFO/CARD 21
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BREAKTHROUGH
TECHNOLOGY

New Single-layer Capacitors

¢ Higher Cap
¢ Higher Q

1SO 9001 Registered
MIL-PRF-55681 Qualified at ‘S’ Level
MIL-PRF-123 Qualified
MIL-PRF-49470 Qualified

* Smaller Size
¢ Border is standard

E) PRESIDIO COMPONENTS, INC.

7169 Construction Court, San Diego, CA 92121
Voice: 858-578-9390 Fax: 800-538-3880

www.presidiocomponents.com

INFO/CARD 60
May 2001



froice,,

Consider Synergy's full range of
LOW COST, very HIGH PERFORMANCE
VOLTAGE CONTROLLED OSCILLATORS.

&

CRO, CFO and MFO series - Ceramic resonator based with extemely low phase
noise and high stability. Frequency range ( 350 MHz to 2100 MHz ).

MFC, VCO and VFC series - Microstrip resonator based offering superb phase
noise performance and bandwidth from optimized to over an octave frequency
generation. Frequency range (40 MHz to 6100 MHz ).

TFC series - Microstrip resonator based and miniature style package for
optimized bandwidth with frequencies ranging from 100 MHz to 3000 MHz.
Series 5§ - Dual isolated output with excellent phase noise and good stability.
Available from 50 MHz to 1000 MHz in optimized bandwidths.

All models are available in various surface mount and through hole
packages ideally suited for automated manufacturing techniques.

INFO/CARD 49
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offset and —120 dB¢/Hz at 100 KHz off-
set. The miniaturized surface-mount
package size is 1.25" x 1.0" x 0.25". The
devices operate over the temperature
range of -30° C to +70° C.

EM Research

INFO/CARD 131

Low-noise VCO for
microwave radios

Z-Communications introduces the
CLV1540E for the microwave radio mar-
ket. This device uses unequalled SSB
phase-noise performance with superior
harmonic suppression. The unit gener-
ates frequencies between 1.52 and 1.565
GHz within 0.5 to 4.5 VDC of control volt-
age, while using an average tuning sensi-
tivity of 23 MHz/V. This device exhibits a
clean spectral signal of -110 dB¢/Hz, typi-
cally, at 10 kHz from the carrier while
attenuating the second harmonic to bet-
ter than —20 dBc. It features 1.1:1 lineari-
ty over frequency and temperature and
its design allows for quick implementa-
tion into PLLs where the error voltage

can be taken directly from the IC’s charge
pump circuitry. This oscillator operates
off a 5 VDC source and draws only 24
mA, typically. It is specified to operate
over the extended commercial tempera-
ture range of —40° C to +85° C. It pushes
less than 2 MH/V within a 5% change of
the supply voltage and pulls less than 2
MHz with a 14 dB return loss, any phase.
Z-Communications
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Surface-mount wireless
applications oscillator
PTI introduces a new surface-mount

TCXO/VCXO product for wireless appli-
cations. The model X03080 is available

for frequencies between 10 and 125 MHz
offering +75 ppm over the temperature
range of —-30° C to +70° C. This unit fea-
tures a 5 V supply, phase-noise perfor-
mance, and aging performance housed in
a .98 x .69 x .22” true SMT reflow pack-
age. PTI also now offers additional
options to model X05032. A range of
options (frequency, power supply voltage.
temperature range, stability) is available
for specific requirements. This ovenized
oscillator is suitable for applications that
require precision timing, stability and
small size. New features include an out-
put of 7 dBm +3 dBm into 50€2, opera-
tion from —-20 to +60° C.

PTI
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Single Layer Ceramic

<>-

# Y \ )
TECDI-
MICROWAVE COMPONENTS

CHIP CAPACITORS

E

- A-Type B-Type

Pick TECDIA single layer
ceramic chip MIC capacitors
for all of your WIRE BOND
and AUTOMATIC ASSEMBLY
applications.

FEATURES

o- Values ranging from 0.1 to 1500pF

Sizes from 10x10 mils to 100x100 mils
Safety margins on A-Type and B-Type
Great Customer Service and Delivery

o 0 ©
% 3

\ Safety Margms help prevent shorts after epoxy attachment. Solderable with Sn60,62, 63

Tecdia is the # 1 manufacturer for
Single Layer Ceramic Chip Capacitors
with safety margins around BOTH

the top and bottom electrodes.
(Available in tight tolerances and
many sizes for immediate delivery.)

C-Type

and finished

=

B-Type

TECDIA

1415 Koll Circle Suite 110
San Jose, CA 95112

(Tel) 408-453-0200 ¢ (Fax) 408-453-0220
Outslide of California call: 1-800-TECDIA-1
e-mail:tecdia@mindspring.com

STES000 - BENCH-TOP
RF SHIELDED ENCLOSURE

* 24" x 24" x 18" ID - accommodates large
instruments, appliances, etc.
» Stainless steel construction. All seams welded

* Interior lined with RF absorbent foam

* Front-loading with 24" x 18" door

* 4" x 6" connector panel includes 4-terminal power,
2-BNC, 2-"N” Type, 1-DB9. Additional connectors
can be installed to customize the enclosure

* RF Suppression -110 dB @ 1 GHz

+ Call or visit our website for more information and
a complete RF attenuation curve

Call Today! 800-446-2295.

\ website:http://www.tecdia.com

¥, AVCO

Technologies, Inc

INFO/CARD 112
80

793 Canning Parkway -+ Victor, NY 14564
800-446-2295 » www.ramseytest.com
sales@ramseytest.com

www.rfdesign.com
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Tough Environment. Top Performance.

Stanford Microdevices has expanded its industry-
leading silicon-germanium (SiGe) ampilifier line
with two new power devices ideally

suited for driver-amplifier functions E

in wireless equipment operating
in the most demanding signal
environments.

SOT-89 Package

Offering the wireless system designer typical GaAs lineariry
at silicon 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 toughcst operating environment.

For more information, visit us at stanfordmicro.com.

Part Number | Frequency ] Device | Id PidB | IP3 |Gaine |Gan@| NF@ |
Sy |t |y | 1amem | g | oy | ey | o |
(MHZ! m m m|
2 2 Rl bl =)

5 | 180 | 26 | 39 | 18 | 12 | 25 |
3 (165 |225| 35 | 18 | 12 | 22
SGA-9289iDC-3000 5§ | 270 ’ 28 | 41 18 | 11 | 29

5 3 |315] 26 39 17 | 11 |26
*Data at 2 GHz unless otherwise noted

SGA-9189 ‘ DC-3000

* 5TANfUORD

MICRODEVICES

www.stanfordmicro.com ¢ 800.764.6642

INFO/CARD 25
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RF products

Extended-band GSM
single-channel amplifier

Aethercomm introduces the SSPA 0.925-0.960-100, a high-
power, extended-band GSM single-channel amplifier. This
model covers the 925 to 960 MHz GSM band and features a 1
dB compression point of 51 dBm with 34 dB of gain. Input and
output VSWR are <1.5:1 and the operational voltage is 28 VDC.
It offers a minimum of 32% efficiency over the operating tem-
perature range of -10° C to
60° C. The gain variation
over temperature is <+0.5 dB
with temperature compensa-
tion. Gain variation over fre-
quency is typically £0.2 dB
and reverse IMD is 90 dBec.
Transmit noise figure is typi-
cally 10 dB and harmonics are typically <40 dBc. The SSPA can
operate from -40° C to +85° C. Standard features include tem-
perature compensation, 30 dB dynamic range forward power
sensor, reverse power monitor, temperature monitoring, and
output open/short circuit protection. This unit may be packaged
in any enclosure that can be installed in a 19-inch rack mount-
ed system. Typical sizing is 5" H x 13" L x 2" W. The SSPA can
be resized with no loss in performance.

* Single-channel GSM SSPA
*P1dB = 51 dBm

*35dB gain + 1.0 dB

* + 0.2 dB gain variation

Aethercomm
INFO/CARD 134

AMPLIFIERS

GaAs power amp enhances
transmission rates

The CMM3566-LC W-CDMA power
amplifier is designed for wireless data
transmission at 3.5 GHz. The part is
manufactured in a miniature, 4 mm
square, leadless chip carrier package. It
is intended for use in subscriber units
and base stations that operate in the
3.45 GHz to 3.5 GHz frequency range.
Typical features include operation at 7
VDC, 30 dB gain at operating output,
and +24 dBm linear output power. The
amplifier is packaged in a low-cost and
space-efficient LCC-8 plastic package
measuring 4 mm x 4 mm x 1.8 mm.
Celeritek
INFO/CARD 135

PASSIVE
COMPONENTS

Low-value multilayer
chip inductors

Venkel introduces a line of low-value
multilayer chip inductors dubbed the
LMCI series. These multilayer chip

82

inductors offer low inductance and an
operating temperature range of —-40° C
to +85° C. Additionally, the devices fea-
ture monolithic structure for enhanced
reliability and excellent solderability for
either flow or reflow soldering. Well-suit-
ed for high-frequency applications, they
are available in size 0603 with induc-
tance from 1.2 nH to 100 nH and in size
0805 with inductance ranging from 1.5
nH to 470 nH. Venkel also introduces
the MRFI wire-wound type RF chip
inductors, which are compact and pro-
vide Q values at high frequencies. These
MRFI inductors provide higher SRFs,
giving them a stable performance. All
styles are offered in standard EIA sizes.
Venkel
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Film-foil capacitors offer
low dissipation factor

Seacor introduces KP-44 polypropy-
lene film-foil capacitors that feature
high insulation resistance and high
pulse handling capabilities along with
low dissipation factors and capacity as
low as 47 pF. These devices replace
polystyrene and polycarbonate units
and offer capacitance values ranging
from 47 pF to 0.22 puF. Operating volt-
ages are from 160 to 1,000 VDC. The

www.rfdesign.com

dv/dt is 1,000 V/ms. and tolerances are
as low as +1%.

Seacor
INFO/CARD 137

Power inductors provide
30 inductance values

The series SPD73 and SPD74 shield-
ed surface-mount power inductors offer
30 inductance values ranging from 1.2
mH to 1,000 mH. Resistance values are
as low as 20 mQ, and current ratings
are up to 8 A. Both series are construct-
ed using a ferrite bobbin core and
matching ferrite sleeve. The SPD73 is
7.3 mm X 3.9 mm, and the SPD74 is
7.3 mm X 4.7 mm. Inductors are sup-
plied on tape and reel.

API Delevan
INFO CARD 138

SEMICONDUCTORS

Bluetooth and 2.4 GHz
WLAN transceiver

Hittite Microwave introduces the
HMC310MS8G, a multifunctional
RFIC that incorporates a power ampli-
fier (PA) and a low-noise amplifier
(LNA) with a transmit/receive switch

May 2001



0dB SMA ATTENUATORS ARE
OW COST DC TO 18GH= SOLUTION
1ini-Circuits BW-S10W5 precision fixed
ttenuators provide 10dB nominal
ttenuation with +0.60dB accuracy {add
.5dB typ above 12.4GHz) in the broad
IC to 18GHz frequency band. Built
»ugh to handle 5W average with 125W
yaximum peak power, these small
.20" units exhibit excellent VSWR with
igh temperature stability and high
speatability. Equipped with stainless
teel SMA-Male/Female connectors and
vailable off-the-shel.

Qty. 1000
3dB “DO-IT-YOURSELF”

OUPLER DELIVERS COST SAVINGS
3signed to lower costs through automated
anufacturing, the TCD-18-4 from
ini-Circuits needs only a commercially
railable 50 ohm external chip resistor,
1d a complete 5 to 1000MHz directional
upler is realized. Electrically, this patented
) ohm coupler provides 17.9dB+0.5dB
yminal coupling with +0.6dB (max.) flatness.
idband, typical mainline loss is 0.7dB and
rectivity is 20dB (typ). The 50/75 ohm
lo-it-yourself” TCD family contains 9 units
th 9 to 20dB coupling for 5 to 1000MHz.

[JMini-Circuits

1700 TO 2100MHz 2WAY SPLITTERS
DELIVER LOW HEIGHT AND LOW COST
Leading characteristics of Mini-Circuits
2way-0° SBB-2-21W Blue Cel™ power
splitters include superb temperature
stability within the 1700 to 2100MHz
band, 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 power splitters for the 800 to
2300MHz band.

1400 TO 2400MH=- MIXERS HAVE
LOW PROFILE AND HIGH IP3
Mini-Circuits MBA-15MH Blue Cell™
mixers are a low 0.070" profile solution for
today's compact 1400 to 2400MHz wireless
products. This patented mixer offers high
18dBm IP3 (typ, center band) to help suppress
intermodulation products, plus low 5.5dB
typical midband conversion loss with
superb temperature stability and low cost.
High repeatability is achieved through
state-of-the-art automated manufacturing.

$7.95¢a.
Qty.10

$3.45¢a.
Qty.10

0.5 TO 1700MH= TRANSFORMERS
PROVIDE | 5:1 IMPEDANCE
Mini-Circuits patented ADT1.5-17 surface
mount RF transformers are ideal for 50 to
75 ohm impedance matching and provide
1.5:1 impedance ratio in the broad
0.5MHz to 1700MHz band. Referenced to
midband loss of 0.3dB typical, insertion
loss is 1dB in the 2 to 1100MHz frequency
band, 2dB from 1 to 1500MHz, and 3dB
band wide. The low profile package
stands only 0.112" high, and operating
temperature range is -20°C to +85°C (max.).
Available off-the-shelf.

$1.4%a.
Qty.25

DC TO 4GHz MMIC AMPLIFIER
HAS HIGH RELIABILTY

Mini-Circuits has unveiled the GAL-51, a
newly developed surface mount MMIC
ampilifier for the DC to 4GHz band. When
operated at 1GHz/25°C, the unit delivers
high 17.5dB gain (+1.0dB flat DC-2GHz,
typ), maximum output power of 18dBm
typical (at 1dB comp.), and high 35dBm
(typ) IP3. These 50 ohm amplifiers are
housed in an SOT-89 package with
exposed metal bottom for excellent heat
dissipation, and displays low 78°C/W
{typ, 6jc) thermal resistance. Value priced.

us 4 INT'L 42
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for 2.4 GHz applications including
Bluetooth, HomeRF, and low-power
WLAN radios. The RFIC meets the
Bluetooth Class 2 and 3 requirements
when used in conjunction with 2.4 GHz
ASICs. This low-current transceiver
requires no external circuitry to oper-
ate the amplifier power down features.
Hittite Microwave

INFO/CARD 139

IutIon
DIo ‘/JJ !

o 1apid PCB prototuping’systems

«:dntennad, broadband and
wireless applications

- fine tune and verify prototuype
RF/MW designs

o Teduce development time
and!costs

. Droduce smqle and double
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LDMOS RF power transistor

for telecom basestations
UltraRF introduces a diffused mete
oxide silicon (LDMOS) RF power tran
sistor. The UPF21090 is specificall
designed for basestations in universa
mobile telecommunications system
(UMTS) operating at 2.1 to 2.2 GHz
The device can be used as a high-powe
wideband code division multiple acces
RF power amplifier operating in Clas
A or AB. The device operates at 2
VDC with a broadband RF outpu
power rating of 90 W. Fabricated usin
UltraGold II LDMOS technology, th
discrete transistor features industry
standard packaging and an all-gol
metal system for high reliability. Th
device has compatible source and loa
impedance and can be dropped int
existing power amplifier designs wit.
little or no circuit-matching changes.
Ultra RF
INFO/CARD 140

RFIC for wireless
basestation markets

The AD8302 is Analog Devices’ lates
addition to its range of wireless RF/I
ICs for the cellular basestation marker
It enables design engineers to buil
into their products a simple diagnosti
and calibration circuit to monitor sys
tem performance and diagnose signe
purity. The RFIC provides system-leve
performance in a single monolithic It
by simultaneously performing indeper
dent gain and phase measurement
between two RF or IF input signals
The device measures the precise ampl:
tude difference between the two inpu
signals over 60 dB dynamic range
scaled to provide the user with
30mV/dB output. The phase measure
ment range extends to 180 degrees an
provides the user with a 10mV/degre
output scaling. The device integrate
two wideband logarithmic amplifiers,
wideband linear multiplier / phas
detector, precision 1.8 VDC referenc
source and analog scaling and interfac
circuitry, running off a singl
2.7-5.5 VDC supply.

Analog Devices
INFO/CARD 141

IC eliminates need
for filters

The new RF2483 multiband, direct
quadrature modulator IC features
low noise floor and includes gain cor
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The world leader
in VCO and PLL technology.

Patented high-performance, low-noise CLV VCOs.

Our patented, ultra-low noise circuitry in our CLV VCO product line
runs about 15dB quieter than anything the competition can offer.
Finally, you have the margin you need for today’s advanced radios!

Part Maximum Minimum Tuning Tuning Phase Noise  Harmonic Supply Supply
Number Start freq Stop Freqg Voltage Sensitivity @10 kHz  Suppression  Voltage Current
{MHz) {MH2) (vdc) (MHz/V) (dBc/H2) {dBc) (Vdc, nom.) (mA, typ.)

CLVO815E 806 824 0.5-4.5 11 113 35 5.0 N
CLVO950E 865 1035 1-10 27 114 1] 5.0 24
CLVO915A 902 928 0-4 17 108 -30 3.0 10
CLV108SE 1050 1086 0.5-4.5 21 172 -20 5.0 20
CLV1385E 1370 1400 0.5-4.5 18 110 -20 5.0 20
CLV1550E 1500 1600 0.5-5.0 44 -106 -35 5.0 22 k
CLV2465E 2436 2496 1-4 26 107 20 5.0 25 ROl EObEOre2”

VCOs for every application.
Unmatched performance for your next PCMCIA-compatible design!

Part Maximum Minimum Tuning Tuning Phase Noise  Harmonic Supply Supply
Number Start Freq Stop Freq Voltage Sensitivity @10 kHz Suppression  Voltage Current
(MH2) {MHz) (vdc) (MHz/V} {dBc/Hz) (dBc) {vdc, nom.} (mA, typ.)

SMVO162A 125 200 0.7-8.3 2 100 -6 5.0 36
SMV1570L 1540 1600 0.5-2.5 128 -90 =15 2.7
SMV2165A 2118 2218 0-3 148 91 -10 3.3 16
SMV2390L 2290 2485 0-4 1t6 90 =11 5.0
SMV2660L 2620 2700 0.5-4.5 90 -91 =7 5.0

Another first - the world’s smallest VCO!

Utilizing the latest in thin-film and 0201/0107 component technology.
We have your compact VCO solution for your next hand-held design!

Part Maximum Minimum Tuning Power Phase Noise  Harmonic Supply Supply
Number Start Freq Stop fFreq Voltage Output @10 kHz Suppression  Voltage Current
(MH2) (MHZ) (vdc) (dBm) {dBc/Hz) (dBc) (vdc, nom) (mA typ.}

USsP2330 230057923607 10555255 043 -83 =15 27 8

Higher integration PLL solutions.

Unmatched performance combining CSP packaging technology with our
patented ultra-low noise CLV technology. Complete evaluation kit available.

Part Start Freq. Stop Freqg Step Size Int. Phase Phase Noise Output Supply Supply
Number (MH2) (MH2) (kHz} Noise at 10kHz Power Voltage Current
{ RMS) (dBc/H2z) (d8m) (vdc) (mA)

PLLO210A 200 230 100 0.50 -105 3RS265 +5 25
PLLOS30A 900 960 100 0.75 21 O 3+2 +5 40
PLL1260A 1230 1290 1000 0.75 102 1+2 +5 40
PLL1456A 1420 1490 1000 0.75 -103 1+2 +5
PLL2710A 2670 2740 1000 1.25 -98 1+4 +5

PLL - 0.63"x0.866"x0.14"

When It comes to your RF design, come to the source.
Z~COMM

r Z~Communications, Inc.

d 9939 Via Pasar - San Diego CA 92126

-, Telephone: 858-621-2700 « Fax: 858-621-2722

INFO/CARD 105
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Precision

RF-Microwave Components
Immediate Delivery
High Performance
Low Cost
Superior Selection
0.005 - 26.5 GHz
New Catalog Available

oy
-

Switches

Power Dividers
Couplers

Switches

Hybrids
Isolators/Circulator

Attenuators
1509001

Terminations
Oscillators
CONP“a“ﬂ

Filters
Amplifiers
Waveguide
Custom Designs

See Online Catalog at: ™%

http://www.mcli.com

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

Microwave
Communications

Laboratories Inc.
7255 30th Avenue North
St. Petersburg, FL 33710

http://www.mcli.com

INFO/CARD 28
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trol. The IC exhibits carrier and side-
band suppression, typically greater
than 40 dBe¢ at maximum gain, while
maintaining 50 MHz input bandwidth
and output IP3 of +19 dBm. The device
has a 35 dB gain control function,
which helps the system’s designer man-
age gain, noise and distortion budgets
in the transmit path. Other features
include a 2.7 V power supply and 700
to 1,000/1,700 to 2,200 MHz output fre-
quency range.

RF Micro Devices

INFO/CARD 142

SIGNAL SOURCES

PCS, LMDS/
MMDS PLLs

Peregrine Semiconductor introduces
two new products targeted at cellular
and PCS basestations, LMDS and
MMDS broadband wireless access sys-
tems, wireless local loop systems, and
terrestrial satellite systems. The

PE3339 an
PE3340 ar
low-noise
Integer-?
PLLs capa
ble of fre
quency syn
thesis up t
3.0 GHz. A
externa
prescaler i
not required to operate these phas
locked loop (PLL) ICs for many applica
tions where the desired local oscillato
(LO) is between 2.2 and 3.0 GHz.
Peregrine Semiconductor
INFO/CARD 143

High-performance
SAW oscillaotrs

Micro Networks introduces a serie
of voltage-controlled SAW oscillator
(VCSOs) directed at telecommunica
tions applications. The M600 series ¢
VCSOs features low phase noise an
jitter over a frequency range of 30t
MHz to 900 MHz. These devices ar

B18 Series: VCXO

Stability to 20PPM from 0-70C
Typical pullability of +/-125PPM
Voltages of 5.0 and 3.3vdc

Extended temperatures available
Deliveries in 15 working days or less.

nameg

ol (omp

Frequency from 1.0 to 25MHz in 8 pin Dip
1.0 to 100MHz in 14 pin Dip

THE FUTURE IS NOW AT BOMAR

For more than 35 years, customers
have purchased high quality Quartz
Crystals, Clock Oscillators and
VCXO’s from a manufacturer whose
name you can trust, Bomar Crystal
Company. See for yourself what
others have always known.

Call today for our new catalog:
800-526-3935.

201 Blackford Ave., Middlesex, NJ 08846
Phone: 800-526-3935 » Fax: 800-777-2197

www.bomarcrystal.com « e-mail: sales@bomarcrystal.com

INFO/CARD 6
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TOGETHER, TAKING OEM PERFORMANCE TO A HIGHER LEVEL.

A NEW BRAND OF RF AMPLIFIER FOR OEM.

Combining the top talent in engineering from AR and Kalmus,
AR/Kalmus brings a new level of technology and field-proven
integrity to the OEM marketplace, meeting the most
demanding customer needs in military, communications and

Industrial/Scientific/Medical applications.

No other brand offers this product range or depth, this much
experience or guaranteed performance. AR/Kalmus amplifiers
are all backed by best-in-the-business warranties and a

worldwide support and service network.

AR/Kalmus: Booth 1212.
AR- Amplifier Research: Booth 522.
MTT-S, Phoenix, May 22-24.

INFO/CARD 48

OO @xawmus




Get this cool pocket protector for just $699

and we'll give you an RF Signal Source FREE !

We know what you need: a reliable, simple-to-use signal source.
(We got that.) Need great phase noise performance and
non-volatile memory, too? (No problem, got you
covered.) How about a software adjustable RF
output level up to +10 dBm? (We're there.) In fact,
for virtually any ‘clean stick’ requirement from
45 to 2500 MHz, there's a NovaSource model
that's exactly what you're
looking for.

Best of all, NovaSource
is just 3.5" x 2.75" x .75",
so it doesn't take up
much room on your
bench. Or your
shirt pocket.

Get your NovaSource
pocket protector (and oh
yeah, that signal source, too)
today! Call 1-800-341-6682,
email novasource@nova-eng.com
or visit us at www.nova-eng.com.

NovaSource™ RF Signal Sources

INFO/CARD 44

Ultra-High Frequency

Test Sockets...

Higher Performance,
Longer Life and
Lower Cost!

Only Aries’ ultra high frequency (10 GHz
and above) test sockets offer you:
* Higher Performance - 1 dB loss at 10 GHz

* Longer Life - tested to more than a half million
insertions with no loss in electrical performance

* Lower Cost - approximately half the cost
of other versions

© |deal for zero insertion force installation QFP

SOIC, Flatpacks and other high density devices
PIRARIE S

* Adapters available to match existing
ELECTRONICS, INC

board footprints .
|
: P.0. Box 130 * Frenchtown, NJ 08825
r

For automatic (left) and
manval (right) applications

* Delivery in just 4-6 weeks
(908) 996-6841 » FAX {908) 996-389)

e-mail: info@arieselec.com o web: www.orieselec.com

Call, fax or visit us on the web now for
the Aries RF sockets that'll pass your
foughest tests!

Fastl

Sensible Solutions. . .

88
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well-suited for phase-locked loop app
cations, as well as for clock and da
recovery and clock smoothing circui
used in OC-12, OC-48 and OC-1!
SONET/SDH systems. The devices a
available in a 28-pin surface-mou
package and offer an output disak
feature that forces the output into
static condition, enabling an extern
clock to control the output frequenc
Operating from a single +5 VDC su
ply, its differential outputs a
10K/100K PECL logic-compatible.
Micro Networks

INFO/CARD 144

Oscillators offer 1 to 133
MHz frequencies

The new CFPP one-time factory pr
grammable oscillators are housed in :
industry-standard 7 x 5 mm ceram
surface-mount package. They provide
readily available alternative to fixe
frequency components for a wide ran
of production applications, includi
telecommunications transmission sy
tems and process equipment. T]
CFPP-72 series oscillators operate fro
a 5 VDC supply and cover the 1 to 1.
MHz:z frequency range. The low-pow
CFPP-73 series takes a 3.3 VDC supg
and offers frequencies up to 100 MH
Both variants can be specified for ope
ating temperature ranges from 0
+70° C or from -40° to +85°C, with f
quency stabilities down to +50 ppm
C-MAC MicroTechnology
INFO/CARD 145

DIGITAL
HARDWARE

VME board for
embedded DSP apps

The model 4294 Quad Power F
board features four MPC7400s ar
offers high-speed interfaces includii
velocity interface mezzanine, periphe
al component interconnect, RACEwa
VMEG64 and Ethernet. The board
designed for OEMs and systems int
grators requiring supercomputing pe
formance for wireless local loop base
tations, beam-forming basestations ar
other signal analysis tasks. The 6
VME board is based on the 450 M}
Motorola Power PC MPC7400 micr
processor with AltiVec technology.
Pentek
INFO/CARD 146
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Want to know the secret of success in the land of Linux and Nokia? It’s APLAC. An industrial-strength
simulation technology that combines the functionality of Spice with the utility of an advanced RF simulator.
APLAC, and only APLAC, provides the accurate IC- and board-level models and precise methods to analyze
non-linear circuit behavior demanded by top RF and analog designers. The

only approach up to the complex design challenges ahead: 3G, Bluetooth,

7—
and beyond. f
APLAC gives you something unique - the freedom to do things right. All N

you do is supply the three ingredients menrioned above.

X

APLAC Solutions Inc APLAC Solutions Corporation
320 Decker Dr, Suite 100, Irving, TX 75062 Atomitie 5 C, FIN-00370 HELSINKI, Finland
tel. 972-719-2562 tel. +358-9-540 450 00
www.aplac.com e-mail: sales@aplac.com www.aplac.com e-mail: sales@aplac.com

The Freedom To Do Things Right. INFO/CARD 12




Triple 10-bit
A/D converter

The SPT7853 is a triple 10-bit CMOS analog-to-digital convert-
er (ADC). The converter provides designers with three ADCs in
one 52-lead TQFP package. The ADC achieves low-noise perfor-
mance at sample rates up to 30 MSPS. At video input frequencies
(3.58 MHz), the dynamic performance of each ADC is 54.5 dB sig-
nal-to-noise and distortion for a typical 8.7 effective number of
bits. Channel-to-channel cross talk is at least -66 dB, which
results in no discernable channel-to-channel noise injection.
Signal Processing Technologies
INFO/CARD 147

DATA TRANSMISSION PRODUCTS

Wideband, programmable
downconverter

Intersil introduces
its latest addition to
the ColnmLink~ fami-
ly of software-defined
radio (SDR) circuits.
The 1SL5416, a quad-
programmable down-
converter (quad-PDC),
specifically targets 3G

oungrizh
The sharpest electromagnedic and
antenna simulation software!

D9 tingte, 2 '
SuperNEC is a hybrid MoM/UTD antenng analysis programme §8
Input interface includes graphic editing, move, copy,
reflect, full controls editor

QOutput interface: 2D & 3D colour plots, polor,
rectangular, logarithmic axes. Smith chorts, contour
plots, and network analyzer style markers provided
Context sensitive help

Get free copy of SuperNEC Lite*

for wve comenm ol purpoe

e-mail: supernec@poynling.co.za
Fax 27 11 403 0381

Poynting Software + www.poynting.co.20
Tel: 27 11 403 0380

INFO/CARD 108
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wireless protocols. Its filter configuration allows the integr
tion of four discrete wideband channels in a single circu
and it includes all the necessary post processing functions
complete the entire channelization process.

Intersil

INFO/CARD 148

High-speed wireless
Ethernet bridges

Wi-LAN has launched the AWE 120-58, 12-Mb
advanced wireless Ethernet bridge for use in the 5.8 GF
unlicensed fre-
quency band. The
AWE 120-58 and
AWE 120-24 (for-
merly Hopper Plus
120-24) advanced
wireless Ethernet
bridges are suit-
able for broadband
wireless access ser-
vice providers look-
ing to offer high-
speed Internet
access. Both prod-
ucts support point-
to-multipoint, point-to-point, and backhaul applications ar
are based on patented multi-code direct sequence spres
spectrum (MC-DSSS) technology.

Wi-LAN
INFO/CARD 149

TRANSMISSION COMPONENTS

Capacity-enhancing
smart antennas

Metawave announces the commercial availability .
SpotLight 2200. The dual-band feature of the antenr
allows operators to use a single antenna array to carry bot
800 MHz CDMA and 1900 MHz PCS services. The dua
band antenna option reduces antenna loading and zonir
delays. Metawave is also developing a smart antenna inte
face to PCS base stations. The PCS version will work wit
an operator's PCS base station to boost network capacit
and improve network performance metrics. The PCS sma
antenna systemsupports the 1S-95, 1XRTT and 1XE
CDMA air interfaces.

Metawave
INFO/CARD 150

GPS SAW filter for
location-based products

Sawtek’s new GPS RF SAW filters offer location-base
product providers with SAW filters that provide greater tha
50 dB typical attenuation over the 1.648 to 1.920 GHz rang
Sawtek also delivers low insertion loss, ~1.3 dB typical, in
package 94% smaller than the ceramic alternative.

Sawtek
INFO/CARD 151
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AR/Kalmus: Booth 1212.
AR - Amplifier Research: Booth 522.
MTT-S, Phoenix, May 22-24.

And Nothing More.

If yow're testing a driver amp or other piece of wireless equipment, you know the value of “nada”.
Because AR “S” Series amps are uniquely linear, the output signal is nothing more than an amplified,
faithful representation of the amplifier’s signal input.

“S” Series amplifiers also offer newly improved third-order intercept points and reduced spurious noise
figures—so adjacent channel power is kept to a minimum. The required guard band between carriers is
minimized. And you get the most from the precious available RF spectrum. An unusually broad frequency
range accommodates cellular, PCS and Bluetooth frequencies as well as future frequency allocations.
They're the market's most ideal amplifiers for telecommunications multi-tone input test applications.

“S” Series amplifiers. 0.8 t0 4.2 GHz. 1 to 200 watts.

v 10 9001
www.amplifiers.com/@ /rfd-goes Certified

INFO/CARD 9
Copyright® 2001 Amphiter Research. The oeange senpe on AR produces s Rep US. Pat. & Tm. Okt
B 05 SR (0 B
RESEARCH

USA 215-723-8181 or 800-933-8181 for an applications engineer. 2 g
In Europe, call EMV-Munich: 89-614-1710 * London: 01908-566556 * Paris: 1-64-61-63-29 * Amsterdam: 31-172-423-000 The Force Behlnd The Field.




Compact PCS

diplexer

The recently introduced W1807D com-
pact PCS diplexer from Wireless
Technologies is designed for use in the A,
B and C PCS bands. The diplexer fea-
tures low insertion loss (less than 1 dB)
over the PCS band (1.850/1.910 GHz and
1.930/1.970 GHz) with a transmit/receive
isolation greater than 70 dB. The return
loss is less than 18 dB and its compact
footprint, 2" x 2" x 6", allows applications
in microcells, repeaters, extenders and
bi-directional amplifier systems. The
diplexer is suitable for tower-mounting
applications with a power rating of up to
40 W using SMA connectors. The IMD is
better than —130 dBc.
Wireless Technologies
INFO/CARD 152

Two-way splitters/
combiners

Mini-Circuits introduces the ADP-2-1,
a low-profile, two-way-0° power
splitter/combiner with 0.5 MHz to 400
MHz frequency range. Engineered and

packaged in a 0.155" water-washable
package, this device exhibits low 0.3 dB
insertion loss (above 30 dB), 0.10 dB
amplitude unbalance and a good 0.5°
phase unbalance. It is suitable for instru-
mentation applications in 50Q systems.
Mini-Circuits

INFO/CARD 153

Directional couplers
available from 0.5-50 GHz

Krytar introduces the model
202050010 broadband directional coupler
for operation in the frequency range from

1 GHz to 40 GHz. Nominal coupling is ]
+1 dB with frequency sensitivity of +1
dB. Minimum directivity is 14 dB from
to 20 GHz and 10 dB from 20 to 40 GH
Maximum VSWR is 1.5:1 and 1.7:
respectively. Insertion loss is less than 1
dB 1.8 dB. Couplers are available with
choice of 2.4 mm or K female connectors.
Krytar

INFO/CARD 154

Quad-band antenna
embeds into notebooks

RangeStar Wireless debutes a qua:
band, embedded antenna for noteboc
applications. The antenna can L
mounted on a notebook’s hinge an
supports GPRS, Bluetooth and 802.11
unlicensed applications. The antenn
supports vertical and horizontal pola
ization and provides hemispherical co
erage. It offers a peak gain of +1 dBi i
the 900 MHz band, +0 dBi in the 1
GHz band, and +3 dBi in the 2.4 GF
and 5.2 GHz band.

RangeStar Wireless
INFO/CARD 155

LOOKING FOR HIGH VOLTAGE, HIGH POWER RF DEVICES?

IXYS

92

* Switching frequencies to 100MHz

* Internally isolated

¢ IXYS advanced low Q process

* Low gate charge and capacitances

* low Rps{on)

® Very low insertion inductance

* Easy to mount—no insulators needed

DEIvicctcd Energy, Inc.

DE275 102NO6A
DE275-501N16A
DE375-102N10A

PART NUMBER V,s s R, T, T; Py

DE275%2-102N06A 1000V 6A
...And More Devices Coming Soon!

Introducing the Revolutionary DE-Series RF Power MOSFETs

The DE-Series power MOSFETs are designed from the substrate up for high power, high
speed, high frequency applications. All DE-Series devices are internally isolated using
the IXYS DCB ceramic substrate as part of the package! The result—Extremely fast
switching speeds, excellent thermal transfer, high isolation voltage, as well as increased
temperature and power cycling capability.

1000V 6A 2.0Q 2ns 5ns
500V 16A 0.5 2ns 5ns
1000V 10A 1.2Q2 3ns 8ns
20Q 2ns 5ns

375w
375W
550w
750w

Download data sheets for these and other products at

THINKING HIGH POWER...HIGH FREQUENCY2...THINK DEI/IXYS
..INNOVATIONS FOR THE 21ST CENTURY**

INFO/CARD 102
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Xemod 3G QuikPAC™ RF amplifier stages
shorten your products’ time-to-market.

QuikPAC™ surface mount modules can help you and more cost-effective to manufacture. And
shave precious weeks off your 3G amplifier because they're physically interchangeable, you
development cycle. can re-use significant portions of your designs to

create entirely new products.

Whether you choose a standard model, a gate-

regulated model, or specify your own custom QuikPAC modules are available now in power
pre-set and compensated bias, QuikPACs elimi- levels ranging from 25 to 180 Watts. To jump
nate time-consuming stage alignment steps. start your 3G amplifier development, call Xemod
They also reduce part counts, allowing you to or visit www.xemod.com —ASAP.

design simpler, smaller amplifiers that are easier

1\ 2CEMOD

Xemod, Inc. * 3350 Scott Blvd., #49 « Santa Clara, CA 95054 ¢ www.xemod.com ¢ 408-748-7360
INFO/CARD 69
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EMC/RFI

Tapped filter networks for
EMI/RFI suppression

KOA Speer introduces the LFA
series of tapped filter networks for the
suppression of EMI/RFI noise. These
components are designed to filter out
the high-frequency content of digital
signals and are commonly used in I/O
ports and other high-frequency/high-
speed applications. The networks are
housed in a low-profile, 20-pin QSOP
containter. Each network has a resis-
tance range of 10Q to 10 kQ and a
capacitance range of 10 pF to 220 pF.
Resistance tolerances are +5%, +10%
and +20%, and capacitance tolerances
are +10% and +20%. The TCR is +250
ppm/°C. Body style options include
wide SOIC, QSOP, TSSOP and 0.6, 0.5
or 0.4 mm die packs.

KOA Speer
INFO/CARD 156

FIBER OPTICS/IR

Optocoupler in
slim packaging

The Telefunken Miniflat four-pin
optocouplers feature a 2 mm height
profile. They consist of a photo transis-
tor optically coupled to a GaAs
infrared-emitting diode. Intended for
current isolation, the eight new
TCMT11 optocouplers are for miniatur-
ized products such as PCMCIA cards,
notebook modems, telecommunications
products, programmable logic con-
trollers and other designs requiring a
high level of package integration. They
provide an insulation voltage of 3,750
Vrms, and feature a transistor output
and a forward current of 60 mA.
Vishay Intertechnology
INFO/CARD 157

POWER/BATTERIES

Low-voltage supervisor
pairs with processors

The MIC2775 low-voltage supervisor
IC monitors power supplies as low as
1.5 VDC. Available in the Ittybitty
SOT23-5 packaging, the IC features a
choice of factory-programmed voltage
options and ultra-low quiescent cur-

www.rfdesign.com

rent. The quiescent power supply cu
rent is a portable-friendly 3.5 mA. Bof
an active-high and an active-low re
output are provided in addition to
manual reset input for a reset switch «
for daisy-chaining onto existing pow:
supervision circuitry.

Micrel Semiconductor
INFO/CARD 158

INTERFACF/
INTERCONNECT

SMA family offers
diverse products

Compel Electronics announces tl
availability of its SMA connector serie
Operating from DC to 18 GHz, the ne
line offers typical insertion loss of <0.(
dB and VSWR of <1.15:1 with 50
impedance. RF leakage typically me
sures <90 dB. Brass or stainless ste
housings are available with gold, pass
vate or ternary alloy plating option
Designs are available to accommoda
flexible, conformable and semi-rig
cable, PCB mount, and panel or bul
head mounting. All styles are availab
in straight, angled and swept righ
angle configurations.

Compel
INFO/CARD 159

SUBSYSTEMS

Substrate for GaN, IlI-V
and l-VI thin-film depositior

Meller C-plane sapphire substrat
can be custom-fabricated in sizes :
small as 50 mm round and 31.75 m
square by 0.330 or 0.440 mm thick ar
flat to less than 5 mm. Featuring 00t
surface orientation, and less than 0
nm RA roughness, they are suitable {
the epitaxial growth of GaN and oth
I1I-V and II-VT thin films used in tl
manufacture of bright blue and gres
LEDs. Supplied with either one or tv
sides polished, the substrates are al
available for carrier applications whe
thin films of silicon or GaAs are pc
ished on top of the wafer. These ultr
flat wafers are lapped to less than (
fringes at HeNe and parallel from 20
less than 5 arc-seconds with +1.2m
piece-to-piece uniformity.

Venmark International
INFO/CARD 160
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ntroducing Maxrad’s new patent pending, " _ 4
2.4 GHz ISM adjustable sector panel antenna. The 13dBiat120° >32dBat120° 120°,90°, 16°atalt <51 20°-(0°,0%-90°= -204B
MSP24013MB provides field adjustable horizontal 14dBiat90°  >42dBat%° 60Pand45° horizontal 235°-270°, HP-135°= -284B
beamwidth options of 45, 60, 90 or 120 degrees with ; . ; .
a VEWR of 1985 e 1:5:7 TS UMGUS dosan 16dBiat60®  >42dBat60° options beamwidth 180°-238°, 135°-180°= -32dB
delivers industry-leading front to back ratios with 17dBiatds®  >42dBatds” options
excellent cross pole discrimination. It is the ideal Note: For applications in which adjustability is not necessary, the sector panel antenna can

solution for wireless broadband applications where be ordered with fixed horizontal beamwidths of 45, 60, 90 and 120 degrees.
coverage of a geographical sector is needed.
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STATE OF THE ART ANTENNAS (U.S. & Canada) Electronics
1SO-9001 Registered Engineered Solutions

More than 60 locations worldwide to serve you. E-mail: rwc@rell.com, Internet: www.rfpowemet.com, Toll Free: 888-735-7358 (U.S. & Canada), Australia: Castle Hill \ Onge

ACN 069 808 108 +61 (2) 9894-7288, Bayswater ACN 069 808 108, +61(3) 9738-0733, Brazil: Sao Paulo +55(11) 38456199, Rio De Janeiro +56(21) 521-4004, China: Shanghai & o
+86(021) 6440-1284, Colombia: Sante Fe de Bogota, DC (57-1) 636-1028, Denmark: Hedenhusene +45 4655-5630, Finland: Helsinki +35 (8) 9386-90110, France: Colombes

Cedex +33.1.55.66.00.30, Nozay +33.1.69.80.71.33, Germany: Puchheim +49 (89) 830 214-0, Hamburg +49 (40) 555 88 410, Italy: Agrate (Mt) +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) 5215-1577, Korea: Seoul +82 (2) 539-4731, Malaysia: Selangor +60 (3) Caras®
5511-5421, Mexico: Mexico City +52 (5) 674-2228, Guadalajara +52 (3) 645-4641, Philippines: Pasig City 63 (2) 636-8891, Singapore: +65487-5995, Spain: Barcelona+34 . .0 0
(93)415 8303, Madrid +34 (91) 528 3700, Sweden: Stockholm +46 8 564 705 90, Taiwan: Taipei +886 (2) 2698-3288, Thailand: Bangkok +66 (2) 749-4402, The Netherlands. /wsd o on—hﬁé

Amsterdam +31 (20) 446 7070, Turkey: Iglevent Istanbul +30 212 264 3721, United Kingdom: Slough +44 (1753) 733010, Vietnam: Ho Chi Minh City +84 (8) 823 3016, for other catalog at
international inquiries call Corporate Headquarters: LaFox, IL (630) 208-2200, Fax: (630) 208-2550. © 2000 Richardson Electronics MK1189 catalog. el com
1-800-RF-POWER - www.rfpowernet.com ¢ rwc@rell.com
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RF glossary

GLOSSARY OF TERMS USED IN THIS ISSUE OF RF DESIGN

2G - second generation of wireless
communications systems

3G - third generation

A/D - analog-to-digital

AC - alternating current

ACPR - adjacent—channel power ratio

ADC - analog-to-digital converter

AGC - automatic gain control

AMPS - advanced mobile phone system

AODV - ad-hoc on demand distance vector

ASIC - application-specific integrated circuit

ASK - amplifier shift keying

ASP - application service provider

ATM - asynchronous transfer mode

AWGN - additive white gaussian noise

BER - bit error rate

BPSK - binary phase shift keying

CCRR - co-channel rejection ratio

CDMA - code—division multiple access

CDPD - cellular digital packet data

CGI - common gateway interface

CMOS - complementary metal-oxide

semiconductor
CMRR - common-mode rejection ratio
CW - continuous wave

DC - direct current

DCS - distributed communications system

or digital cellular system

DDS - direct digital synthesis

DECT - digital european cordless

telephone

DSP - digital signal processor

DUT - device under test

EEPROM - electrically erasable pro-

grammable read-only memory

EM - electromagnetic

EMC - electromagnetic compatibility

EMI - electromagnetic interference

ESD - electrostatic discharge

ETSI - european telecommunications
standards institute

FCC - federal communications
commission

FDD - frequency division duplex

FER - frame error rate

FET - field-effect transistor

FHSS - frequency-hopping, spread

spectrum
FIFO - first-in, first-out
FIR - finite impulse response

FSK - frequency shift keying

GaAs - gallium arsenide

GaN - gallium nitride

GFSK - gaussian filtered frequency shift

keying

GMSK - gaussian minimum shift keying

GPIB - general-purpose interface bus

GPRS - general packet radio service

GPS - global positioning system

GSM - global system for mobile
communications

HBT - heterojunction bipolar transistor

HDR - high data rate

HEMT - high electron mobility transistor

HSCSD - high-speed circuit-switched data

HTTP - hypertext transfer protocol

I and Q - in—phase and quadrature

/O - input/output

IC - integrated circuit

IF - intermediate frequency

IM - intermedulation

IMD - intermodulation distortion

InP - indium phosphide

IP - internet protocol

IR - infrared

Continued on page 1(
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RF and Audio Equipment
VIA & VIA Director

Complex Impedance Analyzer ‘

List Price $599.95
Software Included

‘e -
e

Frequency Range: 100kHz-54MHz

Graphical Display of Impedance,
Reactance, Resistance and SWR.

www.aea-wireless.com
M RF and Audio Equipment

1487 Poinsettia P: (800) 258-7805

Suite #127 P: (760) 798-9687
Vista, CA 92083  F: (760) 798-9689
k. e-mail: aca@aeca-wireless.com '
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i CERAMIC RF

CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

JENNINGS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.
TEL (760) 438-4420
FAX (760) 438-4759
Web: www.surcom.com
E-mail: link@surcom.com
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800-922-2253

This Number
May Not Save
Your life...

But it could make it a lot easier!
Especially when it comes to
ordering non-standard connectors.

RF/MICROWAVE CONNECTORS

e Specials our specialty virtually any SMA, N, TNC,
BNC, SMB, or SMC delivered in 2-4 weeks

« Cross reference library to all major manufacturers.

* Large inventory of piece parts for all types of
coaxlal connectors.

o Experts in supplying “hard to get” RF connectors.

 Connectors supplied to your drawings and specs.

 Qur 56 Standard adapters can satisfy virtually any
combination of requirements, between SMA,
TNC, N, 7mm, BNC and others.

* Extensive inventory of passive RF/Microwave
components including attenuators, terminations
and dividers.

NEMAL

for the Electrenics mdustry
NEMAL ELECTRONICS INTERNATIONAL, INC.

12240 N.E. 14TH AVENUE
NORTH MIAMY, FL 33161
TEL: 305-899-0900 » FAX: 305-895-8178
E-MAIL: INFO@NEMAL.COM
URL: WWW.NEMAL.COM
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When Valpey. Fisher supplieé fretiUency_:'g*én;rol products,

You sleep like a baby.

After 70 years serving telecommunications, instrumentation along with heightened levels of service and delivery. See for
and military customers, you'd think we'd rest. Not yourself. Register to Win. Go to valpeyfisher.com and
Valpey Fisher.We've never worked harder.We've register. You'll receive our CD product catalog—and become
also made major investments in people and equipment. eligible to win a Palm Pilot, an MP3 Player and lots of

The result is a continuous stream of innovative products other great prizes.Valpey Fisher. We won't let you down.

See us at booth #3616
IEEE MTT-S
INFO/CARD 86

Valpey Fisher Corporation
www.valpeyfisher.com 508-435-9039 e"lyv'qlwmuw wo..Jngr
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Find out information on all the products, software and literature described in this issue.
Circle the reader service number on the card and mail it today. ey

Or go to our new home at www.telecomeclick.com.
Click on the RF Design icon and go to the manufacturer’s links.
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AEA 96 103 Photofabrication Engineering 58 4
Aerocomm Wireless 22 2 Poynting Software 90 10
Agilent Technologies 21 7 _ :
Prec De 55 4
Amplifier Research 91 9 .lm.on S !
Anritsu Company 29 Py Presidio Components 78
Ansoft 65 5 Raltron Electronics 73 5
Aplac 89 12 R y Electronics 80, 7
Applied Wave Research 57 18 RF Micro Devices 24-25 i
Aries Electronics 88 13
i i 95 6
Bomar Crystal 86 & Richardson Electronics
CAD Design Software 54 63 Sawtek Inc. 69, (]
California Eastern Labs 16-17,BC 24,23 Sprague-Goodman Electronics 10
Coilcraft 3 26 Stanford Microdevices 81 2
Cf)mmumcatnons & Energy 104 20 State of the Art 36 -
Directed Energy 92 102 1
Dovebid 78 21 Surcom Assoicates. 96 11
Elanix 53 62 Synergy Microwave 79 4
Fujitsu Compound Semiconductor 31 11 T-Tech 84 2
Hitachi Semiconductor 105 72 Tecdia 80 11
International Crystal Mfg. 36 82 >
56 5
JFW Industries 52 g (BSERe
Johanson Technology 63 84 Telonic 104 5
K&L Microwave 67 14 Temex 32 £
Kalmus Engineering 87 48 TestMart 15
Maxim Integrated Products 41,43,45 94,95,96 Trak Microwave 13 ¢
Micrel Semiconductors 59 46 Tk 4 = A
Microwave Communications 86, 28 mpeter Electronics L
Microwave Filter Company 94 109 TrueTime 64 2
Mini-Circuits 4-5,7,19, 15,16,34,35,37,38, Ultra RF 37 5
27,39,47, 58,59,76,77,39,40, Valpey-Fisher 97 g
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77,83,IBC 90,91,41,42,92,93 VERLICE el e .
MITEQ 75 50 Voltronics Corporation 50 €
MTI MIlliren 72 43 Voltronics International 68 6
Nemal Electronics 96, 29 W.L. Gore & Associates 23 2
I:oise/é?nn.\ p I::J 4: WJ Communications............ccverreceecsennnens 9 5
ova Engineering.
(]
Nuhertz Technologies 56 111 Zamod 93
Paratek Microwave Inc. 51 10 Z-Communications 35,85 17,10
Peregrine Semiconductor Corp. 33 79 Zeland Software 71 3
Aethercomm 82 134 LLH Technology Publishing ..70.................... 119 RF Micro Devices 86 14
Analog Devices 84 141 Lumex 70 118 Sawtek 90 15
Anritsu 72 122 Metawave 90 150 Schaffner 72 15
API Delevan 82 138 Micrel Semiconductor............ ... g 158 Seacor. 89 18
Aries Electronics 70 116 Micro Networks 76 128 Signal P seing
3 892 g
Celeritek 135 Micro Networks 88 144 Technologies 0 W
C-MAC MicroTechnology ......88.................... 145 Mini-Circuits 76 125 .
TDK Semiconductor 70 12
Compel 94 159 Mini-Circuits 92 153
Ultra RF 84 14
Dielectric Laboratories.......... Y| | J—— 117 NCTI Algorithm Group.......... L — 115
Vect Inte: ti _S—— 8% coitvanaiiiid 1%
EM Research 80 131  OFA International 72 121 i g4 K abulicd 1
82
Fox Electronics 76 127 Pentek 88 Mg, e u
Hittite Microwave 84 139 Peregrine Semiconductor.....86..................... 143 Venmark International......... B s 1€
ILSI America 78 130 PMC-Sierra 74 124 Vishay Intertechnology
Intersil 90 148 PTI 80 133 Wi-LAN 90 14
KOA Speer 94 156 Raltron 76 126 Wireless Technologies............ L W S 18
Krytar 92 154 RangeStar Wireless 92 155 Z-Communications 80 13
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Let RF Design Putt some
.. taction in your plan
¢ “for IEEE-MTT-S

/)J'oih RF Design for a putt-putt golf tournament
| ‘v, on the exhihit floor in\Phoenix

A

* Simply come tothe RF Design booth #3615 and.pick up your score card
to accept the Putt Putt Challenge. Then ds you make your way around

the exhibit floor, look for the other “Holes®”.on the course at various
sponrsoring booths. Once you’ve completed a minimum of 9 holes you

Wil recdive an AF Design golfing prize and are eligible for a drawing far

" a PING puttery(one {o be given away.each day of the'show).
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-
ISM - industrial, scientific, and medical

JSP - java server pages

LAN - local area network

LDMOS - laterally diffused metal oxide

silicon

LMDS - local multipoint distribution service

LNA - low-noise amplifier

LO - local oscillator

LOS - line of sight

LPF - low—pass filter

LSI - large scale integration

LTCC - low-temperature co—fired ceramic

MDS - multipeint distribution systems

MMAC - million multiply accumulate
operations

MMDS - multichannel multipoint
distribution service

MMIC - monolithic microwave integrated
circuit

MOSFET - metal-oxide semiconductor

field-effect transistor

MOU - minutes of use

MSPS - million samples per second

NRZ - non-return to zero

NTC - negative temperature coefficient

OEM - original equipment manufacturer

PA - power amplifier

PAR - peak-to-average ratio

PCB - printed circuit board

PCS - personal communications system

PDA - personal digital assistant

PDC - pacific digital cellular

PECL - positive emitter-coupled logic

PHEMT - pseudomorphic high-electron-

mobility transistor

PIM - personal information management

PLL - phase-locked loop

PPM - parts per million

PSK - phase shift keying

QPSK - quadrature phase shift keying

RFI - radio frequency interference

RFIC - radio frequency integrated circuit

ROM - read-only memory

SDH - synchronous digital hierarchy

SMA - standardization management
activity

SMD - short message delivery

SMR -specialized mobile radio

SMS - short messaging service

SMT - surface-mount technology or
surface-mount toroidal

SNR - signal-to-noise ratio

SOIC - small-outline integrated circuit

SONET - synchronous optical network

SPDT - single—pole double-throw

SSPA - solid state power amplifiers

TCP - transmission control protocol

TDD - time division duplex

TDMA - time-division multiple access

TETRA - trans european trunked radio

TTL - transistor —transistor logic

TXCO - temperature-compensated
crystal oscillator

UART - universal asynchronous receiver

transmitter

UDP - user datagram protocol

UMTS - universal mobile telecommunica-
tions service

UTRA - UMTS terrestrial radio access

VCO - voltage-controlled oscillator

VCXO - voltage—controlled crystal
oscillator

VOFDM - vector orthogonal frequency

division multiplexing

VSAT - very small aperture terminal
(satellite service)

VSWR - voltage standing wave ratio

WAP - wireless application protocol

W-CDMA - wideband code-division

multiple access
WLAN - wireless local area network

10:

FILTERS

FIXED/TUNABLE

To meet your unique requirements

Telonic Berkeley
P.0. Box 277, Laguna Beach CA 92652

Tel.: 949-494-9401 Toll Free: 800-854-2436

E-mail: info@telonicberkeley.com
Web: www.telonicberkeley.com
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Since 1958

™ |

) \;

990 (10/55)
Series Antenna

COMMUNICATIONS
& ENERGY CORP

FILTERS FOR USE IN ANALOG
AND DIGITAL RECEIVERS
AND TRANSMITTERS.

2300 Series
Digital MMDS
Combiner

w
S iy
L B |
—— = f
\\:H
4634 Series
Digital Applications

Combiner

Communications & Energy Corporation
7395 Taft Park Drive

East Syracuse, NY 13057 USA

Phone {315) 452-0709 « (800) 882-1587
FAX (315) 452-0732

E-mail eng@cefiiter.com

WebSite www.cefilter.com

www.rfdesign.com
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2000 Hitacht Se luctor (America) It PAMWRXAX®O]

A. PRODUCTS:
Hybrid Power Amplifiers High Frequency Transistors
Integrated Transceiver ICs Low Rds, MOSFETs
High Power MOSFETs for Basestations Variable Capacitor Diodes

High IP3 LNA/Mixer MMICs SOI Foundry

B. TECHNOLOGIES:
Bipolar, MOSFET,

GaAs MESFET,

GaAs MMIC, HEMT,
BiCMOS, SOI BiCMOS,

CMOS with more on the way. C. MANUFACTURING:

We're a high-volume,
high-quality supplier,
from wafer to hybrid.

T o WRLF A

Get all the building blocks you need
for your wireless design solutions.

When you’re creating new wireless products, contact Hitach.

Take advantage of our wide range ot hot technologies;
innovative, advanced semiconductor products;
and superb manufacturing capabilities that deliver
quality devices and modules in high volume.

For more information, visit the URL below.

http://www.hitachi.com/semiconductor/wireless

V2= 8 HITACHI

Components

Semiconductor

INFO/CARD 72




RF' literature and product showcase

Cusrom & STANDARD FiLTERS

* Bandpass ® Anti-Aliasing Filters
® Lowpass ® Video & HDTV Filters
¢ Highpass ® Group Delay Equalized

® Linear Phase
® Phase Matched

Visit our website al www. krlmers cam for more info or send
your specifications for a technical review and guotation.

KR ELECTRONICS

91 Avenel Street « Avenel, NJ 07001
Phone: (732) 636-1900 » Fax: (732) 636-1982

® Diplexers
* Raised Cosine Filters

SURGE PROTECTION

& COAXIAL Surge
Suppressors for
PCS. GPS. RF
Equipment

< AC Protector
UL1449

< Surge Arrester
Gas Tubes

* Voltage from
75V
To 1500V

+ Available in
Surface Mount

CITEL, Inc.
Tel: 305-621-0022
Fax: 305-621-0766

www.citelprotection.com

2-4 GHZ Digital Controlled Attenuator

Description
UMCC's Model AT-D08O0-HD s a solid state Digital vanable attenuator  At-
tenuation level s set via an eight bit TTL binary code covenng 60dB dynamic
range Unit)s equipped with internal volmye vegu!alors along with tempera-
ture circurtry for g and accuracy In ail
exireme conditions Unit measures 23 x 1 6 x05 insize

Key Specifications:

@ Insertion Loss

® Attenuation R:moe Resolution

® VSWR (All Setting

[ ] Anenuanon Frequency Flatness
10 30 dB & 10dB
1080 dB 41, 20d8

@ Transfer Function Accuracy
0-10dB® 2025 dB Max
10 - 30 dB @& £0 50 dB Max

@ Switching Time

@ Operating RF Power

@ Pover Supplies

1.5 dB Max
6008 1 0 25dB Steps
151 Max

+150 dB @ 40d8
2160 dB8 & 60 dB

30-5008 B +10dB Max
50 -60dB @ £1.5 dB Max
$00 nS Max

100 mW CW/Peak

+12 10 +15VDC & 60 mA
-121t0-15 VDC & 50 mA

Universal Microwave ( omponents Corp.

5702-1 Generul Wanhingion Drive [|] [ [

Alevandria, Virginia 22M2
Teb 1703 o42.6132 « n\ (703) 642-236%

www.krfilters.com « sales@krfilters com R e
INFO/CARD 250 INFO/CARD 251 INFO'CARD 252
See us at MTTS Booth #2600
ELECTRONIC COMPONENTS I : ;
DISTRIBUTOR ' RF Microwave Components:

0.1MHz to 3.1GHz Portable Spectrum Analyzers

PS -850 0.9-550MHz PS - 5A 0.1 - 1900MHz (1300MHz optional}
PS -5B 0.1-2050MHz (2 bands) PS - 5C 0.1 - 3100MHz (3 bands)
Center/Marker frequency display with on screen marker cursor
Measurement Range: -108 to +20 dBm

Five Resoclution Bandwidths: 10KHz, 30KH2, 100KHz, 300KHz, 1MHz
50 dB Input Attenuator in 10 dB steps

2110 dB/Div vertical display with Base Line Clipper

Built - in AM/FM demodulation with monitoring speaker

Optional buitt+4n Tracking Generator

AC / DC / Battery powered (optional internal +12V bettery pack)
Size: 11.5" x 54" x 129"

Lig ght - Portable

Tel: 973-546-7635
V. Tech Instruments, Inc. Fax: 973-546-7651
171 Burns Ave, Lod), NJ 07644  E-mail: vtechinst @ erois.com
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Wireless Product Development

The “Part 15" Experts
UHF 915 MH 2 4 GHz

; Two Way Data

m Spread Spectrum
Data Modems

= Bluetooth™

= RFID

= Narrow Band Links

One Way Data

m Resource
Management

m Instrumentation

m Security

a Tracking

Standard Products

APEx Product Development

WIRELESS, INC. Licensing

2525 Frontier Ave., Suite 200, _ Boulder CO 80301
303) 443-6699, exv 26 FAX (303) 442-7123
e-mail: rf@apexwireless.com www.apexwireless.com|

Mouser Electronics
provides complete [ MOUSER
product & pricing data |§ —
for over 107,000+
components  from
200+ leading suppliers:
AMP, Fairchild, Kemet,
Phoenix Contact, Seiko,
STMicroelectronics,
Nichicon, Vishay, and
more. Our web site
offers secure online # o
ordering, downloadable calalog, data sheets, search
capabilities, and much more.
Mouser Electronics, Inc.
A TTI, Inc. Company
958 N. Main St, Mansfield, TX 76063

(800) 346-6873 or (817) 483-6828 « Fax: 817-483-6899
email: catalog@mouser.com

Web site: www.mouser.com

Typcial products: Combiners/Splitters Price from:520
Models: from 2 way 1o 48 way
Frequency range: 800MHz-2200MHz(option: 0.1-6GHz)
Isolafion: 20(dB) Insertion Loss: 0.6(dB) VSWR: 1.3:1
Connecter: N(F)/SMA/TNC
Double-Balanced Mixers Price from: $2.5
HSA-TV2 {hermetic)

Frequency Range:10-1000MHz (RF/LO); DC-800(IF)
Conversion Loss: Mid Range : 6.0dB (Typ}; 7.0d8 (Max);Total
Range: 7.5d8 { Max)

Main products: Mixers, dividers (0/90/180 deg) 1/Q, QPSK
Modulators/Demodulators, Filters (LC, Cavity, waveguide)
V(0, duplexers, resistors, circulators, isolators, el(.

fHSA-WZ COMBINERS/SPLITTERS

Tel: 86-755-6054526 Fox: 86-755-6407391/6406023
Email: szskymlt@pubh(,,s 2pit.net.cn
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New and
Current
products

promoted in

our Product
Showcase!

Reach an exclusive audience
of buyers in RF Design!

For $650 or less you can promote your
' products to thousands of interested buyers.
Four-color is included in the price.
provide us with a copy of your sales brochure
or a photograph of the product and 40-50
words of copy. We’ll do the rest!

For more information call

Simply

[-888-234-0448

Reach Thousands of Potential
Buyers in RF Design!

INFO/CARD 255
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RF marketplace

CLASSIFIED AD MANAGER

Dawn Rhoden

+1.913.967.1861 Worldwide
1.888.234.0448 USA Toll-free

Fax: +1.913.967.1735

E-mail: dawn_rhoden@intertec.com

MAIL AD MATERIALS TO:
Annette Hulsey, Classified Ad Coordinator
9800 Metcalf Avenue, Overland Park, KS 66212-2215
+1.913.967.1746 e Fax: +1.913.967.1629
E-mail: annette_hulsey@intertec.com

Find it faster...

Page
Buyers’ Source 109 |
Career Opportunities 107-109
Literature/Product Showcase

106
|

RF design

RF Design

Visit us at www.rfdesign.com to download the 2001 Media Kit. i

Includes: advertising rates, mechanical specs, editorial calendar, and sales contacts.

career opportunities

Engineers
Unwire the world.

mleash

your potential.

Nextel is known for its technology. Like the largest guaranteed
all-digital wireless network in the US. The 4-in-1 cellular business
solution. And our new wireless Internet service, Nextel Online®™.

But we owe our success to the technicatl talent behind the scenes.
People like you, who are making today's cutting-edge technology
and inventing tomorrow’s breakthroughs. So if you have that creative
spark and the desire to succeed with an industry innovator, bring
your talent to Nextel.

Explore: www.nexteljobs.com to learn more about current oppor-
tunities, including the ones listed below, in cities across the US:

* RF ENGINEERS * iDEN ENGINEERS

* PROJECT MANAGERS * SS7 ENGINEERS

* DATABASE/NETWORK ¢ SYSTEMS PERFORMANCE
ADMINISTRATORS ENGINEERS

* DISPATCH ENGINEERS ¢ PLANNING ENGINEERS

* SOFTWARE DEVELOPERS ¢ MOBILE DATA SYSTEMS

* PROGRAMMER ANALYSTS ENGINEERS & TECHNICIANS

* SWITCH ENGINEERS

Looking to employ your engineering talent with a proven winner?

Go to: www.nexteljobs.com and check out the hundreds of cutting-
edge engineering opportunities currently available with our all-digital
wireless network.

How business gets done”

www.nexteljobs.com
2000 Neatel Communications, lie. AAEOE/M/F/DH

(e pen Jeo )

ocoo ..YOUR CAREER

8 g g RF Engineering Manager: 3-5 years engineering management experience in antenna

oo or RF related products, 5 years design experience tn Wireless Communication field,
and BSEE required. Manage Engineering Department for Base Station Company RF

o0 Engineer who can direct engineering activities to include design, test prototypes

and interface with manufacturing. Must be hands-on player who can also oversee
CAD, EE, ME and test technician functional reports

RF Power Amp Deslgn: Design and develop high-efficiency low-voltage SiGe power
devices and amplitiers for cellular/PCS applications. Requirements include MS or
PhD and experience in MMIC or RFIC design and test along with 5+ years experience

in bipolar and GaAs power amp design

RFIC Designers: Hands-on engineers specializing in GaAs, Si, SiGe efc. circuit design. Design centers are
located throughout the US and internationally. The companies we represent will sponsor citizenship. All our
client companies are successful RFIC technology leaders. Al levels of engineering technology positions are
open. Design, applications. project engineering, manufactunng/production. BSEE or equal experience mini-
mum

Senior RF Engineer/fiber-optic communications products: Must be able to design and analyze RF
circuits and subsystems in the frequency range from DC to 10 GHZ. Responsible for generating
schedules and meeting deadlines. Perform hands-on testing and evaluation of new designs. Provide
proper documentation. Transition designs to manufacturing. 10-15 years of relevant “hands-on” ex-
perience in circuit /system design and product development BSEE (MSEE preferred) Proficiency with
the RF CAD tools. ADS. Series IV, Spice. Touchstone. Eagleware, EM simulators. Familiarity with
SONET and Gigabit Ethernet 1s a plus

Sr. Scientist SAW Devices: Responsible for the research and development of new or modified process
formulations and equipment, requirements and specifications in the manufacturing and evaluation of Sur-
face Acoustic Wave (SAW) devices. Conceive, plan and execute projects involving understanding, defin-
ing, and selecting new concepts and approaches for new or improved processes in SAW devices. PhD/MS

Senior Broadband Modem Design Engineer: Candidate will be responsible for the design and imple-
mentation of next generation broadband wireless access modem at speeds of 100 kb/s to 40 Mb/s
using MQAM or OFDM modulation schemes. Required candidate must have a BSEE (MSEE desired)
with 5+ years RF data communications designs experience. Knowledge of TDD/FDD/TOMA tech-
nigues is preferred
Principal Design Engineer RF IC design in the Wireless Communications and/or Broadband technolegies.
Experience in designing on multiple technologies such as HBT GaAs, SiGe, BICMOS, Bipolar. is highly desirable
RF Design Engineer Design of RF transceivers used in digital radios in the 2-6GHz frequency range. BSEE
minimum, MSEE preferred. 3+ years of board-level RF and analog circuit design expe-
rience. Experience with amplifiers, fitters, mixers, PLLs and their integration into radio

WWW. 4 transceivers.
m"z::‘m i Sr. Filter Design Engineer: 3 plus years experience in the design and develop-

ment of RF/Microwave filters for the wireless industry. Experience with ce-
ramic, cavity, combline, stripline, low pass, band pass filters a ptus. All Filter
Designers are encouraged to apply.

COMMUNICATIONS

diMICRO:

We specialize in the placement of wireless, RF, microwave cormmunications nationally.
FOR THESE AND OTHER OPENINGS 35 New England Business Center, Ste. 205 « Andover, MA 01810
CALL COLLECT: TEL: 978-685-2272  E-mail: micsearch@aol.com FAX: 978-794-5627
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Magis is driving the emerging wireless broadband industry

with next-generation video, voice and data networks.We are
looking for talented engineers to join our highly skilled team
and push wireless networks to a whole new level.

RFIC candidates must have experience in Analog/RFIC design
using one of the following semiconductor types: Silicon and/or
SiGe-Bipolar or BiICMOS or GaAs (and/or related lII-V
compounds) plus have hands-on design experience in one

or more of the following types of integrated circuits: LNAs,
VGAs, Power Amplifiers, Synthesizers and Filters.

Send via email to: jobs@magisnetworks.com; via fax to:
(858) 259-8908; or mail to: Magis Networks, Inc., 2651
High Bluff Drive, San Diego, CA 92130. EOE.

www.magisnetworks.com

O fiberspace

We are a rapidly expanding, venture
backed, pre-IPO optical networking
startup. We are seeking people with back-
grounds in RF/microwave circuits, laser
electronics and fiber optic systems.

RF Engineers (Junior and Senior) will be
responsible for designing new RF/fiber-optic
communications products. Candidates must
have 2-15 years of relevant “hands on” ex-
perience in circuit/system design and prod-
uct development and be able to design and
analyze subsystems in the frequency range
from RF circuits and DC to 10 GHz. BSEE
(MSEE preferred.) Proficiency with the RF
CAD tools: ADS, Series |V, Spice, Touch-
stone, Eagleware, EM simulators is required.
Must be able to carry a project from a con-
cept to transition to manufacturing.

This is an exceptional opportunity to engage
your talents and enhance your career with a
company involved in advanced next-genera-
tion laser technology. We are moving to Wood-
land Hills, CA by end of March 2001.

For immediate consideration,
please send your resume to:
careers @fiberspace.net
Fax: (310) 641-5790
http://www.fiberspace.net

Want a
great
idea?

Advertise
in the
RF Design
Marketplace!

Call toll-free
888-234-0448
to reserve your
spot in the
June 2001 issue!

~,

Check out wwwirfdesign.com
for more career epportunities!

Stay on Top of Your Field Every Day

visit the RF Design Web site

rfdesign.com

a member of IndustryClick

NEWS « JOBS « SUPPLIERS « RESEARCH « EVENTS
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career opportunities

COMMUNICATIONS TECHNICIAN Iil

$27.28/hr
Fine Tooth Install, repair & maintain communications & miscellaneous electronic
equipment in any of the following areas: (1) Radio - 900 MHz trunked
- mobile radio, (2) microwave (digital & analog), (3) telephone - Northern
Telecom PBXs, (4) SCADA, (5) fiber optics, (6) RFI/TVI, (7) data com-

munications & miscellaneous electronics. Requires a minimum 4 years
experience as a Communications Technician and possession of a valid
FCC General Class License or equivalent certification; climbing struc-

At Intertec List Rental we know direct tures in excess of 300 ft; ability to lift 50 Ibs to waist level, WA State

mail success happens when recipients Driver’s License; high school grad or equivalent. Looking for a team player

want your message. That's why we go willing to work on-call & overtime.

over our lists with the proverbial “fine

tooth comb”. Send cover letter & resume by 5:00 pm May 15, 2001, to: Snohomish
County PUD, Attn Employee Resources, P.O. Box 1107, Everett, WA

We continually audit and update our ists 98206 or fax to (425) 783-8675; email: resumes@snopud.com. Excel-

to deliver only the most influential lent flexible benefits plan & WA State Retirement Program. We are an

professionals. Most lists are ABC or BPA
audited, and each subscriber is a decision-
making professional in your field of busi-
ness.

EEO employer...committed to a diverse workforce.

MANAGEMENT TERRITORY PARTNERS WANTED
RECRUITERS® We are in search of experienced qualified
For more OF BOULDER, INC. fo o  espriieecl iy
e nYonithe The search and recruiting specialists md}\ |Qua s‘who are |111§l§sled m.comrollmg
RF Design their direction and obtaining their goals. We
et llisercalt are a leading manufacturer of products for
Lisa Dinkel. WINDY BRADFIELD the screen printing and graphic arts indus-
Phone: 913.967.1872 RF / MICROWAVE SPECIALIST try. For over 28 years we have served a 13-
Fax: 913.967.1897 state area and are looking to expand that to
E-mail: lisa_dinkel@intertec.com CONTINENTAL BLDG., SUITE 301 cover 50 states. Individual and multi-state
= 1401 WALNUT STREET, P.O. BOX 4657 territories available. This is an excellent op-
= BOULDER, COLORADO 80306 portunity for high income and long-term
vl_’lyt":?ssg'rl_s c (303) 447-9900 security. Please contact Mike at 1-800-844-
www.interteclists.com FAX(303) 447-9536 1301, Ext. 116.
windy @mrboulder.com

CONSULTANTS/CONSULTANT SERVICES DISCRETE COMPONENTS

CRYSTALS/RESONATORS
Electronic Soluttons SC-cut Crystal
Design atWork! Resonators

Consultants Inc.

For your SC-cut crystals requirement
Specialists in RF and Analog Design Y A .

frequency 4-33 MHz 3rd overtone. High Q.

Call EDC today with your toughest challenges. low aging 2x10"° per day. calibration £1.5
. . ppm. G-sensitivity up to <Ix10%g.
Electronic Design Consultants Inc. Holders: HC-36. HC-37. HC-40. HC-43.

8342 Bishop Rd SE

ANumisville @GR 97825 Nofech Electronics, L.td.

11 Beith Hadfus St., Jerusalem 95483 Isruel
F (5022)3497-433424654 Tel.: +972-2-6510082 « Fax: +972-2-6510292
Xy ( ) 7 Email: marketing@nofech.co.il

Email: edc@cyberis.net Webhsite: htip://www.nofech.co.il
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Worried?

eworthman@intertec.com

by Ernest Worthman
technology editor

t was inevitable that the blood-letting in the

stock market, coupled with the economic slow-
down (the recession that isn’t really happening,
according to the usual airheads in Washington)
would eventually show up in real dollars. And,
unfortunately, it has done just that, in the form of
downsizing, outsizing and rightsizing (I assume
these are the politically correct buzzwords).

Fortunately, the wireless industry is probably
more recession-resistant than some other indus-
tries (wouldn’t want to be one of those arrogant
dot-commies who finally realizes that knowing
how to work a computer isn’t the primary mar-
ketable job skill on a resume).

The lists — As I searched the Web for informa-
tion about layoffs, the majority of what I came up
with were non-telecom players (except, of course,
Motorola and a few others) - Charles Schwab,
Polaroid, Chrysler, Samsonite, etc. Furthermore, a
lot of the downsizing is happening in the computer
hardware (Compaq, Intel, Cisco) and software
(IBM/Lotus, Egghead) industries, and especially
in vertical markets (Internet consulting, ASPs,
third-party software). But, except for the most
vulnerable companies and the vertical markets,
the numbers I've seen don’t seem as catastrophic
as similar past times. Most announced layoffs
are under the 10% figure.

In my humble opinion, this bodes well for the RF
industry. Even with the “sky is falling” mentality of
the mainstream media, I really think the telecom-
munications, and particularly the RF industry,
really is in a better place than many others.

You had to know it was coming — It would
be almost impossible for me to think that any ra-
tional human being, beyond puberty, didn’t see
this coming. The dot-com rocket was out of control
from day one. Computer pundits have been
warning for a couple of years now that the con-
sumer market technology level was topping out
(meaning the market was getting saturated with
current technology and the return on
upgrades/replacements was diminishing as people
weren’t rushing out to get the few extra MHz).

Furthermore, the conservative element of the
stock market industry had been warning about
the unsteadiness in the market with so much ven-
ture speculation and amateur money out there.

So, tell me you didn't really fall into the false

www.rfdesign.com

security provided by the “golden era” of the las
few years.

OK, so now what? — Well, now that we’re al
grounded in reality again, what will happe:
when the smoke clears?

First of all, realize that some of what is going
on in the readjustment is geared toward settling
Wall Street’s jitters. Often the “outsized” num
bers include attrition and rotation as well. Thi:
makes it look like the company is belt-tightening
and calms investors nerves. Yet, the “back door
remains open. And layoffs happen all the tim:
anyway, good times or bad.

Second, the last few years have put a lot of casl
into companies’ coffers. To avoid additional tax lia
bility and obscene profits, some companies hirec
beyond the immediate need. These “good times
jobs were only as good as the economy. They ar¢
the first to go when the cash flow dries up.

Also realize that not everyone is affected acros:
the board. For example, the TRW Systems &
Information Technology Group is looking to hire
about 145 IT people over the next three months
Raytheon has over 1,000 jobs listed on it:
www.nationjob.com site. A quick search for engi
neers on www.dice.com brought up over 45,00(
jobs. When I typed in telecommunications as :
search topic on www.headhunter.com, it camq
up with over 5,000 jobs — so many it suggested
tighten the search criterion.

But what if it IS you? — Sure, some of us ar
going to be outsized - that’s a fact. If you are oni
of them, realize that it really is only a temporar;
hiatus. Even though there is a strong wireles:
infrastructure, the real technology convergence it
just beginning. You are in a sector that, b;
default (once the bugs get worked out), will likel;
see the largest expansion and offer the mos
opportunity during this century.

Don’t lose sight of the future — As you pon
der the future, consider the fact that this could bs
the cloud’s silver lining. I know of many individual:
for whom an “employment cleansing” is the bes
thing that could happen (It happened to me once)
It gives them the opportunity to sit back, take :
deep breath and reassess their current philosophy.

There is also a great deal of advice for those wh
are caught in the fray. But most of it is just com
mon sense. Losing your job is a shock in the best o
times. With the present (hyped) gloom-and-doon
environment, it’s easy to fall into the trap anc
panic. Don’t — now-a-days, everyone’s been there
There is a line from the movie Apocalypse Now tha
is one of my favorites. I paraphrase it to read some
thing like “reality is keeping your head while every
one around you is losing theirs.”

It was good advice over there, and I think it
still pretty good advice over here.

i/wu (o
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POWER DIVIDERS

0.47 1o 10GHz

21032Way.. 49

Looking for a “perfect fit" power divider for your
50 0r 75 ohm design...fast ? Just call Mini-Circuits!
Our quick response and wide variety can provide
on-target performance to match your needs exactly.
That's because we've developed a vast inventory

of low cost/high value SMA, BNC, and Type-N connector-
ized units covering cellular, GSM, ISM, PCS, and satellite
bands. Select from 2 to 32way models, wide band units
and microstrip designs going down to 470MHz. And
Mini-Circuits power dividers are built tough to handle high
matched power with good VSWR, low insertion loss, and
high isolation between ports. For even lower frequency
applications, check out our family of torroidal
transmission line power splitters and combiners with
frequencies as low as 500Hz. If you're looking for a
better blend of usability and affordability, put the power
of Mini-Circuits to work for you today!

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

o

No. Freq.
Model Of Models  Range (GHz)
2WAY-0° 151 0.50-10.0
2WAY-90° 4 1.00-4.20
2WAY-180° 2 1.00-2.49
3WAY a1 0.50-4.20
AWAY 83 0.47-8.40
S5WAY 6 0.80-1.98
BWAY 25 0.80-5.00
7TWAY 4 1.00-1.99
8WAY 62 0.50-8.40
IWAY 3 0.80-4.80
10WAY 11 0.75-2.40
12WAY 9 0.50-4.20
14WAY 1 0.90-0.99
16WAY 28 0.47-4.80
32WAY 1 0.95-1.75

For detailed model numbers, specifications,
and prices, consult our web site, RF/IF
Designer’s Guide, or call Mini-Circuits.

m Mini-Circuits 592 w83

CIRCLE READER SERVICE CARD
P.0O.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
w”’,”m The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
A
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New NEC Bipolar Transistors %
%oy 00

Higher fys, Lower 1/

New, Smaller Packages |ec—_—_bumnmm

improves electrical performance

e Low Profile is ideal for VCO modules
and other space-constrained designs

Oscillators & Buffer Amps

With the best //f performance available, these devices help you achieve the

phase noise your design demands. They're also available in Twin Transistors.
Part Number Corner Freq* Vee I Package :‘;p &é&”
NEB56M13 3KHz 3v 30mA M13 ‘#
NE685M13 5KHz 3V 5mA Mm13
*Review Application Note AN1026 on our website for more information
on 1/f noise characteristics and corner frequency calculation. New M13

One sixth the footprint area of a SOT-323

LNAs

Need low noise and high gain in an ultraminiature package for your hand-
held wireless products? These new high frequency NPN transistors deliver!

Part Number Description NF Gain Freq Package

NE687M13 11 GHz fr LNA 1.2dB 13dB 1 GHz M13
NE661MO04 25 GHz fy LNA 1.2dB 22dB 2 GHz Mo4
NE662M04 23 GHz fr LNA 1.1dB 20dB 2 GHz Mo4

. . . New M04
TW' n Tra n SISto r DeV| ces Half the footprint area of a SOT-143
Cascode LNAs, cascade LNAs and oscillator/buffer combinations are just three
possible uses of these versatile devices. Matched Die versions pair two adjacent
die from the wafer to help simplify your design, while Mixed Die versions —
an NEC exclusive — let you optimize oscillator performance while achieving
the buffer amp output power you need. 40 different combipations available.

- []j Part Number Description Q1 Spec Q2 Spec
S_;’ﬁ UPA810TC Matched Die/Cascade LNA NE856  NEB856
o ma s § UPA814TC Matched Die/Cascade LNA NE688  NE688
- ;?] — Part Number Description Q1 Spec Q2 Spec
S t UPA8B26TC  Matched Die/Osc-Buffer Amp NE685  NE685 New TC Twin Transistors
- ,L - UPA8B40TC Mixed Die/Osc-Buffer Amp  NE685 NE681 Half the footprint area of a SOT-363

Data Sheets and Application Notes are available st WWW,C @ l .com

Califomia Eastern Laboratories NEC

Santa Clara, California = 408 988-3500 = Fax-on-Demand 800-390-3232 (US & CANADA)
DISTRIBUTORS: Arrow (800) 525-6666 Reptron Electronics (888) REPTRON
Mouser Electronics (800) 346-6873 Electro Sonlc (800) 567-6642 (CANADA) INFO/CARD 23





