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You’ve found us! Boonton Electronics 
4400A and 4500A Peak Power Meters 
and Analyzers assure your radar 
stays on target. 
Boonton Electronics' 4400A and 4500A Peak 

Power Meters deliver the widest peak power 

bandwidth, fastest rise time, and most advanced 

triggering capabilities on the market today. 

They also provide automatic waveform capture, 

automatic Pulse parameter measurements, and 

Statistical measurements including PDF, CDF, 

and 1-CDF. The 4400A and 4500A bring superior 

measurement capabilities to all radar and 

avionics applications. 

When you’re looking for someone who can meet 
the most demanding testing needs, set your 
sights on Boonton Electronics. 

Boonton Electronics 
(A Wireless Telecom Group Company) 
PO Box 465 
Parsippany, NJ 07054-0465 

Phone: (973) 386-9696 
Fax: (973) 386-9191 
Email: sales@boonton.com 
Web: www.boonton.com 
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Our 
wirewound RF chip inductors 

run circles around the competition 
0402 (1005) 

0603 (1608) 

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. 
Visit us at www.coilcraft.com for technical 
data, free samples, simulation models and more. 
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WORLD’S WIDEST SELECTION 

KOs 
12.5to4OOOMHz 
Want a miniature surface mount, shielded plug-in, or rugged 

coaxial voltage controlled oscillator with the right stuff for your 
project? Contact Mini-Circuits! From custom designs to standard 

catalog models always in stock, we'll supply extra robust, 100% tested 
VCO solutions you need at a price you can afford. Choose from narrow to broad to octave band 

widths. Select linear tuning, low phase noise, and 5V models optimized for PLLs and synthesizers. 

And pick from an innovative array of miniature SM packages as small as 0.370" square for a variety of 
designs and applications. You can quickly find the model you need using "The YONI Search Engine" 
at the Mini-Circuits web site. Just enter your specs...click...and immediately start evaluating 

suggested VCO solutions using the actual measured performance data displayed. But perhaps 
you need a custom design. Not a problem! Contact us for our lightning fast response, low 

prices, and quick turnaround. Give the competition real competition...specify Mini-Circuits VCOs! 

New 2001 VCO Handbook...FREE! 

Mini-Circuits... we’re redefining what VALUE is all about! 
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FEATURES 
Featured Technology: 
Test and Measurement 
How Bluetooth’s unusual operating characteristics impact test decisions — 
Specialized test cases play a significant role in the testing and performance strategies of the design, 
manufacturing and after-market phases of Bluetooth transceivers. 

— By Teit Poulsen 

Cover Story: 
Wireless Connectivity 
Home networking leaps to digital — Keeping up with the demand and proliferation of 
technologies and applications, home networking breaks the analog barriers. 

— By Guillaume Bichot, Louis Litwin and Jumar Ramaswamy 

Featured Technology: 
EMC/RFI 
Indoor propagation issues for wireless LANS— It looks good on paper, but the actual 
variations of propagation caused by absorption, scattering and multipath make for large variations in 
path loss from the free space. 

— By Dan Dobkin 

Tutorial: 
Software 
Design Chebychev bandpass filters efficiently — Get optimum results in days by 
teaming a 3D full-wave field solver with a circuit simulator. 

—By B. Mayer, PhD and M.H. Vogel, PhD 
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MMIC AMPLIFIERS 

GAIN FROM 8 up to 23dB, OUTPUT POWER up to +20dBm 
If you need to find a MMIC amplifier with just the 
right performance and size to fit your design, 
your job just got easier! Introducing Mini-Circuits 
ERA-SM, Gali, and LEE families. Now you can 

package styles to suit your design layout 
requirements; the 3x3mm “Mini-Circuits Low 
Profile" (MCLP™) package with exposed metal 
bottom for superior grounding and heat dissipation, 

select from a variety of over 50 broadband InGaP HBT 
and low noise silicon based models with flat gain from 
8 up to 23dB, low to high output power of +2.8 to 
+20dBm, and very high IP3 up to 36dBm typical. These 
affordable, rugged, compact amplifiers have low thermal 
resistance for high reliability, and come in three different 

plus the industry standard SOT-89 and Plastic Micro-X. 
Just check our web site. You'll find all the performance 
specs and data right there, plus a wide selection of amplifier 
Designer's Kits with free test fixture included! So broaden 
your MMIC amplifier choices and maximize performance 
with Mini-Circuits ERA-SM, Gali, and LEE. 

Detailed Performance Data <S Specs Online at. www.miniçirçurts.com/amplifíer.html 
Mini-Circuits...we’re redefining what VALUE is all about! 

Actual Size 

3x3mm SOT-89 
MCLP™ 

Plastic 
Micro-X 

C3 Mini-Circuits 
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 
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THE INSIDE STORY 
ON OUR NEW 

GSM BASE STATION 
CAVITY FILTERS 

I t's the technology in Lark's cavity filters that can 
provide clear-channel GSM signals with very low insertion 

loss, deep skirt selectivity and narrow bandwidth. 

Lark cavity filters and diplexers are designed to your special 

requirements and offer the best low-cost solutions to critical 

GSM base station needs. 

Both the filter and diplexer series feature state-of-the-art 

performance, operate in center frequencies of 943 MHz and 

898 MHz, and come with most RF connector types. 

Base Station Diplexers are the double-team players with the 

right stats for heavy GSM traffic. With Tx/Rx center frequencies of 

943 MHz and 898 MHz, our GSM diplexer can boast passband 

insertion losses of 1.3 and 0.8 dBA typical. And, 

Tx/Rx channel rejection of 80 dBc minimum. 

With the world's most extensive experience and 

best product mix in RF and microwave filters, Lark is the 

filter source you can count on to come up with 

slam-dunk solutions when you need them most. 

THE CLEAR CHOICE IN FILTERS 

Lark Engineering Company 
Div. Baier & Baier, Inc. 

27282 Calle Arroyo 
San Juan Capistrano, CA 92675-2768 

Phone: 949-240-1233 
Fax: 949-240-7910 

www.larkengineering.com 
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Trimmer 
Capacitors 
Since 1972 
Sprague-Goodman has kept its 
commitment through the years to 
provide the industry with the highest 
quality, competitively priced trimmers. 

Ceramic Dielectric 
5 mm Rugged: 
• Cap ranges 15-5 5 pF to 15.0-90 0 pF 
5 mm and 7 mm Economy: 
• 10-3.0 pF to 14.0-108.0 pF 
Miniature types suitable for hybrids 
• 2 series: 2 0 x 1.2 mm; 3.0 x 1.8 mm 
• Cap ranges: 1.0 -3.0 pF to 6.0-40.0 pF 
Plastic encased 4x 4.5 mm and 6 mm types 
• Designed for volume applications 
• SMT and printed-thru-hole models 
•Cap ranges: 14 3.0 pF to 20.0-90.0 pF 

jy editorial 

Look to 
defense for the 
“killer” app 
By Roger Lesser 
editor 
rlesser@primediabusiness.com 

In last months column I addressed how the senior leadership in the government 
is pushing for more high-tech to fight the war on terrorism. As promised last month, 
in this column I would like to give you some insight on how to you can contribute to 
fighting the war on terrorism and contribute to your bottom line. Does this sound 
like capitalism at it worst? It may, but it is a reality. With every war comes a boon 
to industry. One needs only look at Krupp, Mitsubishi, General Electric, and 
General Motors (and on and on). You tell me the war and I’ll tell you the company. 

SURFTRIM® Surface Mount 
•4 sizes with 7 mounting styles: 

2.2 x 3.1 x 1.2 mm 
3.2 x 4.5 X 1.8 mm 
4.0 x 4.5 x 2.7 mm (sealed) 
5.2 x 4.3 x 3.2 mm (sealed split stator) 

•Carrier and reel or bulk pack 
•0 5-2.0 pF to 8 5-50.0 pF in 17 cap ranges 

FILMTRIM Single Turn Plastic 
•Cap ranges: 0.5-4. 5 pF to 25-600 pF 
•Q to 1500 at 1 MHZ 
•Operating temp: 

PTFE, Polycarbonate, Polyimide: 
-40° to +85°C 

Polypropylene: -40° to +70°C 
High temp PTFE: -40° to +125°C 
PPS: -25° to +85°C 

•8 sizes from 5 mm to 16 mm, including 
4 SMT models 
•More stable with temperature than other 
single turn trimmers 

Glass and Quartz PISTONCAP 
•QPL models to MIL-C-14409D 
•Extremely stable over temperature, 
frequency, voltage, etc. 

•Cap ranges: 0 5-3.0 pF to 1.0-120 pF 
•Zero backlash multiturn adjust 
mechanism 

•Operating temp: -55° to +125°C 
(models to +200°C) 

•Q to 1500 at 20 MHZ 
•PC, panel and surface mounting 
•Voltage ratings from 500 to 5000 V 

For information on our complete line of 
trimmers and other quality products, visit 
our website, or phone, fax or write today 

SPRAGUE 
Gooomon 

Where’s the money? 
For too long there has been an assumption that there is no money to be made 

working with military. And up until 9/11 there was some truth to the assumption. 
The DoD’s budget was cut significantly during the Clinton years. Some cost cutting 
was warranted and if anything positive came out of the lack of funding it was the 
DoD’s appreciation for high-tech. For the purpose of this column (and the realities 
of the new kind of war we are fighting) let’s refer to not just the military but to the 
government since there are a number of agencies fighting the war. 

Times have changed. Forever. As you many know, President Bush has proposed 
the establishment of a new cabinet level Department for Homeland Security. As I 
write this Congress is on vacation so the proposed new department is on hold as is 
the bill to fund the fight against terrorism. (That’s doing the people’s business 
alright.) 

If the President gets his way we will see billions spent on the war on terror. $3.5 
billion is the current target for spending on first responders to emergencies. We 
estimate $1 billion will be spent on communications equipment. 

Within the DoD, $10 billion is being targeted toward homeland security. The 
DoD’s active involvement can be seen by the recent appointment of Pete Verga as 
Special Assistant for Homeland Security. He will direct the DoD’s Homeland 
Security Task Force. 

While I’m still wading through the FY 2003 budget, it is obvious that the DoD is 
going to spend significant dollars on communications. A good example is Science 
Applications International Corp.’s (SAIC) recent award of over $11 million for the 
engineering of the Submarine Communications/Information and C4I Systems. 

So, the money is going to be there. The only question now is when will govern¬ 
ment get off the dime and get to work building out new capabilities. 

Is it worth it for you to refocus on government communications? 
Yes. The industry is looking for the next “killer application” in the wireless and 

telecom markets. 3G isn’t it. So what is? In my opinion the app is here and it is gov¬ 
ernment communications. If your company is not evaluating entering into govern¬ 
ment contracts consider this — Your competitors are. I’ve been in discussions with a 
number of companies who are creating new units to address government require¬ 
ments or are returning to the government market. 

So, there you have it. You can contribute to your bottom line by evaluating your 
products and the potential they have for government applications. But how do you 
start? That will be next month’s column. 

1700 Shames Drive, Westbury, NY 11590 
Tel: 516-334-8700 • Fax: 516-334-8771 
www.spraguegoodman.com 
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Introducing 

Stripline Couplers 
h fora 1wireless 

, work. 

The introduction of new wireless standards has encouraged 
the development of new linear power amplifier architectures. 
Vari-L is introducing a line of 3 dB hybrid couplers to 
facilitate PA engineers’ design challenges. Our couplers 
offer superior phase balance, excellent modeled-to-measured 
correlation and power handling up to 150W. 

To find out howVari-L’s 3 dB hybrid couplers can 
“have a part in your future” please visit our website at 
www.vari-l.com or email us at sales@vari-l.com. 

Part Coupling Start Stop Amplitude Insertion Phase Balance Isolation VSWR Power Package 
Number Frequency Frequency Frequency Balance Loss (Degrees max.) (dBmin.) (max:1) Handling 

(dB max.) (dB max.) (Watts) 

AM03M 3 1700 2000 +/-0.2 0.20 2 23 1.17 60 0.56"x 0.20"x 0.072" 
AP03M 3 2000 2300 +/-0.2 0.20 2 23 1.17 60 0.56"x 0.20"x 0.072" 
AW03M 3 2300 2700 +/-0.2 0.20 3 22 1.18 60 0.56"x 0.20"x 0.072" 
BC03M 3 3300 3700 +/-0.2 0.20 4 22 1.19 60 0.56"x 0.20"x 0.072" 

AH03L 3 815 960 +/-0.3 0.23 3 22 1.18 150 0.56"x 0.35"x 0.075" 
AN03L 3 1500 2200 +/-0.4 0.25 3 20 1.20 100 0.56"x 0.35"x 0.075" 
AR03L 3 1800 2200 +/-0.2 0.25 3 20 1.20 100 0.56"x 0.35"x 0.075" 
AV03L 3 1800 2700 +/-0.5 0.30 5 18 1.25 60 0.56"x 0.35"x 0.075" 
AS03L 3 1930 1990 +/-0.15 0.23 2 21 1.17 100 0.56"x0.35"x 0.075" 
AP03L 3 2000 2300 +/-0.2 0.20 2 23 1.17 60 0.56"x 0.35"x 0.075" 

L AY03L 3 3400 3500 +/-0.3 0.30 5 21 1.25 60 0.56"x 0.35"x 0.075" j 

Actual data for AP03L 

Coupling 

Coupling 

Freq IGHzl 

4895 Peoria Street 

Denver, Colorado 80239 
PRODUCTS 

303.371.1560 

fax 303.371.0845 

sales @ vari-l.com 

Phase balance 

I4RIL 
We Have A Part In Your Future 

PLL Synthesizer Modules Narrow Band Voltage Controlled Oscillators 

Wide Band Voltage Controlled Oscillators Couplers 

ISO 9001 Certified 
PROUDLY MADE 

IN THE USA 

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

WWW 
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3-2500MHz æiwæ (qty. 100) 

It used to be that small RF transformers with high end 
performance cost a lot, but not since Mini-Circuits 
introduced the all ceramic TC and high strength 
plastic TCM families. Now you can get impedance 
ratios from 0.1:1 to16:1 ohms with good return loss and 
broad bandwidths from 0.3 to 2500MHz at price buster 
values. Plus, these ultra-small performers have 
all-welded, solder plated leads for highly reliable 
pick-up and solderability during automated 
assembly. So have it both ways; high performance 
AND low price with Mini-Circuits TC and TCM 
surface mount transformers. 

¿ ' L PLASTIC CASE 

" ' Q Ratio Freq. 
Model & Config. (MHz) 

TCM1-1 1C 1.5-500 

TCML1-11 1G 600-1100 

TCML1-19 1G 800-1900 

Ins. Loss* Price $ea. 

1 dB (MHz) (qty. 100) 

5-350 .99 

700-1000 1.09 

900-1400 1.09 

CERAMIC CASE 

il Ratio Freq. 
Model & Config. (MHz) 

TC1-1T 1A 0.4-500 

TC1-1 1C 1.5-500 

TC1-15 1C 800-1500 

Detailed Performance Data & Specs Online at. www.minicircuit .com/model 

TCM2-1T 2A 3-300 3-300 1.09 

TCM3-1T 3A 2-500 5-300 1.09 

UCM4-4 4B 0.5-400 5-100 1.29 

TCM4-1W 4A 3-800 10-100 .99 

TCM4-6T 4A 1.5-600 3-350 1.19 

TCM4-14 4A 200-1400 800-1000 1.09 

TCM4-19 4H 10-1900 30-700 1.09 

TCM4-25 4H 500-2500 750-1200 1.09 

TCM8-1 8A 2-500 10-100 .99 
TCM9-1 9A 2-280 5-100 1.19 

TC1.5-1 

TC2-1T 

TC3-1T 

TC4-1T 

TC4-1W 

TC4-14 

TC8-1 

TC9-1 
TC16-1T 

TC4-11 

TC9-1-75 

1.5D 

2A 

3A 

4A 

4A 

4A 

8A 

9A 

16A 

50/12.5D 

75/8D 

5-2200 

3-300 

5-300 

5-300 

3-800 

200-1400 

2-500 

2-200 

20-300 

2-1100 

0.3-475 

Ins Loss* 

1dB (MHz) 

1-100 

5-350 

800-1500 

2-1100 

3-300 

5-300 

1.5-100 

10-100 

800-1100 

10-100 

5-40 

50-150 

5-700 
09-370 

Price Sea. 

(qty. 100) 
1.19 

1.19 

1.29 

1.59 

1.29 

1.29 

1.19 

1.19 

1.29 

1.19 

1.29 

1.59 

1.59 
1.59 

Dimensions (LxW): TCM .15' x .16* TC .15' x .15' ♦Referenced to midband loss. 

ELECTRICAL CONFIGURATIONS 
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RF news_ 
WLAN market growing, 
opportunity for operators 
The Wireless LAN (WLAN) market 

continued to shine, as unit shipments 
grew 15 percent overall in 2Q02, 
bringing some much-needed sunshine 
to the dreary networking technology 
industry, according to In-Stat/MDR 
(www.instat.com). However, the 
high-tech market research firm 
reports that end-use revenues 
remained flat, with overall end-use 
revenues falling 1 percent over the 
quarter. This tremendous outpacing 
of equipment volume growth to rev¬ 
enue growth points to the rapid com¬ 
moditization of the 802.11b equip¬ 
ment market. 

“Although the slightly negative rev¬ 
enue growth is troubling for WLAN 
equipment manufacturers across the 
board, the falling margins have both dri¬ 
ven increased 802.11b volume ship¬ 
ments, as well as spurred vendors to 
quickly roll out new, high-speed prod¬ 
ucts,"commented Gemma Paulo, a 
Senior Analyst with In-Stat/MDR. “This 
is not an industry that is lacking in 
innovation, as even the low-end vendors 
are finding ways to differentiate their 
WLAN products, this is a very good sign 
that there is still a significant amount of 
momentum in this market.” 

In-Stat/MDR also found that: 

• Networking giant Cisco continued 
to dominate the market in terms of 
overall revenue, although small busi¬ 
ness and home specialist Linksys 
topped the market in terms of unit 
shipments. 

• The 802.11a market continued its 
healthy growth, with players such as 
Proxim, Intel, Netgear, D-Link, SMC, 
and Actiontec contributing to this vol¬ 
ume and revenue growth. 802.11a 
newcomer Linksys grabbed 5 percent of 
the quarterly 802.11a volume share 
even though it started shipping very 
late in the second quarter. 

• The home market continued to 
drive overall WLAN market growth, 
with total home shipments growing 20 
percent, spurred on by the popularity of 
low-cost wireless broadband gateway 
products (combo AP and router devices 
often with multiple Ethernet ports and 
optional print servers). Linksys, D-
Link, Buffalo, Apple and Netgear all 
performed strongly in the home/SOHO 
market. 

• Asia Pacific remained a high-
growth market for wireless LAN 
growth, with Taiwan, South Korea and 
Hong Kong coming on very strong. D-
Link registered impressive growth in 
Taiwan and AsiaPac in general. 

The report, “2Q 2002 WLAN Market 
Analysis”(#IN020201WL), contains 
market shares and forecasts for NICs 
and access points, by technology 
(802.11b, 802.11a, others), and by mar¬ 
ket (business and consumer). 

In another report, “Public WLAN 
Service: Mobile Operators Mustn’t Miss 
the Boat,” In-Stat/MDR notes that if 
they don’t act quickly, mobile operators 
may miss their chance to get a critical 
head start in the burgeoning public 
Wireless LAN market. 

The high-tech market research firm 
reports that offering WLAN services 
today will enable mobile operators to 
experiment with broadband services, to 
combine them with their GPRS and 
CDMA lx RTT offerings, and migrate 
users to WCDMA when it becomes 
available. If they delay in implementing 
WLAN technology, competitors will get 
a sole head start over mobile operators, 
covering all the hotspots and competing 
head-on with their future services. 

“Public WLAN services will help edu¬ 
cate users on WWAN data usage, thus 
increasing their usage and adding to 
overall data ARPU incrementally while 
helping to alleviate the decline in voice 
ARPU,” says Donald Longueuil, an 
Analyst with In-Stat/MDR. Mobile 
operators will be able to contain the 
potential revenue erosion from competi¬ 
tive WLAN providers by offering public 
WLAN services themselves. 

“Entering this new market will not 
only provide them with a logical service 
line extension, but it will also allow 
them to defend their valuable future 
next-generation revenues.” 

In addition, they will be able to 
address a demand that they currently 
do not meet, increasing their overall 
data cash flows. According to 
Longueuil, “Every mobile operator 
could achieve increased wireless data 
revenue if they implement a WLAN 
solution properly. But to do this, they 
must start now, either by growing 
organically or by purchasing a WLAN 
service provider. Delaying entry into 
the market will likely prove detrimen¬ 
tal in the long run.” 

In-Stat/MDR has also found that: 

• WWAN/WLAN as a combined 

offering achieves approximately $676 
million greater revenues worldwide in 
2006 that offering WWAN alone. 
Mobile operators’ 

overall cash flows could increase 51 
percent, as offering WLAN service will 
not only generate revenue for that ser¬ 
vice, but will also cause an addition to 
WWAN usage and cash flow 

• In 2006, of the total public WLAN 
users worldwide, approximately 52 per¬ 
cent will be paying their service bills to 
WWAN operators. Fairly consistent 
growth is forecasted throughout the 
world, particularly in Europe and 
Asia/Pacific. Growth will be strongest 
in early years, as the market is being 
developed, since mobile operators will 
have the CAPEX and desire to be the 
first to market, and to attract and 
solidify a user base. 

• Due to the number of mobile opera¬ 
tors in Europe and their deployment 
strategies, Europe should lead the 
other three regions in total number of 
mobile operator WLAN users. 

• There will be approximately 5,000 
hotspots at the end of 2002 worldwide 
and approximately 41,000 at the end of 
2006. Although private non-telecom 
companies own the majority of public 
hotspots today, that majority will shift 
to the mobile operators by 2006. 

Peregrine dedicates unit to 
space and defense markets 
Peregrine Semiconductor, San 

Diego, Calif., has dedicated a compa¬ 
ny unit specifically targeted at devel¬ 
oping products for the stringent qual¬ 
ity needs of the space and defense 
markets. Peregrine Semiconductor’s 
co-founder and CTO, Ronald E. 
Reedy, Ph.D. will head the division as 
vice president of space and defense at 
the company. Dr. Reedy is a co¬ 
inventor of Peregrine’s Ultra Thin 
Silicon (UTSi) technology. 
“Working with the military and 

aerospace markets is nothing new to 
Peregrine Semiconductor. We have 
been working with the government 
for over four years now, and our cus¬ 
tomers include many of the largest 
satellite and military manufactur¬ 
ers,” commented Reedy. “Introduction 
of our formalized Space and Defense 
Business Unit illustrates our contin-
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10MHz to 7GHz AMPLIFIERS^ 
From amateur radio to cellular to satellite applications, 
with medium output power up to 17dBm, 
Mini-Circuits versatile ZJL and ZKL connectorized 
amplifiers offer the broad range of choices 
designers demand for achieving high system 
performance goals. Ultra-wideband models 
deliver gain ranging from 9 to 40dB and IP3 
up to +32dBm. But beyond the performance 

SPECIFICATIONS 

Model 
Freq 
(MHz) 

and reliability built into these miniature 12V amplifiers lies 
another important feature, the low price...from only $99.95! 
Call now for fast delivery. 

ZJL-5G 
ZJL-7G 
ZJL-4G 
ZJL-6G 
ZJL-4HG 
ZJL-3G 

ZKL-2R7 
ZKL-2R5 
ZKL-2 
ZKL-1R5 

20-5000 
20-7000 
20-4000 
20-6000 
20-4000 
20-3000 

10-2700 
10-2500 
10-2000 
10-1500 

Gain(typ) 
Midband Rat 
(dB) (±dB) 

9.0 ±0.55 
10.0 ±1.0 
12.4 ±0.25 
13.0 ±1.6 
17.0 ±1.5 
19.0 ±2.2 

24.0 ±0.7 
30.0 ±1.5 
33.5 ±1.0 
40.0 ±1.2 

Max. 

Ponti 
(dBm) 

15.0 
8.0 
13.5 
9.0 

15.0 
8.0 

13.0 
15.0 
15.0 
15.0 

Dynamic Range 
(Typ ©2GHz^) 
NF(dB) IP3(dBm) 

32.0 
24.0 
30.5 
24.0 
30.5 
22.0 

30.0 
31.0 
31.0 
31.0 

Price 
$ea. 

l(mA)3 (1-9) 

80 129.95 
50 99.95 
75 129.95 
50 114.95 
75 129.95 
45 114.95 

120 149.95 
120 149.95 
120 149.95 
115 149.95 

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

NOTES: 
1.Typical at 1dB compression. 
2. ZKL dynamic range specified at 1GHz. 
3. AH units at 12V DC. 
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ued commitment to these important 
markets require.” 

“In the past, silicon on sapphire has 
been in high demand for use in space 
and military applications, but the cost 
and lack of high volume requirements 
of the market prevented the substrate 
from being readily adopted. By 
reusing over 90 percent of our com¬ 
mercial design and manufacturing 
technology, and then customizing 
products for the higher demands of the 
aerospace markets, we are able to 
meet the quality, cost and supply 
requirements of these markets and 
introduce more products, more cost 
effectively,” Reedy said. 

Survey finds signs that 
the worst may be over 
The Fabless Semiconductor 

Association (FSA), announced the 
release of its 3Q 2002 Wafer Demand 
Survey Report. The survey noted a 
significant 9 percent increase in 
actual wafer demand for Q2 2002 
over the 3percent increase in QI 
2002 from Q4 2001. However, com¬ 
pared to the previous forecast, Q2 
2002 wafer demand was only 88 per¬ 
cent of the previous forecast. The 
survey participants lowered their 
forecast growth in wafer demand for 
the remainder of 2002 and all of 
2003, which is consistent with pre¬ 
vailing market sentiment. 
On a positive note, the Q2 2002 

9% quarter-over-quarter (Q-o-Q) 
increase in aggregate actual wafer 
demand for returning respondents 
from the 2002 annual survey indi¬ 
cates that recovery will be moderate 
and gradual, with considerable indi¬ 
vidual company variability. Overall, 
the returning respondents from the 
2002 annual survey (fabless and 
integrated device manufacturers) 
expect steady Q-o-Q wafer demand 
increases in Q3 2002, Q4 2002, QI 
2003 and Q2 2003. 

BUSINESS BRIEFS 

Five-year MEMS forecast 
shows $5.7 billion increase 

Despite tough economic conditions 
overall, MicroElectroMechanical sys¬ 
tems (MEMS) continues its upward 
trek, according to In-Stat/MDR, 
Scottsdale, Ariz. The market 
research firm reports that every 

Spectrum Control acquire FSY 
Microwave — Spectrum Control, 
Fairview, Pa., has acquired all of the 
outstanding common stock of FSY 
Microwave, Columbia, Md. The pur¬ 
chase of FSY allows Spectrum Control 
to expand it existing Specwave line of 
ceramic-based wireless products and 
custom engineered wireless solutions. 

Microsoft selects Taiyo Yuden 
as Bluetooth supplier — 
Microsoft, Seattle, Wash., has 
selected Taiyo Yuden, Schaumburg, 
Ill., as its Bluetooth module suppli¬ 
er for the company’s next generation 
wireless keyboard and mouse sys¬ 
tems. Under the contract, Taiyo 
Uden will manufacture Bluetooth 
modules with Microsoft’s human 
interface device (HID) profile 
embedded on the flash memory. 

M-tron Industries and Arrow 
Electronics sign deal — M-tron 
Industries, Yankton, S.D., has 
signed a distribution contract with 
Arrow Electronics, Melville, N.Y. 
Arrow is a leading distributor of 
electronic components and computer 
products and provides material 
management programs for active 
and passive electronic components 
worldwide. 

RF Micro Devices and Brigh-
Com offer Bluetooth solution — 
RF Micro Devices, Greensboro, N.C., 
and Brightcom, Tel Aviv, Israel, 
have collaborated to offer a com¬ 
plete Bluetooh solution. The solu¬ 
tion is comprised of RF Micro 
Devices’ RF2968 transceiver and 
BrightCom’s IntelliBLUE chips and 
BrightCORE software. Bother com¬ 
panies intend to offer evaluation 
platforms and reference designs. 

Vishay Intertechnology and 
Garrett Electronics sign distrib¬ 
ution agreement — Vishay 
Intertechnology, Malvern, Pa., and 
Garrett Electronics, Santa Maria, 
Calif., have signed a distribution 
agreement. Under terms of the 
agreement Garrett Electronics will 
offer Vishay’s passive components 
initially. Garrett anticipates being 
able to expand it portfolio of Vishay 

components, pending establishment 
of inventories and development of 
marketing plans. 

Cadence and UMC partner to 
enhance nanometer design for 
manufacturability — Cadence 
Design Systems, San Jose, Calif., 
has announced a joint initiative to 
help customers facilitate the smooth 
transition to fabrication through 
physical design verification using 
Cadence’s technology for nanometer 
designs. Under this initiative, 
Cadence Assura physical verifica¬ 
tion solution DRC decks for 0.25-, 
0.18- and 0.13-micron CMOS logic 
technologies are now available for 
download free-of-charge on UMC’s, 
Taiwan, “My UMC” customer Web 
site (www.umc.com). 

Avestor to start production of 
new battery for telecom applica¬ 
tions — Avestor, Canada, has 
announced that it is now ready to 
commercially produce the first gen¬ 
eration of its lithium-metal-poly-
mer battery, the SE 48S70, specifi¬ 
cally designed for the 
telecommunications industry. The 
SE48S70 battery provides operates 
in ambient temperatures ranging 
from -40° C to 65° C (-40° F to 149° 
F) using one-third the space and 
with one-fifth the weight of tradi¬ 
tional valve-regulated lead-acid 
(VRLA) batteries. The SE 48S70 
battery has an expected service life 
of approximately 10 years. The SE 
48S70 will be built in a new 
130,000-square-foot facility located 
in Boucherville (Quebec, Canada). 
The plant will have a rated capacity 
of 120 megawatthours. Production 
is expected to start this fall. Avestor 
is accepting advanced orders for the 
new battery. 

Hittite Microwave names two 
new representatives — Hittite 
Microwave, Chelmsford, Mass, 
announced the appointment of two 
new sales representative firms to 
serve customers in India and Tai¬ 
wan. Syratron Marketing Private 
Ltd., headquartered in Bangalore, 
will handle sales in India, while 
Bandtek International Co., Ltd. will 
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major market has now embraced the 
technology and that mature seg¬ 
ments will see relatively low com¬ 
pound annual growth rates (CAGRs), 
and that in others, such as the com¬ 
munications and consumer markets, 
MEMS has only just begun to 
scratch the surface. As a result, 
worldwide revenues for MEMS are 
forecast to grow from $3.9 billion in 
2001 to $9.6 billion in 2006. 
In-Stat/MDR reports that while 

VC funding is certainly down, it is 
by no means out, and MEMS start¬ 
ups continue to emerge. However, 
considerable fab overcapacity cur¬ 
rently exists, and it appears that the 
situation will only worsen over the 
next year. 
In-Stat/MDR also found that the 

shift from sensor-driven revenues to 
non-sensor-driven revenues is con¬ 
tinuing. In 2001, non-sensor devices 
comprised nearly a third of total 
MEMS revenues, whereas by 2006, 
they will account for almost half. 

BUSINESS BRIEFS 
cover the market in Taiwan. Syra-
tron specializes in the sales and dis¬ 
tribution of RF/microwave compo¬ 
nents, and has strong ties with local 
defense, space, and communications 
companies. Bandtek has developed a 
close working relationship with 
defense and wireless customers in 
Taiwan. 

Avnet RF & Microwave launches 
new business unit — Avnet RF & 
Microwave, San Diego, Calif., has 
launched Wavelength Design Solu¬ 
tions (WDS), a new business unit, 
which will provide services and prod¬ 
ucts to customers incorporating 
wireless technology into their end 
products. According to Avnet RF & 
Microwave, WDS was created to 
assist original equipment manufac¬ 
turers (OEMs), original design man¬ 

ufacturers (ODMs), and enterprises 
that plan to incorporate wireless 
technology into their end products, 
but do not necessarily have the tech¬ 
nical expertise and or resources to do 
the job internally. 

Companies to jointly offer 
DC/RF parametric test solution 
— Agilent Technologies, Palo Alto, 
CA has announced a new paramet¬ 
ric test platform, developed in 
cooperation with ACCRETECH, 
Japan, and Cascade Microtech, 
Japan. The Agilent 4070 DC/RF 
parametric test solution is a com¬ 
plete, integrated test solution for 
direct current (DC) and radio fre¬ 
quency (RF) testing of RF-CMOS 
devices used in wireless, consumer 
electronics, high-speed Internet 
and other applications. 
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Satellite radio not cutting 
it with consumers 
While telecom is seeing a continued 

down turn, many have looked at com¬ 
mercial satellite applications as 
potential new markets for compo¬ 
nents and subsystems. One applica¬ 
tion that showed promise was satel¬ 
lite radio. However, after less than a 
year on the market the nation’s only 
two satellite radio companies, Sirius 
and XM are attempting to get new 
financing before they run out of 
money. 

According to the Associated Press, 
shares of Sirius Satellite Radio fell 
significantly after the company said it 
was not signing up subscribers as fast 
as predicted. XM Satellite has exceed¬ 
ed early subscription forecast by sign¬ 
ing up 136,000 customers. XM had 
forecast 130,000. 
Even with the somewhat better than 

forecast signups, XM said it would run 
out of cash early next year and would 
have to discontinue operations if it did 

not raise additional funds. 
Sirius has reported it needs anoth¬ 

er $300 million by the middle of 2003 
or it would have to file for bankrupt¬ 
cy. 

Sirius spent $1.9 billion on its net¬ 
work of three satellites and 92 land 
basestations. Sirius reported a second 
quarter loss of $124.6 million, or 
$1.62 per share, on revenue of 
$70,000. 
XM satellite spent about $1 billion 

on its satellite and ground station 
network. 

Harris selected for U.S. 
Army’s WIN-T Program 
Harris, Melbourne, Fla., announced 
that it anticipates the immediate 
award of a major subcontract from 
Lockheed Martin Mission Systems, 
Gaithersburg, Md., for the design and 
test of the wireless transmission sys¬ 
tem architecture as part of the three-

year competitive downselect for phase 
one of the U.S. Army’s Warfighter 
Information Network —Tactical 
(WIN-T) program. WIN-T is the next 
generation of military tactical com¬ 
munications systems, featuring an 
integrated framework of standards 
and protocols that will optimize offen¬ 
sive military communications. The 
production phase of the program, if 
awarded to the Lockheed Martin 
team in 2005, could increase the total 
value of the program for Harris to $1 
billion over a 15-year period. 
The WIN-T will bringing enhanced 
mobile bandwidth and networking 
capability to the battlefield, and will 
provide modern networking technolo¬ 
gy to U.S. Army warfighters. It will 
enable battlefield situational aware¬ 
ness on-the-move and give comman¬ 
ders new capabilities to synchronize 
combat power. The system will pro¬ 
vide a highly secure network back¬ 
bone for high-speed communications 
for voice, data and video. 

New High Frequency TEMEX SAW Filters 

A new generation of high frequency SAW components up to 3 GHz is the product 
of TEMEX investment in the latest 0.35 pm process technology. 

In addition to the planned range of new standard products including filters for UMTS, 
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HFtest and measurement 

How Bluetooth's 
unusual operating 

characteristics impact 
test decisions 

Specialized test cases play 
a significant role in the testing 

and performance strategies 
of the design, manufacturing 

and after-market phases 
of Bluetooth transceivers. 

By Teit Poulsen 

Bluetooth wireless technology is an open specifi¬ 
cation for a wireless personal area network 

that provides limited-range, wireless communica¬ 
tions for voice and data transmissions between 
information appliances. It is a promising solution 
for portable devices and for interconnecting com¬ 

puter and communications devices via a radio link, 
rather than with cumbersome cables. The 
Bluetooth module includes a radio transceiver that 
can be built into various host devices with a need to 
communicate with other devices. 

Mainstream applications include mobile phones, 
laptop PCs and personal digital assistants (PDAs). 
All connections are real-time, fast and secure. 

Interference - the great equalizer 
Operating in the 2.4 GHz industrial/scientif-

ic/medical (ISM) band, interference can occur 
between Bluetooth and other devices such as wire¬ 
less local area networks (LAN) services and appli¬ 
ances such as microwave ovens. 
To help Bluetooth operate successfully in the 

crowded environment of the ISM band, modula¬ 
tion is based on frequency-shift keying (FSK). FSK 
modulation is used because it has reduced suscep¬ 
tibility to interference. However, Bluetooth goes a 
step further by employing a spread-spectrum fre¬ 
quency-hopping scheme. 

Spread-spectrum - the great enabler 
Operating at 1.6 khops/sec in a pseudorandom 

sequence, the transmitter alternates among 79 car¬ 
rier frequencies over the range 2.4 to 2.4835 GHz, 
with channels spaced 1 MHz apart. This eliminates 
the need to perform rigorous radio planning and 
improves link reliability in the presence of other 
ISM spectrum users. 

Governed by the pseudorandom generator in the 
master device, the signal sent to the slave hops 
from channel to channel. The signal dwells at each 
channel frequency for a 675 ms interval in what is 
called a ‘time slot’. The master transmits during 
even-numbered time slots and is the slave during 
odd-numbered time slots. Voice bits and data bits 
are transmitted in packets. These packets may 
straddle one, three, or five of the 675 ms time slots. 

In single-slot mode, the slots are frequency 
hopped in accordance with the pseudorandom 
sequence governed by the master (see Figure 1). 
Notice that in multi-slot mode, the signal dwells at 
the same frequency for two intervals (2 x 675 ms) 
and then does a ‘catch up’, returning to the govern¬ 
ing pseudorandom sequence. 
A Bluetooth radio can be implemented with a 

number of system architectures, from direct frequen¬ 
cy-modulated, voltage-controlled oscillator/analog 
discriminator to IQ modulated/digital demodulator 
designs. Figure 2 shows a typical block diagram of a 
Bluetooth device in which the transceiver employs 
an IQ modulator/demodulator. This figure depicts 
the RF transmitter, the receiver and the con-
troller/processor. 

Typically, designs employ a single local oscillator 
— such as the voltage-controlled oscillator/phase 
lock loop (VCO/PLL) shown in this figure — that 
switches between receive and transmit functions. 
The transmitter up-converts the baseband informa¬ 
tion arriving at the digital-to-analog converter(s) 
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Figure 2. Block diagram of a Bluetooth device. 

(DAC) to the frequency-modulated car¬ 
rier. Frequency hopping and bursting 
are performed at this level. 

Likewise, the receiver downconverts 
and demodulates the RF signal and 
feeds the baseband signal to the 
Gaussian FSK modem. 

GFSK - the next level 
The scheme relies on GFSK using 

two closely-spaced frequencies to repre¬ 
sent a ‘0’ or T. The peak allowable fre¬ 
quency deviation from the carrier cen¬ 
ter frequency is 175 kHz. Unlike stan¬ 
dard FSK, GFSK employs a Gaussian 
filter prior to modulation and transmis¬ 
sion. This filter rounds each transmit¬ 
ted pulse, thereby reducing spectral 
width and enabling the signal to fit 
more efficiently into a narrower fre¬ 
quency band. 

In Bluetooth terms 
The term BT = 0.5, with reference to 

Bluetooth modulation, refers to the 
bandwidth-time product, a design para¬ 
meter that dictates the time spread of 
the frequency-shaping pulse. It is the 
product of the 3 dB baseband band¬ 
width of the Gaussian filter and the bit 
duration. A value of 0.5 results in a rel¬ 
atively small pulse width and thereby 
reduces the amount of intersymbol 
interference. 
As for data throughput, the base rate 

is IM symbols/s. The effective data 
throughput is somewhat lower, howev¬ 
er, because of protocol overhead. The 
asynchronous channel supports an 

asymmetric link of 721 kb/s, maximum, 
in either direction while enabling 
57.6kb/s in the return direction. The 
alternative is a 432.6 kb/s symmetric 
link. 

Power to the Bluetooth 
With regard to power and depending 

on the class of service, the transmitter 
output ranges from 0.25 to 100 mW. 
The maximum permissible level is 
Class 1 at 100 mW (+20 dBm). At this 
power level, the operating range is 
approximately 100 meters. 

Bluetooth’s test modes 
The Bluetooth device can operate in 

different modes: normal, transmitter 
(TX) test and loopback test (illustra¬ 
tions of the loopback and transmitter 
mode appear in Figure 3). Transmitter 
Mode is the normal mode (the same 
mode in which standard Bluetooth 
communication occurs). In this mode, if 
a test system is programmed to func¬ 
tion as a master and sends POLL pack¬ 
ets to the Bluetooth device (slave), the 
device will confirm the reception of 
these packets by sending back a NULL 
packet. (The description of POLL and 
NULL packets can be found in readily 
availble documents). 

In this mode the test equipment is 
able to examine test packets and deter¬ 
mine characteristics such as initial car¬ 
rier frequency tolerance. 
The loopback test mode is where the 

Bluetooth device (slave) is asked to 
decode the packets sent by the test sys¬ 

tem (master) and respond by sending 
back the payload using the same pack¬ 
et type. The bit error rate test requires 
such loopback capability. The tester 
sends a packet such as a PN9 sequence. 
The device under test will then sends 
back those same packets. The tester 
compares what is received with what 
was sent. If they are all the same, the 
bit error rate is zero. If 1% of the bits 
are wrong, the BER is 1%. 

Test set-ups 
Different set-ups may be used for 

Bluetooth transmitter tests, depending 
on whether one is testing an entire 
Bluetooth device, an RF transmitter or 
an RF component of the transmitter. 
One way to test the transmitter per¬ 

formance of a full Bluetooth device is to 
use a Bluetooth test set. The test set 
and device under test (DUT) form a 
piconet where the tester acts as master 
and the DUT acts as slave. The test set 
establishes a link with the device in 
either the normal or test mode using 
the standard Bluetooth protocol. With 
the device in test mode, the test set will 
acquire complete control of DUT opera¬ 
tion. 

For instance, the test set can put the 
device into loopback mode or transmit 
mode, disable frequency hopping and 
ask the device to transmit at specific 
frequencies as required by the 
Bluetooth RF test specification. 
Three other types of transmitter 

measurement set-ups are illustrated in 
Figure 4. These three set-ups require 
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Multiple air standards, multiple converters. 

Multiple air standards, one converter. 
CDMA2000 

AD6645 RF Receiver ADC 

Reducing part count and overall costs while increasing base station reliability has 
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bandwidth, low-noise wireless solutions, simplify your designs with Analog Devices. 
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opses of the specific tests discussed in 
this article are available from Agi¬ 
lent’s Web site under “Transmitters 
Measurements,” “Transceiver Tests” 
and Receiver Measurements.” 

Figure 4. Three transmitter measurement set-ups 

the use of a signal analyzer, which 
could be a spectrum analyzer or a vec¬ 
tor signal analyzer. Additional equip¬ 
ment includes signal generators and 
possibly a power meter, power supply, 
oscilloscope and network analyzer. 

Set-up 1 is an example of a set-up to 
test the transmitter performance of a 
full Bluetooth module, while set-up 2 is 
used for testing only a Bluetooth trans¬ 
mitter. Set-up 3 is for testing RF com¬ 
ponents of a transmitter. 

Set-up 1 differs from the set-up of 
Figure 3 in that there is no Bluetooth 
communication established between 
the device and the test equipment, so 
the test equipment doesn’t have any 
control of the DUT operation. For this 
set-up, a special internal test facilities 
utility must be implemented in the 
device. This utility must have the abil¬ 
ity to instruct the device to transmit 
the packets it receives. This will 
enable a Bluetooth signal from the sig¬ 
nal generator to be fed to the 
Bluetooth device receiver and then be 
looped back through its own transmit¬ 
ter for analysis. 

In set-up 2, the utility must have the 
capability to control the type of trans¬ 

mission — frequency hopping on or off, 
different types of packets, etc. — to pro¬ 
vide the right conditions to test the 
Bluetooth transmitter. 

Set-up 3 can be used in testing the 
amplifier of a Bluetooth transmitter, as 
well as in a variety of other tests. 

If a direct cable connection is not 
possible between the Bluetooth device 
and the measurement equipment, a 
suitable coupling device, such as an 
antenna, will be necessary. The path 
loss between antennas must be 
accounted for in the calculations. This 
can be evaluated using a network 
analyzer. 

KT 

Conclusions 
This article has discussed the tests 

required for Bluetooth devices in a 
highly abbreviated fashion. Given the 
enormous growth expected in the near 
future for Bluetooth-enabled devices, 
regulatory standards are adapting and 
changing to meet the safety and techni¬ 
cal challenges of new Bluetooth fea¬ 
tures and products. Developers should 
consult the latest standard information 
to ensure proper compliance. 
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Recover story 

Home networking 
leaps to digital 
Keeping up with the demand 

and proliferation of technologies 
and applications, home 

networking breaks 
the analog barriers. 

By Guillaume Bichot, Louis Litwin 
and Kumar Ramaswamy 

W ith the proliferation of digital technologies 
and digital content, today’s home network¬ 

ing techniques are jumping on the digital band¬ 
wagon as well. The biggest driver of networking in 
the home is the Internet and broadband connectiv¬ 
ity, and the desire to access the Internet from mul¬ 
tiple points in the home. 

Two options — wired and wireless 
Present key technologies for home networking are: 

• Wired Connectivity — Today’s homes typically 
have power line, telephone wiring and cable wiring 
that can be used for home networking. However, 
access to these wires is restrictyed or inconvienient. 
Also, it is not desirable to expose to a neighbor (both 

for reasons of coexis¬ 
tent resource shar¬ 
ing and privacy) the 
data carried on a 
shared wire (such as 
the power line). 
• Wireless connec¬ 
tivity — Wireless 
solutions are ele¬ 
gant in the fact 
that they do not 
require any modifi¬ 
cation to the exist¬ 
ing infrastructure. 

Figurei. Logical Representation of the elements of a home 
network. 

Therefore, the installation and maintenance of 
this technology is easier. 

However, wireless technologies tend to be more 
expensive than wired technologies for a given 
capability. With emerging high-speed silicon inte¬ 
gration, this disadvantage starts to fade, making 
the case stronger for investment into wireless 
technologies for the home. 

Key issues for digital home networking: 
Digital home netoworking has many dependent 

and independent issues. Among them are: 
• Network and access protocols — Network and 

access control protocols are an important element of 
the overall home networking system. These provide 
the rules, or the etiquette, for sharing the underly¬ 
ing resources among various devices in the net¬ 
work. There is a further problem of making sure 
that these rules are consistent among the various 
wired and wireless physical layers, which will be 
addressed later. Because these standards are devel¬ 
oped in diverse industrial groups, ensuring network 
interoperability is often a challenge. 
• Security, privacy and content protection — In 
addition to making sure that content is seamlessly 
available within the home it is also important to 
ensure that this is done securely and maintains 
privacy. It is also important, from the viewpoint 
of a content provider, that, whenever content is 
consumed, there must be a mechanism to mone¬ 
tize the transaction. 
• Coexistence, interactivity and interoperability — 
Given the number of possible options on technologies 
and competing standards, it is important that these 
standards and technologies coexist. The average con¬ 
sumer would expect “plug and play” operation on 
most devices and applicances, hence it is important 
to guarantee this by design. In practice, however, 
due to the emergence of competing technolgies, this 
is often done as an afterthough. 

Interoperability — a must have 
Interoperability assumes direct interaction 

between devices to enable a certain functionality. It is 
easier to explain this with an example. 

Consider a user who wishes to record a specific pro¬ 
gram on a digital video recorder from a television set 
that is connected to the recorder. The user starts with 
the interface of the television to pick the specific chan¬ 
nel of interest. The next step would be to interact with 
the user interface of the recording device and request a 
recording. This is the interactivity paradigm, which 
should be replaced by interoperability. In the interop¬ 
erability paradigm, the user simply requests a record¬ 
ing of a program (for example, using the user interface 
of the television set). The television set is responsible 
for coordinating the recording of the program in an 
available storage device anywhere in the network. This 
will clearly require an additional layer of sophisticated 
protocols among the devices involved. 

Services for a home network 
A typical list of services that may reside in a 

home network is shown in Table 1. It is obvious that 
several services with different constraints on delay 
and bit rates are possible. It must also be noted that 
the error rates at which these services need to be 
delivered are also different for each application. 

Also, the data rates and constraints for Internet 
content are dictated by the type of service exercised. 
For example, if a video stream is being downloaded 
for immediate viewing, the delay constraints can be 
important, while they may be less important while 
viewing a Web page. Clearly, the design of the pro¬ 
tocol and the digital communication technology 
itself is to be guided by the choice of intended appli-
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the Blue Cell™ MBA model covers your higher frequency 
designs with superb temperature stability, high 
repeatability, and ultra-thin 0.070" profile. Now, high IP3, 
higher performance, and value pricing have merged. 
The result is Mini-Circuits wideband high IP3 
mixers. ..the clear choice! 
Mini-Circuits...we’re redefining what VALUE is all about! 

Model 

ADE 10MH 
ADE-12H 
MBA-591 L 
SYM 25DLHW 

Freq WHzi 

800-1000 
500-1200 
4950-5900 
40-2500 

;lms 
(dBm) 

+13 

SYM-25DMHW 40-2500 
SYM-24DH 
SYM-25DHW 
SYM-22H 
SYM-20DH 
SYM-18H 
SYM-14H 
SYM-10DH 

1400-2400 
80-2500 

1500-2200 
1700-2000 

5-1800 
100-1370 
800-1000 

+10 
+13 

17 
17 

+17 
+17 
+ 17 
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28 
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30 
30 
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12 
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1.5 
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(dB) 
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6.7 
70 
6.3 
66 
70 
64 
5.6 
6.7 
5.75 
6.5 
76 

Price Sea. 
Oty 10 

6.95 
8.95 
6.95 
7.95 
8.95 
9.95 
9.95 
9.95 
9.95 
995 
9.95 
9.95 
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Type of Service Data Rate Range Type of 
Communication 

Delay 
Constraints? 

Voice 8- 64 Kbps Bi-directional Yes 
Hi-Fi Audio 64 Kbps- 4 Mbp/s Unidirectional None 

Video Telephony 384 Kbps-1.5Mbp/S Bi-directional Yes 
Broadcast Video -
Standard Definition 

1.5 Mbp/s -6 Mbp/s Unidirectional None 

Broadcast Video -
High Definition 

12 Mbp/s -18 Mbp/s Unidirectional None 

Computer/lnternet Data Varies Bi-directional Depends on 
Application 

Home Automation Several Kbps Bi-directional Depends on 
Application 

Table 1. Potential application services for distribution in a home network. 

Bluetooth 802.11b 802.11a 

Max power level: 1 W 1 W 800 mW 
Frequency band: 2.4 to 2.483 GHz 2.4 to 2.483 GHz 5.15 to 5.35 GHz, 

and 5.725, to 5.825 GHz 

Data rate: 1 Mbp/s 1 to 11 Mbp/s 12 to 72 Mbp/s 
Modulation: FHSS IR, FHSS, DSSS OFDM 

Range: 10 m, 
100 m with external 

power amp 

100 m 15 -30 m 

Table 2. Summary of several wireless digital home networking standards. 

cations over different home networking 
technologies. 

Elements of a home network 
A logical representation of a home 

network domain is shown in Figure 1. 
Several possible broadcast and interac¬ 
tive mechanisms exist to access the out¬ 
side world through the access network 
termination. It is also possible that 
some of these mechanisms function 
cooperatively. For example, a digital 
broadcast satellite and a digital sub¬ 
scriber loop (DSL) services. 
As alluded to earlier, the existing 

wiring infrastructure in the home 
includes the power line, cable and twist¬ 
ed pair wiring. The power line medium is 
a harsh medium with large variations in 
dynamic characteristics. Furthermore, 
due to radiation regulations, the opera¬ 
tional frequencies are restricted to below 
about 30 MHz, with limited power. The 
power line medium is likely to find a 
niche in data redistribution — especially 
from broadband modems — but is 
unlikely to be a solution for high-speed 
video streaming applications. 
The twisted pair wiring in the home 

carries plain old telephone service 
(POTS) in the 0 to 4 KHz band. The fre¬ 
quency band up to 1.1 MHz is allocated 

for digital subscriber loop (DSL) appli¬ 
cations. The Home Phone Network 
Allicance (HPNA) developed the tech¬ 
nology to carry digital data in the home 
phone copper wires above the DSL 
band. But given the limited number of 
phone access points in an average 
home, this technology is not expected to 
play a major role in home networking. 

Cable wiring for redistributing con¬ 
tent also has a limited appeal due to the 
number of available cable TV outlets in 
the average home. 

Furthermore, the channels that are 
allocated for television on the cable net¬ 

work are dependent on the local service 
provider. So, it is difficult to design a 
home network to share the cable 
resource with a service provider. 

The physical layers 
This section of the article will exam¬ 

ine some of the physical layer aspects of 
wireless digital home networking, prob¬ 
lems and issues faced when operating a 
wireless device in the home. It will 
describe some techniques for handling 
those problems. In particular, we will 
use examples from three popular wire¬ 
less digital home networking standards: 
Bluetooth, IEEE 802.11b, and IEEE 
802.11a. 

Spectrum allocation 
Most wireless digital home networks 

(WDHNs) operate in one of the frequen¬ 
cy ranges that belong to the unlicensed 
industrial/scientific/medical (ISM) 
bands. The FCC has designated the 
ISM bands as license-free as long as 
devices stay below the specified trans¬ 
mit power level. In the United States, 
there are three sections of the ISM 
bands: 902 to 928 MHz, 2.4 to 2.483 
GHz, and 5.725 to 5.850 GHz. 

Most WDHNs operate in the 2.4, 5.7 
and 5.15 to 5.35 GHz unlicensed unli¬ 
censed national information infrastruc¬ 
ture (UNII) bands. Both the Bluetooth 
and IEEE 802.11b standards use the 
2.4 GHz band and the IEEE 802.11a 
standard uses the 5.7 GHz band. 

The wireless home environment 
Many factors make the home a diffi¬ 

cult environment in which to operate a 
wireless communications system. 
Interference from man-made sources is 
a major issue. Many devices in the 
home radiate energy (either intentional¬ 
ly or unintentionally) in the ISM bands. 

Figure 2. Burst formats for Bluetooth (top). IEEE 802.11b, and 802.11a. 
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Examples include interference from 
microwave ovens, cordless phones, ama¬ 
teur radio transmissions and radar. 
Because several WDHN devices operate 
in the ISM bands, there will also be 
interference in areas where multiple 
networks are being operated with 
devices from different standards. 

Because the home is essentially an 
enclosed box, WDHN devices must cope 
with frequency-selective channels 
caused by a multipath environment. 
The effect of a frequency-selective chan¬ 
nel is intersymbol interference (ISI). ISI 
occurs when the in-home reflections 
cause several delayed versions of a sig¬ 
nal to arrive at the receiver. Typical 
delay spreads of an indoor channel are 
between 100 to 200 ns within a room 
and greater than 300 ns in hallways. 
These delay spreads can be even 
greater when using WDHNs in office or 
factory environments. The dynamic 
environment of the home, such as mov¬ 
ing people and animals, as well as mov¬ 
ing objects such as ceiling fans, means 
that the in-home channel is rapidly 
time-varying as well. 

Another problem faced when operat¬ 
ing in the home is that of path loss. 
Severe signal attenuation occurs when 
trying to pass the signal through the 
walls of a home at high frequencies. 
This attenuation can range from about 
1 dB for plywood to more than 20 dB for 
metal walls. Thus, the material that a 
house is made out of can greatly affect 
the useful range of a WDHN device. 

ISM band power limits 
The FCC limits the transmitted 

power sent to the antenna in the ISM 
bands to 1 W. Spectral density limits 
also restrict the power density in any 3 
kHz bandwidth region to 6.3 mW. By 
placing these requirements on the ISM 
band usage, the FCC prevents a user 
from severly degrading the performance 
of neaby wireless devices. 
To stay below these limits, many 

WDHN radios, such as Bluetooth and 
IEEE 802.11b, use spread-spectrum 
(SS) modulation where the transmit¬ 
ted signal spectrum is significantly 
wider than the original data band¬ 
width. Instead of SS modulation, 
IEEE 802.11a uses orthogonal fre¬ 
quency division multiplex (OFDM) 
modulation (OFDM is described in 
detail later). 

Basics of spread-spectrum 
Two basic types of spread-spectrum 

modulation exist. Frequency-hopping 
spread spectrum (FHSS) is used by 
Bluetooth. The Bluetooth spectrum is 
divided up into 79 channels of 1 MHz 
each. After transmitting a burst on one 
channel, the transmitter hops to anoth¬ 
er channel and transmits the next burst 
at that frequency. The Bluetooth radio 
hops over these channels at a rate of 1.6 
khops/s. By transmitting at relatively 
high power for only a short period on 
any given frequency, the signal's aver¬ 
age power is kept below the FCC's limit. 
In addition, the radio is able to hop 
around interfering signals. Thus, a nar¬ 
rowband interférer will only be a prob¬ 
lem during the short time that the radio 
is using that 1 MHz channel. 
IEEE 802.11b radios support both 

FHSS and direct sequence spread 
spectrum (DSSS). In contrast to 
FHSS, a DSSS radio sends a signal 
that is spread over a wide bandwidth, 
but the spectral density at any given 
frequency is very low. The signal in 
DSSS is spread by multiplying the 
data signal by a wide bandwidth 
spreading sequence. Each bit in the 
spreading sequence is known as a 
chip. IEEE 802.11b uses an 11-chip 
Barker code as the spreading sequence 
for its 1 and 2 Mb/s modes. 

To send information, the transmitter 
takes either one or two bits and uses 
those values to differentially modulate 
the spreading sequence using either 
binary phase-shift keying (BPSK) or 
quadrature phase-shift keying (QPSK). 
Thus, the information is conveyed in 
the phase of the spreading sequence. 
The higher date rate modes of 5.5 

and 11 Mb/s use a different type of mod¬ 
ulation known as complementary code 
keying (CCK). In addition to using two 
bits of the symbol to perform differen¬ 
tial QPSK modulation, the remaining 
bits of the symbol are used to choose 
from a set of either four or 64 complex 
orthogonal spreading sequences. This 
selection is performed on a symbol-by-
symbol basis. Thus, in CCK modulation, 
information is contained in both the 
phase of the spreading sequence and in 
the choice of the spreading sequence 
used. By using a wide bandwidth sig¬ 
nal, a DSSS signal will interfere with 
all frequencies in the channel. However, 
the low spectral density means that the 
interference will be small. 
The DSSS radio has the drawback that 

it must always transmit on the entire 
channel as opposed to having the flexibili¬ 
ty to hop around other interfering signals. 

OFDM and ISI 
WDHN radius use different tech¬ 

niques to cope with the severe fre¬ 
quency-selective channels that occur 
in the gigahertz bands within the 
home. FHSS systems such as 
Bluetooth are able to hop around 
channel nulls so that such nulls will 
only distort the received signal for a 
brief amount of time. IEEE 802.11a 
radios take a different approach by 
using OFDM. The 20 MHz spectrum is 
broken down into 64 sub-bands of 
312.5 kHz each. The user data are 
modulated onto 48 subcarriers and 
four subcarriers are used to carry 
known pilot sequences that aid in sig¬ 
nal recovery. The remaining band¬ 
edge and DC subcarriers are zeroed 
out to reduce the effects of co-channel 
interference. 
An advantage of using a multicarrier 

modulation such as OFDM is that it 
takes 64 symbols that have a short sym¬ 
bol duration and it combines them all 
into a single OFDM symbol. This OFDM 
symbol has a symbol duration 64 times 
as long as the original symbol duration. 
In single-carrier systems, the time span 
of the channel is typically much longer 
than the symbol period. Hence, ISI occurs 
due to interference from a large number 
of adjacent symbols. However, the long 
symbol period in OFDM means that the 
symbol duration is longer than the times¬ 
pan of the channel. The ISI in an OFDM 
system is due to the previous symbol, and 
this ISI will only affect the first few sam¬ 
ples of a given OFDM symbol. 
To combat the effect of this ISI a 

cyclic prefix is used. The cyclic prefix is 
formed by taking 16 samples from the 
end of the OFDM symbol and prepend¬ 
ing a copy of those samples in front of 
the symbol. Because ISI is only due to 
the previously transmitted symbol, only 
the cyclic prefix will be corrupted. 
Because the cyclic prefix contains 
redundant information, it can be dis¬ 
carded at the receiver and thus the 
effects of ISI are essentially thrown out. 

Another type of interference known 
as intrasymbol interference occurs 
when delayed versions of a given trans¬ 
mitted symbol cause the symbol to 
interfere with itself at the receiver. 
Intrasymbol interference is corrected by 
using a frequency-domain equalizer 
that has a single complex equalizer tap 
for each subcarrier. 

Bursty communications 
Unlike a broadcast system such as dig-
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ital television, WDHNs are bursty com¬ 
munications systems. Because the receiv¬ 
er only has a short burst of data to work 
with, it must quickly perform functions 
such as carrier and timing recovery and 
channel equalization to be able to suc¬ 
cessfully recover the entire burst of data. 
To aid the receiver in this process, 

preambles are prepended to the begin¬ 
ning of a burst. The preambles contain 

known sequences that the receiver can 
use to synchronize itself prior to the 
reception of the user data part of the 
burst. The preambles will also contain 
information about the length of the user 
data payload as well as the data rate of 
the payload. To ensure good reception of 
the preamble, it is typically transmitted 
using the most robust format available 
in a given system. Many systems send 
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the preamble using BPSK modulation 
and rate 1/2 convolutional coding. 

Applications 
The three standards used as exam¬ 

ples are suited for different applica¬ 
tions. Bluetooth is typically used as a 
cable replacement solution to wirelessly 
connect devices that were previously 
connected using a cable. 
An example is connecting a laptop to 

a cell phone. Bluetooth's low cost and 
low power consumption allow it to be 
integrated in a variety of products that 
need a low data rate (1 Mb/s) and short 
range (10 m) wireless link. IEEE 
802. lib's higher data rate (11 Mb/s) 
and longer range (100 m) make it better 
suited for use as a wireless data net¬ 
work. 
A typical application uses the 

802.11b link to give devices such as lap¬ 
tops and PDAs mobility while still 
retaining the ability to connect to a 
wired data network or a phone line. 
IEEE 802.11a radios provide a high 
data rate (72 Mb/s) over a range of 
between 15 to 30 m. The high through¬ 
put of this link allows audio and video 
to be wirelessly sent throughout the 
home or office. 

Link layer protocols 
The link layer is the layer between the 

physical layer and the network layer 
according to the open software intercon¬ 
nection (OSI) layering model specified by 
the International Standard Organization 
(ISO). The physical layer allows the bit 
coding and transport of the information 
over the wireless medium. The link layer 
provides protocols to enable communica¬ 
tions between two devices interconnected 
through the medium. 
When the medium is shared among 

several interconnected devices, the layer 
is split into two sub-layers. The lowest 
sub-layer (directly over the physical 
layer) is called medium access control 
(MAC) and it controls and arbitrates the 
access to the shared medium. The high¬ 
est sub-layer is called logical link control 
(LLC) and provides the protocols to 
ensure the communication between two 
devices directly connected to the medium. 
Typically, the service offered by the LLC 
sub-layer, and hence by the link layer, is 
either a rehable (or acknowledge) service 
where the receiver acknowledges each 
data frame or packet, or a non-reliable 
service where a data frame or packet is 
sent without guarantee that it has been 
received by the destination device. 
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Wireless link 
From the link layer point of view, a 

wireless link is no different than a wired 
except for the issue of reliability. The bit 
error rate may be over 10'3 which can 
increase packet loss and implies dedicat¬ 
ed strategies such as forward error cor¬ 
rection (FEC) and/or retransmission. 
Another issue is the way a device has 

to be connected to the medium. In a 
wired medium, the physical connection 
consists of plugging the device into the 
medium. In a wireless medium, the 

Figure 3. Illustration of a hidden node. 
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device within the 

scatter-net 

Interference within 
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between slaves in a 

scatter-net 

Table 3. Wireless LAN comparison. 

device has to automatically perform cer¬ 
tain operations called scanning and 
joining to recognize (and be associated 
with) the network. The wireless nature 
of a link implies some inherent prob-

lems such as the hidden node problem. 
A wireless link is characterized by 

the maximum range within two devices 
can communicate. Consider the case in 

which three devices (A, B and C) are 
located in such a way that A and B are 
in range together, and B and C are in 
range together, but A and C are not in 
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range (see Figure 3). 
A starts to transmit information to B. 

C senses the medium and assumes that 
the medium is free (A being out of range). 
It consequently starts to transmit to B as 
well. The consequence is interference at 
B. The MAC protocol needs to provide 
some means to solve this problem. 
Another important issue is power 

management. There are a few funda¬ 

mental issues to be resolved in relation 
to power management. The first one is 
related to the power of the transmitter 
that has to be adjusted according to the 
distance between the transmitter and 
the receiver. The physical layer usually 
performs this function. The second 
function relates to the power consump¬ 
tion of the devices. The mobile device is 
battery operated. Therefore, it must be 

power efficient. The MAC sub-layer 
may provide some mechanisms to con¬ 
trol and limit the power consumption 
by allowing the device to be in “sleep” 
mode and to be awakened when some 
message is intended specifically for it. 
The final important issue is that of 

security. Wireless links are prone to 
eavesdropping. Also, unauthorized 
users could access the network unless 
there are explicit mechanisms that pre¬ 
vent them from doing so. Consequently, 
the link protocol usually has some secu¬ 
rity mechanisms such as authentica¬ 
tion and encryption. 

Wireless architecture 
Two types of architectures are com¬ 

monly found in wireless local area net¬ 
works (LANs). The first, called the infra¬ 
structure mode, implies that some device 
which forms the network infrastructure 
is required. Such a device is called a base 
station (or access point). This device pro¬ 
vides some additional intelligence and 
memory resources to extend the wireless 
interconnections and to help coordinate 
bandwidth management. 
A network may contain several base 

stations. The base stations may be inter¬ 
connected through either a wired or 
wireless link. In this mode, a wireless 
device is said to be attached to a base 
station, meaning all transmissions com¬ 
ing from or to be sent to this device go 
through the base station. The base sta¬ 
tion acts as a relay and can buffer some 
data when the destination device is tem-
poratily unavailable. If the wireless 
device is mobile, one base station may 
perform a handoff to another base sta¬ 
tion seamlessly. The process or protocol 
that provides this function is usually 
implemented within the wireless link 
layer and is called handover. 
The second network architecture is 

called ad-hoc mode. In that mode, no 
infrastructure device exists such as a 
base station. Two devices may establish a 
communication relationship autonomous¬ 
ly when they are in range of each other. 
It is also possible for a device be identified 
as a controller sifter an automatic initial¬ 
ization to control the medium access for 
instance. However, it is still in an ad-hoc 
mode because any device can potentially 
play that role. 

MAC protocol 
Two types of MAC protocols exist. 

The first type, called a distributed 
MAC, includes the protocols where 
the control of the access to the medi-
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um is distributed. This implies that 
all devices participate in that control 
and that there is not a central con¬ 
troller. Thus, all contender devices 
have the same chance to gain access 
to the medium. The second class of 
MAC protocols are called centralized 
MAC protocols in which one device 
controls and manages the access to 
the medium. 

Wireless LANs 
IEEE 802.11 specifies one MAC layer 

and several different physical layers. 
The LLC sub-layer is already specified 
by the IEEE 802.2 group and used over 
Ethernet (802.3) for instance. The obvi¬ 
ous consequence is that the interconnec¬ 
tion between an IEEE 802.11 sub-net-
work and an Ethernet LAN, for 
instance, is natural. IEEE 802.11 
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defines two network modes, an ad-hoc 
mode and an infrastructure mode as 
defined above. IEEE 802.11 defines the 
service offered by the distribution sys¬ 
tem that consists of the set of intercon¬ 
nected access points (through either 
wired or wireless links), but doesn't 
specify the protocols to ensure handofi 
between these base stations. 
The MAC protocol is carrier sense 

multiple access/collision avoidance 
(CSMA/CA) and it is a distributed proto¬ 
col. All stations, regardless of architec¬ 
ture (ad-hoc or infrastructure), have the 
same status and the same priority 
regarding the medium access. The 
method in itself is based on a random 
process where a station that wants to 
acquire the medium first senses the 
medium. If some activity is detected (the 
medium is busy), the station has to wait 
a certain time corresponding to a certain 
number of time slots randomly chosen. 
After this waiting time, the station 
attempts to get access again. If it is still 
busy, the station has to double the time 
it waited before this attempt and so on. 

This process is known as the binary 
exponential back-off mechanism. If no 
activity is detected during a certain gap 
then the medium is seen as free and the 
station may start to transmit. The basic 
transmission is called a transaction and 
it consists of sending a data packet tc 
the receiver and waiting for the 
acknowledgement from the same receiv¬ 
er. To avoid the hidden node problem, 
the transaction may contain a short 
handshake before sending the data 
packet. This handshake is called 
request-to-send/clear-to-send (RTS/CTS 
and it allows all other stations, in the 
range of the receiver (which will send 
back CTS) to detect the upcoming trans¬ 
action. Embedded within each packet ol 
the transaction (RTS, CTS, DATA 
ACK) is a duration parameter, which 
informs all other stations waiting tc 
acquire the medium about the duratior 
of the transaction. This is the collisior 
avoidance part of the MAC protocol. 

Hiperlan2 also specifies two network 
modes: ad-hoc and infrastructure. The 
stack includes (from bottom to top) the 
physical layer, a data link control (DLC 
layer comprising the MAC sub-layer 
the radio link control (RLC) sub-layet 
and some convergence layers. 
A convergence layer gathers specifica 

tion to adapt other link protocols such at 
ATM, IEEE 802.3 (Ethernet), and IEEE 
1394 over the Hiperlan2 protocol stack 
The MAC protocol is a centralized one. A 

Continued on page 51 
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^EMC/RFI 

Indoor propagation 
issues for 

wireless LANs 
It looks good on paper, 

but the actual variations 
of propagation caused by 

absorption, scattering and 
multipath make for large 

variations in path loss 
from the free space. 

By Dan Dobkin 

Wireless local area networks (WLANs) are 
rapidly gaining popularity. These networks 

are primarily targeted for indoor use, and are most 
often based on either the IEEE 802.11 Ethernet-
type protocols or the Bluetooth Special Interest 
Group (SIG), both using the unlicensed bands at 2.4 
to 2.5 GHz (IEEE 802.11b - “WiFi” - and 
Bluetooth) or at 5.15 to 5.85 GHz (IEEE 802.11a -
“WiFi5”). The European HiperLAN standard is also 
designed for operation around 5.2 to 5.8 GHz. 

It is often said that the higher-frequency unli¬ 
censed national information infrastructure (U-
NII) band at 5.15 to 5.85 GHz will be intrinsical¬ 
ly limited to shorter ranges than the 
industrial/scientific/medical (ISM) band due to 
higher path loss, limiting the utility of 802.11a rel¬ 
ative to that of 802.11b. 

The purpose of this investigation was to examine 
that claim. It was found, at least in the test envi¬ 
ronment discussed in this article, to be unfounded. 

Experimental method and results 
The propagation of a continuous-wave (CW) sig¬ 

nal at either 2.5 or 5.2 GHz from place to place 
within a typical light industrial environment was 
measured. The 10 mW signal was generated using 
a sweeper in CW mode and radiated from a fixed 
vertically oriented X/4 dipole constructed from a 
coaxial line with exposed center conductor of appro¬ 
priate length, soldered to a copper ground plane 15 
cm on a side. 
The signal was received by an identical dipole 

and monitored with a spectrum analyzer. The 
receive antenna was moved to various locations 
throughout the facility. At each nominal location, at 
least five measurements were taken, in which the 
exact position was moved randomly in 10 to 20 cm 
increments to sample possible signal variations due 
to shadowing and multipath fading. Nominal loca¬ 
tions were the same for the 2.5 and 5.2 GHz mea¬ 
surements to within about 1 meter. 
The experimental setup is shown schematically in 

Figure 1, and the measured points in Figures 2(a) 
and (b). The transmitter was located on the second 
floor (the red dot in Figure 2(a)) and receive loca¬ 
tions on both floors 1 and 2 were tested. The build¬ 
ing is typical of Silicon Valley construction, with an 
open central area occupied by cubicles or engineer¬ 
ing test benches, offices and conference rooms along 
the perimeter, and a thin steel-supported concrete 
floor. The cubicle adjacent to the transmitter con¬ 
tained several large sheet-metal bookshelves, acting 
as the sort of internal obstacle one might typically 
expect to encounter in an indoor environment. 

Short distance measurements (0.6 ±0.05 and 1.2 
±0.05 meters) provide a rough calibration for the 
longer distances, because multipath effects are gen¬ 
erally minimal at these distances. Distance from 
transmitter to receiver was estimated from building 
plans to the nearest meter, accounting for the 3 
meter height of the floor 1 ceiling when applicable. 

Figure 3 shows the results for both frequencies 
and both floors. The dots connected by a bar repre¬ 
sent the highest and lowest values measured at the 
same nominal location. It is seen that local fades of 
anywhere from 5 to 25 dB are common, with one 
instance of 45 dB. Average values fall as much as 
30 dB below ideal free-space [1/r2] propagation. 
Finally, it is apparent that there is little statistical¬ 
ly significant distinction between the path loss for 
the 2.5 and 5.2 GHz signals. 
To further emphasize this point, a joint fit to all 

of the data points was performed, finding a best-fit 
propagation model as defined by: 

model signal (dBm)= -38 -

[10 log (distance)] - 8.95 
1 if floor 11 
0 if floor 2 J 

(1) 
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Figure 2. Transmit and receive locations overlaid on a building layout. Figure 3. Results of propagation measurements, floors 1 and 2, 2.5 and 5.2 GHz. 

(That is, the propagation exponent is 
about 3.0 and the floor loss about 9 dB.) 
The results for each measured data 

point from the modeled value for that 
nominal location for 2.5 and 5.2 GHz, is 
shown in Figures 4(a) and (b) as his¬ 
tograms. While there is a modest differ¬ 
ence in the exact shape of the distribu¬ 
tions, the difference of the averages (1.7 
- 1.4 = 0.3) is much less than the stan¬ 
dard deviations of the distributions. 
There is no statistically significant dif¬ 
ference between 2.5 and 5.2 GHz link 
losses in the facility. 

charges) by: 

\ A J" । ~ Í A J * (3) ( 4tw/ ) ( 4nc( ) 

And, a bit of algebra shows that: 

= A, 
A, (4) 

A bit more detail 
• Free Space — It is a common mis¬ 

conception that free space propagation 
is wavelength-dependent. It is timely to 
examine how this misunderstanding 
arises. 
The signal strength received by an 

ideal receiving antenna from an ideal 
transmitting antenna over a free-space 
distance “d” can be expressed as: 

P„ = i —-— ! g,„„A,.. (2) 
\4tut ) 

where Ps are transmitted and received 
powers, gtrans is the directivity of the 
transmitting antenna, and Arec is the 
effective collecting area of the receiving 
antenna. Note that there is no explicit 
dependence of the propagation on 
wavelength1. 
The received signal strength is, how¬ 

ever, more often written in terms of 
antenna directivity2. To arrive at this 
form one must impose the reciprocity 
condition : transmitting from antenna 1 
to antenna 2 should give the same 
result as transmitting from antenna 2 
to antenna 1 in free space (that is, space 
is isotropic, at least in the absence of an 
overall magnetic field and orbiting 

That is, the directivity is monotonically 
related to the effective collecting area of 
the antenna. An ideal isotropic radiator 
(directivity = 1) has an effective collect¬ 
ing area proportional to the square of 
the wavelength, therefore: 

4tc 
(5) 

Substituting this in the link loss 
expression gives the more commonly 
observed form: 

Note that, although the term in 
wavelength is often folded into the 
term in distance for dimensional conve¬ 
nience, it is actually a statement about 
antenna size. A nearly isotropic anten¬ 
na must get smaller as the wavelength 
shrinks. It is the reduced collecting 
area of the receiving antenna, not any 
mysterious wavelength-dependent 
propagation behavior, that causes free-
space link losses to increase with fre¬ 
quency when antennas of a given direc¬ 
tivity are specified. 

Therefore, higher frequencies 
induce one to use not shorter ranges, 
but more directional antennas with 

larger collection area to maintain a 
constant link budget. 

• Indoor propagation — The situa¬ 
tion is, of course, more complex in prac¬ 
tical indoor environments, where 
numerous objects may scatter, diffract, 
reflect, and absorb radiation. 
Numerous experimental and theoret¬ 

ical studies of indoor propagation have 
been performed (3‘ and 6-11 ). The effects 
of the environment are often absorbed 
into a modified propagation exponent, 
ranging from 2.7 to 5, and a floor loss 
factor of 3 to 12 dB, generally in agree¬ 
ment with the empirical expression we 
arrived at for our data. 
However, there does not seem to 

exist a specific comparison of unli¬ 
censed frequencies, under identical cir¬ 
cumstances, such as that reported 
above, or any suggested analytic 
approximation for the effects of fre¬ 
quency on path loss 

• Scattering — The effects of scatter¬ 
ing and diffraction have been studied 
for many years. It is well-known that 
objects whose dimensions are small 
compared to a wavelength act as weak 
scattering centers, with effective scat¬ 
tering cross-section proportional to the 
fourth power of the impinging wave¬ 
length (Rayleigh scattering)4. Objects 
much larger than a wavelength can be 
treated by the familiar approach of 
phase-insensitive ray tracing learned in 
classical optics, and encountered every 
day in our visual world: they absorb, 
reflect and cast geometric shadows. 
The dominant scatterers in indoor 

environments fall into neither of these 
simplistic categories: their typical sizes 
are from 2 to 3 cm to human dimen¬ 
sions of 2 to 3 meters vs. wavelengths 
of roughly 12 cm in the 2.4 to 2.5 GHz 
ISM band and around 5.5 cm in the 5.2 
to 5.8 GHz UNII band. Most of these 
objects fall into the Mie scattering 
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Figure 4(a). 2.5 GHz data vs. joint model. 

regime from 1 to 10 wavelengths, in 
which complex behavior depending on 
the shape and characteristics of the 
scatterer is expected5. Obstacles much 
smaller than a wavelength “disappear” 
from view. Thus FM at 100 MHz (X = 3 
meters) is undisturbed by cars and peo¬ 
ple, but suffers reflections and diffrac¬ 
tion from buildings. This leads to multi¬ 
path fade in urban environments. The 
situation is depicted qualitatively in 
Figure 5, showing scattering cross-sec¬ 
tion as a function of size for a perfectly 
reflecting sphere, for frequencies of 
2.45 and 5.2 GHz. 

It is expected to find a strong 
monotonic wavelength dependence in 
indoor propagation when there are 
important scatterers at sizes between 
the cutoffs of the high and low fre¬ 
quency waves. 

For example, if the environment 
were populated with lots of metal 
spheres (ball bearings) of 2 cm diame¬ 
ter, a 5.2 GHz transmission would be 
scattered 10 times more effectively 
than a 2.45 GHz transmission. 
However, a quick look around an office 
environment will disclose that human 
beings mostly populate their world 
with larger objects; the “disappear¬ 
ance” of 2-cm scattering centers at 
ISM band relative to UNII band has 

Figure 5. Scattering cross-section vs. diameter 
for perfectly reflecting spheres, after5

Figure 4(b). 5.2 GHz data vs. joint model. 

little effect on the overall path loss. 
For larger objects (of size larger than a 
wavelength), the diffracted intensity 
must be examined in more detail. 
Investigation of a typical two-dimen¬ 
sional obstacle of short dimension 0.5 
meter, located 5 meters from a source 
of either 2.4 or 5.25 GHz radiation, 
was performed using the Fresnel inte¬ 
grals. The diffracted minima at e.g. 
12 meters from the obstacle, are 5 dB 
deeper at 5.25 GHz than at 2.4 GHz, 
though only 30 cm wide; the on-axis 
maxima only differ by about 2 dB 
between the high and low frequencies. 
Based upon this rationale, it can be 
concluded that the experimental 
results are reasonable and may be typi¬ 
cal of indoor environments. 

• Multipath and delay spread — 
Multipath propagation leads both to 
fading and to variations in path delay 
of transmitted signals. Delay spread 
and number of significant paths 
increase gradually with distance in 
indoor environments; a typical range 
appears to be about 20 to 80 nsec for 5 
to 15 meter distances at 5 GHz8. 
An 802.11a signal contains 48 

active carriers 12 . At the minimum 
overall data rate of 6 Mb/s each carri¬ 
er has a data rate of 125 Kb/s or a bit 
time of 8 pseconds. Even during the 
PLCP preamble, signal transmission 
uses 12 subcarriers for an effective 
rate of 500 KHz. It seems unlikely 
that the bit error rate would be 
extremely sensitive to the 10 to 30 
nanosecond variations in the multi¬ 
path delay distribution that one 
would expect at these ranges. 
While there has been no explicit 

examination of the effects of multi¬ 
path propagation, it can be noted that 
the magnitude of multipath propaga¬ 
tion should be reflected in the varia¬ 

tion about the mean of path loss (see 
Figures 4(a) and (b)). Similar stan¬ 
dard deviations for CW propagation 
suggest qualitatively similar multi¬ 
path / delay effects. 

Conclusions 
As a result of this experiment, it is 

suggested that no intrinsic impair¬ 
ment exists in 5.2 to 5.8 GHz propaga¬ 
tion vs. 2.4 to 2.5 GHz propagation in 
office/light manufacturing environ¬ 
ments. Thus, no intrinsic impediment 
to roughly equivalent deployment of 
802.11a and 802.11b wireless LAN 
systems exists. 

Note, however, that this does not 
imply equivalence of practical sys¬ 
tems: higher frequencies suffer higher 
losses in cables and circuit boards, and 
low-cost devices may suffer from 
reduced gain or lower output power at 
higher frequencies. Further, to achieve 
equivalent collecting area, higher-fre¬ 
quency antennas become more direc¬ 
tional, which may be inconvenient for 
end-users. 

W 
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Design Chebychev 
bandpass filters 

efficiently 
Get optimum results in days 

by teaming a 3D full-wave field 
solver with a circuit simulator. 

By B. Mayer, PhD, 
M.H. Vogel, PhD 

Designing filters is not an easy talk, despite the 
fact that the technology involved is mature 

and understood. Modern software tools are avail¬ 
able that provide the circuits in terms of lumped 
electrical components, but designing the actual 3D 
microwave structure can take weeks. This article 
shows how a circuit simulator and a 3D field solver 
can work together to reduce the design time from 
weeks to days. 

Figure 1. Desired filter characteristics. 

While others have explored the basic idea1, they 
used different circuits. This method, through an 
example, will design a Chebychev band pass filter 
with the following specifications: 

Center frequency : 400 MHz 
Ripple bandwidth: 15 MHz 
Ripple: 0.1 dB 
Out-of-band rejection: 24 dB at 390 MHz and 

410 MHz 
To achieve out-of-band rejection, seven poles will 

be required. The desired filter characteristic is 
shown in Figure 1. 

As the basic geometry for this filter, a cavity 
was chosen with seven coaxial resonators (see 
Figure 2). In the figure, the “buckets” have been 
drawn as wire frames for clarity to show that the 
cylinders, which form the inner conductors of the 
individual coaxial resonators, don’t extend all the 
way to the bottom. 

This geometry is symmetrical with respect to the 
central cylinder. In this kind of filter, the walls of 
the cavity, the long cylinders, the buckets under the 
cylinders and the disk-shaped objects near the first 
and last cylinder are all made of metal. Cylinders 
and buckets don’t touch. This way, each cylinder¬ 
bucket combination is a resonating structure. The 
disk-shaped objects near the first and last resonator 
are connected to the input and output transmission 
lines and provide the necessary coupling to the 
source and the load. For the purpose of clarity, the 
objects will be referred to as antennas in this docu¬ 
ment. They are near the first and last cylinders, but 
never touch them. 
At this stage, without design restrictions, the 

option to choose many dimensions of the filter is 
available. For this case, the following choices 
were made: 

Cavity dimensions: 280 x 30 x 120 mm 
Resonator diameter: 10 mm 
Buckets’ inner diameter: 12 mm 
Buckets’ outer diameter: 16 mm 
Buckets’ height: 15 mm 
Antennas’ diameter: 26 mm 
Antennas’ thickness: 4 mm 
Once the above has been determined, six dimen¬ 

sions remain. They will be crucial in obtaining the 
desired filter characteristic. They are: 
• The length of the first and last resonating cylinder 
(both have equal length) 

• The length of the five interior cylinders (all five 
have equal length) 

• The distance between an antenna and its nearest 
cylinder 

• Three distances between neighboring cylinders 
(remember the filter is symmetric) 

Steps in the design process 
With traditional filter design methods, obtain¬ 

ing the correct dimensions is a time-consuming 
task that commonly takes several weeks. Filter 
design with a circuit simulator, on the other hand, 
is relatively straightforward. Filter theory pro¬ 
vides the values for the lumped inductors and 
capacitors that are needed to obtain the desired 
filter characteristic. 

First, it will be shown how to design a circuit 
that not only has the desired filter characteristic, 
but also lends itself to implementation with 
microwave components. In such a circuit, we use 
series L and C for each resonator, i.e. the cylinder-
and-bucket combinations, and impedance inver¬ 
tors to represent the distances between adjacent 
resonators. 

Second, relationships between components in the 
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Figure 2. Basic filter geometry. 

circuit and dimensions in the physical 
filter will be determined. 

Third, an iterative procedure 
between the electromagnetic field 
solver and the circuit simulator to opti¬ 
mize the design will be presented. The 
procedure converges quickly. 

Circuit representation of the filter 
To design an order-seven band-pass 

filter around 400 MHz with a 0.1 dB 

Figure 3. Normalized low-pass filter circuit, start¬ 
ing point for design procedure. 

ripple, filter theory2 tells us to start 
with an order-seven low-pass filter, 
normalized to 1 radian/s. The normal¬ 
ized filter is to have a 0.1 dB ripple like 
the desired band-pass filter. The source 
and load impedances of the normalized 
low-pass filter are normalized to IQ 
(see Figure 3). 

Filter theory provides us with the 
values for the inductors and the capaci¬ 
tors, denoted bygr through g7 in the fig¬ 
ure. These values in this case are: 

g, = g7= 1.1812 H 
g3 = g5= 2.0967 H 
g2 = g6= 1.4228 F 
g4 = 1.5734 F. 
An important step is the replace¬ 

ment of shunt capacitors by series 
inductors and impedance inverters. 

Basically, an impedance inverter 
transforms impedances in the same 
way as a V4 transmission line, but 
independent of frequency. The result¬ 
ing circuit is shown in Figure. 4. This is 
still a normalized low-pass filter with 
the same characteristic as the circuit in 
Figure 3. Taking advantage of imped¬ 

ance inverters, it is possible to trans¬ 
form shunt capacitors into series induc¬ 
tors. In the physical filter these imped¬ 
ance inverters will be realized by cou¬ 
plings between the coaxial resonators. 

Following a standard procedure2, the 
following steps are taken to derive the 
desired band-pass filter model: 

• De-normalize the low-pass cut-off 
angular frequency from 1 rad / s to bw 
rad / s. 

• Transform the low-pass filter to a 
band-pass filter with a relative band¬ 
width of bw and a center angular fre¬ 
quency of 1 rad I s by inserting a 1 F 
capacitor in series with every 1 H 
inductor. 

• De-normalize the center frequency 
to 400 MHz by choosing L = l/(2n48) H 
and C = l/(2n4xl08) F. 

• De-normalize the port impedances 
from IQ to the usual 50Q by introduc¬ 
ing impedance inverters at the input 
and output with coupling coefficients 
of <50. 

• Introduce finite quality factors to 
the individual resonators by adding a 
series resistor to each resonator. 

• Introduce individual resonant fre¬ 
quencies to the first and last resonators 
to be able to take the frequency shift due 
to the coupling antennas into account. 

• Add a homogeneous transmission 
line of length ZUL between filter 
input /output and port 1/port 2 to be 
able to adjust the phase due to the con¬ 
nectors. 
The result is the filter shown in 

Figure 5. 
In this circuit, every LC pair res-

Figure 5. Final filter circuit, representing the desired band-pass filter. 
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Figure 6. Model used to determine the coupling 
coefficient K. 

onates at 400 MHz. Further Ki2 , K23 , 
K3i and QL have been defined as: 

(1) 

and: 

Q= hL bw 
(2) 

where bw is the relative bandwidth and 
g; is the i* g value from filter theory. 

Notice that, because the g values 
are known from filter theory, the val¬ 
ues of all the components in the circuit 
are still known, even though the com¬ 
ponents have changed considerably in 
the process. 

Filter theory3 tells us that j+1 and 
Ql have important physical meanings. 
Kt M is known as the coupling constant 
between adjacent resonators. If there 
are only two resonators in the cavity 
with a very light, ideally zero, coupling 
to the source and the load, then the 
relation between coupling constant Kl2 

and resonant frequencies fx and f2 is 
given by: 

Making the links 
The software model that was used to 

determine the coupling coefficient K as 
a function of resonator spacing is 
shown in Figure. 6. Two resonators 
have been placed in a closed metal cavi¬ 
ty. As can be seen in the figure, symme¬ 
try has been exploited. Further, 
because we want to determine reso¬ 
nances in the ideal case of zero coupling 
to source and load, there are no trans¬ 
mission lines nor ports for signal input 
and output. The resonances of this 
structure are to be determined through 
an eigenmode simulation. 
By embedding the project in an opti¬ 

mizer, its dimensions can be easily 
varied. 

First, the length of the cylinders was 
adjusted such that the resonances are 
centered at 400 MHz. Then, the dis¬ 
tance between the resonators was var¬ 
ied and, for each distance, the eigen¬ 
mode solver computed the two eigen 
frequencies and obtained K. The rela¬ 
tion between the resonator spacing and 
K is shown graphically in Figure 7. 
With this graph, for any coupling 

coefficient required by filter theory, the 
spacing to be applied between res¬ 
onators in the physical model can be 
readily determined. 

Figure 7. Relation between resonator spacing 
and coupling coefficient K. 

(3) 

Ql is known as the loaded Q of the cir¬ 
cuit. If there is just one resonator in 
the cavity, coupled to source and load, 
the relation between QL, resonant fre¬ 
quency fR and 3 dB band width BW3dB 

is given by: 

Q' ’ BW,. (4) 

In the next section, the components of 
this circuit will be linked to the dimen¬ 
sions in the physical geometry of the filter. 

Antenna distance and loaded Q 
The model that was used to deter¬ 

mine the loaded Q as a function of 
antenna spacing is shown in Figure 8. 
An antenna-resonator combination has 
been placed in a closed metal cavity. 
The 50Q transmission line is present. 
However, we have chosen to determine 
Q through an eigenmode analysis 
rather than through a frequency sweep. 
Therefore, the transmission line has 
been terminated by a perfectly matched 
layer (PML) of absorbing material. The 
power dissipation in the PML takes the 
place of power dissipation in a 50Í1 load. 
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Figure 8. Model used to determine the loaded Q. 

Because this project has been embed¬ 
ded in an optimizer, the antenna dis¬ 
tance and the cylinder length were var¬ 
ied simultaneously and independently 
(since both influence the resonant fre¬ 
quency and the loaded Q). As an exam¬ 
ple of the results, the relation between 
antenna spacing and loaded Q is shown 
graphically in Figure 9 for a constant 
cylinder length of 113.4 mm. 
With results like these, for any 

loaded Q and resonant frequency 
required by filter theory, the antenna 
spacing and cylinder length to be 
applied in the physical model can be 
readily determined. 

Figure 9. Relation between antenna spacing and 
loaded Q at a resonator length of 113.4 mm. 

Initial filter design 
Now that the circuit is defined and the 

relations between circuit components 
and physical dimensions are known, it is 
possible to construct the filter in the field 
solver. Filter theory tells us we need to 
achieve the following parameters: 

Resonant frequency of the outermost 
resonators: fRl = 400 MHz. 
Resonant frequency of the inner 

resonators: fR2 = 400 MHz. 
Loaded Q: QL= 31.498. 
Coupling coefficients: Kw = 0.02893, 

K23 = 0.02171, Km = 0.02065. 
The calibration projects above indi-
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Figure 10. S21 results for the initial design. 

cate that the dimensions of the filter, as 
shown in Figure 2, are to be: 
Length of the two outermost 

resonators: 113.399 mm. 
Length of the five inner resonators: 

114.69 mm 
Antenna distance: 1.879 mm. 
Distances between resonators: 

25.513 mm , 28.291 mm and 28.767 mm. 
The resulting filter characteristic 

is shown in Figure 10. Notice that 
the center frequency and the ripple 
bandwidth are almost perfect. While 
the correct number of ripples is 
shown, the actual value is 0.3 dB 
rather than 0.1 dB. 

Curve Fitting 
The simulator results shown in the 

previous section have been exported to 
the circuit simulator, in which we can 
determine, through curve fitting, what 
the actual parameters of this initial 
design are. 

Figure 11 shows the curve-fitting 
results. Notice that there are still a few 
hundredths of a dB difference between 
the simulator results and the best fit in 
the circuit simulator. This indicates 
that this design method is accurate to a 
few hundredths of a dB. 
The curve fitting procedure indi¬ 

cates that a filter has been constructed 
with a resonant frequency of the out¬ 
ermost resonators fM = 400.058 MHz; 
a resonant frequency of the inner res¬ 
onators of /r2= 399.926 MHz, a loaded 
Q of QL = 30.368, and coupling coeffi¬ 
cients of, Ku = 0.02825, K23 = 0.02173 
and = 0.02068. 
The calibration projects will indicate 

how much correction is needed to 
achieve the desired characteristic. For 
example, noticing that QL is 1.132 lower 
than the desired value of 31.5, the next 
iteration will aim for a Q, that is 1.132 
higher. This procedure produces a filter 
with the dimensions of : length of the 
two outermost resonators: 113.44 mm; 
length of the five inner resonators: 
114.684 mm; antenna distance: 1.928 
mm; distances between resonators: 
25.286 mm, 28.3 mm and 28.78 mm. 

Hence, the dimensions that undergo 
the largest changes are the antenna 

Figure 11. Result of curve fitting, magnitude. 

distance and the distance between the 
first and second resonator. 

Corrected filter design 
The corrected filter was again mod¬ 

eled and simulated. The resulting char¬ 
acteristic is shown in Figure 12. Note 
that the ripple, which was 0.3 dB in the 
initial design, is better than 0.13 dB 
now. The target is 0.1 dB. 

In most practical cases, this corrected 
design can be considered good enough to 
serve as the final design. Notice that it 
took only one iterative step to get here 
from the initial design. In case more 
improvement is desired, the results in 
Figure 12 can be exported to the circuit 
simulator for another iterative step. 
Once the final design is known, the 

field solver easily produces additional 
information: the effects of internal losses, 
the maximum power handling capability 
and the effects of mechanical tolerances. 

Conclusion 
An efficient method to design 

microwave filters with modern simula¬ 
tion software, using standard tech¬ 
niques as resonating LC combinations 
separated by impedance inverters has 
been presented. Then, through a series 
of calibration projects with the soft¬ 
ware, relationships are established 
between components in the circuit sim¬ 
ulator and in the circuit solver. 

Next, an iterative procedure involv¬ 
ing simulation in the solver and curve 
fitting in the circuit simulator yields 
the optimum dimensions for the 
microwave filter. The iterative proce¬ 
dure converges in one step. This entire 
process can be carried out in a matter 
of days, as opposed to weeks for more 
traditional filter design methods. 
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Continued from page 38 

station has the responsibility to man-
age/schedule the access to the medium. 
This station is the base station for the 
infrastructure mode and the central con¬ 
troller (decided on automatically by 
auto-configuration) for the ad-hoc mode. 
The time is divided into frames. Each 
frame gathers a set of time slots that 
correspond to transport channels. A 
transport channel contains either sig¬ 
naling information or data currently 
transmitting between the controller and 
a station. A station that wants to use 
the medium sends a signaling message 
(resource request) to the controller. The 
controller processes the request, allo¬ 
cates some radio resources (a set of time 
slots) to the requester and sends back 
the signaling response message. The 
station can then use these dedicated 
time slots to send data. 
The DLC sub-layer includes some 

signaling protocols for power control, 
scanning and joining, and to set up 
some logical connections where a cer¬ 
tain quality of service may be negotiat¬ 
ed between the station and the con¬ 
troller. This QOS implies the reserva¬ 

tion of time slots for several frames in 
order to provide an isochronous service. 
The Bluetooth protocol stack is com¬ 

posed of the physical layer, the base¬ 
band sub-layer (MAC) a logical link con¬ 
trol (LLC) sub-layer and a set of appli¬ 
cation-oriented protocols. Bluetooth pro¬ 
poses only the ad-hoc network architec¬ 
ture mode. However, this may be divid¬ 
ed into two different sub-modes. The 
first defines a peer-to-peer relationship 
between two stations, whereas the sec¬ 
ond defines some one-to-multiple sta¬ 
tions relationship to provide multicast 
service. The latter mechanism forms a 
so-called “scatter-net”. 
A controller named the master has 

the responsibility to control the medium 
access. Any Bluetooth device has the 
ability to be a master. In fact, the mas¬ 
ter is the device that initiates the con¬ 
nection during the scanning/joining 
phase. In case of a scatter-net, the mas¬ 
ter may control as many as eight “slave” 
stations simultaneously. 

The MAC protocol is a centralized one 
in which the master controls the medi¬ 
um access by a polling method. The time 

is divided in time slots. The even slots 
arc dedicated to the master and the odd 
slots to the slaves. The master polls anj 
slave station sending data and/or signal¬ 
ing information; the slave sends back its 
response and/or other signaling/data 
information through the following time 
slots. The master then polls the follow¬ 
ing station and so on. 

Bluetooth specifies two services: ar 
isochronous service (based on the reserva¬ 
tion of dedicated slots) where up to three 
isochronous connections may be estab¬ 
lished between a master and one or sever 
al slaves, and an asynchronous service 
allowing only one connection between the 
master and its slaves. The master pol 
interval may be negotiated providing t 
certain level of quality of service (QoS). 

Comparison 
Table 3 points out the differences 

drawbacks and advantages of the three 
protocols focusing on audio/video ser 
vices within home networks. The securi 
ty drawback for IEEE 802.11 is relatee 
to the size of the encryption key whicl 
is too small and the authenticatioi 
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■nechanism which is not mutual. 
Tiperlan2 and Bluetooth both specify 
in FEC mechanism that might be use-
Ù1 for video transmission. 
With its lower bit rates and lower 

lower, Bluetooth is intended to be pri-
narily a solution for a lower speed data 
:onnectivity between devices in a room, 
t is not expected to provide complete 
lome coverage which may limit its use, 
¡specially for video based applications, 
fhe master/slave model has an impact 
>n how the application is designed that 
mplies some limitations regarding 
nteractions between stations. 

Conclusions 
Wireless Home Networks are driven 

>y applications. The primary driver for 
he first wave of applications is the shar-
ng of broadband access to the home. 
There are several solutions from the cor-
•orate LAN space that can fit in home 
ipplications bearing in mind that home 
ipplications are cost sensitive. Given the 
elative complexity of the protocols and 
he diverse products in the home space, 
t is also a challenge to guarantee inter¬ 

operability between devices and services. 
It is expected that as digital video con¬ 
tent becomes more prevalent and avail¬ 
able with acceptable business models for 
distribution, home networks will be 
needed to make the content available 
throughout the home in a cost-effective 

manner. Wireless technologies are 
expected to coexist with existing home 
wiring based technologies. As they 
become more cost-effective, it is expected 
that home electronics will be sold net¬ 
work-enabled out of the box. 
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• Small, Rugged, Reliable 

• Volume Pricing As Low As $20.00 

Rockwell Collins Filter Products 
2990 Airway Ave. 
Costa Mesa, CA 92626 

(714)641-5315 
FAX: (714)641-5320 

Circle 31 or visit freeproductinfo.net/rfd Circle 45 or visit freeproductinfo.net/rfd 

F Design www.rfdesign.com 59 



RF literature 

RF, microwave signal 
control brochure available 

This 51-page product catalog fea¬ 
tures all of MECA’s high perfor¬ 
mance RF and Microwave signal con¬ 
trol products covering the frequency 

available, and includes hundreds of 
hard-to-find seminal papers on 
microwave network analysis. You 
will find all of the ARFTG 
Microwave Measurement Conference 
Digests published between 1982 and 
2001 on a single CD-ROM. The com¬ 
pilation costs $65. Copies are avail¬ 
able at www.arftg.org (click on 
“Order an ARFTG Digest” to down¬ 
load the order form). 
Automatic RF Techniques Group 
www.arftg.org 

range from DC-18 GHz. Many new 
products are featured in this full-line 
catalog including fixed attenuators, 
directional and hybrid couplers, 
power divider/combiners and termi¬ 
nations. Also included are compre¬ 
hensive product descriptions, pho¬ 
tographs, electrical specifications, 
outline drawings and useful 
microwave conversion tables. 
MECA Electronics 
www.mecaelectronics.com 

Updated product catalog 
released on CD-ROM 
Mimix Broadband announces 

the publication of the latest version 
of its product catalog on CD-ROM. 
This CD-ROM catalog includes new 
products, updated data sheets with 
more comprehensive information and 
measurement curves, applications 
notes, and a complete listing of its 
international sales representative 
network. The CD-ROM is also hyper¬ 
linked to Mimix Broadband’s Web 
site to facilitate the collection of 
additional information. 
Mimix Broadband 
www.mimixbroadband.com 

ARFTG conference digests 
published on CD-ROM 
The Automatic RF Techniques 

Group (ARFTG) announces the 
Microwave Measurement Conference 
Digest CD-ROM Compilation. This is 
a complete compilation of ARFTG 
microwave measurement papers 

Interactive e-catalog 
offered in six languages 

Radiall announces its Coaxial Con¬ 
nector and Adaptor Interactive catalog, 
now available in six languages : Eng¬ 
lish, Spanish, French, German, Chi¬ 
nese and Japanese. The interactive cat¬ 
alog allows either a quick search per 
part number and product description or 

related source code, developmeni 
tools and utilities. Extensive infor¬ 
mation regarding Microchip product 
specifications, software support foi 
embedded control applications, pro 
gramming specifications and mors 
are also provided. 
Microchip Technology 
www.microchip.com 

Catalog contains power film, 
current sense resistors 
Caddock Electronics introduce! 

the 27th Edition of the Genera 
Catalog. The 27 th Edition contain: 
all of Caddock’s newest models o 
power film resistors and curren 
sense resistors in one 44-page cata 
log. Highlights include the followin; 
recent product introductions tha 
will be of interest to engineers wht 
design power conversion equipment 
power supplies, inverters, motor con 
trollers, industrial controls am 
other power electronics equipment 
Type MP2060: clip mount TO-22* 
style power film resistor rated at 6< 
W at +25° C case temp, and current 
as high as 60 amps. Value rang 
0.005 ohm to 1 Kohm; Type CC: pre 
cisión, low value current sense chi 
resistors: Now three sizes, 2520 
2015, and 1512 with values as low a 
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a search per criteria to find the solution 
adapted to a specific application. 
Radiall 
www.radiall.com/e-catalog.html 

Technical library available 
on CD-ROM 
Microchip Technology offers its 

updated Technical Library CD-ROM 
1st Edition 2002, a two CD-ROM set 
that features a snapshot of 
Microchip’s newly designed Web site 
and is viewable with an HTML 
browser. Disc One includes docu¬ 
mentation on the company’s PlCmi-
cro microcontrollers, non-volatile 
memory devices, analog/interface 
products, KEELOQ authentication 
devices, RFID devices, rfPIC radio 
frequency devices and the new dsPIC 
Digital Signal Controller product 
line. Disc Two contains a full-line of 
Microchip’s applications notes and 

0.010 ohm and high power capabil 
ty; Type MP9100: TO-247 styl 
power film resistor rated 100 Watl 
at +25°C case temp., values froi 
0.050 ohm to 100 ohms and more. 
Caddock Electronics 
www.caddock.com 
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2002 IEEE Radio Frequency 
Integrated Circuits Symposium 

Philadelphia, Pennsylvania 
June 8-10, 2003 

STEERING COMMITTEE 

General Chair: Natalino Camilleri 
RF & Wireless Design Services 
(408) 252-6165 
natalinoc@yahoo.com 

Technical Program Chair: 
Steve Lloyd 
Conexant (949) 483-4399 
stephen.lloyd@skyworksinc.com 

Digest Tina Quach 
Motorola (480)413-4362 
RI I752@email.sps.mot.com 

Transactions: Joe Staudinger 
Motorola (480) 413-4456 
RYY70@email.mot.com 

Finance: Kirk Ashby 
Microtune (972)673-1745 
kirk_ashby@microtune.com 

Publicity Luciano Boglione 
Agilent (707)577-2160 
l.boglione@ieee.org 

Secretary: Albert Jemg 
DSP Group (408) 986-4414 
ajerng@dspg.com 

Panel & Special Sessions: 
Yann Deval 
Laboratoire IXL (33) 556 842 805 
deval@ixl.u-bordeaux.fr 

Workshops: Stefan Heinen 
RWTH (49) 241-80-27750 
Stefan.heinen@iht.rwth-aachen.de 

Invited Papers: Bernard Xavier 
National (858) 775-6483 
BernardXavier@ nsc.com 

RFIC-2003 Call for Papers 

The 2003 IEEE Radio Frequency Integrated Circuits 2003 Symposium (RFIC-2003) will 
be held in Philadelphia, Pennsylvania on June 8-10, 2002. For the latest information, visit: 
www.rfic2003.org 

Electronic Paper Submission/Communication: Technical papers must be submitted in an 
electronic form via the RFIC-2003 web site www.rfic2OO3.org - Hard Copies are not accepted. 

Technical Areas: Papers are solicited describing original work in RF1C design, fabrication, 
testing and packaging to support RF applications in areas such as, but not limited to: 

• Cellular System ICs and Architectures: GSM, EDGE, TDMA, CDMA, 3G, WCDMA, GPS 
• Wireless Data System ICs and Architectures: Bluetooth, WLAN, 802.1 lx, MMDS, UWB 
• Broadband System ICs and Architectures: Cable, TV Tuner, HDTV, xDSL 
• Optical System IC’s and Architectures 
• Small-Signal Circuits: LNA, Mixer, Switch 
• Large-Signal Circuits: Power Amplifier 
• Frequency Generation Circuits: VCO, PLL, Synthesizer 
• Device Technology : IC Technologies, Packaging, Modules, RF Test and Characterization 
• RFIC Modeling & CAD: Device & behavioral modeling. Parasitic Extraction, Circuit Synthesis 

Proposals Invited: Proposals for forming special sessions, Sunday workshops, special sessions, 
and panel sessions are invited. Please see http://www.rfic2003.org/. 

Technical Format: The technical sessions will be held for three days from Sunday through 
Tuesday. Workshops will be on Sunday. Several invited sessions and talks will take place during 
the conference. 

IMS Liaison/Local Arrangements: 
Jenshan Lin 
Agere (908)582-5182 
Jenshan @ ieee .org 

Microwave Week 2003: The RFIC 2003 will be in conjunction with the IEEE MTT-S 
International Microwave Symposium (IMS). Microwave Week 2003 will continue with the 
International Microwave Symposium and Exhibition, and the Microwave Historical Exhibit. 

ADVISORY BOARD 
Fazal Ali 
Eliot Cohen 
Reynold Kagiwada 
Sayfe Kiaei 
Louis Liu 
Dave Lovelace 
Vijay Nair 

Conference Admin : LRW Assoc. 
Tel 704-841-1915 Fax704-845-3078 
lrwassoc@caroliana.rr.com 

The guest program will include tours to city historic sites, museums and scenic trips to Lancaster 
County, Longwood Gardens, Valley Forge, New Hope and Atlantic City. 

ELECTRONIC SUBMISSION DEADLINES 
All submissions must be electronic. Hard copies are not accepted. 

Proposals for short courses, workshops, panel, and special sessions: 6 September 2002 
Technical Paper Summaries in .DOC or .PDF format: 9 December 2002 
Final Manuscripts for the Digest and CD-ROM: 10 March 2003 

Sponsored by the IEEE MTT-S, EDS, and SSCS 
http://www.rfic2003.org 
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RL software 

Celtic 4.0 Solution for 
Nanometer IC Design 
Cadence Design Systems intro¬ 

duces Cadence CeltIC 4.0 for 
nanometer-scale integrated circuit 
(IC) design. This new release of the 
CeltIC signal integrity solution 
includes major enhancements criti¬ 
cal to successful nanometer design. 
CeltIC 4.0 features greater capacity 
of more than five million gates flat, 
to handle the increased scale of 
nanometer designs. It also demon¬ 
strates better performance with its 
Linux port, and provides greater 
accuracy with its ability to model 
nonlinear slew degradation effects. 
Signal integrity problems are a first-
order effect in nanometer designs, 
where tall, thin wires create unin¬ 
tended electrical effects that impact 
design timing and functionality. 
CeltIC 4.0 signal integrity analysis 
enables customers to identify these 
signal integrity problems before 
their designs are committed to sili¬ 
con and to avoid costly and time-con¬ 
suming re-spins. Tightened integra¬ 
tion of CeltIC 4.0 with Cadence SoC 
Encounter and Cadence Silicon 
Ensemble PKS (SE-PKS) provides 
integrated crosstalk minimization, 
analysis, and repair throughout cus¬ 
tomers’ IC design flows. CeltIC 4.0 
includes support for 32-bit Linux 
and IBM AIX operating systems, and 
for 64-bit workstations from Sun 
Microsystems and Hewlett Packard. 
Cadence Design Systems 
www.cadence.com 

New SystemView supports 
S-parameters 
SystemView by Elanix is a 

Windows-based tool for system-level 
design: mixed signal, system-on-a-
chip, communications, RF/analog, 
and DSP. SystemView is used 
throughout the design cycle by man¬ 
ufacturers and universities around 
the world as a multi-disciplinary tool 
that spans the needs of DSP, Analog, 
and System designers. SystemView 
integrates bit-true DSP (including TI 
eXpressDSP-compliant C code gener¬ 
ator), distortion true RF, extensive 
communication models, full-range 
filter design, and now S-parameters. 
S-parameters are modeled as a two-
port system including network para¬ 

meters, source impedance, load 
impedance and transmission line 
delay. Frequency gain and phase val¬ 
ues are input to S-parameter tokens 
using the industry standard 
Touchstone format. 
Elanix 
www.elanix.com.html 

Package includes modeling 
capabilities, DC-to-RF 
Agilent Technologies introduces 

an RF extension to the BSIM4 mod¬ 
eling package for deep sub-micron 
CMOS devices used in wireless and 
wireline communication products. 
The RF extraction module, now 
included within the open Integrated 
Circuit Characterization and 
Analysis Program (IC-CAP) model¬ 
ing software, enables accurate simu¬ 
lation of RF CMOS devices and 
reduces overall design time. The 
module is an update to the Agilent 
85194K BSIM4 Modeling Package, a 
leading modeling solution for CMOS 
devices with ultra-short channel 
lengths that are well below 0.18 
microns. The BSIM4 Modeling 
Package key features and benefits 
include the following: a DC extrac¬ 
tion module that provides fast and 
accurate measurement-based extrac¬ 
tion of DC, CV, temperature and 
noise model, with one set of parame¬ 
ters to fit a wide range of device 
geometries; an RF extraction module 
that provides highly accurate, high-
frequency model parameters; a built-
in user interface that enables the 
whole measurement and extraction 
process to be fully automated with 
the push of a button; software that is 
easy to enhance and customize to 
accommodate specific processes and 
requirements; and fast and easy-to-
use extraction methodologies, based 
on direct measurements, that pro¬ 
vide a high level of model accuracy 
across DC, CV and RF BSIM4 model 
parameters. 
Agilent Technologies 
www.agilent.com 

Automated intermodulation 
test software 
IFR announces new intermodula¬ 

tion application software for the 2.4 
GHz 2309 signal analyzer. The 2309 
signal analyzer is suitable for RF 

designers and production ATE engi¬ 
neers who must measure intermodu¬ 
lation distortion of wireless systems 
and components such as receivers, 
amplifiers, frequency converters and 
mixers. The 2309 intermodulation 
software uses FFT analysis to per¬ 
form fast and accurate measure¬ 
ments of intermodulation with 
dynamic range beyond the capability 
of conventional swept spectrum ana¬ 
lyzers and does so at speeds formerly 
unachievable by conventional meth¬ 
ods. The new application software 
equips the 2309 with a powerful, fast 
and accurate method for making 
intermodulation distortion measure¬ 
ments. For the first time, complex 
and time consuming intermodulatior 
measurements have been simplifiée 
to allow the tests to be automated 
The new software builds on the 
2309’s existing intermodulation dis 
tortion measurement capability t< 
provide a user interface that require: 
very little setup by the user. 
IFR 
www.ifrsys.com 

Simulation software for 
LTCC, 3G and WLAN 
With version 6.0, AC Microwave 

has accommodated LINMIC+/N ti 
the increasing needs of multilaye 
circuit design and to designing 
circuits with complex excitations 
Completely revised 2.5D PEEC sim 
ulation engine for multilayer com 
ponents with extended layou 
library from basic elements up t 
complete baluns, transformers et< 
and with orders of magnitude spee 
advantage compared to 3D plana 
or 3D tools; extended Harmonic Bal 
anee algorithm for nonlinear cii 
cuits with digitally modulated exc: 
tation signals; new nonlinea 
MESFET/ HEMT/MOSFET model 
for Harmonic Balance simulatio 
including model parameter extrae 
tion from measured data. Additior 
ally, the functions and look-and-fe< 
of the GUI have been furthe 
improved: managing design project 
is simplified and auxiliary EI 
information is generated automat 
cally; easy access to interne 
resources is implemented. 
AC Microwave GmbH 
www.linmic.com 
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MIXERS TO 60 GHz 
• Single-, double-, and triple-balanced 
• Image rejection and l/Q 
• Single-sideband, BPSK 
and QPSK modulators 

• High dynamic range r 
• Active and passive V '' • 
frequency 
multipliers .^3» 

FREQUENCY SOURCES 
TO 40 GHz 

■ Free-running VCOs/DROs 
* Phase-locked cavity oscillators 
• Phase-locked coaxial resonators 
• Synthesizers for SATCOM 
• Fast-tuning communication 

—-, synthesizers 

AMPLIFIERS TO 60 GHz 
• Octave to ultra-broadband 
• Noise figures from 0.35 dB 
• Power to 10 watts 
• Temperature compensated 
• Cryogenic 

INTEGRATED 
SUBASSEMBLIES 
TO 60 GHz 

• Integrated up/downconverters 
• Monopulse receiver front ends 
* PIN diode switches 
• Ultra-miniature switch matrices 
• Missile receiver front ends 
• Switched amplifier/filter 
assemblies 

PASSIVE POWER 
COMPONENTS 

• Power resistors and terminations 
• Power dividers 
• Attenuators 
• Directional couplers 
■ 90 degree hybrids 

IF AND

VIDEOSIGNAL . 
PROCESSING 

• Logarithmic amplifiers 
* Constant phase-limiting amplifiers 
• Frequency discriminators 
• AGC/VGC amplifiers 
• l/Q processors 
• Digital DLVAs 

FIBEROPTIC SYSTEM 
COMPONENTS 

• Wideband fiberoptic links 
• Fiberoptic transmitters 
• Fiberoptic receivers 
• RZ and NRZ drivers, low noise 

i & limiting amplifiers 
F * 10 & 12.5 Gb/s modulator drivers 

• 40 Gb/s drivers & linear amplifiers 

miteq.com 
100 Davids Drive 

Hauppauge, NY 11788 
TEL: (631) 436-7400 • FAX: (631) 436-7430 
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ly product focus — bluetooth/802.11/WAP 

Bluetooth-enabled modular product family 
SMART Modular Technologies debuts its latest offering of wireless solutions 

that transmit and receive Bluetooth RF data. These solutions are available in an 
assortment of modular form factors, including a Type II PC card, a USB dongle, a 
serial port adapter, and a mini-module. These Bluetooth modules retrofit current 
and legacy machines to enable instant access to Bluetooth functionalities for mobile 
and desktop computer markets. For the small form-factor applications including 
personal digital assistants (PDAs), cellular telephones and similar portable devices, 
the company has developed the Bluetooth Mini Module. The Mini Module offers a 
system solution in a small (12.5 x 21.6mm) form factor allowing designers to signifi¬ 
cantly reduce time-to-market without comprising crucial board space. 
SMART Modular Technologies 
www.smartmodulartech.com 

Cost/space-efficient 
Bluetooth solutions 
Motorola has developed a compre¬ 

hensive Bluetooth RF transceiver in a 6 
mm x 7 mm x 1.3 mm low temperature 
co-fired ceramic (LTCC) module; and a 
stacked die RF-plus-baseband 
Bluetooth solution, that includes RF 
transceiver and baseband ICs. This 
highly integrated 2.4 GHz RF transceiv¬ 
er module is designed to provide a com¬ 
prehensive, low-power Bluetooth 1.1 
radio for Class 2 systems. The module’s 
receiver features a low-noise amplifier, 
high/low image reject mixer, complete 
VCO, post mixer amplifier, self-adjust¬ 
ing channel filter, limiting amplifier, 
demodulator, and an A/D block. The 
transmitter function includes a direct 
modulation FM transmitter controlled 
by a dual-port fractional-N synthesizer 

PC/104 carrier board for 
GPS, wireless modems 
Diamond Systems announces the 

introduction of the PC/104 carrier 
board, Pyxis-MM. It provides a low-cost, 
compact solution for embedding a GPS 
receiver module, a wireless modem 
module, and/or a landline modem mod¬ 
ule into a PC/104 embedded system. It 
offers the advantage of two modules on 
a single carrier (GPS and wireless 

and VCO, a low power amplifier (0 
dBm), and a transmit/receive control 
function. Low current drain of 27 mA 
(transmit) and 33 mA (receive), with 
multiple power down modes conserve 
power; while an integrated electronic 
crystal trim provides the capability to 
compensate for as much as 50 ppm of 
crystal tolerance. 
Motorola 
www.motorola.com 

modem), saving critical space for mobile 
applications. When used with GPS 
receiver and 2.4 GHz worldwide license-
free wireless modem modules, it pro¬ 
vides location identification and com¬ 
munications features for vehicle-based 
embedded systems around the world, 
such as vehicle tracking, navigation, 
and precision farming. It can also be 
configured for standalone operation 
without a CPU for low-cost applications. 
In this mode, all that is required is the 
carrier board, the modules, and a power 
supply. The GPS receiver and wireless 
modem are directly connected to each 
other, allowing the automatic real-time 
broadcast of GPS data to enable a base 
station to monitor the whereabouts of a 
vehicle. It includes all the necessary I/O 
circuitry to interface the selected mod¬ 
ules onto the PC/104 bus, including ser¬ 
ial ports and power supplies. A backup 
power connector is provided to maintain 
GPS almanac and minimize time-to-

first-fix The board runs on +5V and 
operates over the industrial tempera¬ 
ture range of -40 to +85° Model 
PXMM-XT is the full-featured carrier 
board for GPS, wireless, and/or landline 
modem. Pricing is $160 in single quan¬ 
tity and $136 in 100-499 (not including 
add-on modules). Modules and anten¬ 
nas are available from Diamond 
Systems or direct from their respective 
manufacturers. 
Diamond Systems 
www.diamondsystems.com 

New Bluetooth 
design solution 
Royal Philips Electronics has 

added a low power Bluetooth system 
solution to its existing portfolio. The 
system enables wireless technology 
designers to focus on taking produci 
functionality to the next level without 
worrying about complex design issues 
The solution consists of the Blueberry 
DATA baseband IC (PCF87752) and its 

TrueBlue radio module (BGB101). Thi 
system makes Bluetooth wireless tech 
nology a practical option for communi 
cation, computing and consumer appli 
cations at home, in the office or on th 
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MN A AMPLIFIERS 
MMICs from 500MHz to5.9GHz 3135 

as low as I ea. (qty. 1000) 

Built-In RF Choke, Resistors, Bypass & Coupling Capacitors 
Simplify your 500MHz to 5.9GHz 
designs with Mini-Circuits easy to use 
MNA amplifiers. With DC blocking 
capacitors and a biasing network built-
in, all you do is drop the amplifier in place on 
your PC board, connect, and the job is done! 
There's no biasing to figure out and no external 
components to connect. Broadband, low 
and high power models offer 10 to 23dB 
(typ) gain, 7 to 18dBm (typ) power output, 
and more than 40dB isolation, which makes 
them terrific for use as an isolator. But these 

amplifiers go on to feature a minuscule 
3x3mm MCLP™ SM package with 
exposed metal bottom for excellent 
grounding and heat dissipation. If 

you're looking for versatility, MNAs operate 
from a +5V to 2.8V DC supply, making them 
indispensable for use in today's miniature 
battery operated hand-held devices. And if 
you're looking for value, prices start 
from only $1.60 ea. (qty. 30). So simplify 
your design, your manufacturing, and your 
life with Mini-Circuits all-in-one MNAs! 

Detailed Performance Data Online at. www.minicircults.com/amplifier.htmt 

MODEL Freq. DC Gain Pwr. Out Price 
(GHz) Volts Midband 1dB Comp. $ea. 

(V) (dB) Typ. (dBm) Typ. (qty. 30) 

MNA-2 0.5-2.5 5.0 12.8 17.7 , 

MNA-3 0.5-2.5 5.0 16.2 11 4 , æ 
4.0 y. / 

MNA-4 0.5-2.5 5.0 16.6 17.0 , on 
2.8 14.6 13.4 

MNA-5 0.5-2.5 5 0 22.8 12.2 160

MNA-6 0.5-2.5 5.0 23.5 18.0 2.25 
4.0 ¿1.5 14.1 

MNA-7 1.5-5.9 5.0 17.2 15.6 225

¿.0 10.4 1 ¿.7 

Amplifier Designer's Kits 
K1-MNA: 10 of ea. MNA-2, 3, 5, 6...$69.95 -* 

K2-MNA: 10 of ea. MNA-2, 3. 4. 5. 6, 7. . $99.95 

Application note fa PCB layout included. 

£□ Mini-Circuits 
" " ■ ■ FIPQI p 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 

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com 

US 

ISO 9001 ISO 14001 CERTIFIED 



move. Blueberry DATA is a new base¬ 
band family member suitable for hosted 
and several embedded applications for 
mobile communications, consumer and 
computing. It combines low power con¬ 
sumption levels with 224K bytes 
embedded flash and a USB 1.1 interface 
with embedded transceiver. The 
PCF87752 supports a wide range of dis¬ 
crete radio ICs and radio modules. 
Blueberry DATA’S recognized Bluetooth 
core will help ensure interoperability 
with all major mobile phone and PC 
manufacturers’ Bluetooth compliant 
devices. The BGB101 is a pre-qualified, 
fully tested and plug-and-play 
Bluetooth radio module. 
Royal Philips Electronics 
www.semiconductors.philips.com 

Onboard micro-controller 
with radio transceiver 
Honeywell has announced a trans¬ 

ceiver module, the Radio-On-Chip 
System-in-Package (ROC SIP), devel¬ 
oped for battery powered wireless 
applications in digital data communi¬ 

cations. The device combines a radio 
transceiver and a micro-controller for 
a single system-in-a-package unit 
offering wireless designers high levels 
of integration and a shortened, sim¬ 
pler transceiver design process. The 
chip design includes a half-duplex 
radio on a chip, a 900 MHz transceiver 
and a built-in 8051 based Cygnal 
C8051F300 micro-controller integrat¬ 
ed into a single 52-pin leadless TAPP 
package. Customers can re-use their 
existing 80C51 code, without modifica¬ 
tion, in the ROC SIP product. The 
micro-controller and transceiver pair 
is a highly functioning set guaranteed 
to operate together. The micro-con¬ 
troller has an 8K ISP flash memory, a 
high-speed pipelined 8051 CPU, and 
on-chip JTAG based debug in each 
device. It's configurable with two flexi¬ 
ble user inputs for easy connectivity. 
The transceiver has a high number of 
built-in digital features including 
Manchester encoder and decoder and 
message storage. 
Honeywell 
www.honeywell.com 

Wireless bi-directional 
repeater 
ADTRAN announces its new wire¬ 

less bi-directional repeater 2400 (BDR 
2400). The BDR 2400 allows AD-
TRAN’s T1 or El TRACER systems to 
transmit over and around microwave 
path obstacles, cutting the cost of addi¬ 
tional equipment required for a re¬ 
peated circuit by as much as 50 per¬ 
cent. Previously, obstacles to wireless 
signals were dealt with by deploying 
complete back-to-back radio systems 
By combining two transceivers into one 
housing, TRACER can now relay voice 
and data through just one repeater 
saving valuable networking dollars 
TRACER features direct sequence 
spread spectrum digital technology foi 
point-to-point wireless connectivity. Il 
operates in the 2.4 GHz band, license 
free band. The TRACER product line if 
available in mastmount and rackmoun 
configurations to provide El or dual T" 
communication links. 
Adtran 
www.adtran.com. 
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Power 
beyond the 

printed WOrd, 

Our ability to help you solve business problems extends beyond the 
great editorial in this publication. 

E-Mail Newsletters. Get the news you need, as it happens. 
Sign up for a subscription to one of our e-mail newsletters. Go to 
PrimediaBusiness.com and click on "I want to subscribe to a newsletter." 
Or, sponsor one of our targeted newsletters to reach buyers in your 
market. Contact Rob Shore (rshore@primediabusiness.com or 
212-204-2622). 

Amplified coverage. Every Primedia Business publication has a website 
with relevant news and additional resources. Go to PrimediaBusiness.com 
and click through to the publications you're interested in. 

Supplier Directory. Find a product or service in our multi-industry 
Supplier Directory. Go to PnmediaBusiness.com and click on the Supplier 
Directory link. 

Custom online “special reports.” Our editorial content and your 
sponsorship can help you increase your sales. Contact Trish Conheeney 
(pconheeney@primeidiabusiness.com or 212-204-1455). 

Banners. Property created and targeted web banners can actually be 
incredibly effective. Target by audience or content. Contact Rob Shore 
(rshore@primediabusiness.com or 212-204-2622). 

Industry news, delivered. Get the latest industry-specific news auto¬ 
matically delivered fresh to your corporate website, intranet or extranet. 
Go to PrimediaBusiness.com and check out Primedia Insight Newswire. 

We can connect you with the exact buyers you're looking for or bring 
you the information you need to win in today's markets. Click or call 
today to tap into the power of Primedia Business. 

PRIMEDIA 
Business Magazines & Media 

PrimedlaBusiness.com 
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of the month 

MEMS FOR WIRELESS APPS 
300 kHz to 6 GHz RF MEMS single-pole, 
double-throw (SPDT) switch 
Teravicta has developed the TT612, an ultra-low loss, 300 kHz to 6 

GHz RF MEMS single-pole, double-throw (SPDT) switch. 
RF MEMS switches combine the performance advantages of electro¬ 

mechanical relays with the manufacturability advantages of solid state 
switches. MEMS switches also provide ultra-low losses, high isolation, 
and high linearity of relays, but with the significant size, power consump¬ 
tion, and cost advantages of high volume wafer fabricated solid state 
switches such as GaAs FETS and PIN diodes. MEMS-based technolo¬ 
gy has inherent performance advantages for wireless applications in 
that they are broadband. 

MEMS-based products synergistically combine both mechani¬ 
cal and electronic devices on a monolithic microchip to provide 
tremendous performance advantages over solid-state compo¬ 
nents, especially for wireless applications. The immediate 
benefits of RF MEMS switches for end-users are longer bat¬ 

tery life and greater connection quality as well as extended 
range of communication, fewer dropped calls, enhanced call 

quality, and increased bandwidth for wireless data applications. RF 
MEMS will also more easily meet the requirements placed on them by 
the need to deliver high-quality broadband data in 3G systems. 
The key advantage of the TT612 is its extremely low insertion loss. 

Device highlights: 

Low-loss -0.1 dB @ 900MHz, 

0.3 dB @ 6 GHz 

300 kHz to 6 GHz RF frequency response 

High linearity, IP3 >65 dBm 

Insensitive to magnetic fields 

switches have losses of 0.15 dB to 0.3 dB 
(or 1% to 4%) at frequencies from 2 GHz to 
6 GHz. Traditional GaAs switches and PIN 
diodes have losses of 0.6 dB to 1.5 dB (10 to 
35%) depending on frequency and power. 
This allows MEMS switches to significant¬ 
ly increase the range (20 to 30%) or battery 
life (15 to 25%) of radios. 

This switch combines ultra-low losses with 
flat linearity (IP3 >65 dBm) and high-power 
handling capability (3 W continuous RF 

power), encased in a surface-mount package. 
Applications include multi-band/multi-mode switch¬ 
ing, diversity switch, CDMA systems, CATV set top 
boxes, cellular/wireless handsets, smart antennas, 
and general RF signal routing & switching. 

Terravicta 
www.teravicta.com 

Ultra-low loss, 
DC to 6 GHz RF MEMS single-pole, 

double-throw (SPDT) switch 
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RF products 
High-efficiency GSM/GPRS 
power amplifier 
Raytheon has introduced RMPA1958-99, a high effi¬ 

ciency power amplifier module for GSM/GPRS quad-band 
applications. The module, which has an overall frequency 
range of 824 to 1910 MHz, uses InGaP MMIC technology 
with a CMOS control circuit in an integrated design, 
affording greater flexibility and user convenience. 
Features include internal 500 input and output matching 
with internal DC-blocking, and a leadless chip-carrier 
module with on-board band select and output power con¬ 
trol, reducing handset design complexity and minimizing 
loss. The device operates at a supply voltage of 3.5 VDC 
and delivers an output power of 35 dBm for GSM applica¬ 
tions and, 32.5 and 31.5 dBm, respectively, for DCS and 
PCS. Its power-added efficiency is 55% for US cell/GSM 
and 50% for DCS/PCS. The full range of output power 
control is set with a variable power control voltage of 1.9 
VDC max, and the total leakage current at shutoff is in 
the uA range. The InGaP GaAs HBT-process offers an 
inherently lower temperature sensitivity, easier manufac¬ 
turability and higher reliability. The unit is packaged in 
an 11.6 X 9.1 XI.6 mm leadless chip-carrier (LCC) mod¬ 
ule to maximize available handset board. 
Raytheon 
www.raytheonrf.com 

MILITARY/SPACE 
Phase matched 
military multiplexer 
K&L Microwave has unveiled a 

low-profile multiplexer with an ultra 
wide usable passband from 500 MHz to 
2000 MHz. Units can be purchased as 
stand-alone units, matched pairs or 

welded to meet hermeticity specifica¬ 
tions in addition to various environ¬ 
mental conditions of MIL-STD-202. 
K&L Microwave 
www.klmicrowave.com 

Digitally tuned oscillator 
product line 

Signal Technology has released a 
line of digitally tuned oscillators (DTO) 
developed primarily for military digital 
receiver front ends for radar applica¬ 
tions and for electronic warfare (EW) 
simulator markets. These components 
are designed for applications that 

matched sets with a maximum of six 
units per set. Sets can be phase 
matched to within ±15° across the 
entire passband. Units are designed to 
withstand stringent military require¬ 
ments and are fully spec compliant 
over the operating temperature range 
of-55° to +55° C. This device features a 
6061 aluminum housing that is laser 

require speed, broadband jamming, 
and fast frequency hopping. The DTO 
design incorporates a custom integrat¬ 
ed assembly architecture using a dual 

source approach with hybrid and mono¬ 
lithic multi function microwave and 
control component circuitry. This 
achieves the broadband tuning and sta¬ 
bility required. The dual source 
approach allows for lower operating 
power consumption, improved reliabili¬ 
ty and smaller package size. Designs 
with continuous frequency coverage 
from 2 to 18 GHz with 2 to 6 GHz, 2 tc 
9 GHz, and 6 to 18 GHz options cover 
ing full military temperature ranges 
are currently available. 
STC 
www.sigtech.com 

SIGNAL SOURCES 
Tiny IC for cellular 
phone VCXO modules 
MAS has launched the MAS9278, £ 

miniature IC less than 1.5 mm2. It is 
designed for VCXO modules used ir 
high-volume markets like cell phones 
as a low cost replacement for mors 
expensive VCTCXO modules. Because 
it does not include temperature com 
pensation its small size offers OEMs t 
low system solution cost. It has a mem 
ory for the offset trimming of the crys 
tai tolerance making it possible t< 
achieve high stability at room tempera 
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WORLD'S SMALLEST 

DIRECTIONAL COUPLERS 
9 to 20dB... Immediate Delivery 

Only * each (qty. 25) 

The DBTC series from Mini-Circuits is quite simply the smallest, 
lowest priced 5 to 2000MHz directional coupler series on 
Earth! Available in 9 to 20dB nominal coupling values, these 
patented 50&75 ohm couplers integrate Blue Cell™ LTCC 
design techniques for very flat coupling, low insertion loss, 
and multi-decade broad bandwidths. All-welded connections 
improve reliability, and automated production delivers high 
unit-to-unit performance repeatability. Plus, Mini-Circuits low 
price of only $1 .99 each (qty. 25) gets even lower with higher 
quantities! So, preserve precious board space, and capital as 
well. Specify Mini-Circuits DBTC directional couplers. 

CUSTOM Product N EEOS...Lel Our Experience Work For Vbu. 

DBTC SPECIFICATIONS 

BLUE 

Protected by U.S. Patent 6140887 Additional patents perxing 

Freq. 
Coupling Model (MHz) 
9dB DBTC-9-4 5-1000 
10dB DBTC-10-4-75 5-1000 
12dB DBTC-12-4 5-1000 
13dB DBTC-13-4 5-1000 

13dB DBTC-13-5-75 5-1000 
1000-1500 

16dB DBTC-16-5-75 5-1000 
1000-1500 

17dB DBTC-17-5 50-1000 
1000-1500 
1500-2000 

18dB DBTC-18-4-75 5-1000 
20dB DBTC-20-4 20-1000 
Dimensions 0. 15’ square. 

Ins. Loss (dB) 
Midband Typ 

1.2 
1.4 
0.7 
0.7 

1.0 
1.4 
1.0 
1.3 

0.9 
1.0 
1.1 
0.8 
0.4 

Directivity (dB) 
Midband Typ 

18 
20 
21 
18 

19 
17 
21 
19 

20 
20 
14 
21 
21 

DESIGNER’S KITS 
K1-DBTC (50 Ohms) 5 Olea DBTC 9-4. 12-4. 134. 17-5. 20-4 Total 25 Units $49 95 

K2-DBTC(75Ohms)5olea DBTC-10-4-75. 13-5-75. 16-5-75. 18-4-75 Total 20 Units $39 95 

For detailed specs visit: www. miniclrcuits.com/dcoupler.html 

We’re redefining what VALUE is all about! 

C3 Mini-Circuits 
CIRCLE READER SERVICE CARD 

RO. 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 

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At www.minicircuits.com 

/SO 9001 CERTIFIED F 366 revorg. 



ture. It features a typical power con¬ 
sumption of only <0.9 mA for extended 
battery time, low phase noise of <-130 
dBc/Hz at 1 kHz and is delivered in as 
die form. Price for 1000 pcs is $0.82 
each. 
Micro Analog Systems 
www.mas-oy.com 
info@mas-oy.com 

AMPLIFIERS 
Feature-improved 2.4 GHz 
ISM band amplifier 
OphirRF has redesigned the model 

5302015 ISM band amplifier primarily 
for video transmission in the 2.4 GHz 
unlicensed band. This module has been 
redesigned to make it smaller, lighter, 
and operate up to +80° C. Added features 
include forward power monitoring and an 
enable/disable control. It features a mini¬ 
mum small signal gain of 41 dB and 8 W 
of linear output power. Operating off of a 
single 13 VDC supply, this module has 

Dual 400MHz, 2500V/ps volt¬ 
age feedback Amp 
Linear Technology has released 

the LT1819 is a dual, high-speed (gain 
bandwidth product = 400MHz, slew 
rate = 2500V/^s), unity gain stable, 
voltage feedback op amp with low total 
harmonic distortion of -85dB at f = 
5MHz and VOUT = 2Vpp, RL = 500Q. 
Supply current is 9 mA/amplifier. In 
addition, the amplifier features low 
noise (6 nV/Hz @10 kHz), 1.5 mV max 
input offset voltage and a guaranteed 
minimum output current of 50 mA. 
This combination of features makes the 
LT1819 applicable for use in high¬ 
speed filters, ADC drivers and DAC 
buffers as well as in high-end video and 
wireless base station amplifiers. 
Linear Technology 
http://www.linear.com 

Compact 8 W 
class A amplifier 

Stealth Microwave has released 
the SM0822-39, a compact class A 
amplifier operating from 800 to 2200 
MHz. Output power, at PldB, is +39 
dBm (min.) with a +53 dBm (min.) 
OIP3. Linear gain is 45 dB with 1.5 dB 
peak to peak flatness. Supply voltage is 

fixing holes for mounting to a cold plate, 
or it can be provided complete with a 
heat-sink and cooling fans. When provid¬ 
ed in system form, an Ethernet connec¬ 
tivity option allows remote control and 
monitoring of the amplifier from any¬ 
where. suitable applications include 
wireless LAN backhaul, cell site intercon¬ 
nectivity, and testing products for suscep¬ 
tibility to 802.11b and Bluetooth signal 
radiation. Priced at less than $1,200. 
Ophir 
www.ophirrf.com 

+12 VDC @ 3.5 Amps. Features include 
mismatch protection, temperature com¬ 
pensation, over/reverse voltage protec¬ 
tion, thermal protection with auto 
reset, and logic on/off control. Forward 
Power Detection is also available. 
Stealth Microwave 
www.ssbtech.com 
sales@ssbtech.com 

Linear PAmodule for CDMA 
3G handset applications 

Celeritek has debuted a new 4mm 
square, linear, power amplifier module 
designed for transmit functions in 
CDMA2000 cellular multimode, data-
enabled handset applications. The 
model CHP0205-QM operates from 824 
to 849 MHz and offers 36% linear 
power added efficiency, +28 dBm out¬ 

put power, lower RF power efficiency 
enhancement, 50Í1 internal matching 
and on-board DC power down mode. 
The device is packaged in a 4mm x 
4mm x 1.5mm power module. 
Celeritek 
www.celeritek.com 

WJ expands the AG series 
low-cost gain blocks 
WJ Communications offers five 

new AG Series low-cost gain block 
amplifier models. The AG201, AG202, 
AG203, AG503, and AG604 are the 
next installment in a broad family of 
general-purpose buffer amplifiers. They 
are designed to provide broadband gain 
at frequencies from DC to 3 GHz. The 
family covers 11 performance combina¬ 
tions spanning 10 to 20 dB gain, +6 to 
+ 19 dBm PldB, and +20 to +34 dBm 
OIP3. While targeted at telecommuni¬ 
cations infrastructure and CATV mar¬ 
kets, the series will work for other 
applications within the DC to 3 GHz 
operating range. They can be directly 
applied to various current and next 
generation wireless technologies such 
as GSM, CDMA, W-CDMA, UMTS and 
GPRS. Unit prices for the AG Series 
models purchased in 10,000 piece order 
quantities are less than $1 each. 
WJ Communications 
www.wj.com 

TEST AND 
MEASUREMENT 
Wireless Internet 
protocol test solution 
Anritsu Company has introduced 

the cdma2000 IxRTT wireless Internet 
protocol (IP) test solution designed 
specifically to help wireless Internet 
application developers create, trou¬ 
bleshoot, and verify application 
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Electromagnetically Charged EDA Software 

From the company that brought you HFSS™, 
comes a new era of electromagnetically charged 
EDA software. Ansoft Designer's world-class circuit, 

system, and electromagnetic technology will 
redefine the way you design. To learn more, visit 

www.ansoft.com/ansoftdesigner 
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designs. By using the wireless IP test 
solution, engineers can accelerate the 
development cycle. The test set model 
number MX880121A-02, is a software 
option to the IxRTT version of 
Anritsu's MT8801C radio communica¬ 
tion analyzer. A variety of functions 
can be performed using Anritsu's 
cdma2000 IxRTT wireless IP solution. 

time to preserve complete time, fre¬ 
quency, modulation and transient 
information while delivering 55 dB 
SFDR. The workstation uses the 
Windows NT OS, a high-speed Pentium 
processor, GPIB and 10/100baseT 
Ethernet to deliver an open worksta¬ 
tion environment. The system can be 
operated manually, automatically, 
remotely or networked, and is easily 
upgraded for wider bandwidths, addi¬ 
tional memory, and other frequency 
bands. 
Celerity Systems 
www.celeritydbt.com 

Typical applications include mobile 
device application software evaluation, 
wireless web development and high¬ 
speed data products such as wireless 
modems or associated application soft¬ 
ware evaluation The MX880121A-02 is 
a $5,000 software option to the 
MT8801C Radio Communication 
Analyzer equipped with cdma2000(tm) 
IxRTT hardware and software. The 
IxRTT Wireless IP test system is avail¬ 
able for less than $45,000 
Anritsu 
www.us.anritsu.com. 

Digital broadband T&M 
ISM Workstation 
Celerity Systems has introduced 

the CS20310C ISM Workstation. The 
system features 100 MHz of real-time 
bandwidth and 4 GB of memory. It can 
monitor and record up to 16 seconds (or 
25,600 hops) of all signals within the 2.4 
GHz ISM band, including BluetoothTM, 

802.11b, 802.11g, and HomeRF signals. 
The system’s high-performance, 300 
Ms/s ADC captures all signals in real¬ 

SEMICONDUCTORS/ 
ICs 
Versatile LDMOS FET amp 
for communications 

California Eastern Laboratories 
has added another silicon LDMOS FET 
to its family of NEC low-cost, medium -
power devices. Useable from UHF to 
2.5 GHz, the NE552R479A is designed 
as a transmitter output stage for cell 
phones, two-way radios, wireless LAN, 
and fixed wireless transceivers. 
Designed to accommodate battery volt¬ 
ages from 3 to 8 VDC, it's useable in a 
wide variety of handset and portable 
applications - plus it does not require a 

Specifications at a glance: 

• Rated at 5VDC, 2.44GHz 

• Pout +27 dBm 

•GL= 11.5 dB 

• Output IP3 = +36 dBm 

negative supply voltage. It features 
high output power, high linear gain, 
and high power-added efficiency in a 
low-cost plastic, surface-mount pack¬ 
age. The design of its miniature 5.7 x 
5.7 x 0.9 mm surface mount package 
results in a low 10° C/W (max) thermal 
resistance figure. It is priced at $2.00 in 
10K piece quantities. 
CEL 
www.cel.com 

Multifunction self-aligned 
high density MMICs 

M/A-COM, has announced a family 
of X-Band MMICs. Two are MMIC low-
noise amplifiers covering the 8.5 GHz 
to 12 GHz frequency range and incorpo¬ 

rating on-chip limiters capable of 10 W 
CW power handling. Two other MMICs 
offer an integrated 6-bit phase shifter, 
5-bit attenuator, buffer amplifier, and 
on-chip TTL-compatible control logic. 
All products are fabricated with M/A-
COM's Multifunction Self-Aligned Gate 
(MSAG) GaAs MMIC process. MSAG 
enables the development of high-perfor¬ 
mance and low-cost standard products 
that integrate both microwave and digi¬ 
tal circuit functions on high-density 
die. Contact the factoiy for volume pric¬ 
ing. Sample availability is from stock. 
M/A-COM 
www.macom.com 

High-frequency PWM 
power supply controller 
Microsemi has announced a new 

highly integrated high-frequency power 
supply controller combining a synchro¬ 
nous PWM switching regulator with an 
adjustable linear regulator driver. 
Designated the LX1673, the DC/DC 
controller is designed to reduce circuit 
component costs in video card power 
supplies, double data rate (DDR) mem¬ 
ory termination, computer peripherals, 
computer add-on cards, low voltage 
applications, and 3.3 VDC power con¬ 
version applications. The device fea¬ 
tures two independently regulated out¬ 
puts as low as 0.8 VDC from an inter¬ 
nal 1% reference. The PWM output is 
capable of sourcing up to 15 A, while 
the adjustable low dropout regulator 
can simultaneously supply up to 5 A for 
input/output, memory and other sup¬ 
plies surrounding microprocessor 
designs. It is available for immediate 
sampling and delivery in a space-sav¬ 
ing 20-pin MLP (Jedec MO-229) 
surface-mount power package, with 
>10K quantity pricing at $0.99. 
Microsemi 
www.Microsemi.com 

TX/RX 
Combination antenna for 
802.11a, b, BTand U-NII 
Centurion has enhanced its 

Bluechip antenna so it simultaneously 
supports all three frequency bands of 
802.11(a) as well as Bluetooth, 
802.11(b), HyperLan and Unlicensed 
Network Information Infrastructure 
(U-NH) broadband applications. The 
new antenna can be used to access 
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JS SERIES 
INTEGRATED 
MODULAR 

TO 60 GHz 

FEATURES 
Ease of design optimization 

Proven JS amplifier technology 

Superior noise and phase 
performance 

All modules contain internal 
regulation 

MODULE TYPES 
• Module sizes are 

0.45 LxO.4rW X 0.1 T H 

Ultra-Broadband Amplifiers 
Medium Power Amplifiers 
High-Gain Amplifiers 
Low-Noise Amplifiers 
Frequency Multipliers 
High-Pass Filters 
Band-Pass Filters 

• Compact assembly sizes fit most 
system applications 

PIN Attenuators 
Power Dividers 
Input Limiters 
IF Amplifiers 
Couplers 

OPTIONS 
• Combined isolated gain modules for 

up to 75 dB of total gain 

• Integrated filtering to reduce noise 
bandwidth and I.M. distortion 

• Ultra-low noise and medium power 
module pairings for high dynamic 
range 

• PIN attenuators to enhance system 
flexibility 

• Front-end RF limiters to protect 
against high level inputs 

• A single-broadband input can be 
divided into multiple sub-bands 

100 Davids Drive, Hauppauge, NY 11788 
TEL.: (631) 436-7400 • FAX: (631) 435-7470/436-7430 

_ miteq.com 
ISO 9001 

For additional information, please contact Rosalie DeSousa at (631) 439-9458 or send an e-mail to rdesousa@miteq.com. 



802.11 (a) and 802.11 (b) networks in 
North America, Europe and Asia that 
use different bands within the 2 GHz 
and 5 GHz ISM bands. The internal 
antenna offers high-gain 2.0 dBi, and 
wide bandwidth in a package the size of 
an eraser tip. The antenna is intended 
for PCB surface-mounting that can be 
adjusted to both vertical and horizontal 
positions without compromising perfor¬ 
mance. The antenna is available in 
tape and reel packaging. 
Centurion 
www.centurion.com 

Miniature FBAR duplexers 
for handsets and PDAs 
Agilent has released a new film 

bulk acoustic resonator (FBAR) family 
that allows designers to create ultra¬ 
slim cell phones and data cards for 
PDAs. These duplexers measure 5.6 x 
11.9 x 2 mm and are targeted at PCS 
handset and data card applications 
operating in the 1900 MHz frequency 
band. The HPMD-7904 and HPMD-
7905 FBAR duplexers enhance the sen¬ 
sitivity and dynamic range of CDMA 
receivers. They also provide high trans¬ 

teries. The SE 48S70 battery has an 
expected service life of about 10 years -
even under extreme environmental 
conditions. 
Avestor 
www.avestor.com 

mit and receive isolation, offering high 
sensitivity and excellent desense 
immunity and low insertion loss. The 
HPMD-7904 is priced at $3.80 each, 
while the HPMD-7905 is $3.30 each, in 
quantities of one million. 
Agilent Technologies 
www.agilent.com 

Lightweight and low-cost 
directional antenna 

Pacific Wireless has introduced a 
directional antenna system operating 
in the 2.4 GHz frequency range for 
wireless Internet service providers 
including customer premises equip¬ 
ment (CPE), wireless bridges and 
point-to-point wireless links. With oper¬ 
ating frequencies of 1700 to 2700 MHz 
available, additional usage of the 
antenna system includes transmit and 

receive applications such as wireless 
local loop (WLL), point-to-point 
repeaters, point-to-point receive sites, 
streaming video and MMDS applica¬ 
tions. The Model PAWDCA-24 features 
24 dBi gain, 8 degrees of beam width, 
greater than 24 dB front-to-back ratio, 
is 42 x 24 inches (including dipole) and 
weighs 5.5 lbs. Additional specifications 
include: input return loss of -12 dB; 
operating temperature of-45 to +70° C; 
and Pacific Wireless' adjustable tilt 
attaching hardware for mounting on 
the customer's pole. Quantities of 1 to 9 
are priced at $82 and $57 per unit in 
100 piece quantities, and are available 
from stock. 
Pacific Wireless 
www.pacwireless.com 

POWER 
New battery for 
telecomm Industry 
AVESTOR has announced that it is 

ready to commercially produce its first-
generation lithium-metal-polymer bat¬ 
tery, the SE 48S70, specifically 
designed for the telecommunications 
industry. The SE 48S70 battery pro¬ 
vides superior performance in ambient 
temperatures ranging from -40 to +65° 
C using just one-third the space and 
with one-fifth the weight of traditional 
valve-regulated lead-acid (VRLA) bat¬ 

INTERCONNECT/ 
INTERFACE 
1.0/2.3 family offers 
SMT compatibility 
Compel Electronics is pleased to 

announce the availability of its 1.0/2.3 
SMT-compatible multi-interface con¬ 
nector series. This SMT design facili¬ 
tates PCB assembly and also accommo¬ 
dates tight packaging density. These 
new connectors are available with 2-, 3-
and 4-coax interface combinations in 
the same housing. Frequency coverage 
is from DC to 2 GHz in standard 750 
impedance value and DC to 10 GHz in 
optional 500 impedance. Custom vari¬ 

76 

ants are available upon request. 
Standard housings are cast from a light 
weight alloy, and a liquid crystal poly¬ 
mer housing is also available in the 4-
coax version. Units are available in 
tape and reel packaging. 
Compel 
www.compelna.com 
sales@compelna.com 

90° 75Q BNC 
bulkhead jack 
Trompeter has introduced the 

UCBBJR29, a new PCB-mounted right¬ 
angle bulkhead BNC jack. This jack is 
designed for true 750 performance and 
carrier class applications. The jack is 
applicable to OEM equipment applica¬ 
tions that involve high data rates, high 
bandwidths and/or high frequencies, 
with low return loss. The bulkhead fea¬ 
ture allows torque of the BNC coupling 
mechanism to be transferred to a panel 
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REDUCE WCDMA PA CURRENT 
83% WITH DYNAMICALLY 

CONTROLLED STEP-DOWN DC-DC 
High-Speed DC-DC Adjusts 2.5G & 3G PA Supplies to Match Transmit Power 

The MAX1820 is the first step-down converter designed specifically for the power amplifiers in 2.5G and 3G cellular phones. 
The baseband processor dynamically programs the converter output voltage based on the variable power required by the PA. 
The high-speed MAX1820 varies its output voltage from 0.4V to 3.4V in less than 30ps, tracking the PA transmit power 
envelope. By matching the PA supply voltage envelope, the PA minimizes power loss and maximizes battery life. The MAX1820 
is equipped with a divide-by-13 or -18 phase-lock-loop to synchronize to a 2.5G or 3G system clock and does not add spurious 
noise into the RF band during actual tests with a WCDMA PA. The MAX1820 is priced at $1 .95, 1000-piece resale1. 

REDUCE BATTERY CURRENT OUTPUT OF HIGH-SPEED DC-DC 

tPrice provided is for design guidance and is FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all packages are offered in 1k increments, and 
some may require minimum order quantities. 
UCSP is a trademark of Maxim Integrated Products. Inc. 

FREE Power Supplies Design Guide— Sent Within 24 Hours! 
Includes: Reply Cards for Free Samples and Data Sheets 

2002 EDITION! 

FREE FULL-LINE DATA CATALOG 

ON CD-ROM 

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

ykiyjxiyki 
www.maxim-ic.com 

’ .... A 

ynyjxiyn/¡? «ÄoNOUCT^ 

DISTRIBUTION 

1 -888-MAXIM-IC 

wcilicon 
An Avnet Company 

ARROW ELECTRONICS, INC. ' ' 
1-800-777-2776 1-800-332-8638 

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194. 
Distributed by Maxim/Dallas Direct!. Arrow. Avnet Electronics Marketing. Digi-Key. and Newark. 

Distributed in Canada by Arrow and Avnet Electronics Marketing. 

/H71XI/IZI is a registered trademark of Maxim Integrated Products. Inc. © 2002 Maxim Integrated Products. 
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front in lieu of the board, ensuring the 
integrity of the board to connection 

junction. The BNC series is capable of 4 
GHz of upside frequency in current 
designs. Pricing is $11.25 each in 5,000 
pc quantities. 
Trompeter 
www.trompeter.com. 

DC block affords voltage 
protection To 18 GHz 
Mini-Circuits BLK-18 coaxial DC 

block blocks DC in the extremely broad 
10 MHz to 18 GHz frequency range. 
These coaxial DC blocks provide low 
insertion loss (less than 1 dB up to 18 
GHz) and excellent return loss (24 dB 
typ). The units come with SMA (F) to 
SMA (M) connectors, measure a small 
1.18" in length, and uses Mini-Circuits 
patent pending unibody construction 
for rugged applications within the wide 
-55° C to +100° C temperature range. 
They are priced from $21.95 ea. 
(Qty. 1-9). 
Mini-Circuits 
www.minicircuits.com 

DIGITAL HARD 
WARE/SOFTWARE 
Power savings in high-
performance data converter 
Analog Devices debuts an 

advanced CMOS data converter that 
provides performance typical of bipolar¬ 
process converters while achieving 55% 
lower power consumption than compa¬ 
rable converters. The AD9244 analog-
to-digital converter (ADC) provides 14-
bits of accuracy at a speed of 65 million 
samples per second (Ms/s) while con¬ 
suming only 590 mW of power. It offers 
cost-effective IF sampling system archi¬ 
tectures in wireless base stations by 

supporting frequencies as high as 200 
MHz. Its low power consumption 
makes it well suited to pieo-cell and 
micro-cell designs with multiple base 
stations on one tower or location. It 
uses a multi-stage differential 
pipelined architecture with output 
error correction logic to provide 75 dB 
SNR, 90 dB SFDR and 14-bit accuracy 
at 65 Ms/s. The AD9244 is available in 
a 48-pin LFQP package. The 40-/65-
Ms/s versions are priced at $20/$29 per 
unit in 1,000-piece quantities. 
Analog Devices 
www.analog.com 

Dual-core processor offers 
real-time DSP performance 
Texas Instruments has unveiled 

the dual-core OMAP5910 embedded 
processor. It combines, in a single 
device, the real-time processing capa¬ 
bilities and low power consumption of 
the TMS320C55x DSP core, the flexi¬ 
bility and scalability of a Tl-enhanced 
ARM925 microprocessor. The device is 
the newest addition to the family of 
OMAP processors, which has garnered 
strong momentum in the 2.5G/3G 
handset and PDA markets. The single 
chip delivers system-on-a-chip function¬ 
ality with peripherals including: 192 
KB of RAM, USB 1.1 host and client, 
MMC/SD card interface, multi channel 
buffered serial ports, real-time clock, 
GPIO and UARTs, LCD interface, SPI, 
pWire and i2s. 
Texas Instruments 
www.ti.com 

FPGA delivers new FFT with 
tenfold speed advantage 
Pentek has released GateFlow, a 

family of extendible FPGA products 
that features a streamlined FFT 
implemented on its FPGA-based dual¬ 
channel wideband receiver and the 
GateFlow FPGA design kit to facilitate 
custom algorithm development. 
Available as a factory-installed option 
to the Pentek Model 6235 dual channel, 
12-bit, 100 MHz Wideband digital 
receiver, the gateflow FPGA FFT 
engine offers a powerful front end for 
many signal processing systems. It 
includes two complete acquisition and 
receiver channels in a VIM-2 (velocity 
interface mezzanine) module compati¬ 
ble with Pentek's 429x series PowerPC 
and C6000 VME processor boards. 

With two 100 MHz A/Ds on the model 
6235, the GateFlow FFT can handle 
both A/Ds with 50 percent input over¬ 
lap processing and zero data loss. The 
execution speed for the lk-point com¬ 
plex FFT is 2.56 psec, also four times 
faster than real-time at 100 MHz. The 
model 6235 dual channel receiver with 
Ik gateflow FFT starts at $11,995. The 
Model 6235 with 4k GateFlow FFT 
starts at $12,995. 
Pentek 
www.pentek.com 

EMBEDDED 
SYSTEMS 
Probe for the StarCore-
based MSC8102 DSP 
Green Hills Software has 

announced the availability of its 
MULTI 2000 Integrated Development 
Environment and high-speed Green 
Hills Probe for the StarCore-based 
MSC8102 digital signal processor, 
Motorola's highest performance DSP. 
The new IDE, featuring C and C++ 
optimizing compilers and a multi core 
debugger, provides a DSP-optimized 
superset of MULTTs powerful editing, 
debugging, profiling, and project man¬ 
agement capabilities. The MSC8102 
combines four StarCore SC140 cores 
running at speeds of 300 MHz with 
four enhanced filter coprocessors 
(EFCOPs), delivering a peak perfor¬ 
mance of six billion multiply accumu¬ 
lates per second (MMACs). This perfor¬ 
mance level, coupled with the 
MSC8102's large on-chip memory (1436 
KB), four high-speed TDM interfaces, 
16-channel DMA, and high perfor¬ 
mance system and peripheral bus 
interface, make it applicable to a wide 
range of compute-intensive telecommu¬ 
nications applications. MULTI pricing 
for Windows and Linux hosts starts at 
$5,900 (US). MULTI for Solaris, and 
HP-UX starts at $9,900 (US). 
Green Hills Software 
www.ghs.com 

Low-power, single-board com¬ 
puter for embedded control 
Z-World’s low-power single-board 

computer, the LP3500 Fox, is designed 
to operate in power limited devices 
such as portable, hand-held, battery-
powered, and remote monitoring sys-
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Tune the bias on a transistor. See the effect on the system BER—virtually in 

— — — real time.That's the speed of the new Visual System Simulator 2002. It's from 

AWR, so it doesn't demand a month of training or a ton of memory to get up 

to speed. And the Windows interface is so intuitive you'll have the phase noise 

specs and amplifier linearity requirements nailed down in no time. 

Apply complex modulation schemes. Change encoding 

algorithms. Or throw in a little interference. VSS tells you the impact quickly, efficiently and—most 

important—accurately. Whether you're simulating an EDGE base station, 802.1 1 RFIC or OC-768 

network, VSS lets you get the high-level perspective while keeping the wheels firmly on the ground. 

Download a 30-day evaluation from www.appwave.com or call us at 310-726-3000 for more information. 
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terns. Featuring built-in analog and 
digital I/O, it consumes less than 20 
mA when fully operational and less 
than 100 in power-save mode. It 
incorporates the low-EMI Rabbit 
3000 microprocessor, up to 512K 
each of Flash and SRAM, 26 indus¬ 
trialized digital I/O, A/D converter 
inputs and PWM outputs, six serial 
ports, one relay, and two dedicated 
function ports for easy connection to 
serial Flash cards, keypad/display 
and other devices. The Fox runs at 
up to 7.4 MHz at a variety of power 
levels under software control, there¬ 
by accommodating a wide range of 
operating conditions. The board is 
equipped with 0.1" connectors, and 
users can supply their own cables or 
plug the SBC directly into sockets on 
their motherboard. It can be used for 
remote telemetry (RTUs), pipeline 
monitoring, GPS/asset tracking, 
handheld wireless devices, remote 
data acquisition, electrical transmis¬ 
sion line monitoring, and other 
applications that require low power 

control. An optional 3.3 V 
keypad/display module is available. 
LP3500 models arc arc priced from 
$149 (qty. 1) to $122 (qty. 100). 
Z-World 
zworld@zworld.com 
www .zworld.com 

Connectivity for low-power 
devices 
CMX Systems and Cyan 

Technology, have launched the 
CMX-MicroNet TCP/IP stack on 
the eCOGl 16-bit engine. The 
Cyan-CMX solution sharply 
reduces the cost of networking 
devices and Internet connectivity. 
To facilitate customer support, 
Designed for the low-power, real¬ 
time communications needs of 
developers, Cyan Technology 
offers a 16-bit flash microcon¬ 
troller capable of running code at 
less than 10 p and 25 MIPS execu¬ 
tion speed. The CMX-MicroNet is 
a small footprint TCP/IP software 

stack, developed to provide net¬ 
working and Internet connectivity 
for the most stringent real-time 
communication demands that the 
8- and 16-bit designer faces. With 
the CMX-MicroNet stack and a 
rich assortment of communication 
peripherals, serial interfaces and 
timers, eCOGl makes an ideal 
communications engine for 
Internet-enabled devices, hand¬ 
held instrumentation, intelligent 
sensors, and PDA peripherals. The 
CMX-MicroNet TCP/IP stack is 
available directly from Cyan 
Technology starting at $5,500. 
eCOGl sells for $10 per 10,000. 
The comprehensive eCOGl 
Development Kit offers an eCOGl 
development board priced at $299 
and a free set of software develop¬ 
ment tools that includes an assem¬ 
bler, verified ANSI-C compiler, 
software simulator and in-circuit 
emulator/debugger. 
Cyan Technologies 
www.cyantechnology.com 
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Ceramic Resonator Oscillators 
by M & Nt Industries, Inc. 

• Low Phase Noise, -125 dBc @ 10 kHz offset Typical 

THE BEST FILTERS 
FOR USE IN ANALOG 

AND DIGITAL RECEIVERS 
AND TRANSMITTERS. 

• Excellent Spurious Performance 

SYNTHESIZERS • PHASE LOCKED OSCILLATORS 
CERAMIC RESONATOR OSCILLATORS • MULTIPLIERS 

Supplier to all commercial and military users requiring 
low phase noise frequency generation with excellent 
spurious, harmonic and temperature characteristics. 

Call, E-mail or Fax us with your requirements. 

' M & M INDUSTRIES, INC. y 
f 3541 Old Conejo Road, # 108 • Newbury Park, CA 91320 

- Phone 805-498-8975 • Fax 805-498-9236 
sales@mmindustriesinc.com • www.mmindinc.com 
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COMMUNICATIONS 
& ENERGY CORP 

www.rfdesign.com 

COMMUNICATIONS & ENERGY CORP. 
Phone: (315) 452-0709 
Toll Free: (800) 882-1587 
FAX: (315) 452-0732 
E-mail eng@cefilter.com 
WebSite www.cefilter.com 
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With up to 25% longer talk time, 
there’s a new icon in handset PAs. 

Today's consumers demand extended battery 

life from their handsets. Now you can give 

it to them with Raytheon RF Components' 

PowerEdge power amplifiers, our latest HBT 

amplifiers with intelligent bias-control 

technology. 

PowerEdge PAs give you up to 25 percent 

more talk time per battery recharge...as 

well as greater functionality. These small¬ 

outline power amplifier modules feature 

»roduct a|) criteria 
Select from 3oy 
below and click search. 

Classification: 

[ Component 

Frequency : 

r- to I 
GHz 

Keyviordorpto^^ 

Our Web site features a powerful 
search engine to help you find the 

right component...right now. 

performance—without sacrificing linearity— 

while operating at backed-off output levels. 

In concert with power-sensing and base¬ 

band controllers in handsets, PowerEdge PAs 

automatically adjust amplifier bias in 

accordance with input signal requirements. 

This ability to reduce current consumption 

under certain conditions is critical to extending 

battery life in the next-generation handsets. 

And PowerEdge PAs cover the four 

advanced DC power management to optimize transmitter CDMA bands around the world. 

To receive technical specifications go to: www.raytheonrf.com/talktime or email: talktime@raytheonrf.com 

Raytheon RF Components 
Partners I Engineering I Innovation 
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SOC system controller optimized 
for MIPS cores 
MIPS Technologies has developed a new system con¬ 

troller family that enables SOC designers to increase overall 
system performance and accelerate SOC development. SOC-it 
system controllers increase system performance by means of 
an integrated memory controller and multiple, high-band¬ 
width IP interfaces. The memory controller is optimized for, 
and closely coupled with, the MIPS core in the SOC. Three 
dual-port IP interfaces offer high-bandwidth and point-to-
point switched bus interconnects for the RAM. IP blocks. 
SOC-it controllers are synthesizable and available in five 
upgradable configurations 
MIPS 
www.mips.com 

MEMS 
Switch family for 
rapid mems integration 
Coventor has unveiled its MEMS switch development plat¬ 

form. MEMS switch technology enables design engineers to cre¬ 
ate new wireless products featuring low insertion loss and high 
isolation capabilities in a smaller package. It fosters fast design 
and prototyping capabilities necessary to bring handset and 
microwave communications systems to market quickly. The 

MEMS switches can be customized and integrated with passive 
and active components on ICs for RF mixed-signal functions. 
The family is designed to operate from DC to 40 GHz with a low 
insertion loss of <0.2 dB for die and <0.4 dB for packaged devices 
and high isolation of >25dB at 40GHz and >40dB at 2GHz. 
Coventor 
www.coventor.com 
sales@coventor.com 

FIXED/TUNABLE 
To meet your unique requirements 

Telonio Berkeley 
P.O. Box 277, Laguna Beach CA 92652 
Tel.: 949-494-9401 Toll Free: 800-854-2436 
E-mail: info@telonicberkeley.com 
Web: www.telonicberkeley.com Since 1958 

SUBSYSTEMS 
Highly integrated CDMA front end receiver 
shipping 
RF Micro Devices has announced the production avail¬ 

ability of the RF2870 front end receiver. The RF2870 is a low-
cost, highly integrated single-band front-end solution thaï 
features an integrated transmit (TX) local oscillator (LO 
buffer amplifier. The device is assembled in a reduced-size i 
mm X 3 mm footprint package and is designed to optimize 
board space in applications using code division multiple 
access (CDMA), CDMA IS-95, JCDMA, cdma2000 lx anc 
cdma2000 lx-EVDO standards. 
RFMD 
www.rfmd.com 

105 MHz ADC PMC module for demanding 
software radio applications 

Interactive Circuits and Systems has announced the 
ICS-554 ADC PMC board. Designed for high-performance 
software radio applications, it pushes the envelope in channe 
density, speed and performance. The device includes four 14 
bit ADCs. Each supports a sample rate of up to 105 MHz an< 
boasts an SNR of greater than 74 dB and an SFDR of close t< 
100 dB. Each ADC is followed by a quad GC4016 programma 
ble tuner device that supports both wideband and narrow 
band signal down conversion. A switch network in front of th< 
tuners allows any or all of the 16 tuners to be assigned to an; 
ADC output. An on-board Xilinx XC2V1000 FPGA followini 
the tuner can be programmed for processing base band sig 
nais. The ICS-554 also includes a 512K sample on-boar< 
buffer and a powerful 66 MHz, 64-bit PCI DMA interface. Thi 
device puts 16 FDM receivers into a single width PMC card 
With its ability to simultaneously process 4 antenna inputs, i 
is also ideal for spatial processing. A key feature of the sys 
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Win With V8's Power Combination 

The Right Mix To Win. GENESYS V8 combines the speed and 
flexibility of circuit simulation with the accuracy of electromagnetic 
simulation, allowing you to quickly and easily use the best analysis tool 
for your designs. 

Say goodbye to traditional software that is tedious and error prone 
when combining EM simulation with circuit simulation. S-parameters shift slightly when 

electromagnetic effects are considered 

GENESYS makes it simple. Just ask GENESYS to simulate the layout 
with the harmonic balance or s-parameter simulator. It automatically 
runs EM simulation on the layout, runs circuit simulation on the lumped 
elements, and displays the combined response. Lets you view the effect 
of layout parasitics quickly and easily. Even better, you can tune the 
lumped components to compensate for secondary electromagnetic 
effects in real time. 

So Grab a Seat and Hold On! And get the extra power, speed 
and accuracy of EM-Circuit co-simulation. With co-simulation packages 
starting at $6,450 US, you'll be a winner every time. 

TEST LINK reads measured data and 
compares results with your model 

Phone: +1 678-291-0995 

sales@eagleware.com 
www.eagleware.com 

Fax: +1 678-291-0971 



tem is its ability to undersample VHF 
signals without any degradation of per¬ 
formance. It also allows multiple-board 
synchronization for higher channel 
count. The ICS-554 is offered in one, 
two or four channel versions with or 
without the tuner modules. The prices 
begin at $3,995 in single quantity for 
the 80 MHz grade part. 
ICS 
www.ics-ltd.com 
info@ics-ltd.com 

PASSIVES 
Low cost miniature 
inductors 
BI Technologies Magnetic 

Components Division introduced a new 
series of SMT inductors featuring a 
class H design for operation at elevated 
ambient temperature. Designated the 
HM61 series, these low-profile form 
factor inductors feature low DC resis¬ 
tance and high current handling capa¬ 
bilities while offering a wide inductance 

range from 1 to 2700 mH. Specially 
designed for machine placement, the 
series is compatible with vapor phase 
and infrared reflow soldering. In addi¬ 
tion to providing a wide inductance 
range and current handling capability 
as many as 4 amps continuous, this 
class H design offers a specialized insu¬ 
lation system that designed for a range 
of demanding applications. The series 
allows design engineers to incorporate 
a compact high-current inductor into 
circuits where temperature and current 
capacity are critical design criteria. 
They are suitable for use in radio inter¬ 
ference suppression, decoupling in RF 
and IF circuits and in DC-DC convert¬ 
ers. They can also be used in safety 

Maximize Your Design 
Capabilities With 

Pilier 
SolllíiOIIS 

www.filter-solutions.com 

CERAMIC RF 
CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

Powerful Affordable PC Based 
Software to Perform Your Most 
Complex Passive, Tx Line, Active 
and Digital Filter Design Tasks 

FREE 20 DAY TRIAL 
• High Order Elliptic Filters 

• Diplexers 

• Finite Q Analysis 
• Delay Equalization Capability 

• HR and FIR Digital Filters 

• Automatic C Code Generation 

• Easy to Read and Modify 
Graphical Outputs 

Nuhcrtx T<‘<hiiohH|i<*s 

602-206-7781 

VACUUM CAPACITORS 
VACUUM RELAYS 

SURCOM ASSOCIATES, INC. 
TEL (760) 438-4420 
FAX (760) 438-4759 

Web: www.surcom.com 
E-mail: link@surcom.com 

devices as well as other applications. 
The inductors offer inductance ratings 
from 1 mH to 2700 mH (inductance 
measured at 1.0 kHz, 0.1V) at up to 4 
amps continuous with operating fre¬ 
quencies up to 2MHz. DC resistance 
ratings range from 0.015 W to 10.5 W 
with operating temperatures ranging 
from -40° C to 180° C. The family 
comes in two footprints (4 x 4.8mm 
and 8 x 8.5 mm). Typical pricing for the 
HM61 Series inductors are $0.49 each 
in quantities of 50,000 
BI Technologies 
www.bitechnologies.com 

New capacitors 
for emi filtering 
Johanson Dielectrics has intro 

duced a new ceramic filter/decoupling 
capacitor using X2Y technology. The 
design incorporates common shielding 
electrodes that form a Faraday cage 
around the standard capacitor. The 
addition of the common electrode ere 
ates two matched or balanced capaci 
tors enabling simultaneous line-to-line 
and line-to-ground filtering. The 
matched capacitor design also elimi 
nates temperature, voltage and agin; 
differences. This new component virtu 
ally eliminates parasitic inductance 
and provides superior filter and decou 
pling performance, allowing multiple 
component replacement and space sav 
ings on the PC board. Available in chi] 
sizes 0603 through 1812 and 1410 
Price: $0.50 at 1,000 pieces. 
Johanson 
www.johansondielectricsp.com 

SMT power 
iductors 

Coilcraft debutes the SPT series o 
high current handling in a low-profil 
surface-mount part. The self-leadei 
design ensures rugged reliability an 
the toroid winding virtually eliminate 
stray electromagnetic emissions. Ther 
are two versions: the standard serie 
with current ratings up to 8 amps, an 
the high current series that can handl 
up to 13.9 amps. All are rated for opei 
ation from -40° to +130° C and th 
materials meet UL 94V-0 rating. I 
addition to the standard values showr 
Coilcraft can custom engineer parts fo 
specific applications. 
Coilcraft 
www.coilcraft.com 
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SAWTEK SUPPLIES BROADBAND SOLUTIONS 

BROADER IS BETTER... and today’s broadband market depends on Sawtek’s 

broad range of SAW products for total filtering solutions. Sawtek’s patented 

SAW technology is perfect for every high-speed access application - delivering 

voice, video, and data to home or office. 

Sawtek SAW filters offer the heightened 

need. Our proprietary software delivers 

shorter turnarounds through highly 

accurate modeling that helps bring your 

product to market more quickly, less 

For wireless and cable connectivity, 

sensitivity and flat passbands you 

costly. 

to see 

access 

Call today or visit our website 

why Sawtek is the broadband 

supplier of choice. 

SAWTEKA 
a TriQuint company 

Sawtek... Your Total SAW Solution! 

SAWTEK’S BROADBAND 
ACCESS FILTER FAMILY 

Frequency Bandwidth Package Part 
(MHz) (MHz) Size Number 

36.15 8.0 6/18 DIP 855748 

43.8 5.5 6/14 DIP 851205-3 

44.0 6.0 6/18 DIP 855079 

70.0 3.5 15.3x6.5mm 855742 

70.0 8.0 13.3x6.5mm 855677 

80.0 8.0 13.3x6.5mm 855679 

110.59 1.0 13.3x6.5mm 855659 

150.0 8.0 13.3x6.5mm 855678 

202.75 1.2 13.3x6.5mm 855068 

330.0 5.45 15.3x6.5mm 855730 

426.0 5.16 15.3x6.5mm 855731 

479.5 25.5 7.0x5.5mm 855892 

1086.0 10.0 3.0x3.0mm 855917 

1090.0 10.0 3.0x3.0mm 855989 

1220.0 10.0 3.0x3.0mm 855990 

Also see our complete lines of 
Standard 70 and 140 MHz SAW filters. 

VISIT OUR WEBSITE 

www.sawtek.com 
Phone: (407) 886-8860 
Fax: (407) 886-7061 

E-mail: info@sawtek.com 
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Are you saying we need 

SIX MORE months for testing 

and agency certification?! 

I'm saying we 

should have called 

AeroComm. 

RF development crawling at a snail's pace? 
We can help speed you to wireless NOW 
Our 2.4 GHz FHSS modules are compact, 
complete, agency-approved, and ready for 
fast integration into your products. Choose 
from our full line of ConnexRF transceivers 
or custom designs—no additional program¬ 
ming is needed. Plus, you'll gain confidence 
from our comprehensive development tools, 
engineer support, and 10-year track record. 

"V E T ■ s œ: 
■ ixi mz> 
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Phil Cook 
Marketing Manager 

28591 Craig Ave. • Menifee, CA 92584 
Tel. 909.301.5769 • Fax: 913.514.9212 
e-mail: pcook@primediabusiness.com 

David Jeans 
Marketing Manager 

5680 Greenwood Plaza Blvd., Suite 100 
Greenwood Village, CO 80111 

Tel. 720-489-3108 • Fax: 720-489-3253 
e-mail: djeans@primediabusiness.com 

^AEROCOMM 
For your free RF consulation and price quote, call 

1-800-492-2320 or email sales@aerocomm.com . 

www.aerocomm.com 
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APLAC - powerful RF design and simulation at IC, 
board, and system levels. 

This world’s insatiable need for originality has put the talents of RF and analog designers at a premium. As companies 

struggle to deliver a steady stream of innovative and reliable products, they put their engineering and design staff 
under extreme pressure. With product life cycles becoming ever shorter, getting designs right from the start has 
become critical to business survival. 

APLAC® has been developed over three decades in the world’s top RF design environments to give you the 
flexibility to do original work and tackle complex RF design and simulation challenges. 

APLAC is used today in such diverse fields as consumer electronics, defense, 
aerospace, and the automotive industry. 

To take your first steps in learning APLAC, simply download or order on CD 
free of charge the Student Version of APLAC from www.aplac.com. 

We also arrange, upon request, 30-day trials of the complete APLAC suite. 
Please contact us at sales@aplac.com 

Helsinki office, phone +358 9 540 450 00, fax +358 9 540 450 40 
Dallas office, phone +1 972 719 2562, fax +1 972 719 2568 
APLAC is a registered trademark of APLAC Solutions Corporation. 
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RF glossary 

Glossary of terms used in RF Design 
2G - second generation wireless systems 
3G - third generation wireless systems 
A/D - analog-to-digital 
AC - alternating current 
ACPR - adjacent-channel power ratio 
ADC - analog-to-digital converter 
AGC - automatic gain control 
ALU - arithmetic logic unit 
AMPS - advanced mobile phone system 
ANSI - american national standards inst. 
ASIC - application-specific integrated circuit 
ASK - amplitude 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 
COTS - commercial off-of-the-shelf 
CMRR - common-mode rejection ratio 
CPE - customer premise equipment 
CW - continuous wave 
DC - direct current 
DCS - distributed communications system or 

digital cellular system 
DCT - discrete cosine transfer 
DDS - direct digital synthesis 
DECT - digital european cordless 

telephone 
DSP - digital signal processor 
DUT - device under test 
EEPROM - electrically erasable programmable 

read-only memory 
EMC - electromagnetic compatibility 
EMI - electromagnetic interference 
ESD - electrostatic discharge 
ETSI - european telecommunications standards 

institute 
FCC - federal communications 

commission 
FDD - frequency division duplex 
FEM - finite-element method 
FER - frame error rate 
FET - field-effect transistor 
FFT - fast fourier transform 
FHSS - frequency-hopping, spread spectrum 
FIFO - first-in, first-out 
FIR - finite impulse response 
FSK - frequency shift keying 
FPGA - fine-pitch ball grid array or 

field programmable gate array 
GaAs - gallium arsenide 
GaN - gallium nitride 
Gb - gigabit 
GB - gigabyte 

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 
I/O - input/output 
IC - integrated circuit 
IF - intermediate frequency 
IM - intermodulation 
IMI) intermodulation distortion 
InP - indium phosphide 
IP - internet protocol 
ISM - industrial, scientific, and medical 
JEDEC - joint electron device engineers 

council 
JSP - java server pages 
LAN - local area network 
LCC - leadless chip carrier 
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 - multipoint 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 
PCM - pulse code modulation 
PCMCIA - personal computer memory card 

interface association (now simply 
referred to as PC card) 

PCS - personal communications system 
PDA - personal digital assistant 
PDC - pacific digital cellular 
PECL - positive emitter-coupled logic 
PGA - pin grid array 
PHEMT - pseudomorphic high-electronmobility 

transistor 
PIM - personal information management 
PLL - phase-locked loop 
PPM - parts per million 
PSK - phase shift keying 
(JAM - quadrature amplitude modulation 
QPSK - quadrature phase shift keying 
RAM - random access memory 
RFI - radio frequency interference 
RFIC - radio frequency integrated circuit 
RFID - radio frequency identification 
RMS - root-mean-square 
ROM - read-only memory 
SAR - successive approximation register 
SDH - synchronous digital hierarchy 
SDRAM/SORAM - synchronous dynamic 

random access memory 
SiC - silicon-carbide 
SIR - serial infrared 
SMA - standardization management activity 
SMD - surface mount device 
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 
TCXO - temperature-compensated crystal 

oscillator 
TDD - time division duplex 
TDMA - time-division multiple access 
TETRA - trans european trunked radio 
TSOP - thin small outline package 
TTL - transistor -transistor logic 
UART - universal asynchronous receiver 

transmitter 
UDP - user datagram protocol 
UMTS - universal mobile telecommunications 

service 
UNII - unlicensed national information 

infrastructure 
UTKA - UMTS terrestrial radio access 
VCO - voltage-controlled oscillator 
VCSEL - vertical cavity surface-emitting laser 
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 
XDSL - another name for an ISDN BRI channel 

I 
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Eventually, 
everyone reaches 
the same conclusion. 

Like the integrated circuit in the 1970's, 
the RF module is replacing discrete tran¬ 
sistors today. The benefits are too great 
to ignore: 

• Faster Time-to-Market 
• Lower Design and Manufacturing Costs 
• Increased Manufacturing Throughput 

Only one question remains: When will 
you reach this conclusion? 

Xemod QuikPAC™ RF modules can help 
you get there faster by enabling a true 
plug-and-play solution for linear power 
amplifiers. 

Customers who have embraced the 
Xemod module approach to building 
linear RF amplifiers and used our 
products have saved months of design 
time and costs. What's more, they have 
allowed customers to take advantage 
of automated assembly and contract 
manufacturing services. 

To find out what they already know, 
contact Xemod at 1-480-783-8900. Or, 
to download a customer success story, 
please visit www.xemod.com. 

ivl XEMOD 
Xemod, Inc. • 9365 S. McKemy Street • Tempe, AZ 85284 • www.xemod.com • 480-783-8900 
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KE literature and product showcase 
WIRELESS FREQUENCY 
TRANSCEIVERS . . 

Miniature I 

4016 E. Tennessee St. 
Tucson, AZ 857 14 

Repair and Calibration to 26.5 Ghz 
Specializing in HP 8568B & 8566B 

Spectrum Analyzers 
A2LA Accredited Laboratory 

(Cert.# 168.01) • ISO 9001:2000 
(Cert. #950980218) by TUV 

www.otekcorp.com 
email: salesfaotekcotp.com 
Tel: 520-748-7900 
Fax:520-790-2808 

Analog, Serial & Discrete I/O. 

NEMA4X 

AC Wall 
Mount 

Reliably and inexpensively replace the wiring from 
your process to the control area (especially in 
hazardous areas) using our New TR5I0 Series! 

Circle 225 or visit freeproductinfo.net/rfd 

0. 1MHz to 3. 1GHz Portable Spectrum Analyzers 
■ PS - S5O 0.1 - 560MHz PS - SA 0.1 ■ 1100MHz (1300MHz optional) 

PS 58 0.1 - 2050MHz (2 banda) PS - 5C 0 .1 - 3100MHz (3 bands) 

■ Center/Markar frequency display with on screen marker cursor 
a Measurement Rango -108 to *20 dBm 
■ Five Resolution Bandwidths 10KHz, 30KHz. 100KHz, SOOKHz, 1MHz 
■ 50 dB Input Attenuator In 10 dB steps 
■ 2 /10 dB/Drv vertical display with Base Une Clipper 
■ Built - in AM/FM demodulation with monitoring speaker 
• Optional built-in Tracking Generator 
■ AC / DC / Battery powered (optional internal *12V bettery pack) 
■ Lightweight - Portable operating Size: 11.5" a 6.4” x 12.9" 

Price: PS-660 61675 PS-5A $2276 PS-58 $2675 

PS-5C $3176 

V.Tech Instruments, Inc. 
171 Burna Ave. Lodi, N J 07644 

Tel. 973-546-7635 
Fax: 973-646-7651 
E-mail: vtechinat@erola.com 

Circle 228 or visit freeproductinfo.net/rfd 

INSTRUMENT REPAIR & ' 
RENTAL LABS, INC 

22 Years in Business 

www.calibration.com • irl@calibration.com 

Colorado: 303-469-5375 
Toll-Free: 800-345-6140 
Ask for Cris or Bill 

"Firm Radial’ , OtkrytoyeShausse. 14, Moscow. Russia, 107370 

Tel. (007 095) 162-4536. 162-7326, 162-7675 Fax (007 095) 162-0781 

E-malkradial^aha.ru. http:/ www.radial.ru en 

Circle 226 or visit freeproductinfo.net/rfd Circle 227 or visit freeproductinfo.net/rfd 

Tknweieant (Ntitr) (mH ” (inwiVi (mH 
HI-PERFORMAHCE 

THERMAL PLATFORM TEST SYSTEMS 

YOUR TMl HAW SOURŒ 

Circle 229 or visit freeproductinfo.net/rfd 

[> Linear 

> Broadband 

[> Reliable 

[> Cost Effective 

[> Basic Convenience 

BROADBAND RF: 

■ LA Series - Linear Amplifier 

■ Up to 1 GHZ 

■ Up to 50 Watts 

■ New Design Solutions 

SURGE PROTECTION 

CITEL 

T&C Power Conversion, Inc. 
110 Halstead Street #7 Phone: 1-716-482-5551 
Rochester, New York 14610 USA Fax: 1-716-482-8487 

http://www.tcpowerconversion.com 

Circle 231 or visit freeproductinfo.net/rfd 

❖ COAXIAL Surge 
Suppressors for 
PCS. GPS. RF 
Equipment 

❖ AC Protector 
ULI 449 

❖ Surge Arrester 
Gas Tubes 

• Voltage from 
75V 
To 2500V 

• Available in 
Surface Mount 

www.citelprotection.com 
Circle 230 or visit freeproductinfo.net/rfd 

ANTENNAS 

800-489-1634 
575 SE ASHLEY PLACE • GRANTS PASS, OR 97525 

Circle 232 or visit freeproductinfo.net/rfd 



career opportunities 

Crystals 

High Stability 

FOR CLASSIFIED ADVERTISING INFO: 

Karen Clark, Advertising Sales Mgr. 

1.720.489.3286 Worldwide 

1.888.234.0448 USA Toll-free 

Fax:+1.720-489.3253 

E-mail: kclark@primediabusiness.com 

7 day delivery 

www.andhraelec.com 
¡nfo@andhraelec.com 

MAIL AD MATERIALS TO: 

Carsten Popp, Production Coordinator 

1 IBM Plaza, Ste 2300 

Chicago, IL 60611 

Ph: +1.312.840.8451 

Fax: +1.312.840.8455 

E-mail: cpopp@primediabusiness.com 

Spread the good words 
Reprints make great endorsements that are attractive, while adding 
credibility to your product, company or service. They show your clients, 
partners and employees that you have been recognized in a well-
respected magazine. Our reprints are high quality marketing pieces 
that are printed on glossy stock. 

Simply include your company logo and business 
information for a customized reprint. 

Great for: Trade Shows 
• Sales Aids «Media Kits 
•Employee Training 
• Sales Presentations 
• Conference Material 
• Educational Programs 

® 0/ -
Wdba* 0 i 

JU I 

PRIMEDIA^eprinTs 
Business Magazines & Media 866-879-9144 

Reprint services provided by liFosteRepríntS 
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REin ernest 
Think the 

unthinkable 
— abandon 

3G 

by Ernest 'Worthman 
technology editor 

eworthman@primediabusiness.com 

Recently I was sent a piece from a friend of mine 
that presented an interesting take on 3G. It was a 

story printed in the UK’s Financial Times by Peter 
Martin, Financial Times’ senior business columnist, 
on July 29th . I think this is a topic that deserves seri¬ 
ous consideration. 

Martin writes, “It is time for the European telecom¬ 
munications industry to think the unthinkable and 
abandon 3G - third-generation mobile telephony.” 
Martin further writes, “This [the demand and need 
for 3G] represents a complete misreading of the 
future. Instead, networks should abandon the dream 
that handsets will become mobile media terminals, 
with lucrative content and e-commerce revenues. In 
reality, the wireless business will be what it has 
always been: communication between individual cus¬ 
tomers.” Wow. That takes guts to say, especially in 
light of the big deal that make of 3G. 

But, you have to have been on the moon... — 
Quite frankly, you’d have to have been totally out of 
communication with the civilized world for this to 
come as a shocker. The bloodletting of the wireless 
industry (as well as the overall telecom industry) has 
been going on for over two-years now. And, there still 
aren’t any real indicators that 3G has an immediate 
future. 

Just recently, the Dutch firm KPN has decided to 
all but abandon its 3G mobile phone services. This 
after they posted billion of dollars in net losses for the 
year. 

In Japan, we watched as 3G was constantly 
delayed as two of the countries telecom giants fought 
to bring 3G to the Japanese consumer. In the end 
only NTT DoCoMo roled out 3G. But, only on a limit¬ 
ed basis. 

Furthermore, Vodaphone, already in a weak finan¬ 
cial position has delayed it’s decision to launch 3G 
services in Ireland — the hits just keep coming. 

Take off the shades — There is a song I know, by 

a group called Timbuk 3, whose title is “The future’s 
so bright I gotta wear shades.” I used to think tha 
was 3G’s mantra. Now it appears it may be 3G’s swar 
song. I’ve said it before, I’ll say it again — It’s time foi 
the whole world to get realistic about the future o 
wireless interconnect. 

It’s becoming a common sense issue. Over the years 
I’ve discussed the many shortcomings of wireless com 
munications. You know, system and carrier interoper 
ability, non-ubiquitous coverage, multiple proprietary 
encoding/modulation technologies. ..etc. And, I’v< 
always said the magic in making any future wireless 
systems interoperate is some sort of glue technology 
or a standard platform. Well, it hasn’t happened an< 
3G is quickly becoming an afterthought. 
Add to that the evolution and implementation o 

parallel technologies (WLANs, Bluetooth, WiFi, Homi 
RF,) that can (and are) doing much of what 3G was 
supposed to do, although on a less global scale 
Furthermore, consider the embarrassing bit rates o 
wireless data over the mobile phone infrastructun 
and thing get even more depressing. 

“The future of 3G” — What a statement! Quiti 
frankly, there is a 3G in the future. I think everyoni 
involved in the wireless industry believes that. Thi 
real question is when and what. We have to get rea 
and take our lumps. We have to get a grip on wha 
the end user wants (and stop looking at NTT D0C0M1 
as anything other than a novelty). The infrastructun 
has to get built out before the masses will buy into it 
We learned that lesson with 2G. And we have t 
make the technology and interface user friendly and i 
no-brainer. 
We should learn our lessons from past mistake 

like the infamous VHS/Betamax wars. But we ma; 
never learn. Witness the current SACD and DVD 
audio wars and the competing DVD-RAM/R am 
DVD+RW technologies. 

Competition is good. But maybe...just maybe, some 
things should be a monopoly — at least for now. 
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2W&5VJ 

DC to 18GHz ATTENUATORS 

MODELS (Add Prefix BW-) 
2WSMA 5WSMA 5W Type-N 

$29.95 $44.95 $54.95 
Attenuation (dB) 

Nominal Accuracy 

57995 
from # ea. (1-49) 

S1W2 S1W5 N1W5 1 ±0.40 
S2W2 S2W5 N2W5 2 ±0.40 
S3W2 S3W5 N3W5 3 ±0.40 
S4W2 S4W5 N4W5 4 ±0.40 
S5W2 S5W5 N5W5 5 ±0.40 
S6W2 S6W5 N6W5 6 ±0.40 

Rugged Stainless Steel Construction, High Repeatability, Miniature Size, Low Cost, 
and Off-The-Shelf Availability are some of the features that make Mini-Circuits “BW" 
family of precision fixed attenuators stand above the crowd! This extremely broad 
band DC to 18GHz series is available in 5 watt Type-N and 2&5 watt SMA coaxial 
designs, each containing 15 models with nominal attenuation values from 1 to 40dB. 
Built tough to handle 125 watts maximum peak power, these high performance 
attenuators exhibit excellent temperature stability, 1.15:1 VSWR typical, and cover 
a wealth of applications. So contact Mini-Circuits today, and capture this next 
generation of performance and value! 

S7W2 S7W5 N7W5 7 ±0.60 
S8W2 S8W5 N8W5 8 ±0.60 
S9W2 S9W5 N9W5 9 ±0.60 
S10W2 S10W5 N10W5 10 ±0.60 
S12W2 S12W5 N12W5 12 ±0.60 
S15W2 S15W5 N15W5 15 ±0.60 
S20W2 
S30W2 
S40W2 

S20W5 
S30W5 
S40W5 

N20W5 
N30W5 
N40W5 

±0.60 
±0.85 
±0.85 

•At 25°C includes power and frequency variations up to 12.4GHz. 
Above 12.4GHz add 0.5dB typ. to accuracy. 

DC-18GHZ Adapters NOW AVAILABLE! 
Type-NtoSMA»2295 ea.(1-49) SMA-F to SMA-M «S’5 ea. (1-49) 

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

For detailed adapter specs visit: www.minicircuits.com/adapter.html 

C3 Mini-Circuits CIRCLE READER SERVICE CARD 

P.O. Box SõOie^Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE 
The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com 

ISO 9001 CERTIFIED F 331 Rev B 



NEW GaAs MMIC 

SWITCHES 
ONCE YOU'VE SEEN THEM, YOU MAY 

WANT to RETHINK 
YOUR DESIGN. 

Bandwidth to 6 GHz for 802.11 a, b, g 

Low Height Profile Packages, as low as 0.55 mm 

Low Voltage Operation, as low as 1.8 Volt 

High Power Handling Capability, to +36dBm 

Embedded Converters for Single Pin Control 

Multiple Throw Architectures 

For informtion and data sheets, visit 

www.cel.com/switches.asp 

CEL California Eastern Laboratories 

NEC 
A Business Partner of NEC Compound Semiconductor Devices, Ltd. 

NEC is a trademark of NEC Corporation. 

Santa Clara, California ■ 408 988-3500 

DISTRIBUTORS: Arrow (800) 525-6666 Reptron Electronics (888) 737-8766 

Mouser Electronics (800) 346-6873 
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