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Tired of Messy EMI Solutions? 
Gore is the Indispensable Choice! 

GORE-SHIELD* EMI Gaskets are Customized, Pre-Formed 

Materials that are Simple and Cost-Effective to Use 

in High Volume Wireless Applications. 

• High Shielding Effectiveness ( 100 dB) 

• No Curing Required 

• Fully Automated Installation with Low Equipment Cost 

• Easy to Deploy Globally in Existing Supply Chain 

• Repeatable 

• Reduce Design Cycles with Gore’s Engineering Support 

Innovative Solutions, Defining Technology... 

Creative Technologys 
Worldwide 

1 800 445-GORE in USA www.gore.com/electronics +1 (302) 292-5100 Internationally 
+49/ 91 44 6010 in Germany 

C Copy right. 2001 W. L. Gore & Associates. Inc. GORE-SHIELD, Gore and Design are trademarks of W. L. Gore & Associates. Inc. 
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These models 
will get you simulated 

For an exciting collection of models with great 
curves, check out the Coilcraft web site. 

files with data from 30 kHz up to 6 GHz. 
Unlike the "ideal" or theoretical models 

You'll find equiva¬ 
lent circuits for all of 
our surface mount RF 

www.coilcraft.com/models 
inductors, LC filters and power magnetics. 

published by most other 
manufacturers, ours are 
based on empirical mea-

Choose PSPICE models 
that describe perfor¬ 
mance from DC up to 
1.8 GHz, models for 
non-PSPICE software 
packages, or S-parameter 

surements. So they're as close as you can get 
to a component's true performance without ac¬ 
tually building the circuit. 

Start simulating yourself. Ask 
for our CD catalog with all of the 
models. Or download them at 
www.coilcraft.com/models. 
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WORLD’S WIDEST SELECTION 

12.5 to3500MHz J11 (qty- 5) 

Want a miniature surface mount, shielded plug-in, or rugged 
coaxial voltage controlled oscillator with the right stuff for your /*' X 
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! J 

New 2001 VCO Handbook.. .FREE! 

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



£□ Mini-Circuits US 27 INT'L 28
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 

Des'9n Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com 

ISO 9001 CERTIFIED F 341 RevOrg 



« IN THIS ISSUE 

FEATURES_ 
Featured Technologies: 
Passive Components 
Mounting effects on S-parameters for multilayer microwave capacitors — 
Obtaining accurate results using SRF/S parameters requires consideration of the external electromagnetic 
effects. Here’s why. 

— By Edward Schoepke 

TxRx 
Designing tunable resonators and filters with constant bandwidth — 
Implementing step-impedance planar structures to increase performance in L- and T-types of coupling 
resonators. 

— By Boris Kapilevich, Roman Lukjanets 

Cover Story: 
Intelligent Transportation 
Telematics of the future — The integration of wireless technologies will set the stage for a 
future of advanced telematics and intelligent transportation systems. 

— By Kerry Greer 

Tutorial: 
EMC/RFI 

50)— - An adaptive spread-spectrum clock generator — Using a simple set of rom codes in 
designing a spread-spectrum clock generator to minimize EMI. 

— By I-Teh Sha, Kuang-Yu Chen, Albert Chen, JeffKeip 

- RFdeagn www.r design.com 
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ê. ValueRacked 
MMIC Amplifiers 

DCto8GHz from 99 ea. (Qty. 25) 

SOT-89 
Actual Size 

lower thermal resistance 
better gain flatness 
wide choice of gain 

high IP3 
high reliability* 

2 year guarantee* 
in stock! 

TYPICAL SPECIFICATIONS AT 25°C: 

Freq* Gain (dB) 
Model (MHz) 0.1GHz 2GHz 

Flatness Max. Power OutA 
DC-2GHZ @1dBComp. 

GAL-1 
GAL-21 
GAL-2 
GAL-33 
GAL-3 

DC-8000 
DC-8000 
DC-8000 
DC-4000 
DC-3000 

12.7 11.8 
14.3 13.1 
16.2 14.8 
19.3 17.5 
22.4 19.1 

GAL-6 
GAL-4 
GAL-51 
GAL-5 

DC-4000 
DC-4000 
DC-4000 
DC-4000 

12.2 11.8 
14.4 13.5 
18.1 16.1 
20.6 17.5 

(dB) (dBm) 

±0.5 12.2 
±0.6 12.6 
±0.7 12.9 
±0.9 13.4 
±1.7 12.5 

±0.3 18.2 
±0.5 17.5 
±1.0 18.0 
±1.6 18.0 

Dynamic Range A 
NF (dB) IP3(dBm) 

4.5 27 
4.0 27 
4.6 27 
3.9 28 
3.5 25 

4.5 36 
4.0 34 
3.5 35 
3.5 35 

Thermal DC Pnce 
Resist Operating Power $ea. 

0jc,°C/W Current (mA) Volt (25 Qty.) 

108 40 3.4 .99 
128 40 3.5 .99 
101 40 3.5 .99 
110 40 4.3 .99 
127 35 3.3 .99 

93 70 5.2 1.49 
93 65 4.6 1.49 
78 65 4.5 1.49 
103 65 4.4 1.49 

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

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

Designer’s Amplifier Kit KI-GAL: Only $99.95 
Includes 10 of Ea. GAL-1. -2, -3, -4, -5. -6, -2 1, -33. -51 (90 pieces total) 

Plus Specifications, S-Parameters, And A Free Test Fixture! 

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 

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At www.minicircuits.com 
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ON THE WEB 
Check out the additions to BF Design online: 

• Improved online supplier directory 
• Improved monthly manufacturer's links pages 
• Online survey 
• Exclusive online articles 

And there is more on the way! 

BFdesign. www.r design.com 
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CDMA 
Gets Wide! 

SPIRENT 
Communications 

Extend your product's 
performance with 
3G CDMA test solutions 

from Spirent 
Communications 

Wideband CDMA stretches old algorithms to new limits. Algorithms such as RAKE finger 

tracking and wideband channel estimation. These key ingredients of wideband 3G designs 

must perform over a broad range of environments. Environments that change. ..Quickly. 

That's the reason the TAS 4500 FLEX5 RF Channel Emulator comes equipped with a 

powerful new dynamic channel emulation mode called 3GPDP (Power-Delay Profiles). 

Use 3GPDP to test your receiver designs under the most J 
challenging RF channel conditions. FLEX5 meets all 

W-CDMA and cdma2000 test specifications. But why 

stop there? Program 3GPDP's Moving Propagation 

and Birth-Death channel models to emulate any 

environment you can dream up. 

INFO/CARD 2 

SPIRENT 

has brought 

together Adtech, 

DIS, CSS, SmartBits, 

and TAS to create 

the world's leading 

communication test and 

measurement company 

1-800-927-2660 

www.spirentcom.com 
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Microwave! 
Tuning J 
Solutions i 
Sprague-Goodman has passive and 
active tuning devices to meet 
microwave designers' needs. A wide 
variety of tuning elements is offered 
to work with waveguides, cavities, 
and dielectric resonators at 
frequencies too high to use variable 
capacitors and inductors. 

Sapphire 1 
PISTONCAP® 
• Q to 4000 at 250 MHZ 

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

• Operating temp: -55° to +125°C 

• Cap ranges: 0 3-1.2 pF to 0.8-8.0 pF 

AIRTRIM® Air Dielect» 
Multiturn Trimmers 
• Q: > 5000 at 100 MHz 
• 9 mounting styles including 
surface mount 

• Operating temp: -65° to +125°C 
• Cap ranges: 0.35-3.5 pF to 2.0-16.0 pF 

Microwave Tuning 
Elements M 
Metallic tuning elements 
• 2 to 33 GHZ 
Dielectric tuning elements 
• Alumina, quartz, sapphire 
• 6 to 100 GHz 
Dielectric resonator tuners 
• 2 to 18 GHZ 
LC tuning elements 
•5tOl1GHZ 
Resistive tuning elements 
• 1 to 18 GHZ 

Silicon Tuning 
Varactors 
Super Hyperabrupt 
• UHF - Wireless (4V, 6V, 8V) 
• VHF - Wireless (10V) 
Hyperabrupt 
• Microwave (20V) 
Abrupt (20V) 
Economical SOT-23 and High Performance 
Surface Mount Packages 

For information on these and our other 
quality products, visit our website, or 

phone, fax or write today. 

KF editorial _ 

Save us from 
drivers with 
cellphones 

By Don Bishop 
Editor-Director 
dbishop@intertec.com 

SPRAGUE 
Gooomon 

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

www.spraguegoodman.com 
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There it is. Splattered across your windshield like a big, black bug. A state law 
against using a hand-held cellular phone while you’re driving. 

In New York, the cost of making a wireless phone call has gone up to $100 each. 
That’s the fine that goes into effect on Dec. 1. 

I’ve heard all of the arguments. 
“People who drive while using their cellular phones are as likely to be involved in 

a collision as someone who’s drunk.” 
“If you’re going to tell people they can’t use their cellphones while driving, what 

about outlawing shaving while driving, or applying makeup?” (Do I have to say 
“men shaving” and “women applying makeup”? I hope not.) 

Look, I’m not sure that New York’s law will change driving habits all that much. 
I hope it does, but realistically, will it? 
“We already have laws on the books about inattentive driving, careless driving 

and reckless driving. Why do we need another one specifically about using cell¬ 
phones? That’s already covered!” 

I know; I know. 
The problem is, I can’t help but take it personally. I’ve been rear-ended three 

times during the past four years. Each time, there I was, thinking pleasant RF 
thoughts, my car immobile at an intersection while I waited for the light to change. 
Wham! 
The first time, the sudden icing of the road made it too slippery for a driver to 

bring his car to a halt. The driver? A real gentleman. A 90-year-old farmer in 
Norfolk, Nebraska. Offered me $20 on the spot for damage to my bumper. (Shop 
estimate: $390.) 
The second time, a 40-ish driver using his cellphone and giving thought to chang¬ 

ing lanes (according to his statement in the police report) blasted me on a hot sum¬ 
mer Kansas day in the cool shade of a freeway overpass. Offered to call anyone I 
wanted on his cellphone. (Damage: $6,000.) 
The third time, the other driver, maybe in her mid-50s, told the police and me 

that she was distracted by something in the passenger seat. She said it looked as 
though it would fall on the floor as she braked, and she took her eyes off the road as 
her car slowed. She didn’t stop soon enough, and crunch! (Light damage; didn’t get 
an estimate.) 

So I’ve heard the arguments on both sides. And I’ve had personal experience with 
drivers whose motoring skills were affected by road conditions and by distractions 
both wireless and non-wireless. 
Even taking all of that into consideration, I still think it’s a good idea to put it 

into law that motorists shouldn’t use hand-held cellphones while they drive. OK, 
they’re still going to fuss with beverage cups, cigarettes, razors, makeup cases, 
dashboard controls, passengers (real and imagined), their own weird thoughts and 
God knows what else. 

But maybe the moment’s thought it may give to some New York drivers is that 
they shouldn’t allow themselves the distraction — The distraction of holding the 
phone to an ear while driving with one hand and listening to bad news. It begins in 
New York. California, you should be next. 
Wyoming? Not a chance. Kansas? Maybe. 

www.rfdesign.com August 2001 



AMPS 

CDMA 

CDPD 

DAMPS 

DCS1800 

ECM 

EDGE 

EW 

GEO 

GPRS 

GPS 

GSM900 

HFC 

LEO 

LMDS 

LMR 

MMDS 

NPCS 

PCS 

PCS1900 

RADAR 

RFID 

SMR 

TDMA 

UMTS 

WAP 

WBA 

WCDMA 

WLAN 

WLL 

WWAN 

Denver, Colorado 80239 

303.371.1560 

fax 303.371.0845 

sales @ vari-l.com 

recision 

As demand in the wireless telecommunications industry nears 3G 
protocols, precision engineering and manufacturing become essential 
to the success of KF design engineers. We offer a variety of precision 
commercial VCOs, PLLs, and KF Passive Components designed to meet 
the stringent needs of today’s and tomorrows wireless applications. 
To find out how _ 

Vari-L can “have a 
part in your future,” 
please visit our website 
or send us an email 
at sales@vari-l.com 

We Have A Part In Your Future 

OUR 

PRODUCTS 

INCLUDE: 

PLL Synthesizer Modules Wideband RF Transformers 

Voltage Controlled Oscillators Power Dividers/Combiners 

PROUDLY MADE IN THE USA 1509001 Certified 

Contact the Vari-L Sales Department for your special microwave and RF component assembly needs. 
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And with every new format, technology, or player to enter your 

market, the pressure increases to keep ahead of pace. Now. perhaps 

more than ever, choosing the right people to collaborate with is 

critical. Consider someone who knows where the wireless world is 

heading. Agilent. We’ve been heavily involved with the standards 

boards since day one. And we're committed to giving you insight 

from which to base your design and manufacturing processes that's 

as sophisticated as your new technology. And solutions that work 

www.agilent.com/find/wireless 

U.S. 1-800-452 4844. ext. 7321 
canada 1 877 894 4414. ext. 7322 

together across disciplines. With worldwide support and expertise 

wherever your teams need it. Suddenly, those market windows 

don't seem quite so small. Dreams made real. 

Agilent Technologies 
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RF calendar_ 
August 

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

19-24 ITCom and Opticomm 2001 — Denver — 
Information: Web site: 
www.spie.org/info/itcom 

27-30 Intel Developer Forum — San Jose — 
Information: Web site: 
http://developer.intel.com/idf7camera 

September 
4—7 Embedded Systems Conference — Boston — 

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

10-13 CTIA Wireless I.T. and Internet 2001 — San 
Diego — Information: Web site: 
www.wirelessIT.com 

24-26 EDA: Front-To-Back — Santa Clara — 
Information: Penton Media. Tel. 1.888.947.3734. 

24—28 European Microwave Week — London — 
Information: Web site: www.eumw.com 

October 
1-3 34th Annual Connector and Interconnection 

Technology Symposium — Anaheim — 
Information: Web site: www.ec-central.org 

RF courses_ 
Agilent technologies — RF and Microwave 

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

Alexander Resources — 3G Wireless: 
Promises & Realities — Sept. 24-25, Dallas, Oct. 29-30, 
Washington DC; Making Money in the U.S. Wireless 
Internet Market — Sept. 5-6, San Jose, Oct. 1-2, Dallas. 
Information: Jeff Stone, Alexander Resources, 15851 N. 
Dallas Pkwy, Addison,TX 75001; Tel. 972.818.8225; 
Fax: 972.818.6366; 
e-mail: jstone@alexanderresources.com. 

Besser Associates — RF and Wireless Made 
Simple — Oct. 22-23 ; Fiber Optics Made Simple — Oct. 
30-31, Mountain View, CA. Information: Besser 
Associates, 201 San Antonio Circle Building E, Suite 280, 
Mountain View, CA 94040; 
Tel. 650-949-3300; Fax: 650-949-4400; 
e-mail: info@bessercourse.com', 
Web site: www.bessercourse.com 

Georgia Institute of Technology — 
Infrared/Visible Signature Suppression— Aug. 28-31; 

1^1 Communications Design Conference — 
San Jose — Information: 
Web site: www.CommDesignConference.com 

2-4 Sensors Expo Fall — Philadelphia — 
Information: Web site: www.sensorsexpo.com 

8-1 1 Bluetooth Summit 5 — Vienna, Austria — 
Information: Web site: 
www.iir-conferences.com/a.cfm?id=382> 

23-25 Cleveland 2001 Advanced Productivity 
Exhibition — Cleveland — Information: SME 
Customer Service. Tel. 800.733.4763. 
Web site: www.sme.org/cleveland 

December 
3-6 Internet World Wireless West 2001 — 

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

11—13 Bluetooth Developer’s Conference 2001 — 
San Francisco — Information: 
Web site: www.key3media.com/bluetooth/ 

11-14 International Radar Symposium India — 
Bangalore — Information: Web site: 
www.irsi2001.com 

Infrared Countermeasures — Nov. 6-8, Atlanta; 
Information: Continuing Education, Georgia Institute of 
Technology, Tel. 404.385.3502; 
e-mail: conted@gatech.edu; 
Web site: www.conted.gatech.edu 

R.A. Wood Associates — Introductory RF and 
Microwaves — Sept. 20-21; RF and Microwave Receiver 
Design — Sept. 24-26; RF Power Amplifiers, Classes 
A-S: How Circuits Operate, How to Design Them, and 
When to Use Each — Sept. 27-28, Lake George, NY. 
Information: R.A. Wood Associates, 1001 Broad St. Ste. 
450, Utica, NY 13501; Tel. 315.735.4217; 
Fax 315.735.4328; 
e-mail: RAWood@rawood.com; 
Web site: www.rawood.com 

UCLA — Digital Signal Processing: Theory, Algorithms, 
and Implementation — Aug. 13-17; Bluetooth: 
Technology, Applications, and Performance — Aug. 20-22, 
Los Angeles. Information: Information Systems and 
Technical Management Short Courses. Tel. 310.825.3344; 
e-mail: mhenness@unex.ucla.edw, 
Web site: www.uclaextenstion.org/shortcourses 

University of Missouri-Rolla — 
Circuit Board Layout to Reduce Noise Emission and 
Susceptibility — Sept. 19, Denver. Information: 
Web site: www.umr.edu/-conted> 
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For higher power and excellent linearity, use 

WJ's AH101 and AH102 amplifiers. 

Output Power (dBm) 

WJ High Dynamic Range Amplifiers 
Product Frequency 

(MHZ) 
IP3 

(dBm) 
P1dB 
(dBm) 

Bias current 

(mA) 

* AH101 50-1500 45 27 200 

i AH102 350-3000 45 27 200 

AH1 250-3000 41 21 150 

AM1 250-3000 37 18 75 

AH200 250-6000 47 30 360 

WJ’s got the POWER! Our new AH101 and AH102, 50 ohm 
unconditionally stable amplifiers have higher power up to 
1/2 Watt. The AH 101 and AH 102 provide excellent linearity 
up to 47 dBm in a low cost surface mount package (SOT-89). 
The AH101 and AH102 have a Linear Figure of Merit (LFOM) 
of 12 dB, while maintaining WJ’s high standard of reliability 

LFOM Defined: LFOM (dB) = QIP3 (dBm) 
DC Power (dBm) 

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

The Communications Edge 
900/ 

Visit us on the web 
at www.wj.com 1-800-WJ1-4401 
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Washington watch 

2.4 GHz , spread 
spectrum and 
the FCC Rules 

Part 15 
by Delaney M. DiStefano 

The FCC recently announced that it was proposing 
rule changes in Part 15 with regard to 2.4 GHz 

spread-spectrum devices. This is big news because the 
rule changes will allow more flexibility for spread-spec¬ 
trum systems, while also allowing the development of 
new devices similar to spread-spectrum systems. 
Part 15 regulates the operation of unlicensed 

devices. These devices must operate with minimal or 
harmless interference, while they must also accept any 
interference that they may receive. 

Last year, the commission changed its rules to allow 
for some frequency-hopping, spread-spectrum systems 
in the 2.4 GHz band that operate with a bandwidth 
greater thanl MHz, but less than or equal to 5 MHz to 
use a minimum of 15 hopping frequencies. Previously, 
the systems were required to use 75 non-overlapping 
hopping frequencies, as long as the total span of the 
hopping channels was at least 75 MHz. Those 
frequency-hopping systems that use as much as 1 MHz 
of spectrum are required to use at least 75 non-overlap-
ping hopping frequencies. 

Ramifications of frequency-hopping 
spread spectrum 

After the rule change, many companies requested 
additional clarification. Therefore, the commission has 
decided to revisit the issue by issuing a Further Notice 
of Proposed Rule Making and Order requesting com¬ 
ment on some new proposed rule changes. 
The FCC has proposed to further amend Rule 

Section 15.247 to allow a minimum of 15 hopping fre¬ 
quencies regardless of the bandwidth being used in the 
2.4 GHz band. The only caveat is that the output 
power cannot exceed 125 mW and the new device must 
use adaptive hopping techniques. However, it appears 
from the NPRM that the FCC is not committed to mak¬ 
ing the use of adaptive hopping techniques mandatory 
in this instance. In fact, it invites comment on that 
particular point. As a result, we could see more change 
in frequency-hopping, spread-spectrum rules before the 
final order. 

Ramifications of direct-sequence 
processing gain 
The FCC also proposed last year to change the 

method for which the processing gain of direct-sequence 
spread-spectrum is tested. Currently, the rules require 

that the processing gain be tested by the continuous 
wave (CW) jamming margin test. The FCC suggested 
that the CW jamming margin test, “may not measure 
the true processing gain for certain types of direct-
sequence, spread-spectrum systems where a portion of 
the information signal is embedded in the spreading 
code.” The solution proposed by the FCC was the use of 
a Gaussian noise signal in the jamming margin test 
because it is more like a real-world environment. 

Alas, this too met with opposition by commenters, so 
the FCC now proposes to eliminate the processing gain 
requirement for direct-sequence, spread-spectrum sys¬ 
tems altogether because there is no consensus or stan¬ 
dard method for testing the processing gain. 

Ramifications of digital 
transmission systems 

Finally, the FCC noted in the Notice of Proposed 
Rule Making (NPRM) that its own rules may stand in 
the way of new technology being developed. To address 
this important revelation, the FCC is proposing, and 
inviting comments on, whether digital transmission 
systems should be allowed to operate at the same power 
levels as direct-sequence, spread-spectrum systems. 

The commission noted that digital transmission sys¬ 
tems are similar to spread-spectrum systems and will 
be required to meet the same rule criteria as spread¬ 
spectrum devices, so much so that digital transmission 
systems will be addressed within Section 15.247 and 
not in a new rule section. However, digital transmis¬ 
sion systems are most similar to direct-sequence, 
spread-spectrum systems. Accordingly, the FCC pro¬ 
poses that the allowable output power levels for digital 
transmission systems be the same as for direct-
sequence spread spectrum. But the FCC also seeks 
comment on whether this might cause too much inter¬ 
ference to other devices, and therefore should be given 
a reduced permitted power level. 

This is an important NPRM because the FCC is 
directly addressing and responding to the concerns of 
manufacturers. The FCC is making it clear that it 
wants companies to have the flexibility to develop new 
technology, while protecting existing uses by being 
fairly conservative in its proposals. 

RI 

About the author 
Delaney M. DeStefano is a senior associate with 

the law firm of Schwaninger & Associates, P.C. 
DeStefano is a member of the New York State and 
District of Columbia Bars and a member of the FCC 
Bar Association. DeStefano’s primary practice is in 
wireless telecommunications. She is a veteran of sev¬ 
eral FCC auctions. 
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Introducing our NEW 
10 Million Cycle Switch 
The ideal solution your demanding 

I SO-9001 
£ £ Certified 

2-Year Warranty 

CCM-33S10 SPDT Switch 
• 10 Million Cycle Life 
• DC -18 GHz 
• Latching or Failsafe 
• Actuator Voltage: +12 or +28 VDC 
• 10 msec Switching Time 
• Indicator Circuits and TTL Options 

TELEDYNE 
WIRELESS 
A Teledyne Technologies Company 

INFO/CARD 62 
Teledyne Wireless, 1274 Terra Bella Avenue, Mountain View, CA 94043, Phone: 800.832.6869, Fax: 650.962.6845 

For Faster Information e-mail: swit(hes@teledyne.<om 

ww ed yflawa ret es s ua m 



REnews 

Opinions from 
a common 

man 
By Roger Lesser 

Editor 
rlesser@intertec.com 

Everyone is good for an opinion. I’m no exception. So, here 
are a few for your consideration: 
Go see “Finding Forrester” and “Moulin Rouge.” Both are 

good flicks. 
The best written TV show is “Sex and the City.” Maybe it’s 

just the topic. 
The best book to read over the summer is Clive Cussler’s 

“Atlantis Found.” Bet you can’t put it down. 
The New York Yankees will find a way to win the World 

Series again. It’s maddening, but it’s true. 
The best blues song is “Crossroads.” Love Eric Clapton’s ver-

sion(s). 
I say again, the telecom market will rebound by the end of 

the year. I’m a believer. 
The next killer app for communications will be coming to a 

highway near you. ITS is it, and it should be. 

At the crossroads 
ITS is the killer app everyone is looking for. That’s my opin¬ 

ion, and I don’t think I’m wrong (Dennis Miller I’m not.) As you 
read this month’s cover story on ITS, consider this: What is the 
one area of technology that everyone seems bent on having 
happen sooner or later? If you said convergence, you are right 
in my opinion. Now ask yourself where this is going to happen 
first. In the home? Wrong opinion. In the car, plane, train and 
anything else that moves people? Right on. And it’s happening. 
From GM to Mercedes Benz, auto manufacturers are scram¬ 

bling to be the first on the block to have wireless connectivity. 
GM’s OnStar has been out for some time, and Mercedes Benz 
has demonstrated an onboard computer system that can do 
everything a home computer can do. And now Ford is installing 
the CellPort wireless handset capability into its cars. 
And that is just the beginning. The applications for safety, 

security and just plain fun are too numerous to write about in 
this column. From Internet connectivity to hands-free commu¬ 
nications and GPS applications, convergence is happening. (In 
my opinion, of course.) 

Speaking of GPS 
I love seeing unique applications of any technology. Have 

you heard about geocaching? The concept is to find hidden 
“treasure” buried at a predetermined location. The object of the 
game is to find the treasure using a GPS handset. Players are 
given coordinates and must then go on the hunt. This high-tech 
scavenger hunt was started by www.geocaching.com. 

I’ve got an opinion about this too if you care to hear it. 

Worldwide network client 
market to reach $5.5 billion 
The worldwide network client 

market (including network interface 
cards (NICs), LAN on motherboard 
silicon, embedded LAN connections 
such as those in home gateways, and 
mini-PCI connections) will grow 
from $3.1 billion in 2001 to $5.5 bil¬ 
lion in 2005, according to Cahners 
In-Stat Group, Scottsdale, AZ. This 
growth will be spurred by emerging 
technologies such as gigabit 
Ethernet. 

Wireless connectivity will also be 
a growth driver in the network client 
market, Cahners said. The strong 
desire for wireless LAN connections 
on both laptops and new form-factor 
devices such as residential gateways 
will result in robust volume ship¬ 
ments for technologies such as 
802.11b and newer technologies in 
the WLAN space such as 802.11a. 
Another important trend in the 

network client market is the contin¬ 
ued integration of basic LAN connec¬ 
tivity into both business and con¬ 
sumer PCs, Cahners said. Both fast 
Ethernet LAN on motherboard con¬ 
nections, as well as continued inte¬ 
gration of Ethernet functionality 
into the core PC chipsets will mean 
most PCs shipped in the future will 
come “pre-wired” for networking. 

Internet, cellular use creates 
demand for wireless WANs 
The international Internet craze 

and the growing popularity of cell 
phones in countries without a wire-
line infrastructure is expected to 
increase demand for wireless wide 
area network (W-WAN) equipment, 
according to research firm Frost and 
Sullivan, San Jose. 
New analysis from the company, 

World Wireless Wide Area Network 
Markets, reveals that this industry 
generated revenues of $4.59 billion 
in 2000 and projects it to increase to 
$15.62 billion by 2007. 

While global Internet use is grow¬ 
ing, many countries struggle to pro¬ 
vide basic telephone service. With 
the challenge of laying cable through 
new territory, providers are relying 
on wireless network technology to 
supply a less-expensive, easy-to-
install alternative to a wireline base. 
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SURFACE MOUNT 

RF TRANSFORMERS 
Over 100 off-the-shelf models... 

4kHz to 2200MHz 
What makes Mini-Circuits your single source for surface 
mount RF transformers? Variety, availability, performance, 
and price! From wide band transformers with low droop and 
fast risetime capabilities for pulse applications, to a particular 
impedance ratio from 1:1 through 1:36 specified for a wide 
range of impedance coverage, we will work with you on your 
design challenges. Tangible benefits such as very high 
dielectric breakdown voltage, excellent amplitude and phase 
unbalance for balanced to unbalanced applications, and 
easy to use surface mount package styles make Mini-Circuits 

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

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

C3 Mini-Circuits 
CIRCLE READER SERVICE CAFO 

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

Devices team — Agere Systems, 
Allentown, PA, and RF Micro 
Devices, Greensboro, NC, have 
signed definitive agreements to form 
a strategic alliance to develop, 
design and manufacture high-per¬ 
formance chips for next-generation, 
data-capable digital cellular phones 
and other communications products. 

AWR announces worldwide 
licensing agreement with Erics¬ 
son Microwave Systems AB — 
Applied Wave Research, El Segun¬ 
do, CA, announces the signing of a 
worldwide software licensing agree¬ 
ment with Ericsson. The agreement 
with Ericsson Microwave Systems 
AB provides all of Ericsson and its 
affiliates worldwide with a pre¬ 
negotiated licensing agreement for 
all of Applied Wave Research's 
products, including Microwave 
Office. 

Testmart named authorized 
Fluke distributor — Testmart, 
San Bruno, CA announces that it 
has been named an authorized dis¬ 
tributor for Fluke, Everett, WA. 
Under the terms of the contract, 
TestMart will resell and maintain 
an inventory of Fluke industrial 
products ranging from Fluke’s 
hand-held oscilloscopes to multime¬ 
ters. Effective immediately, these 
Fluke offerings are in TestMart's 
database, and are available for cus¬ 
tomer order and immediate ship¬ 
ment. 

Neolinear announces $3.8 
million DARPA technology 
investment agreement — Neo-
linear, Pittsburgh, announces that 
it has entered into a $3.8 million 
Defense Advanced Research Pro¬ 
ject Agency (DARPA) technology 
investment agreement for the 
development of a next-generation 

analog/mixed-signal synthesis sys¬ 
tem for ultra-high frequency inte¬ 
grated circuit design. Neolinear is 
being funded by DARPA in 
response to Department of Defense 
(DoD) and industry needs to rapid¬ 
ly design sophisticated analog and 
mixed-signal circuits using system-
on-chip (SoC) technology. 

Peregrine Semiconductor signs 
process technology contract with 
U.S. Defense Microelectronics 
Activity — San Diego-based Pere¬ 
grine Semiconductor's high-perfor¬ 
mance communications integrated 
circuit technology has been selected 
by the U.S. Defense Microelectronics 
Activity (DMEA) to supply advanced 
process technology for radiation hard¬ 
ened integrated circuits. Under the 
terms of the $4.8 million contract, 
DMEA officials are asking Peregrine 
to develop, implement, and demon¬ 
strate a sub-micron radiation-hard¬ 
ened ultra-thin silicon on sapphire 
semiconductor manufacturing process 
for use within the DMEA Flexible 
Foundry in Sacramento. 

Xemics, Conexant team on 
Bluetooth device — Xemics, 
Neuchâtel, Switzerland, a fabless 
semiconductor company specializ¬ 
ing in ultra-low-power, short-range 
wireless connectivity solutions, 
announces that it has selected 
Conexant’s, Mountain View, CA, 
Bluetooth radio as the preferred 
radio device to implement its ultra¬ 
low power Bluetooth solution. The 
Conexant radio device CX72303, in 
combination with the XEMICS 
Bluetooth”! baseband XE1431 and 
the XEMICS CODEC XE3006 allow 
for a complete wireless headset, 
from microphone to speaker, con¬ 
suming less than 35mW during 
continuous operation (HV3 Blue¬ 
tooth profile). 

Site offers 
career 

placement, 
advice 

National Engineering 
Search’s (NES) Web site is 
dedicated to placing engi¬ 
neers and managers with 
companies ranging from 
Fortune 500s to technology 
start-ups. With more than 
400 affiliates throughout 
the United States, NES 
concentrates on the soft¬ 
ware, hardware, RF, opti¬ 
cal and mechanical engi¬ 
neering disciplines. 
The site offers an online 

job-search database that 
offers access to more than 
5,000 engineering jobs and 
technical management 
opportunities. Current 
search assignments range 
from junior engineer to 
CEO. Other features of the 
site include: 

•Salary Calculator — 
Current salary survey data 
and compensation trends 
based on industry, skills 
and geographical location. 
•Career Advice — 

How to present experience 
and strengths in an inter¬ 
view to writing a resigna¬ 
tion letter. 
•Resume Wizard — 

Assists in putting together 
a powerful resume for use 
in a search, offers printing 
and submit features. 
•Career Watch — 

NES will keep you 
informed about career 
opportunities that match 
the criteria defined. 

www.nesnet.com 
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Murata PN: 
MM8430-2600 
Description: RF Switch 

Connector. One of the most exciting 

microwave products to come along 

in years. This low cost test switch 

has virtually universal RF and 

microwave design appeal. It solves 

many design and production test 

problems at a low cost Applicable 

to all RF applications under 3GHz 

(3000MHz). Test probes: Works with 

Lab test probe MXGM76RLIOOO 

and mass production test probe 

MMI26030. Reel size/Stock 

quantity: 1000 pcs. I reel. 

Order PN: MM8430-2600TBI 

Murata PN: 
LFSN25NI9C2450B 

• New Global PN: 
I LFB322G45SNIA504 
i Description: 2450MHz Band 
J Pass Filter, Miniature (3.3 x 2.5mm) 

] ultra low cost Ceramic LC Chip type 

I BPF. This low cost BPF makes an 

• ideal interstage filter. Small enough 

and low cost enough to be used 

in several positions on the same 

board! Reel size/Stock quantity: 

2000 pcs. I reel. Order PN: 

LFSN25NI9C2450B 

1 Murata PN: 
I MQE920-2450 

Description: 2450MHz miniature 
(7.8 x 6mm) surface mount VCO. 

I For use in all 2.4GHz Wireless LAN 

applications. Low cost. Reel size/ 

: Stock quantity: 3000 pcs. I reel. 

Order PN: MQE920-2450-T7 

Murata PN: 
DFC2IR57P002HHA 
New Global PN: 
DFCB2IG57LDJAB 
Description: 1,57GHz Band Pass 
Filter (BPF) for GPS applications. 

Ceramic Monoblock miniature low 

cost surface mount. Used as the 

primary RF filter by the USA’s leading 

manufacturers of commercial GPS 

receivers, this filter has performance 

and low cost in a standard miniature 

package. Ceramic BPFs like this 

form the backbone of Murata's 

Microwave product line. Since 1950, 

ceramic electronic components have 

been Murata's key focus. Reel 

size/Stock quantity: 2000 pcs. I reel. 

Order PN: DFC2IR57P002HHA-TA2I20 

MURATA's RF and wireless 
innovations open the door 

to design freedom 

SPECIAL OFFER 
Visit our website and register for 
your FREE MM8430-2600 and 

LFSN25NI9C2450B 
(New Global PN: LFB322G45SNIA504) 

samples 

iics.com/Murata. 
I ext.2436 
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With advanced e-commerce supply chain solutions, state-of-the-art 
design centers, technical support teams of qualified engineers all 
around the world and a partner like Murata, the experts at 
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Facing a ferocious marketplace? 

Let RFMD tame your challenges. 

We dare to be different by providing highly integrated solutions that help meet 

stringent system requirements and reduce your bill of materials. 

RFMD employs innovation to develop next-generation processes, circuits, 

architectures, standards and packaging in advance of the marketplace. 

Our deep design resources and extensive manufacturing capacity enable us 

to design a wide range of best-in-class components for all your RFIC needs. 

Because true success has no competition. 

DARING innovation - it sets us apart. 

MICRO DEVICES 
Proprietary, State-Of-The-Art 
RF Integrated Circuits5“ 

7628 Thorndike Road 

Greensboro, NC 27409-9421 

Phone 336.664.1233 

Fax 336.931.7454 

Mention daring when contacting us. 

RF MICRO DEVICES* and RFMD* are Irademarss ol RFMD. LLC. C 2001 RF Micro Devices, lx. 
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RF passive components 

Mounting effects 
on S-parameters 

for multilayer 
microwave capacitors 

Obtaining accurate results 
using SRF/ S parameters 

requires consideration of the 
external electromagnetic effects. 

Here’s why. 

By Edward Schoepke 

S-parameters, as reported by a capacitor manu¬ 
facturer's typical software package, can be sig¬ 

nificantly different from the S-parameters compo¬ 
nent yields in an actual application. This is mainly 
because of mounting differences in the actual appli¬ 
cation, which vary according to how the capacitor 
was mounted in the test fixture during measure¬ 
ment at the manufacturer. 

In the lab - analytical measurements 
The capacitors are first analytically measured 

in a calibrated test fixture (in this case it is an 
SMD fixture) connected to a vector network ana¬ 
lyzer (VNA). Then the data are mathematically 

de-embedded to represent the capacitor alone, as 
reported by the software. This de-embedded data 
can be used as a starting point. They are then 
modified using the techniques described below to 
yield S-parameters that represent a specific in-
circuit mounting situation more accurately. 

How we measure - techniques 
The actual measurement is made in a series 

mounting configuration with a 50Q microstrip 
environment where the width of the 
microstripline is nearly identical to the width of 
the capacitor. This 50Q microstrip environ¬ 
ment is on an Alumina substrate used during 
modified through-reflect-line (TRL) calibration. 
It is also used for launching to and from the 
device under test (DUT), except for directly 
under the DUT where the substrate is air. 
During measurement on the test fixture, the 
capacitor is de-embedded to its terminations, 
causing the capacitor's physical length to be 
included in the S21 phase (as opposed to the 
mathematically de-embedded S-parameters pre¬ 
sented in a typical software package). After de¬ 
embedding, the physical length of the capacitor 
under test, as well as the small capacitances 
from the capacitor body to the ground, are 
included in the measured S-parameters. 

Mounting, software, and impedance 
As discussed previously, the method for 

mounting the capacitor in the user's circuit can 
alter the impedance and cause the "software 
reported" S-parameters to differ significantly 
from those created in a particular application. 
Some of the variables affecting S-parameters 
include mounting configuration (series or shunt), 
transmission line width, substrate (PCB) dielec¬ 
tric constant and solder fillet geometry/quality. 
At high frequencies (greater than about 1 

GHz), the capacitor, its mounting and the PCB 
material make up a "network" that defines the 
(SRF). The SRF for capacitors is the series-reso¬ 
nant frequency, which is also called the self-res¬ 
onant frequency. Therefore, the SRF of the 
capacitor, absent of external effects, has no 
meaningful definition for microwave frequencies. 

SRF and a DUT - an example 
To illustrate, for a 20pF DUT, the SRF 

increased about 20% (as indicated by the Sn 
magnitude dip) when the PCB material was 
changed from FR-4 to Alumina (when the 
capacitor is measured in a series-thru configu¬ 
ration). Furthermore, mounting in a shunt con¬ 
figuration (SRF= S21 dip) could decrease the 
SRF by about 40% from that measured when in 
a series configuration. 
These effects can be closely simulated in a 

microwave CAD program (such as ADS, 
Eagleware, Compact) by using the 
S-parameters taken from the software, and then 
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Innovative Mixers 
-smaller size -better performance -lower cost 50kHz to 4200MHz 99 

(10-49) 

W Searching high and low for a better frequency 
n mixer? Then take a closer look at the 

innovative Innovative Technology built into Mini-Circuits 
technology ADE mixers. Smaller size is achieved using an 

ultra-slim, patented package with a profile as low as 0.082 inches 
(2mm) in height. Electrically, ADE mixers deliver better performance 
than previous generation mixers through all welded connections and 
unique assembly construction which reduces parasitic inductance. 
The result is dramatically improved high frequency and IP2-IP3 
performance. Plus, ADE’s innovative package design allows water 
wash to drain and eliminates the possibility of 
residue entrapment. Another ADE high point is 
the lower cost... priced from only $1.99 
each (qty. 100). So, if you’ve been searching 
high and low for a mixer to exceed 
expectations...ADE is Ä™ 

ADE Mixers... Innovations Without Traditional Limitations! 

ADE* TYPICAL SPECIFICATIONS: 

Model (mm) 

ADE-IL 3 
ADE-3L 4 
ADE-1 4 
ADE- 1 ASK 3 
ADE-2ASK 3 
ADE-6 5 
ADE-12 2 

ADE-4 3 
ADE-14 2 
ADE-901 3 
ADE-5 3 
ADE-13 2 
ADE-11X 3 
ADE-20 3 
ADE-18 3 

ADE-3GL 2 
ADE-3G 3 
ADE-28 3 
ADE-30 3 
ADE-32 3 
ADE-35 3 
ADE-18W 3 

ADE 30W 3 
ADE-1LH 4 
ADE-1LHW 3 
ADE 1 MH 3 
ADE-1MHW 4 
ADE-12MH 3 
ADE-25MH 3 

ADE-35MH 3 
ADE-42MH 3 
ADE-1H 4 
ADE-10H 3 
ADE-12H 3 
ADE-17H 3 
ADE-20H 3 

(MHz) (dBm) 

2-500 +3 
0.2-400 *3 
0.5-500 +7 
2-600 +7 
1-1000 +7 
0.05-250 +7 
50-1000 +7 

200-1000 +7 
800-1000 +7 
800-1000 +7 
10-1500 +7 
50-1600 +7 
5-2000 +7 

1500-2000 +7 
1700-2500 +7 

2100-2600 +7 
2300-2700 +7 
1500-2800 +7 
200-3000 +7 
2500-3200 +7 
1600-3500 +7 
1750-3500 +7 

300-4000 +7 
0.5-500 +10 
2-750 +10 
2-500 +13 
0.5-600 +13 
10-1200 +13 
5-2500 +13 

5-3500 +13 
5-4200 +13 
0.5-500 +17 
400-1000 +17 
500-1200 +17 
100-1700 +17 
1500-2000 +17 

Conv Loss 
Midband 

(dB) 

5.2 
5.3 
5.0 
5.3 
5.4 
4.6 
7.0 

6.8 
7.4 
5.9 
6.6 
8.1 
7.1 
5.4 
4.9 

6.0 
5.6 
5.1 
4.5 
5.4 
6.3 
5.4 

6.8 
5.0 
5.3 
5.2 
5.2 
6.3 
6.9 

6.9 
7.5 
5.3 
7.0 
6.7 
7.2 
5.2 

L-R Isol. 
Bandwide IP3 (dBm) 

(dB) © Midband 

55" 16 
47" 10 
55- 15 
50- 16 
45- 12 
40 10 
35 17 

53" 15 
32 17 
32 13 
40- 15 
40- 11 
36- 9 
31 14 
27 10 

34 17 
36 13 
30 8 
35 14 
29 15 
25 11 
33 11 

35 12 
55- 15 
52- 15 
50“ 17 
53“ 17 
45- 22 
34- 18 

33“ 18 
29- 17 
52“ 23 
39 30 
34 28 
36 25 
29 24 

Price (Sea.) 
Qty. 10-49 

3.95 
4.25 
1.99* 
3.95 
4.25 
4.95 
2.95 

4.25 
3.25 
2.95 
3.45 
3.10 
1.99* 
4.95 
3.45 

4.95 
3.45 
5.95 
6.95 
6.95 
4.95 
3.95 

8.95 
2.99 
4.95 
5.95 
6.45 
6.45 
6.95 

9.95 
14.95 
4.95 
7.95 
8.95 
8.95 
8.95 

Component mounting area on customer PC board is 0.320’x 0.290". 
• Protected by U.S. patent 6133525. -Specified midband. *100 piece price. 

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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Figure 1. Schematic of circuit layout. 

adding values for C1( C2, Lext and Dlyl 

as shown in Figure 1. 

The layout 
C¡ and C2 represent the capaci¬ 

tance as it varies with the dielectric 
constant of the PCB material used. 
Lext represents the reduced SRF that 
occurs when shunt mounting is used. 
Dlyl represents the delay caused by 
the physical length of the capacitor 
(typical S-parameter software pre¬ 
sents the data de-embedded to the 
center of the capacitor). 

The scenarios 
Four common mounting scenarios 

were examined: 
• Mounting 1) Series mounted 
over air as in a manufacturer's 
software (for comparison). 

• Mounting 2) Series mounting on 
0.025 thick FR-4 with an oppos¬ 
ing ground plane. 

• Mounting 3) Series mounting on 
0.025 thick Alumina with an 
opposing ground plane. 

• Mounting 4.) Shunt mounting on 
0.025 thick Alumina with an 
opposing ground plane. 

The values 
The values of C1( C2, Lexl and Dlvl 

were determined by the following 
method. First, actual S-parameter 
measurements were made in the lab 
on capacitors mounted in the config¬ 
urations outlined above. Next, the S-
parameters were downloaded from 
the S-parameter software into the 
microwave simulation software. 
Then Cp C2, Lext and Dlyl were varied 
in the simulation software until the 
S-parameters displayed were as 
close as possible to the measured 
values obtained in the first step. 

The results 
The values obtained are as fol¬ 

lows.: 
• Mounting 1): For Ct & C2 and 
Lext : N/A (all 0.00). 

• Mounting 2): Cj ~ 0.03pF, C2 ~ 
0.03pF, Lelt=0.0nH (modeled in 
series mode in CAD). 

• Mounting 3): Cj ~ 0.07pF, C2 ~ 
0.07pF, Lexl=0.0nH (modeled in 
series mode in CAD). 

• Mounting 4): Cj ~ 0.07pF, C2 ~ 
0.07pF, Lext=0.5nH (modeled in 
shunt mode in CAD). 

In each case the various delay 
parameters were as listed below. 

• 0402 Size: Dlyl ~ 15 pS (applies 
to all mounting situations shown 
above). 

• 0403 Size: Dlyl ~ 15 pS (applies 
to all mounting situations shown 
above). 

• 0504 Size: D|yl ~ 20 pS (applies 
to all mounting situations shown 
above). 

• 0603 Size: D,yl ~ 25 pS (applies 
to all mounting situations shown 
above). 

• 0805 Size: D,yl ~ 32 pS (applies 
to all mounting situations shown 
above). 

• 1210 Size: D,yl ~ 45 pS (applies 
to all mounting situations shown 
above). 

The values of Cj and C2 will affect 
the SRF(Sn dip), but the parallel-
resonant frequency (PRF= S21 dip) 
will be unaffected when it is mount¬ 
ed in the series-mounted configura¬ 
tion. The values of Cj and C2 will 
affect the PRF(S U dip), but the 
SRF(S2l dip) will be unaffected when 
it is mounted in the shunt-mounted 
configuration. 

Final analysis 
Use of this method will produce S-

parameters that are close to actual 
in-circuit performance. Neverthe¬ 
less, the in-circuit device perfor¬ 
mance is subject to other less-serious 
variables that may not be addressed 
by this method. 

RJ 
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Designing tunable 
resonators and 

filters with constant 
bandwidth 

Implementing step-impedance planar 
structures to increase performance in 
L- and T- types of coupling sections. 

By Boris Kapilevich 
and Roman Lukjanets 

As the number of wireless communications 
devices continues to increase logarithmically, a 

natural by-product is a crowded spectrum. One 
method of addressing this crowded spectrum inte¬ 
grates tunable filters in systems. 

with L and T - coupling sections. It will also intro¬ 
duce an active device for loss compensation. 

Step-impedance tuned resonator topology 
Tuned resonators and filters can be realized 

through a number of methods 1, 6. The topology 
used below is based on step impedance sections and 
varactor diodes in series or parallel (see Figure 1). 
It consists of the two lines with different imped¬ 
ances, Z1 and Z2 and electrical lengths ql and q2, 
respectively. A varactor diode used as a tuning ele¬ 
ment is placed in the center of the resonator. 
Reactive coupling elements Xc are used at the 
input/output of the resonator. 
The analysis of resonance conditions for the 

configurations shown in Figure 1 can be carried 
out on a transmission matrix approach, similar to 
one described in 2. More detailed analysis demon¬ 
strates that frequency tuning range and mode 
separation depend on parameter £ = 0,/(0] + ö2), 
as well as a type of coupling element — capaci¬ 
tive or inductive. 
The best results are observed for the parameter 

0 = 0.75 - 0.8. These are illustrated in Table 1. The 
following parameters of the resonator are assumed: 
Zx = 20Q Z2 = 80Q; limits of a varactor capacitance 
Cv = 0.5 - 2.5 pF; operating frequency - 1.8 GHz, 
system impedance - 50 Í2. 
Comparing the results of this table, it can be con¬ 

cluded that the resonators with a series varactor 

Figure 1. Step impedance configuration of the varactor tuned resonators with reactive coupling elements, Xc: a) series configuration b) 
parallel configuration. 

Tunable filters can provide surprising benefits, 
especially for multimode portable terminals and 
tunable transceivers. However, tuneability causes 
undesirable changes in other important character¬ 
istics such as deviation of insertion loss, bandwidth 
and matching conditions. Implementing tuning ele¬ 
ments (varactors for instance) may lead to a drastic 
degradation of the circuit’s Q, for example. 

This article presents the theory and application 
of stepped-impedance planar resonators and filters 

demonstrate higher separation between principal 
and nearest higher modes, while its counterpart, 
with a parallel varactor, has better tuneability. 

Bandwidth stabilization 
The major drawback of tuned resonators is a 

change of bandwidth in the tuning process. This 
issue is caused by the frequency behavior of reac¬ 
tances of coupling elements. For illustration pur¬ 
poses, Figure 2 shows this effect for a step-imped-

28 www.rfdesign.com August 2001 



MICRO-MINIATURE 

DIRfCTIONAL COUPURS 
1" 
I (ea. Qty. 25) 

5-2000MHZ world’s smallest couplers ” 
Measuring only 0.15"x0.15” square, the DBTC series from Mini-Circuits 
is quite simply the smallest 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™ design techniques for very 
flat response, low insertion loss, and multi-decade broad bandwidths. 
All-welded connections improve reliability, and automated production 
delivers high unit-to-unit performance repeatability. Preserve precious 
board space, and capital as well. Specify Mini-Circuits DBTC directional 
couplers. ..priced at only $1 .99 each (qty. 25)! 

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

Coupling 
9dB 
10dB 
12dB 
13dB 

13dB 

Model 
DBTC-9-4 
DBTC- 10-4-75 
DBTC- 12-4 
DBTC- 13-4 

DBTC- 13-5-75 

Freq. 
(MHz) 
5-1000 
5-1000 
5-1000 
5-1000 

Ins. Loss (dB) 
Midband Typ 

1.2 

16dB 

17dB 

18dB 
20dB 

DBTC- 16-5-75 

5-1000 
1000 1500 

5-1000 
1000-1500 

DBTC- 17-5 

DBTC- 18-4-75 
DBTC-20-4 

50-1000 
1000-1500 
1500-2000 

5-1000 
20-1000 

Directivity (dB) 
Midband Typ 

18 
20 
21 
18 

19 
17 

21 
19 

20 
20 
14 

21 
21 

Protected by U.S. Patent 6140887. Additional BLUE CELL 

DESIGNER'S KITS 
K1-DBTC (50 Ohms) 5 otea DBTC-9-4. 12-4. 13-4. 17-5. 20-4 Total 25 Units $4995 

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

£□ 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 

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

ISO 9001 CERTIFIED F 355 rev. org. 



ance resonator with a varactor in 
series. An approximated a 50% widen¬ 
ing in bandwidth has taken place from 
20 MHz to 32 MHz. 
The following resonator parameters 

are assumed: = 20Í2; Z2 = 80Q; limits 
of a varactor capacitance Cv = 0.5 - 2.5 
pF; operating frequency - 1.5 GHz; sys-

on the basis of microstrip line with sub¬ 
strate £,. = 2.6, h = 2 mm, and loss tan¬ 
gent tgô = 0.001. 
The first step in stabilizing band¬ 

width uses proper reactive coupling 
elements to compensate for bandwidth 
change. One such element is the L-sec-
tion3. Among eight available configura-

fabricating facilities. Table 2 and 
Figure 3 present the effects of band¬ 
width stabilization when L-type cou¬ 
pling elements are used instead of a 
single capacitor. Bandwidth stabilizing 
factor is about 50. 
To verify the bandwidth stabilization 

effect, the experimental version of the 
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2 - absolute frequency separation between 1st and 2nd modes; 

df- tuning range; Sl%] - bandwidth changing 

Table 2. Changing bandwidth comparison. 

The comparison of the calculated and 
measured transmission coefficients, S2t , 
are presented in Figure 4. Taking into 
account the biasing circuit, an agree¬ 
ment between calculated and measured 
data is observed. 
Bandwidth stabilization with L-type 

capacitor coupling elements at 
input/output of the step impedance 
resonator. 

Passively coupled resonators 
The same approach can be applied to 

the design of passively coupled tuned 
resonators with constant bandwidth. In 
this case, choose both the external and 
internal coupling elements to compen¬ 
sate for a change of coupling coefficients 
in the process of tuning. Figure 5 
demonstrates the transformation of a 
single resonator to its coupled counter¬ 

part based on capacitive L-type sections. 
As a result, the coupling element 
between resonators can be formed using 
a T-type capacitive section. The configu¬ 
ration of a tuned step-impedance filter of 
the second order is shown in Figure 6. 

Optimization, based on the simplex 
search technique, finds a specification 
of the T-section providing constant 
bandwidth of the second-order tuned 
filter. Table 4 demonstrates character¬ 
istics of such a filter before and after 
internal coupling elements are opti¬ 
mized. The frequency response of the 
tuned second-order filter is shown in 
Figure 7. The bandwidth stabilization 
factor is 12, but the insertion loss has 
increased to 10 dB. Thus, a measure¬ 
ment must be undertaken for loss 
compensation. 
An experiment was carried out with 

the microstrip second-order tuned fil¬ 
ter. Its specifications are given in Table 
5. A comparison of calculated and mea¬ 
sured filter performance is depicted in 
Figure 8, which takes biasing circuits 
into account. 

Active tuned filter 
Having chosen the topology of uncou¬ 

pled and coupled tuned resonators with 
near-constant bandwidth, a proper fil¬ 
ter of higher order can be built up. 
However, insertion losses are increased 
drastically. As a result, special mea¬ 
sures for their compensation must be 
suggested in a practice. 
One way to do this is to transform a 

passive tuned filter to its active coun¬ 
terpart by adding an active device. A 
variety of microwave active filter con¬ 
figurations are available for practice4. 
Recently, an idea based on actively cou¬ 
pled resonators was presented5. Such 
resonators are almost non-interactive 
because of the use of a transistor as a 
coupling element between resonators. 
Therefore, the circuit sensitivity to fab¬ 
ricating tolerances is reduced by apply¬ 
ing them in a cascade arrangement. 

Different combinations of resonators 
can then be applied to achieve the 
desired filter characteristic. The two 
passively coupled resonators are active¬ 
ly coupled in a cascade configuration 
shown in Figure 9 to form the equiva¬ 
lent active filter of the fourth order. 
The bandwidth is almost constant, but 
insertion loss is increased about 5 dB 
when the filter is tuned toward higher 
frequencies. Therefore, an active device 
must provide a gain of 9 dB at low, and 
14 dB at high frequencies of the tuning 

Figure 3. Bandwidth stabilization with L-type capacitor coupling elements at input/output of the step¬ 
impedance resonator. 
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Figure 4. Calculated and measured results for the step impedance resonator. Tuning range: 48%; inser¬ 
tion losses 4 to 6 dB: bandwidth: 50 MHz at 3dB level; minimum separation between principal and near¬ 
est higher mode: 1010 MHz; bandwidth changing: 2.3% 

tuned. This drawback can be eliminat¬ 
ed by more careful design of the match¬ 
ing elements of the active device. 

Conclusion 
When designing tunable resonators 

and filters with constant bandwidth, 
implement L-and T-types of coupling 
elements to achieve the stabilization of 
bandwidth in the tuning process. An 
active device with predicted slope of 
the gain can be used for a loss compen¬ 
sation. The final active filter layout 
and performance has been verified in 
experiments carried out with fourth¬ 
order filter in a cascade configuration. 

W 

range for a loss compensation and 
amplitude equalization. The above 
requirement has been realized using 
commercial, off-the-shelf (COTS) tran¬ 
sistors. The matching elements of the 
amplifier have been designed to provide 
the required slope of the gain. 
The active filter consists of two A12O3 

substrates 48 x 60 mm2, having h = 1 

Substrate Basic resonator's elements 

tg ä h 
ImkmI 

Zi 
IQ1 

Z2 

lai 
Ci 
IpFl 

C2
IpFl 

C3
IpFl z^aractor Kc

10 } 2.6M.2 2000 0.7 20 80 ï .6 1.2 1.6 D-610B 5.1 

Table 3. The characteristics of an experimental step-impedance resonator. 

Figure 5. Transformation of L-type section of uncoupled resonator into T-section of coupled counterpart. 

Figure 6. Configuration of the tuned step-impedance 2nd order filter. 
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5655 Lindero Canyon Rd., Suite 721 • Westlake Village, CA 91362 • 818-597-1414 • Fax: 818-597-1427 • e-mail: SystemView!? elanix.com ÖELANIX, Inc. 2001 . SystemView by ELANIX is a registered trademark of ELANIX, Inc. 

Distributors Worldwide • Windows is a trademark of Microsoft Corporation. 
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Table 5. The specifications of microstrip second-order filter. 

Figure 8. Calculated and measured results for the step-impedance coupled resonator: Tuning range: 
33%; insertion losses: 7 to 8 dB; bandwidth: 30 MHz at 3 dB level; minimum separation between princi¬ 
pal and nearest higher mode: 695 MHz; bandwidth changing; 3%. 
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Figure 9. Configuration of actively coupled resonators forming the equivalent active filter of fourth 
order. 

Figure 10. The calculated performance of passively coupled resonators shown in Figure 9. 
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UEcover story 

Telematics of the 
future 

The integration of wireless 
technologies will set the stage for a 
future of advanced telematics and 
intelligent transportation systems. 

By Kerry Greer 

Considering all the technological achievements 
of the 20th century, wireless communications 

devices are still in their infancy in terms of market 
development. New consumer devices come to mar¬ 
ket each month. Each has its benefits, and some 
have notable shortcomings; not all will be widely 
adopted. Still, the wireless market is growing pro¬ 
foundly, and market projections promise more than 
500 million wireless devices selling worldwide each 
year in the near future. This translates to one out 
of every 10 people on the planet buying some kind 
of wireless device every year. 

In contrast, automobiles have been around for 
almost all of the past century. Their penetration 
rates have leveled off, with most households in North 

America and Europe owning at least one car. But, as 
the next century begins, these two seemingly differ¬ 
ent consumer products are integrating in a way that 
will bring new value to the consumer. 

Telematics, the common thread 
The term for the new wireless systems being 

installed in automobiles is telematics. But what 
exactly is telematics? While not yet available in 
Merriam-Webster’s online Collegiate Dictionary, the 
term has generally been defined as “automotive 
communications technology that combines wireless 
voice and data to provide location-specific security, 
information, productivity, and in-vehicle entertain¬ 
ment services to drivers and their passengers.1” This 
definition identifies wireless as the key enabling 
technology to provide these advanced services. 

Automobiles and wireless technology 
Automotive systems engineers have begun evalu¬ 

ating different types of advanced wireless technolo¬ 
gies for inclusion in their future models. Driven by 
the profound success of cellular and personal com¬ 
munications systems (PCS), information access is 
the key to providing new consumer value. And 
wireless is the only way to get it in an automobile. 
In the coming years, expect to see some, or perhaps, 
all, of the technologies listed in Table 1. 

While this list is daunting, all have one thing in 
common: wireless communications links. So, expect 
RF and optical engineers, wireless system design¬ 
ers, and wireless communications experts to play 
important roles in the development and integration 
of these applications into future vehicles. 

Autos — The ultimate mobile apps platform 
A car is an ideal platform for wireless, as it 

embodies the very definition of a “mobile device.” Of 
course the marriage of the auto and wireless indus¬ 
tries is not a new idea. Radio was the original wire¬ 
less automotive application, with AM being stan¬ 
dard since the 1950s. 
The first citizens band (CB) radios were intro¬ 

duced in the 1970s. They were popular as aftermar¬ 
ket additions to automobiles, but today their use 
has been supplanted by cellular/PCS. 
The first mobile cellular-radio systems were 

developed in the early 1980s, with the transceiver 
designed to fit “neatly in the trunk of your car.” 
These radios now come in sizes that fit neatly in 
your jacket pocket. More recently, OnStar systems, 
using cellular and global positioning systems (GPS) 
originally introduced in Cadillacs, have been avail¬ 
able on other high-end products for the last five 
years. And most recently, collision avoidance radar 
and infrared imaging systems have become options 
in some high-end production models. 
However, wireless applications (other than 

radio) have been slow in becoming standard origi¬ 
nal equipment in automotive models. This is part¬ 
ly due to the fast-paced (relative to the auto indus¬ 
try) set of wireless standards, which seems to con¬ 
tinually evolve. The slowness is also due to a lack 
of perceived desire by automobile customers as to 
its value. 

The bottom line is: “Where is the market for all 
this new technology?” As every former employee of 
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a failed dot-com knows, you will only be 
as successful as the strength of your 
business plan. That strength comes 
from customers and revenue, not just 
technological achievement. 

It’s all about change 
Going forward, the slow market is 

about to change. The market for OEM 
telematics-equipped autos is now devel¬ 
oping, and customers are beginning to 
realize the added value to their pur¬ 
chase. This is chiefly driven by two fac¬ 
tors. 

• Safety concerns regarding same¬ 
time driving and talking: With the pro¬ 
liferation of mobile phones in the 
United States being a growing public 
concern, in June 2001 New York 
became the first state in the nation to 
ban citizens from using handheld 
phones while driving a car. About 40 
other states are considering similar leg¬ 
islation. (More than 20 countries also 
have similar bans.) But the NY law 
does permit drivers to use “hands-free” 
phones, which in theory allows the dri¬ 
ver to keep his/her hands on the steer¬ 
ing wheel. This public sentiment pro¬ 
vides the catalyst needed for OEMs to 
design cellular and PCS phones into 
their cars as standard equipment. 

• Value-added support services such 
as roadside assistance and naviga¬ 
tion /travel mapping: The success of the 
OnStar system is testament to the fact 
that automobile consumers want a 
measure of security with their car as 
they take the on open road. 
The American Automobile Associa¬ 

tion (AAA) has made a glowing busi¬ 
ness out of providing emergency towing 
and road service. Seeing this, automo¬ 
tive manufacturers have suddenly real¬ 
ized that they can now get additional 
revenue long after a car leaves the 
sales lot. This results in extending their 
top line - that is, signing up buyers to 
annual agreements and either receiv¬ 
ing a direct payment from the service 
provider, or sharing in the future rev¬ 
enue stream. OEMs realize that con¬ 
sumers are willing to pay $20/month 
for mobile security and Internet con¬ 
nectivity. The promise of location-based 
advertising could also provide addition¬ 
al revenue. 

Applications 
The wireless communications links 

detailed in Table 1 can generally be 

divided into three types of applications: 
safety, information and entertainment. 
Automobile safety is the primary 

concern of both government regulators 
and automotive manufacturers. Even 
in advance of industry requirements, 
OEMs are eager to develop new wire¬ 
less safety features that could lead to 
additional revenue. Since the advent of 
cellular phones, consumers have identi¬ 
fied them as a roadside safety necessi¬ 
ty. Many phones were in fact pur¬ 
chased with the guise that they be “left 
in the glove box and only used for emer¬ 
gency.” While their usage has broad¬ 
ened from that, auto OEMs now view 
this basic mobile voice link as an inte¬ 
gral part of roadside safety. They are 
all working on integrated, hands-free 
phone models for introduction in 
upcoming cars. 
Ford recently announced that a 

hands-free kit will be optional equip¬ 
ment available in 2002 models. But 
hands-free kits are still seen as an 
interim step toward full cellular-radio 
integration into the car. However, new 
impending legislation in many states 
will accelerate this development. 
GM and Delphi-Delco, in cooperation 

with the government, have begun field¬ 
testing real-time collision warning 
(CW) systems. Such systems combine 
forward-looking collision avoidance 
radar, forward visible optical sensors, 
and a GPS mapping database as part of 
the first stages of advanced driver con¬ 
trol systems. This particular prototype 
vehicle integrates these sensors into 
the adaptive cruise control (ACC) func¬ 
tion of the test vehicle. The goal is to 
save lives by improving performance of 
ACC systems using wireless sensors. 

Separately, forward-looking infrared 
sensors are now being offered as 
optional equipment on some models. 
These systems sense heat, and can aid 
in nighttime identification of animals 
and people ahead in dark and/or 
inclement weather. 

While not necessarily a safety appli¬ 
cation, the U.S. Department of 
Transportation (DOT) also recognizes a 
benefit to the public good in telematics-
equipped automobiles that provide traf¬ 
fic information. It is currently in the 
process of developing a public-use sys¬ 
tem called Intelligent Transportation 
Systems (ITS). 

ITS is being targeted to help reduce 
traffic congestion and increase safety 
on our major roadways. ITS includes 
benefits such as the use of automated 

highway message signs, video cameras 
mounted along busy commuter roads, 
smart traffic-signal systems, and auto¬ 
mated toll booths. A nationwide 511 
call-in number is being established to 
allow motorists to retrieve the latest 
local traffic information quickly via cel-
lular/PCS in every city. It only takes a 
little bit of imagination to foresee that 
commuters will come to rely on wire¬ 
less phone service (to make a 511 call), 
GPS reception (to display alternative 
route maps), and dedicated short range 
services (DSRS) to pay tolls and/or 
automatically upload road safety info in 
their daily commutes. 
GPS has tremendous automotive 

information application potential by 
itself. In addition to the obvious road¬ 
mapping capabilities, advertising exec¬ 
utives would gladly pay for localized 
advertising specifically for consumers. 
One can imagine a vehicle passenger 
querying an on-board computer for a 
“list of all Italian restaurants within 10 
miles of my present position.” At the 
same time, a special coupon from 
Mama’s Pizza pops up as the phone 
number and street address is dis¬ 
played. This type of time/location-spe-
cific advertising medium is not current¬ 
ly available to ad agencies, except pos¬ 
sibly in drive-by billboards. 

Data networking the “killer” app? 
The other big information applica¬ 

tion for telematics is in data network¬ 
ing. A simple example is the emerging 
Bluetooth standard, touted as a low-
cost, low-power consumer networking 
standard. Natural Bluetooth vehicular 
applications would include keyless 
remote entry systems; integrated 
garage door openers; and consumer 
point-of-sale payment systems, such as 
automated credit card billing at gas 
pumps and drive-through restaurants. 
For Internet access, auto OEMs have 
already announced ongoing trials with 
wide area networks (WAN) standards 
such as general packet radio service 
(GPRS) and cdma2000 lx. These stan¬ 
dards are upgrades to the current digi¬ 
tal PCS standards and are referred to 
as 2.5G, reflecting a transition period 
before the eventual future evolution to 
third-generation WAN systems. These 
2.5G links are being deployed today in 
the PCS frequency bands, and will be 
capable of delivering packet-switched 
data in an always-on configuration. 
Beyond these initial applications, 

consumers may desire high data-rate 
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capability for information retrieval. 
Existing WLAN standards include 
IEEE 802.11b/a and HiperLAN 2, pro¬ 
viding from 2 to 54 Mb/s, depending on 
distance between network nodes. 

That’s entertainment 
The final application for telematics 

is of course entertainment. Let’s face 
it, car travel is sometimes long and 

boring. Radio is still the primary 
means of entertainment, but other 
systems are being conceived. Some 
new car models today come with sepa¬ 
rate radio tuners for front and rear 
passengers, allowing two different sta¬ 
tions to be played (headphones 
required). Digital satellite audio radio 
system (DSARS) is a new type of pay-
per-listen radio system, with initial 
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subscription service available for com¬ 
mercial-free listening. 
The next entertainment system to be 

integrated is video. But, in-car video 
presents a number of issues, with safety 
being foremost. In most all states, tele¬ 
visions and video screens cannot be 
mounted in a place visible to the driver. 
Chevrolet has announced its new 
Looney Tunes mini-van. But the video 
display is mounted behind the driver, 
viewable only from the rear seats. As 
for video entertainment content, VHF 
and UHF receivers are also available, 
although clear reception is limited to 
strong signal areas around urban areas, 
so their usage is limited. Pre-recorded 
VCR tapes today and DVDs tomorrow 
will be the primary source for content in 
video entertainment systems. 

Technical challenges still abound 
Besides marketability issues, some 

technical issues must still be overcome 
before telematics is truly a standard 
option on OEM models. The most sig¬ 
nificant of these is cost. 
OEMs must weigh costs when con¬ 

sidering which telematics systems to 
integrate. While the future applications 
discussed earlier sound appealing, they 
will never be implemented if they 
greatly increase the price of the car. 
But, the price of silicon continues to 
come down. And as it does, these sys¬ 
tems will be added incrementally 
where feasible, especially when the size 
of the chips gets small enough to be 
integrated in existing automotive elec¬ 
tronics assemblies. 

Multiple antennas/systems issues 
Another problem specific to wireless 

telematics integration is the number of 
antennas and cable assemblies needed 
to implement these systems. Figure 1 
outlines one possible implementation of 
all these communications links, sensor 
links, and entertainment systems into 
an automotive telematics block dia¬ 
gram (associated antennas not shown). 
The wireless components are shown 

in blue. For example, if OEMs were to 
install all the wireless communications 
links, sensors and entertainment sys¬ 
tems shown, they would also need eight 
antennas using today’s technology. 
While marketing may try to spin this 
idea into something unique (“introduc¬ 
ing the new VW Porcupine?”), in reali¬ 
ty, new multimode, multifunction 
antenna systems are required to make 
this integration work. 
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For example, a wideband antenna 
that would work from 800 MHz to 6 
GHz would encompass five of the 
eight antennas needed today. 
Antenna manufacturers are rising to 
the challenge, however. One example 
is the new telematics antenna 
recently announced, which operates 
from 800 MHz to 2500 MHz. 
Of course, integrating the antenna 

now creates a systems problem; it is 
not possible to simply connect dis¬ 
similar devices such as GPS, PCS, 
wireless local area networks) WLAN, 
and DSRS together at the antenna. 
Feedback, grounding, isolation 
between systems, different power 
levels, and different transmit-and-
receive schemes need to be coordinat¬ 
ed. So the need for a well-thought-

out, high-performance, multifunction 
antenna system must be considered 
upfront. This would not only elimi¬ 
nate the multiple antennas and the 
associated systems issues, but multi¬ 
ple cable assemblies, connectors, 
multiple vendors, number of parts 
handled during installation, and the 
labor associated with installing all 
these systems as well. 
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Phone number please 
One significant technical issue facing 

cellular/PCS integration, and the tele¬ 
com industry in general, is phone num¬ 
ber portability. Presently, 1G and 2G 
systems do not have the capability to 
assign the same number to more than 
one mobile phone. As a result, the dri¬ 
ver could not have the same number for 
his/her handheld phone and for the 
integrated car phone. Also, because 
phone numbers are assigned in blocks 
to each carrier, they cannot presently 
be transferred from one carrier to the 
next when the consumer switches ser¬ 
vice providers. 

Automatic call forwarding (to a dif¬ 
ferent number) circumvents this issue 
presently, but true portability remains 
an active research issue for the mobile 
and landline phone companies. One can 
envision in the near future that there 
will be just one phone number for 
home, handheld and car phone; and it 
will follow you wherever you are at any 
given time. 

Voice-commanded automation 
Another active research issue is in 

the field of voice recognition. 
It cannot be overemphasized that 

safety in automobiles is paramount. 
Even before the current ban on hand¬ 
held phones, driver distraction is a lead¬ 
ing cause of accidents today. This comes 
from the driver taking his/her eyes off 
the wheel, albeit for only a moment. A 
good, robust voice command system is 
required. Cellular/PCS integration will 
lead the way to the system, as some 
handheld models already offer these fea¬ 
tures today. But in the new automotive 
realm, voice commands will be general¬ 
ized to include other systems as well. 

Again, this is not an easy problem to 
solve with such issues as background 
noise and multiple/generic (vs. specific 
individual) speaker recognition being 
problematic. Robustness is also an issue. 
Non safety-critical systems could possi¬ 
bly tolerate misinterpreted commands, 
but other systems, such as the auto-

Continued on page 90 
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An adaptive spread¬ 
spectrum clock 

generator 
Using a simple set of ROM 

codes in designing a spread¬ 
spectrum clock generator 

to minimize EMI. 

By I-Teh Sha, Kuang-Yu Chen, 
Albert Chen and Jeff Keip 

Engineers want an adaptive spread-spectrum 
clock generator (ASSCG) that uses a single set 

of read-only memory (ROM) codes, that requires no 
adjustment, and that can provide optimal peak 
electromagnetic interference (EMI) reduction1 over 
a wide range of continuous frequencies (50 MHz-
150 MHz). This can only be achieved using an 
automatic gain control (AGO voltage-controlled 

oscillator 
(VCO) with a 
nonlinear 
relationship 
between 
input voltage 
and output 
frequency. 
Basically, a 
single set of 
ROM codes is 
optimized 
only for a 
particular 
combination 
of frequency 

and gain. When a selected VCO frequency is lower 
(or higher) than the optimized frequency, the gain 
of the VCO must be automatically adjusted down 
(or up) to use a single set of ROM codes. 

emitted energy evenly across the full spectral band, 
resulting in significantly less EMI reduction. A full 
range of applied frequencies can be from 50 MHz to 
150 MHz until one starts to factor in the require¬ 
ment to follow the ideal modulation profile. To ade¬ 
quately cover the full range using conventional 
spread-spectrum clock generator techniques, at 
least five ROM code tables are required. Each of the 
devices is configured to provide optimal perfor¬ 
mance over a portion of the full range. Without 
multiple sets of ROM codes, the effectiveness of 
spread-spectrum modulation is compromised as the 
frequency changes. 

Modulation, degradation and frequency 
In Figures 2(a) through 2(d), oscilloscope traces 

illustrate degradation of the spread-spectrum mod¬ 
ulation signal at various output frequencies. As the 
frequency of the output signal is altered, the profile 
varies from the ideal “designed for” average refer¬ 
ence frequency of 80 MHz with -2.5% spread out¬ 
put (see Figure 2(b)) to Figure 2(a), which illus¬ 
trates the changes in the modulation profile result¬ 
ing from too much VCO gain when the reference 
signal is 50 MHz. Modulation waveforms degrade 
to be near triangular and sinusoidal as shown in 
2(c) and 2(d) when the mean frequency of the refer¬ 
ence signal increases to 108 MHz and 150 MHz. 
These degraded modulation waveforms do not 
spread the EMI evenly, providing much less peak 
EMI reduction. 
The measurements for 2(a), 2(c) and 2(d) are still 

using the ROM code optimized for 80 MHz as shown 
in 2(b). The results show that the modulation profile 
is not maintained when the device is not operated at 
optimal frequency when the VCO gain is constant. 

PLL spread-spectrum modeling 
The block diagram of an ASSCG is shown in 

Figure 3. The unknowns (x^n), x2(n) and x3(n)), the 
reference input (u/n)), the feedback divider 
(FBD(n)) and the output frequency (y(n)) are all 
time-varying functions. The VCO gain Av„,(y(n)) is 
a frequency-dependent function that is determined 
algorithmically. Cl( C2, and R, compose the loop fil¬ 
ter. The phase-locked loop is a class-of-control sys¬ 
tem that uses feedback to accomplish closed-loop 
control. Therefore, a time-varying PLL model can 
be defined by discrete equations as shown in (1) and 
(2), where A(n+1) is a 3 x 3 time-varying matrix. 
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Conventional spread-spectrum clock generator 
A conventional spread-spectrum clock generator 

with a constant gain is optimized for a particular 
frequency. To get the best EMI reduction, every 
applied frequency needs its own unique set of ROM 
codes. The shape of the modulation profile is critical 
in maximizing EMI reduction. The optimal modula¬ 
tion profile that provides the greatest reduction in 
peak EMI is patented by Lexmark (see Figure I)2. 
Other modulation profiles do not spread the 
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Xi (n +1 ) 
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Figure 1. Lexmark Modulation Waveform Profile. 

X:(n + 1) 

y(n + 1)= [0 ÄvroO]» 

X3 (n +1 ) 
(2) 

j [xo-Ao]2̂ 
0”!_ 

Ai(n + 1) 

(3) 

In the above equations, A((n+1) rep¬ 
resents the interval of time between 
the current and next phase-frequency 
detector (PFD) update event. Equation 
(3) uses a least-square approximation 3 
that provides the PLL with the best-fit 
SS ROM code for the ideal modulation 
profile (fit) in Figure 1). To solve this 
equation, an initial state is postulated 
based on the PLL parameters and ini¬ 
tial values, then different feedback 
dividers are used to predetermine the 
complete set of next possible states. All 
possible variables of x(n+l) are defined 
by equation (1). An optimal modulated 
frequency y(n+l) can be defined by 
solving equations (1) and (2) to satisfy 
equation (3). This procedure is repeated 
until the modulation profile is opti¬ 
mized. The optimal dividers, FBD(n+l) 
are stored in the SS ROM. 

These optimal ROM codes for feedback 
dividers are only good for discrete spread¬ 
spectrum PLLs running at a mean ofy(n) 
frequency. If these codes are used for 
lower frequencies than the mean of y(n) 
(because the VCO's gain is too high), the 
gain of VCO, K^iyin)) needs to be adjust¬ 
ed automatically in conjunction with the 
frequency of the output signal. Adding 
AGO accomplishes this. 

The function K^iyin)) is determined 
by the algorithm in Figure 4. Typically, 
10 modulation cycles are simulated by 
using equations (1) through (3). First, 
an initial guess of (min) is used as a 
trial value for existing ROM codes. 
After the number of modulation cycles 

Figure 2. Modulation profile from conventional 
spread-spectrum PLL at frequency (a) 50 MHz (b) 
80 MHz (c) 108 MHz (d) 150 MHz. 

has been simulated, an accumulated 
error deviation at a specific frequency 
of y(n), from an ideal modulation pro¬ 
file, can be calculated. This process is 

iterated by incrementing &Kml, until it 
reaches Kvc„ (mBX) . Then the smallest 
deviation error that is produced by 
Kvm(y(n)) is found. 

The next quantum step in frequency is 
then calculated, and the process is 
repeated until the maximum frequency 
is reached. Eventually, the optimal 
/Çjyfra+D) is found. After all the values 
of Kvco(y(n)) have been determined, the 
spread-spectrum profile can be optimized 
for all of the running frequencies y(n). 

Circuitry and characteristics 
The conventional VCO used in dis¬ 

crete spread-spectrum designs has 
resistance characteristics that provide 
a linear relationship between the 
VCO's frequency and its input voltage. 
The VCO circuitry shown in Figure 5(a) 
(where C,=70 pF, C2=394 pF, R¿=22.83 
kO and R¡=5.62 kíi) provides linear 
gain. By applying CP up=3.15 pA, 
CPdown=3.2 pA and the loop filter para¬ 
meters into the algorithm, the required 
Kvco is 59.18 MHz/v at 50 MHz and 
274.27 MHz/v at 150 MHz. The fre¬ 
quency-dependent gain K^if) has para¬ 
bolic or higher-order polynomial char¬ 
acteristics. 
To implement the ASSCG, a nega¬ 

tive metal-oxide semiconductor 
(NMOS) transistor is used with conven¬ 
tional VCO circuitry, providing the 
desired nonlinear resistance character¬ 
istics when it operates in an active 
region. The input of the NMOS transis¬ 
tor is connected to the VCO input volt¬ 
age and uses the information from the 
VCO operating frequency to adjust the 
total resistance values, (including Ri). 

Figure 5(b) shows the schematic with 
the automatic-gain adjusted circuitry. 
The aspect ratio of the NMOS transistor 
determines the shape of the nonlinear 

Figure 3. Adaptive spread-spectrum clock generator. 
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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 1.5-5.5 pF to 15.0-90.0 pF 

5 mm and 7 mm Economy: 
• 10-3.0 pF to 14.0-108.0 pF 
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SURFTRIM® Surface Mount 
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PTFE, Polycarbonate, Polyimide: 
-40° to +85°C 
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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. 

for voltages between 1 and 1.8 
VDC. Figure 6 plots the frequency 
vs. voltage of conventional and 
automatic gain control VCOs. 
When the NMOS transistor gets 
into its saturation region, its resis¬ 
tance becomes fixed and the VCO 
gain will be constant. 

Adaptive spread spectrum 
In Figures 7(a) to 7(d), the mea¬ 

surements from an adaptive 
spread-spectrum PLL show the 
frequencies of a modulated clock in 
a different operating range. The 
ROM code of stored (FBD(n)) is 
optimized for a 95 MHz clock fre¬ 
quency. The best performance for 
EMI reduction is from 60 MHz to 
135 MHz. In figures 7(b) and 7(c), 
the modulation profiles look simi¬ 
lar to the ideal modulation wave¬ 
form for frequencies of 80 MHz 
and 108 MHz. In Figures 7(a) and 
7(d) the same ROM codes as 7(b) 
are used; the limitations of the 
NMOS transistor’s active region 
prevent the VCO gain from reach¬ 
ing low or high enough values 
when the clock frequencies are 
running at 50 MHz and 150 

Figure 4. Algorithm for calculating required VCO gain. MHz. Although these two wave¬ 
form shapes are not as good as 

gain of the VCO. This parameter can be the profile shapes in Figures 7(b) and 
used for curve fitting to approximate the 7(c), comparatively, they maintain a 

Figure 5. Schematic of loop filter and (a) VCO with linear gain (b) VCO with nonlinear gain. 
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curve generated by the algorithm. 
The results of the device measure¬ 

ment for VCO frequencies and voltage¬ 
in are listed in table 1. In the conven¬ 
tional silicon VCO measurement, the 
maximum running frequency peaks at 
216.88 MHz at 3 VDC input. The 
VCO's gain is near-linear from 63 
MHz/V to 80 MHz/V when it operates 
between 1 and 2.6 VDC. The automatic 
gain-control has a fast-rising 
gain between 90 MHz/V to 180 MHz/V Figure 6. Frequency vs. voltage curves. 
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prove the adaptive feature gives the 
greatest EMI reduction over a wider 
clock frequency range. 

in one device, it also modulates the fre¬ 
quency in a continuous range and pro¬ 
vides the best EMI reduction. 

Linear VCO ACG VCO 
Vln (volts) fout (MHz) 

0.6 45.163 
0.7 48.122 
0.8 52.484 
0.9 57.566 
1.0 63.94 
1.1 71.28 
1.5 103.18 
1.8 127.41 
2.0 143.36 
2.2 158.87 
2.4 174.04 
2.5 181.47 
2.7 196.00 
3.0 216.88 

U(MHz) 
48.621 
48.872 
50.311 
55.995 
65.06 
77.96 
145.71 
199.74 
233.93 
266.44 
297.55 
312.68 
340.72 
378.16 

Table 1. VCO output frequencies vs. V|n. 

References 

[1] Hardin, K. B., Fessler J. T. 
and Bush, D. R., "A Study of the 
Interference Potential of Spread-
Spectrum Clock Generation Tech¬ 
niques," IEEE 1995, pp.624-629. 

[2] Hardin, K. B., Fessler J. T. 
and Bush, D. R., "Spread-Spec¬ 
trum Clock Generation for the 
Reduction of Radiated Emission," 
Proceedings of the 1994 IEEE 
International Symposium on Elec¬ 
tromagnetic Compatibility, Chica¬ 
go, IL. August 22-26, pp227-231. 

[3] Richard, L. Burden., J. Dou¬ 
glas Faires., "Numerical Analy¬ 
sis," 4th ed„ PWS-KENT, 1989. 

Figure 7. Modulation profile from adaptive 
spread-spectrum PLL at down spread frequency 
of (a) 50 MHz (b) 80 MHz (c) 108 MHz (d) 150 MHz. 

good shape when compared to the con¬ 
ventional spread-spectrum PLLs shown 
in Figures 2(a) and 2(d). These results 

Conclusion 
The adaptive spread-spectrum device 

is implemented using an AGC VCO 
with a nonlinear VCO gain calculated 
by the computer algorithm. 
Measurements show the parabolic 

characteristics of the VCO gain 
required for adaptive spread spectrum 
are provided by the nonlinear resistance 
characteristics' NMOS transistor oper¬ 
ating in the active region. Adaptive 
spread spectrum is a successful and 
cost-effective design to support a wide 
range of frequencies while maintaining 
the optimal modulation profile. The 
adaptive feature of the spread-spectrum 
device not only spreads all frequencies 
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RE literature 
Catalog features 
power products 
IFR Systems announces the Kikusui 

2001 product catalog, a resource for 
users of AC and DC power supplies, 
electronic loads, power controllers, bat¬ 
tery testers and general test and mea¬ 
surement instruments. The catalog 
highlights new products and provides 
both images and model numbers for 
ease of ordering. With more than 200 
pages, the catalog contains comprehen¬ 
sive information about Kikusui’s selec¬ 
tion of AC and DC power supplies, 
electronic loads, battery testers, power 
supply controller/GPIB programmers, 
rack assemblies for power supplies, 
oscilloscopes, signal generators, electri¬ 
cal safety testers, jitter meters and 
other general test and measurement 
instruments. From AC and DC power 
supplies to general test and measure¬ 
ment instruments, Kikusui offers ISO 
9001-compliant products that enable 
customers to produce high-quality test 
equipment. 
IFR Systems 
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Bulletin showcases surface¬ 
mount varactor diodes 
A new 12-page brochure from 

Sprague-Goodman Electronics 
describes the company’s surface¬ 
mount varactor diodes. Bulletin SG-
950 provides detailed descriptions of 
11 device series that provide design¬ 
ers with a selection of capacitance 
vs. voltage characteristics (super 
hyperabrupt, wideband hyper-
abrupt, microwave hyperabrupt, 
high Q abrupt and microwave 
abrupt). The diodes are offered in 
three classes of package configura¬ 
tions (plastic SOT-23, surface-mount 
low parasitic, and surface-mount 
monolithic), giving the designer a 
choice of models from which to select 
the diode most suitable for a desired 
frequency range and performance 
criteria. The listings include com¬ 
mon cathode models. Product 
descriptions include features, speci¬ 
fications, outline drawings, applica¬ 
tions and C-V curves. 
Sprague-Goodman Electronics 
INFO/CARD 116 

Technical library released 
on CD-ROM 

Microchip Technology announces 
the revised Technical Library CD-
ROM 1st Edition 2001, a complete 
compilation of technical documenta¬ 
tion on Microchip’s PlCmicro micro¬ 
controllers and associated develop¬ 
ment tools, KeeLoq secure data prod¬ 
ucts, non-volatile memory devices 
and related microperipheral products 
including analog/interface products 
and RFID. The CD-ROM features an 
expanded line of products, including a 
broad spectrum of high-performance 
linear and mixed-signal, power man¬ 
agement and thermal management 
devices. Extensive information 
regarding Microchip product specifi¬ 
cations, application notes and related 
source codes, software support for 
embedded control applications, pro¬ 
gramming specifications, and devel¬ 
opment system users’ guides are also 
provided. The CD-ROM is color-coded 
for easy reference. 
Microchip Technology 
INFO/CARD 117 

rely on the leader 
The new Leader Tech, a HEICO company with over 
42 years of electronics engineering, manufacturing, 
and management experience to help solve your most 
difficult EMC problems. 

Over 75 standard 
profiles 
Off-the-shelf availability 
Competitive pricing 
Short lead times for 
custom configurations 
Prototypes and short 
runs welcome 

Personalized one-to-one 
customer service 
In-house tooling and 
design service 
ProE, AutoCAD, Solid Works 
Dedicated sales and 
engineering team with 
an answer in one call 
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Phone: 813.855.6921 Fax: 813.855.3291 
E-mail: sales@leadertechinc.com 
Website: www.leadertechinc.com 

The Total Shielding Solutions Company 

LEOOEO 
TECH lf(^ 
a HEICO company J J J'j J 

The Leading Edge In EMI Shielding Technology 

INFO/CARD 24 
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K&L 
MICROWAVE INCORPORATED 

k J 

AI DOVER COMPANY 

The 

At K&L Microwave we provide real solutions for real people. 

As a global manufacturer and world leader in the production of RF 

and Microwave filters, we can satisfy your requirements from the 

most basic microminiature bandpass up to an integrated assembly. 

K&L Microwave has the technology to enhance your position in the 

P global market by providing engineering solutions, technical support, 

re quality products and global logistics. Our next generation design will 

help support your developing systems. Our recent capacity expansion 

enables us to maintain our outstanding delivery performance as customer 
demand increases. 

WHETHER YOUR REQUIREMENTS ARE HIGH END MILITARY OR HIGH VOLUME 

COMMERCIAL... K&L HAS THE POWER TO TURN YOUR IDEAS ON. 

2250 Northwood Drive * Salisbury, MD 21801 * Phone: 410-749-2424 * Fax: 410-749-5725 

www.klmicrowave.com * sales@klmicrowave.com 
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RF software 
ERDAS Imagine 8.5 offers 
feature enhancements 

ERDAS Imagine V8.5 — offers a 
number of feature enhancements 
including upgrades to the mosaick¬ 
ing tool, advanced 3D visualization 
and scene creation capabilities, and 
MrSID’s (Lizardtech) space-saving 
compressor. With an easier-to-use 
mosaicking tool, users can create 
seamless output images using spe¬ 
cialized color-balancing procedures 
that remove “hot spots” from aerial 
photography and other off-nadir 
imagery. Additional highlights of the 
expanded mosaicking tool include a 
preview feature, a cropping feature 
and support for off-line imagery. 
Other new features in ERDAS 
Imagine 8.5 include the addition of 
license administration flexibility, 
more import and export utilities, 
greater mobility for fieldwork, the 
ability to preserve pixel location and 
boundaries, an enhanced ability to 
create and edit ESRI Shapefiles, mil¬ 
itary grid reference system (MGRS) 

support, and extensions to the 
Imagine Developers Toolkit. 
ERDAS 
INFO/CARD 118 

Software cuts time, training 
needed to tune filters 
Agilent Technologies introduces a 

software tool that reduces the time 
and skill required to tune the cou¬ 
pled-resonator bandpass filters used 
in wireless base stations. The 
Agilent N4261A filter-tuning soft¬ 
ware allows manufacturers of RF 
and microwave filters to achieve 
greater production throughput by 
reducing a filter tuner’s training 
time from more than six weeks to 
less than one day. In addition, man¬ 
ufacturers can consistently tune 
each filter to a higher specified level 
of performance. The software tool 
runs under the Windows 2000 or 
Windows NT 4.0 operating system 
and operates in conjunction with 
Agilent’s new PNA Series of RF net¬ 

work analyzers, as well as the 
Agilent 8753 and 8720 family of net¬ 
work analyzers. 
Agilent Technologies 
INFO/CARD 119 

VoP Software suite for 
packet telephony systems 
3DSP Corporation offers a voice-

over-packet (VoP) software suite for 
DSPs in next-generation packet tele¬ 
phony. The new VoP Software Suite 
complements 3DSP’s portfolio of 
DSP and peripheral cores for devel¬ 
oping SoC solutions appropriate for 
a wide range of products in the VoP 
market. The software is optimized 
for 3DSP’s proprietary DSP architec¬ 
ture and supports all DSP processing 
requirements from customer-premise 
equipment (CPE) and residential 
gateways through media gateways 
and next-generation switches. 
3DSP Corporation 
INFO/CARD 120 

Rotary Attenuators 
DC-2200 MHz 

Power Dividers Terminations 
800-2200 MHz up to 18 GHz 

JFW Industries, Inc. 
Specialists in Attenuation and RF Switching 

TEL (317) 887-1340 • Toll Free 1 (877) 887-4539 • FAX (317) 881-6790 
5134 Commerce Square Dr. • Indianapolis, Indiana 46237 

www.jfwindustries.com 
sales@jfwindustries.com 

ISO 9001 Certified 

Fixed Attenuators 
DC-2200 MHz 
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Customers of Agilent HFSS... 

Ansoft is the home of HFSS. With the purchase of Agilent's HFSS, Ansoft has 

become THE inspiration for true 3D High-Frequency electromagnetic design. 

Ever since Ansoft delivered the first commercially available version of HFSS 

to the microwave market in October 1990 through Hewlett-Packard, we 

have continued to pioneer the world's leading technology for 3D High-

Frequency electromagnetic simulation. We've never stopped innovating 

and neither should you. 

Whether your designs drive next generation technology within the 

Microwave/RF, Antenna, IC or PCB industry, make HFSS your home. 

For more information contact us at 

+ 1-412-261-3200 or send e-mail 

to info@ansoft.com 
Welcome! 

A 
ANSOFT 

www.ansoft.com 
INFO/CARD 5 



RF product of the month 
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AD E8024/9024 processors 
Embedded Wireless Devices introduces the e8024 voice and data broadband 
wireless gateway processor and the e9024 voice and data wireless local area 
network (LAN) processor. The processors can concurrently support the IEEE 
802.11a, operating at 5.7 GHz, as well as industry-standard wireless protocols 
such as IEEE 802.11b, BluetoothTM, HomeRF and HiperLAN 2. Designed for 
residential and enterprise broadband wireless gateways and wireless LANs, 
these new products eliminate quality of service (QoS), interference and perfor¬ 
mance problems that occur when the IEEE 802.11b protocol coexists on a wire¬ 
less network with the other 5 GHz spectrum and 2.4 GHz industry standards. 
The processors provide additional bandwidth and multiple basebands to sup-

port simultaneous data and voice at both the broadband and premise-side 
distribution interfaces. They are designed for next-generation systems 
using the 5 GHz spectrum to address these interference and perfor-
manee issues. By allocating a broad 200 MHz band (vs. 85 MHz for 

K 802.1 lb i. the 5 GHz spectrum enables higher data throughput and 
eliminates interference 2.4 GHz-based appliances such as 
microwave offer 
both high-quality voice and data processing, aid in the interfer-

ence and bandwidth issues of today’s wireless networks, and the 
ability to handle multiple wireless networking protocols with a single 

chip. Based on the ewdC20 core containing 32-bit CPU and DSP, the 
e8024 and e9024 processors combine multiple on-chip basebands to support 
high-bandwidth data gateway applications. Under the management of a 40/60 
MHz 32-bit RISC processor, multiple 120 MHz function-specific processors are 
dedicated to controlling each of the two basebands and I/O functions such as 
USB slave-mode interface plus MAC 1 10 Mbit and MAC 2 10/100 Mbit broad¬ 
band inputs. In addition to sophisticated power management, the eMOS 
embedded multitasking operating system efficiently handles the fast context 

switching between basebands to provide seamless 

www.rfdesign.com August 2001 



NEW MMIC TECHNOLOGY 
“At Hittite, our goal has always been clearly defined. We choose to be 
innovators in our field, rather than followers. And we choose an approach 
that is revolutionary, rather than merely evolutionary.....” 

Microwave Systems 

June 2001 

Power 
Amplifiers 

Digital 
& 

Analog 
Attenuators 

Frequency 
Dividers 

& 
Multipliers 

RF 
to 
MMW 
Mixers 

Switch 
& 

Switch 
Matrix 

DC - 40 GHz 
Gain Blocks 

M MW LN A & PA 

DC -15 GHz 
Low Bit Error 
HI Input IP3 

DC ■ 13 GHz 
Low Phase Noise 
Single ̂ Supply 

0.7-40 GHz 
HI LO I RF Isolation 

HI Input IP3 

DC ■ 15 GHz 
Low Insertion Loss 

HI Isolation 

CONNECTING OUR WORLD 
THROUGH INTEGRATED SOLUTIONS! 

Hittite 
MICROWAVE CORPORATION 

www. hittite, com 
12 Elizabeth Drive Chelmsford, MA 01824 
Phone: 978-250-3343 ♦ Fax: 978-250-3373 
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RFproduct focus — signal processing 

SiGe HBT direct-quadrature modulator 
Stanford Microdevices introduces a family of silicon ger¬ 

manium (SiGe) direct-quadrature modulators suited to 2.5G, 
3G, WLAN and fixed wireless infrastructure applications 
between 400 MHz and 4 GHz. The STQ-1016 targets fre¬ 
quencies in the range of 400 to 1200 MHz, while the STQ-
3016 covers 2500 to 4000 
MHz. Both ICs are pack¬ 
aged in industry-stan¬ 
dard, 16-pin, exposed-pad 
TSSOP plastic packages. 
The 1016 provides carrier 
feedthrough typically bet¬ 
ter than -40 dBm, with 
amplitude and phase 
error of the modulation 
inputs (typically <0.2 dB 
and <2 degrees, respec¬ 
tively). The 3016 exhibits 
carrier feedthrough bet¬ 

Integrated IF receiver, baseband interface 
Zarlink Semiconductor announces an integrated RF 

chipset for cellular handsets operating in dual-mode 
TDMAAMPS networks in North America. The MGCM02 
and MGCT04 devices offer handset manufacturers a com¬ 
plete IF receiver, baseband interface and transmitter in a 
two-chip solution that 
reduces board area by 
60% and cuts costs by 
30% The MGCM02 is 
an IF receiver and 
baseband interface 
chip. The device incor¬ 
porates the existing 
MGCR01 IF receiver 
and MGCM01 base¬ 
band interface chips 

ter than -35 dBm with amplitude and phase-error perfor¬ 
mance (< 0.2dB and 2.5 degrees, respectively). Both offer a 
low noise floor performance (typically better than -150 
dBm/Hz and -147 dBm/Hz). 
Stanford Microdevices 
INFO/CARD 122 

into a single 49-pin BGA package measuring 7x7 mm. The 
MGCT04 transmit circuit provides the transmit function in 
dual-band, dual-mode TDMA/AMPS and CDMA AMPS mo¬ 
bile telephones. The chip is designed into a 5 x 5 mm MLF 
package. The MGCM02, when combined with the MGCT04, 
provides IF receiver, baseband interface and transmitter 
functionality in 75 mm2 of board space. 
Zarlink 
INFO/CARD 123 

Fast ADC offers on-chip 
track-and-hold circuit 
Analog Devices announces the 

AD9433 12-bit ADC, with a sampling 
rate of 125 Ms/s, capable of IF sampling 

input frequencies as high as 350 MHz. 
The device uses a 3 VDC (2.7 to 3.6 
VDC) voltage supply for IF sampling as 
high as 100 MHz in small or portable 
applications such as pico-cell, cellular 
base stations. It offers an on-chip track-
and-hold circuit optimized for maximum 
dynamic performance in wideband and 
high IF carrier applications such as 
GSM cellular base stations. The device 
requires only a 5 VDC supply and a dif¬ 
ferential encode clock. No external refer¬ 
ence or driver components are required 
for many applications. In addition, the 
part is pin-compatible with the AD9432 

12-bit ADC for simple system upgrades. 
A user-selectable, on-chip proprietary 
circuit optimizes SFDR vs. SINAD ratio 
performance for different input signal 
frequencies, providing as much as 85dBc 
SFDR performance over the de to 125 
MHz band. The encode clock supports 
either differential or single-ended input 
and is PECL compatible. 
Analog Devices 
INFO/CARD 124 

CDMA RF single-chip 
synthesizer 

Silicon Laboratories debuts the SÍ4135 
CDMA RF synthesizer. The single-chip 
SÍ4135 meets the stringent phase-noise 
performance requirements of the IS-95 
and AMPS cellular standards. The 

Specifications at a glance: 

• Synthesizes U.S. 1.71 9 to 1.780 

GHz and 954 to 980 MHz RF 

• Synthesizes Korean 1.620 

to 1.650 GHz RF 

single-band, dual-band, dual-mode and 
tri-mode CDMAAMPS handsets and 
other IS-95 wireless data applications in 
the United States and Korea. 
Silicon Laboratories 
INFO/CARD 125 

Programmable SOC 
supports portable apps 
The AT94K10 field-programmable 

system-level IC provides system-leve 
integration of microcontroller, program 
mable logic, control, memory and L/C 
functions, while consuming less than 5( 
^A in standby and 2 to 3 mA/MHz during 
operation. The IC’s high level of integra 
tion and low power drain make it suitable 
for such low-power applications as per 

Specifications at a glance: 

• 50 pA standby current 
• 2 to 3 mA/MHz during operation 

• integrates a 20+ MIPS AVR RISC 

• 10,000 gates of SRAM-based 
programmable logic 

64 

device eliminates the need for more than 
40 external components, including RF 
VCOs, decreasing required board space 
by up to 90%. The device is designed for 

sonal digital assistants and their periph 
erais, cellphone add-on equipment, GPS 
portable test equipment, point-of-sale 
equipment, security systems or wireless 
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WIDEBAND 

HIGH H>3 MIXERS 

+4 to +17dBm L0 ,J6^. Typical Specifications: 

Now you can obtain spectacular wideband IP3 performance at a value price with 
Mini-Circuits team of MBA, ADE, and SYM mixers. Optimized to deliver the highest IP3 
for a given LO drive, these affordable surface mount mixers range from 32dBm IP3 
for +17dBm LO power...to 15dBm IP3 for LO down to +4dBm. In terms of E Factor 
(IP3 Figure Of Merit), these mixers go as high as 1.5 providing superior 
intermodulation suppression from 5 to 5900MHz while at the same time 
achieving low conversion loss and high isolation. You'll also be pleased to know 
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 

Freq. (MHz) 

800-1000 
500-1200 

4950-5900 

SYM-25DLHW 40-2500 
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 

LO 
Level 
(dBm) 

+13 
+17 

+4 

+ 10 
+ 13 
+ 17 
+ 17 
+17 

+ 17 
+ 17 

IP3 
Mtiband 
(dBm) 

26 
28 

15 

22 
26 
29 
30 
30 

32 
30 
30 
31 

E Factor1

1.3 

ConvLoss 
Midband 

(dB) 

70 
6.7 

Z0 

6.3 
6.6 
7.0 
6.4 
5.6 

6.7 
5.75 
6.5 
7.6 

Rice Sea 
Qty 10 

6.95 
8.95 

6.95 

7.95 
8.95 
9.95 
9.95 
9.95 

9.95 
9.95 
9.95 
9.95 

*EF actor = | IP3 (dBm) - LO Power (dBm)] +10. See web site tor E Factor application note. 
ADE models protected by U.S patent 6,133525. 
'MBA Blue Cell™ model protected by U.S patents 5534.830 5640J32 554CB99 

Actual Sae 

P.O. Box 350166, 

C3 Mini-Circuits --
■ ■ ■ ■ CIRCLE READER SERVICE CARD 

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 F345RevA 



2.4 GHz Capacitor 
Spice Models 

MLCsoft® lets you display highly accurate SPICE, S-
Parameter, Q, and ESR data for JTI’s full range of high 
frequency multilayer ceramic capacitors from ultra¬ 
miniature size 0402 through 1210. 

Now Available: MLISoft® for Inductors 

johansontechnology.com 
camarillo california 805.389.1 166 

INFO/CARD 84 

Internet appliances. The device integrates a 20+ MIPS AVR 
RISC microcontroller with hardware multiplier, 10,000 gates of 
SRAM-based programmable logic, 36 kB of SRMA, an industry¬ 
standard, two-wire serial interface, two UARTs, three 
timer/counters, and a watchdog timer. 
Atmel 
INFO CARD 126 

Four-channel A/D converter 
DATEL introduces the CPCI-51 OP for analog signal process¬ 

ing applications, packaged on a diminutive 4" by 6.25" board. 
The 3U format board is suitable for wide-bandwidth signal stor¬ 
age to network, huge memory or disk. The front end uses four 
14-bit NDs with 0 to +5 VDC or ±2.5 VDC user-selectable, full-
scale input ranges. The ND-per-channel architecture allows all 
four channels to be captured exactly in parallel. This enables 
capable phase-coherent sensor arrays such as accelerometers, 
sonar and Doppler studies and multiple simultaneous radar 
channels. Each channel may sample as much as 2.5 MHz in par¬ 
allel or 3 MHz per channel in single-channel mode. Applications 
include high-end DSP and FFTs. Using a combination of a 
DATEL-written device driver and on-board PCI bus mastering 
with a DMA controller, the board can temporarily take control of 
the bus, all without requiring slow CPU clock cycles to transfer 
each sample. 
Datei 
INFO/CARD 127 

LOOKING FOR HIGH VOLTAGE, HIGH POWER RF DEVICES? 

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

• Switching frequencies to 100MHz 

• Internally isolated 

• IXYS advanced low Qg process 

• Low gate charge and capacitances 

• Low RDS(on | 

• Very low insertion inductance 

• Easy to mount—no insulators needed 

PART NUMBER VDS 1 Ids Ron L T( PDHS

DE275-102N06A 1000V 6A 2.0Q 2ns 5ns 375W 

DE275-501N16A 500V 16A 0.5U 2ns 5ns 375W 

DE375-102N10A 1000V 10A 1.2Q 3ns 8ns 550W 

DE275X2-102N06A 1000V 6A 2.00 2ns 5ns 750W 

...And More Devices Coming Soon! 

El Directed Energy, Inc. Download data sheets for these and other products at 

Company www.directedenergy.com 
USA 

2401 Research Blvd., Suite 108 

Fort Collins, CO USA 80526 

Phone:(970) 493-1901 

FAX: (970) 493-1903 

EUROPE 

IXYS Semiconductor, GmbH 

Lampertheim Germany 

Phone: +49.6206.5030 

Fax: +49.6206.503.627 

_ 

THINKING HIGH POWER-HIGH FREQUENCY?... THIHK DEI/IXYS 

...INNOVATIONS FOR THE 21ST CENTURY’* 

66 
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Broadband Precision 
Calibrated Noise Sources 
• Designed for precision noise figure 
measurement applications. 

• Available with coaxial or 
waveguide outputs 
Noise figure 
meter a 
compatible. 4 

NC346 SERIES 
Standard Models 

MODEL FREQUENCY RANGE OUTPUT ENR 

NC346A 0.01 GHz- 18 GHz 5-7 dB 

NC346B 0.01 GHz- 18 GHz 14 -16 dB 

NC346E 0.01 GHz -26.5 GHz 19 -25 dB 

NC346Ka 0.1 GHz -40 GHz 10 -17 dB 

NC346V 0.1 GHz -55 GHz 7-21 dB 

Engineers rely 
on Noise Com 
components... 
every day, 
everywhere! 

Broadband Calibrated 
Millimeter-wave 
Noise Sources 
• Designed to replace cumbersome 
gas-tube noise sources. 

• Provide stability, switching speed and 
ripple-free response over standard 
waveguide bands. 

• Provide narrow or wideband 
performance with low or high 
output. 

• Noise figure 
meter 
compatible. 

NC5000 SERIES 
Standard Models 

MODEL FREQUENCY RANGE WAVEGUIDE 

NC5142 18 GHz -26.5 GHz WR-42 

NC5128 26.5 GHz -40 GHz WR-28 

NC5122 33 GHz -50 GHz WR-22 

NC5115 50GHz-75GHz WR-15 

NC5110 75 GHz -110 GHz WR-10 

Chips and Noise Diodes 
• Designed for microwave applications 
requiring a 50-ohm impedance. 

• Deliver symmetrical white 
Gaussian noise and flat 
output versus frequency. 

• Available in a wide 
variety of package 
styles and special 
configurations. 

NC1 00/200/300/400 SERIES 
Standard Models 

MODEL FREQUENCY RANGE 

NC104 0.1 Hz -3 MHz 

NC203 0.1 Hz -100 MHz 

NC3O2L 10 Hz -3 GHz 

NC303 10 Hz -8 GHz 

NC401 100 MHz -18 GHz 

NC406C 18 GHz -110 GHz 

Around the globe, wireless systems 
manufacturers and service providers 
are getting reliable test results from 
Noise Com generators, noise sources 
and modules. Every day. For cellular, 
PCS, satellite, and radar test applica¬ 
tions. Again and again, our compo¬ 
nents and instruments pass the only 
test that counts —they deliver superb 
performance in the field. 

Choose the application, and there's a 
Noise Com solution to fit. Each backed 
by years of research and proven 
performance. And by the best technical 
service and support in the business. 

Pictured here are just a few of our 
widely-acclaimed noise sources and 
generators. Want more details? Ask 
for our catalog, the Designers' Guide 
to Broadband Noise Products. 

It's easy to reach us at Noise Com: 

by phone: (201) 261-8797 
by fax: (201) 261-8339 
by e-mail: ¡nfo@noisecom.com 
or visit our Web site: 
http://www.noisecom.com 

NONCOM 
East 64 Midland Avenue 
Paramus, New Jersey 07652 
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BITE Modules 
• Designed as an economical solution 
for built-in test requirements. 

• Contain complete biasing networks; 
need no external components. 

Every day, 
our noise 

t 

components 
pass the 
toughest 
test there is. 

Yours. 

1 

• Available in 
TO-8 cans 
and flat 
packs. 

(A 

0 
N 

(D 
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Broadband Amplified 
Noise Modules 
Designed for circuit board mounting. 
Provide a high-level noise 
output. 
Available in 
24- and 
14-pin 
packages. 

NC500 SERIES 
Standard Models 

MODEL FREQUENCY RANGE OUTPUT ENR 

NC502/15 0.2 MHz-1 GHz 31 dB 

NC503/15 0.2 MHz -2 GHz 31 dB 

NC506/15 0.2 MHz -5 GHz 31 dB 

NC513/15 0.2 MHz -2 GHz 51 dB 

NC2000 SERIES 
Standard Models 

MODEL FREQUENCY RANGE OUTPUT 

NC2101 100 Hz -20 kHz 0.15 Vrms 

NC2105 500 Hz -10 MHz 0.15 Vrms 

NC2201 1 MHz -100 MHz +5 dBm 

NC2601 1 MHz -2 GHz -5 dBm 

New! 

DESIGNERS’ GUIDE 
TO BROADBAND 
NOISE PRODUCTS 

Call Today 201-261-8797 or 
request it on our website 
www.noisecom.com 

Broadband Noise Generators 
• Designed for easy operation. 
• Feature dedicated control and program¬ 
ming keys; large 4 x 20 LCD display. 

• Output power control, filter setting, and 
attenuator step size for noise and signal 
performed from front panel, or remotely 
using IEEE-488 

8 

nois^m 

UFX7000 SERIES 
Standard Models 

MODEL FREQUENCY RANGE OUTPUT POWER 

UFX7107 100 Hz -100 MHz +13 dBm 

UFX7108 100 Hz -500 MHz +10 dBm 

UFX7112 1 MHz -2 GHz +0dBm 

UFX7218 2 GHz- 18 GHz -20 dBm 

UFX7911 5 MHz-1 GHz +30 dBm 
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From high frequency semiconductor materials, to components and 
sub-systems, through to complete systems for wireless communications, 
automotive and radar applications, European Microwave Wee1< 
encompasses the complete wireless & microwave market. 

□ Three conferences featuring over 700 presentations make European 
Microwave Week the most comprehensive conference-based learning 
event in the world. 

□ Your chance to see all the latest technological developments first-hand 
at the international European Microwave Week exhibition. Register now 
for your free exhibition entrance ticket. 

□ Register Online at: www.eumw.com 

□ Telephone our hotline for a registration form on: t-44 (0)870 429 4300 

Agilent Technologies 

5000 9. 

20-5000 

20-7000 
20M00O 
20-6000 

20-U000 
20-3000 

10.0 
12. U 
13 0 

/inritsu 
For Conference & Ger 
Nicola Jedrej, Event Manager 
Tel: -1-44 (0)20 7861 6391 
Email: njedrejOcmp-europe.com 

EuAIA 
European Microwave Association 

MICROWAVE 
ENGINEERING 
MRWBWMMMMNi EUROPE 

EURO EAN 

EXCEL, DOCKLANDS 
LONDON, ENGLAND 

24-28 SEPTEMBER 2001 

WWW.EUMW.COM 

IJS\CONFERENCy\ The 31st European Microwavi 

GAAS®2001 The European Gallium Arsenide and Application Symposium (GAAS 2001) 

techno^okes The European Conference on Wireless Technology 
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The DE-
Series RF Power 
MOSFETs fea¬ 
ture a low-pro-
file surface¬ 
mount package 
with very low 
insertion induc¬ 
tance and a 
thermal dissipa¬ 

tion as high as 750 W, providing 
exceptionally fast switching speeds 
combined with high power handling 
capability. The MOSFETs are tar¬ 
geted for a number of applications, 
including RF plasma generators. 

Ansoft Designer is the first entry 
into this new world of communica¬ 
tions design software. Experience 
innovation with solver-on-demand 
technology, a new interface, design 
automation features and the latest 
in Windows-based technologies. 

Trimmer Capacitors 
Fixed and Variable Inductors 

Fixed and Variable Transformers 
Tuning Varactors 

Microwave Tuning Elements 
Insulated Tuning Tools 

DIRECTED ENERGY 
www.directedenergy.com 

ANSOFT CORPORATION 
www.ansoft.com 

SPRAGUE GOODMAN 
www.spraguegoodman.com 

Noise Com’s 
NC 302L is a 
member of our 
diode family 
and a building 
block of all 
noise systems. 
The NC302L 
is designed for 
specific 

microwave applications in which 
50-ohm impedance is required. 
Typical small impedance of the 
NC302L is 10-20 ohms when a 
diode is turned on. 

NOISE COM 
www.noisecom.com 

The PE412x incorporates 
patented Ultra-Thin-Silicon (UTSi) 
CMOS technology for best-of-class 
linearity performance. Targeted for 
wireless base station receivers for 
PCS/3G, Cellular/GSM800 and 
DCS1800, Peregrine's family of 
FET Quad mixers eliminates dis¬ 
parate baluns, and integrates RF 
and LO matching networks. 

PEREGRINE SEMICONDUCTOR 
www.peregrine-semi.com 

With as much as 3700 amps peak 
current and 9 amps continuous cur¬ 
rent, CDE mica capacitors are the 
choice for snubber and resonant¬ 
power applications. They have 75% 
lower impedance at resonance than 
ceramic disks and twice the dV/dt 
capability of the best polypropylene 
capacitors. 

CORNELL DUBILIER 
www.cornell-dubilier.com 

I 

« 1 

The model 506052E embedded 
antenna supports a 2.400 - 2.485 
GHz frequency range, has VSWR of 
2.0:1, impedance at 50 ohms, 
weight at .006, and linear polariza¬ 
tion. Available at low cost and high 
volume, with four-week cycles from 
design to production on the Covant 
series of embedded antennas. 
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TRAK 
www.trak.com 

Hittite Microwave introduces a 
low-noise, divide-by-4 static 
prescaler with InGaP GaAs HBT 
technology in an 8-lead surface¬ 
mount plastic package. The 
HMC365S8G features a wide oper¬ 
ating input window and low addi¬ 
tive SSB phase noise of -151 dBc/Hz 
at 100 kHz offset. 

HITTITE 
www.hittite.com 

Dual-band Tri-mode CDMA Front-
End Module - RF Micro Devices 
introduces the RF3404, a fully inte¬ 
grated dual-band front-end module 
for tri-mode CDMA applications. 
This SiGe HBT 8mmx8mm receive 
module, reduces board area by 70% 
and decreases bill of materials com¬ 
ponent count by 22 components. 

RF MICRO DEVICES 
www.rfmd.com 
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Scorpion® .You Only Need One! 

Anritsu’s MS4623B Scorpion Vector 

Network Measurement System (VNMS) 

offers a complete single connection 

RF solution for the wireless market. This 

amazingly accurate and easy to use 

instrument reveals the true performance 

of your LNA. And it does so with the 

speed you need to meet today’s faster 

time-to-market demands. The VNMS 

single connection solution saves you time 

with simple calibrations and built-in 

LNA measurements. 

The MS4623B, offering as high as 

+5 dBm input power to your LNA, can 

measure these key LNA parameters with 

a single connection. 

Parameter MS4623B Measures 

Noise Figure Less than 0.5 dB out 

to 6 GHz 

Third Order 

Intercept 

Up to +40 dBm 

Gain 

Compression 

As high as +16 dBm 

S-Parameters +/-0.1 dB Accuracy 

SeeThe 
True Performance 

OfYour 
Low Noise Amplifier. 

When it comes to wireless R & D 

or manufacturing you only need one 

Scorpion to increase your throughput. 

Find out for yourself. Call us today at 

1-800-ANRITSU to set up a single 

connection LNA demo. Or visit us at www. 

us.anritsu.com/adsmailers/MS4623B.asp. 

Anritsu’s Scorpion MS4623B. Now, you 

too, can see your LNA’s true performance. 

MS4623B Scorpion Vector Network Measurement System 
©2001 Anritsu Company Sales Offices: United Sutes and Canada, 1-800-ANRITSU, Europe +44-1582-433433, 
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.us.anritsu.com 

/ïnritsu 
Discover What's Possible™ 

INFO/CARD3 



The latest 1x2 reactive power divider/com-
biner from JFW Industries, model 50PD-304, 
offers a bandwidth of 800-4000 MHz. Available 
with SMA connectors; it maintains a port-to-
port isolation of 20 dB (minimum) and an 
insertion loss of 1 dB (maximum, above the 
3dB split) across the band. 

JFW INDUSTRIES 
www.jfwindustries.com 

CHIP TRIMMER 
CAPACITORS 
Stability Better Than ±1% 

Built for use in third-generation 
(3G) network infrastructures, the 
Cougar's (2100 MHz |3G] SCPA 15W) 
high efficiency, low ACPR, lightweight 
and small size provides customers 
with a cost-effective and reliable solu¬ 
tion for their 3G infrastructure needs. 
The Cougar can also be customized to 
meet a unique specification. 

UNITY WIRELESS 
www.unitywireless.com 

Delivery: Up 
to 50,000 

pieces 
stock to 4 
weeks on 

most parts! 

Major corporations, as well as 
small design entrepreneurs, use 
APLAC to create cutting-edge prod¬ 
ucts with a cost-efficient budget and 
the shortest time-to-market. 
APLAC technology covers applica¬ 
tions ranging from ICs to board- and 
system-level simulations, from DC 
to RF and microwave frequencies. 

APLAC 
www.aplac.com 
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Actual Size 

Pole/Zero 
announces 
the latest 
break-
through in 
reduced 
prices for 
readily 

INTERNATIONAL CORPORATION 
The Trimmer Capacitor Company 

100 Ford Road, Denville, NJ 07834 
973.586.8585 • Fax: 973.586.3404 
e-mail: info@voltronicscorp.com 

available, digitally tunable RF 
Filters with the introduction of its 
new MINI-Hybrid Series (est. $199 
each in quantity). This bandpass 
filter provides excellent RF power 
handling and selectivity at 251 
tune positions in VHF/UHF fre¬ 
quency bands. 

POLE/ZERO 
www.polezero.com 

INFO/CARD 69 
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Mother nature makes them fancy and plain. 

And we like her style at J.W. Miller. 
The way a magnetic component looks speaks volumes about its character. Take that panel-mount, adjustable oscillator coil on 

the left. It needs to be snazzy to fulfill its role in high-power resonance circuits. But if your job is EMI suppression to silence 

noise— like the conformal coated RF choke at the far right— it’s preferable to be a Plain Jane. Whatever the occasion, our 

components are always dressed for success. Whether your requirement is for power, wireless, RF or general inductor 

applications, we probably have your part. Or we’ll be happy to custom design it in quick fashion. Just call 310-515-1720 or 

visit our website for the style-conscious representative or distributor near you. 



Spirent’s C2K-ATS is a compre¬ 
hensive, integrated, easy-to-use 
solution for evaluating cdma2000 
mobile devices. C2K-ATS answers 
cdma2000 test requirements, with 
pre-defined suites for industry¬ 
standard tests defined by TIA, 
3GPP2, CDG, and ARIB. 

SPIRENT 
www.spirent.com 

Mini-Circuits offers high-perfor¬ 
mance POSA-960 plug-in voltage 
controlled oscillators. The devices 
have 800 to 960 MHz linear tuning 
and low -112 dBc/Hz (typ) SSB 
noise at 10 kHz offset. Applications 
include cellular and UHF transmit¬ 
ters. Available from stock for $49.95 
each (qty 1-9). 

MINI-CIRCUITS 
www.minicircuits.com 

GORE-SHIELD SMT 
EMI Gaskets 

W.L. Gore introduces GORE¬ 
SHIELD SMT EMI gaskets, high 
performance EMI shielding gaskets 
that can also be used as an RF 
grounding pad or interconnect. The 
parts come in several different sizes 
and are shipped to the customer in 
standard tape-and-reel configura¬ 
tions that are compatible with sur¬ 
face mount pick-and-place machin¬ 
ery. For more information, contact 
W. L. Gore & Associates, at 
800/445-4673, +1/302-292-5100, 
+49/91 44 6010. 
W.L. GORE & ASSOCIATES 
www.gore.com/electronics 

Some of our initial successes: 
PCS, AMPS, TDMA, CDMA, GSM, 
GPRS, WLL, EDGE, 3G 

RF POWER AMPLIFIERS 
UnityWireless Systems' latest linear high power RF amplifier... 
a custom design from concept to production in under ten weeks. 
This is just one more example of how Unity Wireless is working 
better at product innovation. 

COST EFFECTIVE 

« FAST TURNAROUND 

Bi 
RELIABLE 

RF/Microwave Chip Capacitors to 1000 Volts 

I'nityWueiess .inq I vikt. 
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cou J 

SERVICE & SUPPORT 

Send us your 
requirements for an 
immediate quotation 
by calling us at 
1-800-337-6642, 
or visit our website at 
www.unitywireless.com 
e-mail: sales@unitywireless.com 

Cornell Dubilier’s MC mica chips have twice the 
voltage and capacitance of the 100B and Q over 
3,000 at 1 MHz! These chips are an excellent lower 
cost alternative to “cubic” porcelain ceramic capaci¬ 

UnityWireless 
I SOO 337 6642 • WWW.UNITYWIRELESS.COM 
404.247.2700 • FAX 404 247.2701 

INFO/CARD 65 

tors. The CDE mica chip has no cracking, a high 
resistance to soldering temperatures and offers ca¬ 
pacitance values from 0.5 pf to 2000 pf. Sample 
kits priced from $50. Available case sizes MC08, 
MC12, MC1 8, MC22, tolerance ±0.1 pfto±5%. For 
more information please visit our website at: 
www.cornell-dubilier.com 

CORNELL 

DU BILIER 

Your Sourc« For Capacitor Solution* 

CDE 

www.rfdesign.com 

Joe Gracia, Product Manager 
(508) 996-8564 I fax: (508) 996-3830 
Email: cdenb@cornell-dubilier.com 

INFO/CARD 53 
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Want to know the secret of success in the land of Linux and Nokia? It’s APLAC. An industrial-strength 

simulation technology that combines the functionality of Spice with the utility of an advanced RF simulator. 

APLAC, and only APLAC, provides the accurate IC- and board-level models and precise methods to analyze 

non-linear circuit behavior demanded by top RF and analog designers. The 

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

and beyond. 

APLAC gives you something unique - the freedom to do things right. All 

you do is supply the three ingredients mentioned above. 

APLAC Solutions Inc 
320 Decker Dr, Suite 100, Irving, TX 75062 

tel. 972-719-2562 
www.aplac.com e-mail: sales@aplac.com 

The Freedom To 

APLAC Solutions Corporation 
Atomitie 5 C, FIN-00370 HELSINKI, Finland 

tel. +358-9-540 450 00 
www.aplac.com e-mail: sales@aplac.com 

Do Things Right. 

INF0/CARD12 



RF products 
Single-chip transmitter for 300 MHz to 470 MHz ISM band 

An integrated, single-chip, amplitude-shift-keyed (ASK) RF transmitter designed for low-cost loop antenna transmitters is 
available from Micrel Semiconductor. The MICRF102 QwikRadio transmitter complements Micrel’s existing family of 
QwikRadio single-chip receivers. Highly integrated in SOIC-8 
packaging, the transmitter requires only five external compo¬ 
nents. It incorporates transmit power control and unique auto¬ 

matic antenna 
tuning. Automatic 
tuning of the 
antenna elimi¬ 
nates the need for 
manual tuning in 
production, mak¬ 
ing it more reli¬ 
able and easier to 
manufacture. The 
power-control 
function ensures 
consistent output 
power across vary¬ 

ing operating conditions and over the lifetime of a battery. 

Specifications at a glance: 
• 300 to 470 MHz transmit frequency 
• 20 kb/s maximum data rate 
• Automatic antenna tuning 
• Closed-loop power control 
• ASK modulation 
• 5 VDC supply 
• SOIC-8 package 

MICRF102 TRANSMITTER 

Included within the power control function is the ability to set the transmit power by controlling the voltage on a power-con¬ 
trol pin. The device operates from a 5 VDC supply, consumes 7.5 mA (mark) and 4 mA (space) supply current and has a shut¬ 
down pin to further conserve power. 
Micrel 
INFO/CARD 128 

PASSIVES 

RFID low-profile 
transponder coils 

Coilcraft introduces a family of high-
performance antenna coils designed for 
RFID. These low-profile transponder 
coils have an extended length that al¬ 
lows longer read ranges and higher Q. 
Overall dimensions are 11.8 x 3.6 x 3.1 
mm. The coil is constructed of ferrite 
laminated onto a ceramic base for a 
rugged, impact-resistant device. The 
4308TC series includes 11 models with 
inductance values from 0.4 to 8.1 mH. 

Coilcraft can 
also design 
coils with 
different in-
ductance 
values or for 
operation at 
frequencies 
other than 
125 kHz. 

These transponder coils come packaged 
in tape and reel with an encapsulated 
top that ensures reliable pick-and-place 
operations. 
Coilcraft 
INFO/CARD 129 

Varactor tuning diodes in 
new substrate package 
Sprague-Goodman offers several 

new ceramic substrate packages for its 
series of abrupt, hyperabrupt and 
super hyperabrupt varactors. The sub¬ 
strate packages have lower parasitics 
than the SOD and SOT plastic pack-

Specifications at a glance: 

• Up to 8 GHz frequency response 

• SMT designs 

• -65 C to +125 C operating temp 

ages often used for commercial surface¬ 
mount fabrication, and are designated 
SMLP, for surface-mount low parasitic. 
The GVD90000, GVD91300 and 
GVD92100 series are available in five 
different sizes of the two terminal 
SMLP types (from a 0604 size to a 
2010 size), and include models 
designed to fit the pad layouts for the 
plastic SOD-323 and SOD-i 23 pack¬ 
ages. Because of the lower parasitics, 
and because the construction is more 
consistent than the standard plastic 
packages, higher frequency perfor¬ 
mance (up to 8 GHz) is possible for sur¬ 

face-mount technology (SMT) designs. 
The SMLPs have an operating temper¬ 
ature range of-65°C to +125° C. 
Sprague-Goodman 
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Leadless surface-mount unit 
offers 0.3 dB amplitude 

Mini-Circuits introduces the TC16-1T 
RF transformer. The device offers a 16:1 
impedance ratio in the 20 to 300 MHz 
band. Referenced to midband loss of 1 
dB typical, the device guarantees a 
maximum of 3 dB insertion loss band¬ 

wide, 2 dB loss in the 30 to 200 MHz 
impedance range, and 1 dB loss from 50 
to 150 MHz. This leadless surface¬ 
mount unit also features 0.3 dB ampli-
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RF/IF MICROWAVE COMPONENTS 

lOdB "DO-IT-YOURSELF" 
COUPLER DELIVERS COST SAVINGS 
Designed to lower costs through automated 
manufacturing, the TCD-10-1W from 
Mini-Circuits needs only a commercially 
available 50 ohm external chip resister, 
and a complete 10 to 750MHz directional 
coupler is realized. Electrically, this rugged 
50 ohm coupler provides 10.3dB±0.5dB 
normal coupling with ±0.8dB (max.) flatness. 
Midband, typical mainline loss is 1.2dB and 
directivity is 18dB (typ.) The 50/75 ohm 
“Do-It-Yourself” TCD family contains 9 units 
with 9 to 20dB coupling for 5 to 1000MHz. 

DC TO6000MHz FIXED ATTENUATOR 
SERIES IS COST EFFECTIVE 
The VAT family is a very low cost, wide 
band DC to 6000MHz fixed attenuator 
series from Mini-Circuits delivering nominal 
attenuation from 1 to 10dB in 1dB steps, 
plus 12, 15, 20, and 30dB. Equipped with 
SMA Type Male/Female connectors, the 
rugged unibody construction measures 
only 1.42” long (.370” diameter) and can 
handle 0.5 watt power (at 70°C ambient). 
Ideal for impedance matching and signal 
level adjustment applications. Designer's 
kits available. 

DC TO 4G Hz MMIC AMPLIFIER 
HAS HIGH RELIABILITY 
Mini-Circuits has unveiled the GAL-55, a 
newly developed MMIC amplifier for DC to 
4GHZ, and usable to 6GHz. When operated 
at 2GHz/25°C, the unit delivers high 18.5dB 
gain (±1.7dB typ flat DC-2GHz), maximum 
output power of 15.0dBm (typ, at 1dB 
comp.), and high 28.5dBm (typ) IP3. These 
50 ohm amplifiers are housed in a small 
SOT-89 package with exposed metal 
bottom for excellent heat dissipation, and 
display low 100°C/W (typ, 0jc) thermal 
resistance. Uses include cellular and PCS. 

4950 TO 5900MHz MIXERS 
HAVE HIGH IP3 AND LOW HEIGHT 
Mini-Circuits temperature stable MBA-591 L 
BlueCell™ mixers are a low 0.070” profile 
solution for today’s compact 4950 to 
5900MHz wireless products. Typically at 
midband, these patented level 4 (LO) mixers 
offer high 15dBm IP3 to help suppress 
intermodulation products, 7.OdB conversion 
loss, and high 35dB L-R, 26dB L-l isolation 
bandwide. High repeatability is achieved 
using state-of-the-art automated 
manufacturing. Applications include ISM, 
satellite, and PCMCIA. 

5V VCO HAS LOW 
PHASE NOISE 400 TO 850MHz 
Mini-Circuits has introduced a 400 to 
850MHz wide band surface mount voltage 
controlled oscillator that operates from a 
5V (nominal) power supply. Typically, the 
JTOS-850VW operates with 0.5 to 18V 
(min. to max.) tuning voltage, and features 
low -96dBc/Hz SSB phase noise at 10kHz 
offset, 15-80 MHz/V tuning sensitivity, 
and high +8.0dBm power output suitable 
for LO drive to mixers. Solder plated 
J leads provide superior mechanical 
integrity over temperature. 

Ä WORLD'S SMALLEST 
2WAY0° SPLITTERS 5- 1000MHz 

Micro-miniature SBTC-2-10 power 
splitters from Mini-Circuits measure only 
0.15"x0.15” square, making them the 
smallest 2way-0° power splitters on the 
market for the 5 to 1000MHz band. 
Incorporating patent pending BlueCell™ 
technology, these high performance 50 
ohm units typically display low 0.5dB 
insertion loss (above 3.0dB), excellent 0.2dB 
amplitude, 1.0 degree phase unbalance, 
and exhibit excellent temperature stability. 
Leads are solder plated. 

O 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 

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

ISO 9001 CERTIFIED F 358 Rev. Org. 



THE FUTURE IS NOW AT BOMAR 
For more than 35 years, customers 

have purchased high quality Quartz 

Crystals, Clock Oscillators and 

VCXO’s from a manufacturer whose 

name you can trust, Bomar Crystal 

Company. See for yourself what 

others have always known. 

Call today for our new catalog: 

800-526-3935. 

tude and 4° phase unbalance typical in 
1 dB bandwidth. The maximum RF 
power rating is 250 mW. 
Mini-Circuits 
INFO/CARD 131 

B18 Series: VCXO 
Frequency from 1.0 to 25MHz in 8 pin Dip 

1.0 to 100MHz in 14 pin Dip 
Stability to 20PPM from 0-70C 
Typical pullability of +/-125PPM 
Voltages of 5.0 and 3.3vdc 
Extended temperatures available 
Deliveries in 15 working days or less. 

Miniature RF 
chip inductors 
Venkel introduces a line of miniature 

RF chip inductors (MRFI). These induc¬ 
tors offer an inductance range of 1 nH 
to 3.3 mH and an operating tempera¬ 

^OmAIL A/z'j 201 Blackford Ave., Middlesex, NJ 08846 
Phone: 800-526-3935 • Fax: 800-777-2197 

www.bomarcrystal.com • e-mail: sales@bomarcrystal.com 
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Collins Mechanical Filter 
Low-Cost Product Line Expanded 

ture range of-30 to +125° C. The induc¬ 
tors are a compact, wire-wound type 
that provide excellent Q values at high 
frequencies and higher SRFs, giving 
them a stable performance. The induc¬ 
tors have good reliability and are used 
in a wide variety of applications, includ¬ 
ing communications applications such 
as cellular phones, pagers, radios, TV 
tuners and numerous other electronic 
devices. All styles are offered in stan¬ 
dard EIA sizes, making them useable in 
surface-mount assemblies. Surface¬ 
mount engineering kits are available on 
request. 
Venkel 
INFO/CARD 132 
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Your customer deserves the best 
4 Bandwidths of 300Hz, 500Hz, 

2.5kHz, 5.8kHz, 7.0kHz and 

10kHz now available. 

* 455 kHz Center Frequency 

< Small, Rugged, Reliable 

• Volume Pricing As Low As $20.00 

INFO/CARD 32 

Rockwell 
Collins 

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

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

Small-footprint SMT 
power inductors 

Pulse announces its lowest-profile 1.8 
mm-high surface-mount (SMT) power 
inductor for use with micro power and 

Specifications at a glance: 

• 1.8 mm height 

• closed magnetic field design 

• 1 to 47 mH range 

• 1 kHz to 2 MHz frequency range 

handheld devices. In addition to being 
ultra-low profile, the micro power induc-
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clear communications ICs 

Frequency Offset (KHz) From 1918 MHz Carrier 

Get maximum signal clarity with our new ultra-low phase 

noise PLL synthesizers: the 2.2-GHz Integer-N family for 

demanding LMDS, MMDS, WLL and other base station 

systems, and our dual 1.8/.550-GHz Fractional-N family 

for handheld and mobile wireless devices. Our PLLs will 

enable outstanding phase noise performance levels that 

will let you achieve an optimum system performance that 

you just can't get without Sapphire CMOS technology. 

For details, visit our web site or call 858-455-0660. 

1.8/550-GHz 

Fractional-N 

[PE3293] 

2.2-GHz 
Integer- N [ PE3236] 

PEREGRINE 
SEMICONDUCTOR 
www.peregrine-semi.com 

Distributed by Richardson Electronics INFO/CARD 78 
2000 Pi ;■ re Se n . on Jucrn Corporation. Peregrine Semiconductor and the logo are registered trademarks of Peregrine Semiconductor Corporation. All rights reserved. 



tors feature an extremely small foot¬ 
print and a closed magnetic field 
because of their toroidal construction, 
which ensures low electromagnetic 
interference. The series ranges from 
1/zH to 47 /¿H, with saturation currents 
of 2.1 to 0.31 amps. Applicable frequen¬ 
cy ranges are 1 kHz to 2 MHz. 
Pulse 
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AMPLIFIERS 

GaAs HBT 
amplifiers 

Mitsubishi Electric & Electronics 
introduces two RF amplifiers for the 
PCS market. The chipset offers 
increased performances over the previ¬ 
ous model, with a 25% reduction in 
idle current and a 35% reduction in 
overall size. The BA01202 is designed 
for the 1.9 GHz CDMA band and is 
complemented by the BA01203, 
designed for the 800 MHz CDMA 
band. The chipset features an Idq of 

Specifications at a glance: 

• 11dq of 60mA 

• 3.2 VDC operation 

• 5 dB gain 

• 50W input and output 

60mA, 3.2 VDC operation, 25 dB gain, 
6x6 module package, no negative 
voltage generator requirement and 
5012 input and output matched. 
Mitsubishi Electronics 
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LNA with integrated 
bypass switch 

Motorola introduces an SiGe:C LNA 
with an on-chip bypass switch. The 
SiGe:C technology requires the addi¬ 
tion of only one masking step into a 
mainstream process. The on-chip 
bypass switch improves the dynamic 
range with low insertion loss for 
receiver designs. The integrated 
bypass switch helps conserve board 

Cellular — Satellite — Mobile 
Communications...Hitaclii 
Metals Has The Solution! 
The world’s gone mobile. Your design demands top performance. 
Specify Hitachi Metal's microwave components and get your design moving today. 

The international mobile marketplace demands 
high performance. Your design requires 
microwave components with low losses, 
superior response characteristics, and 
minimum volume. You need components 
from Hitachi Metals. 
Need to save circuit board area and package 
volume? Designed with our superior 
“Multi-Layered” technology, Hitachi 
components require minimal volume and 
circuit board area. Specify Hitachi. 
Specify Hitachi, a major international 
supplier of electronic components. 
Hitachi, setting the highest quality and ; 

reliability standards in the world. 
RF TRANSFORMERS 

CIRCULATORS. ISOLATORS 

COMBINERS ANO SPLITTERS 

COUPLERS Hitachi Metals America, Ltd. 

DOUBLE AND SINGLE BALANCED MIXERS 

LOW PASS FILTER. BAND HASS FILTER 

ANTENNA SWITCHES. DIPLEXER 

2101 S. Arlington Heights Rd., Suite 116 
Arlington Heights, IL 60005 
Tel: (847) 364-7200 Fax: (847) 364-7279 
www.hitachimetals.com 

space and reduce system and manufac¬ 
turing costs. This device also includes 
high gain, high-input IP3, low noise 
figure, selectable current settings, and 
a standby mode to turn the device com¬ 
pletely off. Input and output matching 
is performed externally to allow maxi¬ 
mum design flexibility. The IC can 
operate from 400 to 2400 MHz. 
Applications include PCS 1900 MHz 
cellular telephones, as well as 900 and 
2400 MHz ISM band designs. The 
MBC13720 is packaged in an ultra¬ 
small SOT-363 surface-mount package 
and is available in tape and reel. 
Motorola 
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New InGaP ¡HBT 
CDMA/TDMA PAs 
M/A-COM announces two power am¬ 

plifiers for cellular and PCS 
TDMA/CDMA wireless handsets. The 
MAAPSS0003 and MAAPSS0006 two-
stage power amplifiers incorporate ad¬ 
vanced GaAs iHBT power transistors, 
drive, and bias control circuitry elements 
in a compact, 3 x 3 or 4 x 4 mm FQFP-N 
package. The devices offer better perfor¬ 
mance over temperature to simplify 
power control networks. Other imple¬ 
mentations require thermistors to 
monitor PA temperatures so the bias can 
be adjusted at cold, low-power conditions 
to keep the AlGaAs HBT transistors 
from shutting down. Efficient operation 
is from a single 3 to 3.5 V supply. The 
iHBT process employs InGaP instead 
of AlGaAs and offers improved manu¬ 
facturability using selective etch 
chemistry. 
M/A-COM 
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DIGITAL HARDWARE 

Fast IC for military digital 
broadband applications 
TRW has developed a high-speed, 

direct digital frequency synthesizer 
using indium phosphide (InP). The chip 
contains more than 3,000 InP hetero¬ 
junction bipolar transistors. The chip 
operates at 7 GHz, more than three 
times faster than any previous direct 
digital frequency synthesizer. It was 
developed under contract to the U.S. 
Navy’s Office of Naval Research. Direct 
digital frequency synthesizers provide 
greater control over the frequency and 

INFO/CARD 104 
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300-470MHZ Transmitter IC 
Automatically Tunes Antenna 

Kev Specifications 
♦ 300MHz-470MHz 
♦ -2dBm transmit power 
♦ 5.75mA mean operating current 
♦ 1pA standby current 

The Good Stuff 
♦ Easy to manufacture 

- Automatic antenna tuning 
- Low component count 

♦ Closed-loop power control 
♦ SOIC-8 Packaging 
♦ QwikRadio family also includes receivers 

irierel 
The Infinite Bandwidth Company™ 

QwikRadio™ is a trademark of Micrel Semiconductor. The QwikRadio™ ICs 
were developed under a partnership agreement with AIT or Orlando, FL USA 

The MICRF102 QwikRadio™ transmitter is an 
easy to use, easy to manufacture transmitter 
designed for use with a low-cost PCB-trace 
antenna. 

Conventional loop-antenna transmitters require 
manual tuning of the antenna in production. The 
MICRF102 automatically tunes itself. 

Conventional loop antenna transmitters easily 
de-tune. Even a users' hand close to the antenna 
will alter impedance and de-tune the resonant 
circuit. The MICRF102 dynamically adapts to 
changes in antenna impedance to ensure correct 
tuning at all times. 

The MICRF102 supports ASK (Amplitude-Shift 
Keyed) modulation. It has closed-loop power 
control, a standby function, all in a SOIC-8 
package. 

Contact us for more information — 
bookmark our website for updates! 

www.qwlkradio.com 
Literature: (800) 401-9572 Factory: 1 (408) 944-0800 
Stocking Distributors: Arrow (800) 777-2776» Future (800) 388-8731 
Newark (800) 463-9275 • Nu Horizons (888) 747-6046 
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phase of the signal than do conventional 
analog synthesizers. The added control 
aids in accurate rapid frequency and 
phase changes required by future mili¬ 
tary electronic systems. Direct digital 
synthesis lowers phase noise in the sys¬ 
tem, also heightening system sensitivity. 
TRW 
INFO/CARD 137 

BLUETOOTH/HOME-
RF/IEEE 802.XX 

Broadband WLAN chip set 
uses OFDM technology 

Intersil introduces PRISM Indigo, a 
broadband WLAN chip set. The system 
can deliver 54 Mb/s data rates for high¬ 
speed wireless connectivity in the enter¬ 
prise and home. It employs OFDM tech¬ 
nology and is designed to comply with the 
IEEE 802.11a 5 GHz standard. 
Furthermore, PRISM Indigo is engi¬ 

neered to meet WECA’s 5 GHz interoper¬ 
ability guidelines. It couples best-in-class 
radio performance with low power con¬ 
sumption, enabling a WLAN adapter card 
bill-of-material (BOM) cost of about $60 
based on a chipset price of $35. The com¬ 
plete suite includes an FCC-compliant ref¬ 
erence design, developer’s kit and applica¬ 
tion software. Intersil is also developing 
firmware for PRISM Indigo that will 
incorporate the IEEE’s new security and 
quality-of-service (QoS) enhancements for 
deployment of video streaming, voice¬ 
over-Internet protocol (VoIP) and multi-
media-related services for the home and 
enterprise. The enhancements provide 
several levels of performance tailored to 
take advantage of all available data rates 
from 6 to 54 Mb/s. 
Intersil 
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Bluetooth module 
for portable devices 

Philips and WIDCOMM announce the 
joint development of a commercially avail¬ 

able Bluetooth CompactFlash card mod¬ 
ule for the Windows CE operating system 
platform. This card allows PC OEMs and 
electronics manufacturers to implement a 
Bluetooth plug-and-play solution and add 
Bluetooth connectivity to their PDAs, 
handhelds and other devices running on 
Microsoft’s handheld OS. The module 
enables OEMs to offer end-users a com¬ 
plete and interoperable platform for PDAs 
and PCs, and for embedded Bluetooth 
products such as mobile phones. These 
modules are easily customized and 
include complete reference designs, hard¬ 
ware, software and user interfaces. 
Philips 
INFO/CARD 139 

Controller for Bluetooth 
applications 
KC Technology announces the pPAX 

Bluetooth Controller KC2680, a highly 
integrated, low-power protocol processor 
for hosted Bluetooth applications. 
Powered by an eight-bit CPU, the pPAX 
reduces the cost, gate count, power con-

WWW. 
labtechcircuits 

.com 

FILTERS FOR USE IN ANALOG 
AND DIGITAL RECEIVERS 
AND TRANSMITTERS. 

Microwave PCB and MMIC 
Packaging Solutions 

• Post & Pre Bonded Metal Backed PCBs 

• MMIC interconnection solutions 

• MMIC Chip & Wire assembly 

• Precision high tolerance softboard 

• Mixed dielectric multilayers 

^LABTECH 
\ Full technology support and design 
\ guideiineswww.labtechnical.com 
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oar 
IEŒEE 
COMMUNICATIONS 
& ENERCY CORP 

Communications & Energy Corporation 

7395 Taft Park Drive 

East Syracuse, NY 13057 USA 
Phone (315) 452-0709 • (800) 882-1587 

FAX (315) 452-0732 
E-mail eng@cefilter.com 
WebSite www.cefilter.com 
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© Hitachi Semiconductor (America) Inc. PMWRXAX001D1 

A. PRODUCTS: 
Hybrid Power Amplifiers 

Integrated Transceiver ICs 
High Power MOSFETs for Basestations 

High 1P3 LNA/Mixer MMICs 

B. TECHNOLOGIES: 
Bipolar, MOSFET, 

GaAs MESFET. 
GaAs MMIC, HEMT, 

BiCMOS, SOI BiCMOS, 
CMOS with more on the way. 

High Frequency Transistors 
Low Rds()N MOSFETs 
Variable Capacitor Diodes 
SOI Foundry 

C. MANUFACTURING: 
We’re a high-volume, 
high-quality supplier, 
from wafer to hybrid. 

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

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

Take advantage of our wide range of hot technologies; 
innovative, advanced semiconductor products; 

and superb manufacturing capabilities that deliver 
quality devices and modules in high volume. 

For more information, visit the URL below. 

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

HITACHI 
Wreiess 

Components Semiconductor 
INFO/CARD 72 



sumption and memory requirements of 
traditional Bluetooth designs. With 
integrated RAM and ROM, ̂ PAX sup¬ 
ports the entire Bluetooth stack up to 
the HCI interface and can support mul¬ 
tiple third-party radios, making it a 
suitable component of flexible system 
integration. The controller is designed 
to provide all key elements of a 
Bluetooth system. 
KC Technology 
INFO/CARD 140 

Specifications at a glance: 

• 1 to 18 GHz frequency range 

• 20 dB min isolation 

•2.0:1 maximum VSWR 
• Orthogonal linear polarization 

Specifications at a glance: 

• 50Q impedance 
• 0.55 dB insertion loss 

• -20° C to + 85° C temperature 
• 1.1:1 VSWR 

DATA/SIGNAL 
TRANSMISSION 
Prime focus 
antenna feeds 

Seavey Engineering Associates has 
developed a line of broadband dual-polar¬ 
ization feeds. These interchangeable 
prime-focus feeds are pre-focused and 
aligned and have common mounting 
interfaces. They are environmentally 
sealed with a radome. The quad-

ridged/scalar antenna feeds operate over 
the 1.0 to 18.0 GHz frequency range. They 
were designed for use in part of a trans¬ 
portable satellite tracking system. 
SEA 
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Power monitoring 
bi-directional coupler 

Mini-Circuits has developed a bi¬ 
directional coupler capable of monitor¬ 
ing forward and reverse power. The 
ZABDC10-25HP coaxial (SMA-Female) 
bi-directional coupler offers 10 dB ±1 dB 
nominal coupling value, (±0.5 dB flat¬ 
ness) 50Q impedance, typical 0.55 dB 

insertion loss, high ( 26 dB) directivity, 
and 1.1:1 VSWR. It is operational in 
-20° C to + 85° C temperature environ¬ 
ments for communications applications. 
Mini-Circuits 
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SIGNAL SOURCES 
Miniature, low-
power PLL 
Elcom Technologies introduces a 

series of 0.5 to 26 GHz phase-locked 
oscillators. These oscillators employ a 
unique technique to phase-lock 

Continued on page 88 

TECDin 
MICROWAVE COMPONENTS 

Single Layer Ceramic 
CHIP CAPACITORS 

Need Switching? 
■ SYSTEMS ■ MODULES 

■ MATRICES ■ COAXIAL ■ AUDIO 

■ DIGITAL ■ SOLID STATE 

■ HARD CONTACT 

If we 
don’t 
have 
•t»

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

Tecdia is the # 1 manufacturer for 

Single Layer Ceramic Chip Capacitors 

with safety margins around BOTH 

the top and bottom electrodes 

(Available in tight tolerances and 

many sizes for immediate delivery.) 

we 
buil 
it for Model 10693 32x32 

82 

you HF Matrix 

Review our products al www.malriisyslems.coni. 

r^ATUFi^ 
o- Values ranging from 0.1 to 1500pF 

o- Sizes from 10x10 mils to 100x100 mils 

o- Safety margins on A-Type and B-Type 

o- Great Customer Service and Delivery 

TECDIFI 1415 Koll Circle Suite 110 
San Jose. CA 95112 

(Tel) 408-453-0200 • (Fax) 408-453-0220 
Outside of California call: 1-800-TECDIA-1 

e-mail. tecdiaQmindspring com 
website:http://www. tecdia.com 

MATRIX 
SYSTEMS CORPORATION 

Calabasas. CA 91302 

CALL/FAX FOR CATALOG 
Phone (818) 222-2301 or 
FAX (818) 222-2304, or 
E-Mail: lech@matriisystems.com 

We Specialize In Specials 

INFO/CARD 112 
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microwave DROs to a crystal refer¬ 
ence (10 to 800 MHz range). The mod¬ 
els in the MPDRO series require only 
a single loop for phase locking, mini¬ 
mizing size, power consumption and 
cost. The units feature ultra-low 
phase noise, low DC power consump¬ 
tion (<200 mA) and a wide operating 
temperature range of -45° to +75° C. 
The device is packaged in a 2.25" x 
4.1" x 1.2" housing. They are designed 
for use in military communications, 
digital radios, SATCOM and instru¬ 
mentation applications. 
Elcom 
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Stratum 3E clock operates 
from 5 VDC 
VF Technologies, a division of Valpey 

Fisher, introduces the Stratum 3E Clock. 
The 3E clock meets or exceeds all 
Bellcore GR-1244-CORE requirements. 
It features less than 10 ppb total fre¬ 
quency change in holdover mode for a 
period of 24 hours, with the following cri-

Specifications at a glance: 
• Better than 10 ppb stability 
• -40 to +80° C temp range 
• <0.5 W power consumption 

terion: ±4ppb over operating tempera¬ 
ture range (—40 to +80 9C max); and ± 0.5 
ppb aging over 24 hours. Other features 
of the new Stratum 3E Clock include: 
warm-up time of less than two minutes; 
power consumption of less than 0.5 W at 
25s C; HCMOS/TTL compatible output 
(sinewave optional); and operation from 
a 5 VDC (12V optional) supply voltage. It 
is available in either 1.4" x 1.0" x 0.5” or 
1.0" x 1.0” x 0.5" industry-standard PCB 
mount packages. 
Valpey Fisher 
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and is “ready to use.” The instruments 
minimize the learning curve by provid¬ 
ing a single-screen home base that 
allows designers access to the instru¬ 
ment’s most commonly used features 
through familiar Windows icons. 
Advanced features are easily accessi¬ 
ble through a pull-down menu from 
the main menu bar. Three modes of 
triggering are available: quick, simple 
and advanced. The series’ features 

Specifications at a glance: 

• 200 MHz state analysis 
• 800 MHz (max) timing analysis 

• multiple trigger modes 
• Offline analysis capability 

TESTAND 
MEASUREMENT 
Logic analyzers for 
digital designers 

Agilent Technologies introduces the 
1680 and 1690 series of Windows¬ 
based logic analyzers in standalone 
and PC-hosted models. The series 
powers up in the waveform display 

include: 200 MHz state analysis; up to 
800 MHz timing analysis; 200 MHz 
transitional timing; offline analysis of 
captured measurement; filtering, find, 
and unlimited markers for measure¬ 
ment analysis; and inverse assembly 
support of industry-leading processors. 
Sixteen models offer a variety of chan¬ 
nel counts and memory depths. 
Customers can choose either the 
benchtop or PC-hosted form factor to 
match their needs. The 1680 benchtop 
series has a 12.1-inch color display 
and a built-in CD-ROM. Convenient 
placement of hot keys and knobs 
enable quick adjustments and naviga¬ 
tion of waveform. 
Agilent Technologies 
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Cdma2000 automatic 
mobile test system 

Spirent Communications debuts the 
C2K-ATS cdma2000 mobile test sys¬ 
tem. It is an automatic cdma2000 per¬ 
formance-analysis system that aids 
mobile device manufacturers and ser¬ 
vice providers in the development and 
deployment of products and services. 
The system features ultra-low phase 
noise interference sources, control and 
diagnostic analysis of the mobile DUT 
dynamic system configuration opti¬ 
mizes test execution and test coverage, 
and a calibration wizard automates cal¬ 
ibration for all system components. The 
system consists of the TASKIT/C2K 
test application software, the universal 
diagnostic monitor software, the 
TAS4500 FLEX5 RF channel emulator, 

the TAS CIL cdma2000 interference 
lab, and the TAS5048 test configura¬ 
tion unit. This suite of Spirent equip¬ 
ment works with an Agilent base sta¬ 
tion emulator and spectrum analyzer to 
provide a complete solution for all 
phases of CDMA mobile device design, 
development and deployment. 
Spirent Communications 
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RF digitizer for flexible 
signal processing 
IFR Systems has launched the 

2319E, the first in a series of new 
signal analysis instruments from IFR. 
The 2319E is an RF digitizer for 2G, 
2.5G and 3G digital cellular testing. It 
offers conversion of broadband radio 
frequency (RF) signals into high-
quality, digitized data for external 
processing in a personal computer. 
When combined with an optional 
high-power digital signal processing 
(DSP) card and IFR software, the unit 
can be used as a substitute base sta¬ 
tion receiver during early research 
and development phases of new mo¬ 
bile phones. It can also be used in RF 
communications research and devel¬ 

opment. In later product releases, the 
2319E will add production test capa¬ 
bilities. The unit operates across a 
wide frequency range and provides a 
generous 20 MHz digitization band¬ 
width sufficient to capture four UMTS 
radio channels. The output data are 
made available through a variety of 
interfaces for external processing in a 
PC using application software devel¬ 
oped by IFR, the customer or by a 
third-party developer. The choice of 
output interface is determined by the 
bandwidth requirements of the appli¬ 
cation, selected from low, medium or 
high-speed options. Data may be 
transferred in real time directly from 
the digitizer or captured into internal 
memory and output in bursts at a 
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slower rate. In either case, data can 
be represented as a digital IF (inter¬ 
mediate frequency), or digital IQ (in 
phase & quadrature phase). 
IFR 
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INTERCONNECT/ 
INTERFACE 
Fiber optic 
interconnect 
Compel Electronics announces a fiber 

optic SC and FC connector and cable 
assembly series available in both single¬ 
mode and multimode versions for use in 
long-haul TLC and subscriber net¬ 
works. Features include high return 
and insertion loss, compact design, 
ease-of-assembly, Zirconium oxide fer¬ 
rule and a reliable clamping mecha¬ 
nism. All connectors conform to NTT 
specifications. 
Compel 
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SUBSYSTEMS 
Broadband wireless 
systems for MMDS 

Andrew Corporation offers the 
SkyPath entry-level integrated broad¬ 
band wireless system. Designed for 
quick set up, the SkyPath entry-level, 
turnkey system package includes high¬ 
est quality RF and IP components, pre¬ 
cision system configuration, and stag¬ 
ing and site implementation services 
for deploying a base station capable of 
supporting 1,000 subscribers. An entry¬ 
level SkyPath system can serve as 
many as 1,000 customers and will typi¬ 

cally include: base station antennas, 
5 W transmitters, receivers, and fre¬ 
quency converters packaged into a sin¬ 
gle integrated rack with either a 
Hybrid or VYYO modem termination 
system. The system can be easily 
upgraded for more power and coverage 
and additional customers. A maximum 
of 28 upstream channels and two 6 
MHz downstream channels can be 
added to the base package chassis. 
Andrew' 
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CERAMIC RF 
CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

Cold Weld Bases 
Copper clad Kovar with 

7052 glass (clear optional). 
Plated to customer spec. 

• HC-18 • HC-37 
• HC-35 • HC-40 
• HC-36 • HC45 

Also: Resistance and 
Solder Seal Bases. 

JENNINGS 
VACUUM CAPACITORS 
VACUUM RELAYS 

800-522-2253 
This Number 
May Not Save 

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

RF/MICROWAVE CONNECTORS 
• Specials our specialty virtually any SMA, N, INC, 
BNC, SMB, or SMC delivered in 2-4 weeks 

• Cross reference library to all major manufacturers. 
• Large inventory of piece parts for all types of 
coaxial connectors. 

• Experts in supplying "hard to get" RF connectors. 
• Connectors supplied to your drawings and specs. 
• Our 56 Standard adapters can satisfy virtually any 
combination of requirements, between SMA, 
TNC, N, 7mm, BNC and others 

• Extensive inventory of passive RF/Microwave 
components including attenuators terminations 
and dividers 

nsmAL 
Cable & Conneclors 

Hermetic Technology, Inc. 
P.O. Box 893, Windham, NH 03087 

(603)882-1748 

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

Web: www.surcom.com 
E-mail: linkté'surcom.com 
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NEMAL ELECTRONICS INTERNATIONAL INC. 

12240 N.E.14TH AVENUE 
NORTH MIAMI, FL 33161 

TEL: 305-899-0900 • FAX: 305-895-8178 
E-MAIL: INF0@NEMALC0M 
URL: WWW.NEMAL.COM 
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mated cruise control, would have a 
standard to maintain. 

Conclusion 
Engineers are actively working on 

solving the problems above. They are 
not insurmountable, and advanced 
telematics are starting to become 
available as optional equipment in 
automobiles. Within the next five 
years, many of these systems will tran¬ 
sition from optional to standard fea¬ 
tures. It will be at that point that 
telematics will reach significant mar¬ 
ket penetration, and a significant por¬ 
tion of these systems will rely on wire¬ 
less integration and the RF engineer. 

W 

[1] Motorola definition obtained from 
http://www.motorola.com/ies/telemat-
ics/html/faq.html, 7/16/01. 

About the author 
Kerry Greer is director of market¬ 

ing at SkyCross, head- quartered in 
Melbourne, FL. His primary role is 
business and new market develop¬ 
ment, leading the definition of 
SkyCross’ antenna products in many 
wireless markets. Greer holds a 
Bachelor of Science in electrical 
engineering from Purdue University, 
a Master of Science in electrical 
engineering from the University of 
Florida, as well as an MBA from the 
University of Florida. He can be 
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kerry greer@skycross.com. 
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• www.wi-fi.com 
• www.bluetooth.com 
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• www.motorola.com/telematics. 

Name Frequency Description Comments _ 

AM'FM radio 540-1680 kHz (AM) 
38 - 108 MHz (FM) 
Worldwide 

Broadcast audio. AM 
primarily for talk and 
live sporting e\ents 
FM for in-car music 

AM radb was the 
original ̂ ireless' 
applicatbn. and will 
always be standard 
eq up me nt _ 

Analog cellular 824 - 89 MHz 
USA 

AMPS is the original 
anabg cellular 
standard Used today 
as a backup system 
where PCS is not 
avaitebb. 

With roadside safety 
being a consumer 
dentend. OEMs 
consider A MP Sas base 
min imu m cove rage 

Digital cellular 890 - 960 MHz 
Europe 

GSM is the rein 
mobile phone 
standard h Europe 
today 

Will be the minimum for 
European tetenratics-
equpped cars. 

GPS 1.575 GHz 
Worldwide (Rx only) 

Sate Hite -based 
position beato ns 
system that provides 
real-time vehicle 
htitude. bngitude 
altitude and speed 

Fundamentei b any 
bcatbn-based aub 
safety service or 
navigatbrv rapping 
service. 

Digital PCS.GG 1 850- 1.990 GHz 
(North American PCS) 
1.885-2.025 GHz 
(Japanese and 
European 3G) 

CDMA. TDMA. and 
GSM are the three 
main N. American 
Standards WCDMA 
and cdm^OOO will be 
the worldwide 3G 
standard. 

PCS and European 
GSM referred toas2G. 
Now implementing 2.5G 
to r c u ne nt d g te I data 
phone serves. First 3G 
services will begin in 
Japan in the fa II of 
2001. 

DS A RS 2.32 -2345 GHz (Rx) 
U.S. 

DSARS s a new 
radio system based 
on a satellite link. It 
will provide 
natbnwide service by 
subsc riptbn 

Modeled after Pay-per-
view TV. $10/rronth 
subsc riptbn br 
natbnwide. commercial-
free radb. 

WLANs 2.4-2 407 GHz 
Worldwide 

Blueboth and 
502.1 1b are the two 
main standards for 
WLANs. 

Blueboth could be used 
for bw data rate 
appleatbns such as 
keyless remote entry. 
802.1 1b would be used 
for high data rate 
connectons b on-board 
computers. 

High data Bte WLANs 5.15 -535 GHz. 
5 725-5.875 GHz 
Worldwide 

802.1 1b is the new 
WLAN standard in 
the UNII5 GHz 
Irequency band. 
HiperLAN 2 is the 
approved European 
standard. 

Capable of provding up 
to 54 MB/s. it b a h gh 
data rate extenso n b 
the 2 4 GHz stendard 

DSRS 5.85 -5925 GHz 
U.S. 

Devebped by the 
Department of 
Transporiatbn. 
DSRC will be partof 
the DOTs I1TS 
network. 

Will be used for such 
applicatbnsas real-time 
traffic congestbn 
info mat ion as well as 
wireless toll booth 
collectbn. _ 

Collision avodanœ systems 76-77 GHz 
Worldwide 

A bw-power RADAR 
system capabb of 
detecting and 
tracking objects and 
other vehicles 

Warns drivers of hidden 
objects in cbee 
proximity when backhg 
the reticle. Aleo be rig 
integrated inb adaptive 
cruise control systems. 

Forward imaging sensors Infrared (IR)and 
visible light. 
Worldwide (Rxonly) 

Separate sensors 
provide both visible 
and infrared image 
sensing capability. 

IR systems albw for 
faster nighttime 
recognitdnof people 
and animals n the 
vehicles path. Visib b 
syste ms detect trac k 
travel tenes. Abo 
integrated info adaptive 
cruise control systems 

Table 1. Current and potential telematics wireless communicaitions links. 
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" literature and product showcase 
ANALOG • VOICE 

L£WX800-73ß-6677 
■■■ TECHNOL OCIES 

575 SE ASHLEY PLACE • GRANTS PASS, OR 97526 

MANUFACTURER 
PRINTED CIRCUIT BOARDS 

ELECTRONICS ASSOC., INC. 

Pioneers In “Special” 
fabrication for RF 

designs & applications 
“Special”. . .materials. . .di-electrics 
hybreds. . .Impedances. . .processes 

construction. . .finishes/platings 
workmanship. .. timeliness. . .quality 

CALL GALAXY FOR SOLUTIONS 

V: (410) 381-1765 1F: (410) 381-0096 
E-mail: info@galaxyelectronics.com 
www.galaxyelectronics.com 
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OF BOULDER, INC. 
The search and recruiting specialists 

0. 1MHz to 3.1GHz Portable Spectrum Analyzers 
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PS - 5B 0 1 - 2050MHz (2 bands) PS - 5C 0.1 - 3100MHz (3 bands) 

■ CenteriMarker frequency display with on screen marker cursor 
■ Measurement Range: -108 to *20 dBm 
■ Five Resolution Bandwidths: 10KHz, 30KHz, 100KHz, 300KHz, 1MHz 
■ 50 dB Input Attenuator in 10 dB steps 
■ 2/10 dB/Div vertical display with Base Line Clipper 
e Built - in AM/FM demodulation with monitoring speaker 
■ Optional built-in Tracking Generator 
• AC / DC / Battery powered (optional internal *12V battery pack) 
■ Lightweight - Portable operating Size: 11.5" x 5.4" x 12.9" 

Tel: 973-546-7635 
V. Tech Instruments, Inc. Fax: 973-546-7651 
171 Burns Ave. Lodi, NJ 07644 E-mail: vtechinst@erols.com 

WINDY BRADFIELD 
RF / MICROWAVE SPECIALIST 

CONTINENTAL BLDG., SUITE 301 
1401 WALNUT STREET. P.O. BOX 4657 

BOULDER. COLORADO 80306 
(303) 447-9900 

FAX(303) 447-9536 
windy@mrboulder.com 
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Custom & Standard Filters 

JUST FAX IT! 
Fax your ad to 
(913) 967-1735 

& we’ll do the rest. 
RF Design Classified 

• Bandpass 
• Lowpass 
• Highpass 
• Linear Phase 
• Phase Matched 

• Anti-Aliasing Filters 
• Video & HDTV Filters 
• Group Delay Equalized 
• Diplexers 
• Raised Cosine Filters 

Visit our website at www.krtilters.com for more info or send 
your specifications tor a technical review and quotation. 

KR ELECTRONICS 
91 Avenel Street • Avenel, NJ 07001 

Phone: (732) 636-1900 • Fax: (732) 636-1982 
www krfilters.com • sales^krfilters com 
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NEW SAW DESIGN IN HALF THE TIME 
Developer and supplier of 
SAW components - AEC Ltd. 

Why should AEC be the one to choose? 
- we deliver your custom designed SAW 

samples in just a couple of weeks 
- we have minimum or no design charges 
- we offer extremely competitive prices 
- we provide excellent quality and minimum 

lead-time 
- we have talented designers, who can create 

even the most unrealizable SAW filters 

Please contact our expert service at SES 
(SAW Electronic Solutions) 

Tel/Fax 770-360-8292 E-mail ses4@mindsprinq.com , 
visit our catalog at http://on.wplus.net/aec 
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• 7 -da saw 
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Wireless Product Development 
The “Part 15" Experts 

UHF, 915 MHz, 2.4 GHz 
Two Way Data 
■ Spread Spectrum 
Data Modems 

■ Bluetooth™ 
■ RFID 
■ Narrow Band Links 

One Way Data 
■ Resource 
Management 

■ Instrumentation 
■ Security 
■ Tracking 

Standard Products 
Product Development 
Licensing 

2525 Frontier Ave., Suite 200, Boulder, CO 80301 

APEX 
WIRELESS, INC. 

303) 443 6699, ext. 26 FAX (303) 442 7123 
e mail: i-f@apexwireleM.com www.apexwireless.com 
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career opportunities _ 
Engineers 

Unwire the world. 

Unleash 
your potential. 

...YOUR CAREER 
RF Engineering Manager: 3-5 years engineering management experience in antenna 
or RF related products. 5 years design experience in Wireless Communication field, 
and BSEE required Manage Engineering Department for Base Station Company RF 
Engineer who can direct engineering activities to include design, test, prototypes, 
and interface with manufacturing. Must be hands-on player who can also oversee 
CAD. EE. ME and test technician functional reports. 

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

in bipolar and GaAs power amp design. 

Nextel is known for its technology. Like the largest guaranteed 
all-digital wireless network in the US. The 4-in-1 cellular business 
solution. And our new wireless Internet service. Nextel Online4“. 
But we owe our success to the technical talent behind the scenes. 
People like you, who are making today's cutting-edge technology 
and inventing tomorrow's breakthroughs. So if you have that creative 
spark and the desire to succeed with an industry innovator, bring 
your talent to Nextel. 

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

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

REENGINEERS 
PROJECT MANAGERS 
DATABASE/NETWORK 
ADMINISTRATORS 
DISPATCH ENGINEERS 
SOFTWARE DEVELOPERS 
PROGRAMMER ANALYSTS 

• ¡DEN ENGINEERS 
• SS7 ENGINEERS 
• SYSTEMS PERFORMANCE 
ENGINEERS 

• PLANNING ENGINEERS 
• MOBILE DATA SYSTEMS 
ENGINEERS & TECHNICIANS 

• SWITCH ENGINEERS 
Looking to employ your engineering talent with a proven winner? 
Go to: www.nexteljobs.com and check out the hundreds of cutting-
edge engineering opportunities currently available with our all-digital 
wireless network. 

NEXTEL 
How business gets done. 

www.nexteljobs.com 
O 2000 Nextel Communications. Inc. AA/EOE/M/F7DH. 

mum. 

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

SONET and Gigabit Ethernet is a plus. 

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

Senior Broadband Modem Design Engineer: Candidate will be responsible for the design and imple¬ 
mentation of next generation broadband wireless access modem at speeds of 100 kb/s to 40 Mb/s. 
using MQAM or OFDM modulation schemes Required candidate must have a BSEE (MSEE desired) 
with 5+ years RF data communications designs experience. Knowledge of TDD.'FDD/TDMA tech¬ 

niques is preferred 

Principal Design Engineer RF IC design in the Wireless Communications and/or Broadband technologies. 
Experience in designing on multiple technologies such as HBT GaAs. SiGe. BiCMOS. Bipolar, is highly desirable. 

RF Design Engineer Design of RF transceivers used in digital radios in the 2-6GHz frequency range BSEE 
minimum. MSEE preferred. 3+ years of board-level RF and analog circuit design expe-
rience. Experience with amplifiers, filters, mixers. PLLs and their integration into radio 

Il www. I transceivers. 
II micsearch. I Sr Fi|(er Design Engineer: 3 plus years experience in the design and develop-
■jcomi ment o( RF/MiCrowave fj|ters )or the wireless industry. Experience with ce-

ramie, cavity, combline, stripline, low pass, band pass filters a plus. All Filter 
Designers are encouraged to apply. 

widAÜ I D COMMUNICATIONS xi—— III IVI I ■■ EXECUTIVE SEARCH 

We specialize in the placement of wireless, RF, microwave communications nationally. 
FOR THESE AND OTHER OPENINGS 35 New England Business Center, Ste. 205 • Andover, MA 01810 
CALL COLLECT: TEL: 978-685-2272 E-mail: micsearchSaol.com FAX: 978-794-5627 

Advertise 
With US! 

CLASSIFIED AD MANAGER 

Dawn Rhoden 
+1.913.967.1861 Worldwide 
1.888.234.0448 USA Toll-free 
Fax: +1.913.967.1735 
E-mail: dawn_rhoden@primediabusiness.com 

MAIL AD MATERIALS TO: 
Arketa Johnson, Classified Ad Coordinator 
1 IBM Plaza, Ste 2300, Chicago, IL 60611 
+1.31 2.840.8454 • Fax: +1 .31 2.595.0295 
E-mail: ajohnson@primediabusiness.com 

SENIOR RF DESIGN ENGINEERS 
Thales Components Corporation (formerly Thomson -
CSF) at their design center in Connecticut is looking for 
senior RF Design Engineers with an MSEE or equivalent, 
with 5-10 years experience in Wireless Communications 
(up to 5 GHz) to design RF Modules (LTCC) and to provide 
applications support to customers. Some travel, including 
travel to France. 

'TPe o/p’r excellent Salaried and bene/iiti 
Please forward resume to: Hans Sandager 

THALES COMPONENTS CORPORATION 

Visit us at www.rfdesign.com for the 2001 Media Kit 
Includes: advertising rates, mechanical specs, editorial calendar, and sales contacts. 

Thales Components corporation • 40-G 
Commerce Way 

P.O. Box 540 »Totowa, NJ 07511-0540 

92 www.rfdesign.com August 2001 



career opportunities 

www. rideswww.rfdes www.rfdeswww.rfdes www.rfdeswww.rfdes www.rfdeswww.rfdes www.rfdeswww.rfdes www.rfdeswww.rfdes www.rfdeswww.rfdes www.rfdeswww.rfdes www.rfdeswww.rfdes www.rfdeswww.rfdes www.rfdeswww.rfdes www.rfdeswww.rfdes www.rfdeswww.rfdesi 

gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 
gn.com 

The hottest 
spot 

on the web 
to connect... 

RF DESIGN 

RE buyers' source 
CONSULTANT SERVICES 

ELECTROMAGNETIC 
COMPATIBILITY (EMC) ENGINEER 

The Johns Hopkins University Applied Physics 
Laboratory (APL), a national leader in scientific 
research and development located midway between 
Baltimore and Washington, DC, is seeking an 
Electromagnetic Compatibility (EMC) Engineer with 
an RF design background to join our world-renowned 
Space Sciences department. 
As part of an integral team, you will provide guidance 
in EMC design and analysis, and will work with lead 
engineers to prescribe corrective measures and write 
specifications for the electromagnetic compatibility of 
spacecraft electronic systems at the unit, subsystem 
and system levels. 

Requires a BS or MS in electrical engineering, or 
equivalent, with an emphasis on RF engineering, and 
a minimum of 5-7 years’ experience in RF design (S, 
X Bands), specifying EMC requirements and perform¬ 
ing EMC tests. Experience in the use of modeling to 
diagnose EMC problems and to develop solutions, 
and with the development of RF units for spacecraft, 
is highly desirable. 
Flexible work hours will lie required when perform¬ 
ing EMC tests, especially at the spacecraft level. 
US citizenship is necessary in order to process the 
required government security clearance. 
APL offers a comprehensive benefits package that 
includes a matching retirement program, educational 
assistance and salary commensurate with qualifica¬ 
tions and experience. To apply, please send your 
resume to: e-mail: Recruiter21@jhuapl.edu; FAX: 
(240) 228-0112; mail: The Jolins Hopkins University 
Applied Physics Laboratory, Mail Stop 7-115, 11100 
Johns Hopkins Road, Laurel, MD 20723. 
For more information on APL, please visit our 
Web site at www.jhuapl.edu 
EOE, M/F/D/V. 

The Johns Hopkins University S’ 
Applied Physics Laboratory 

wTc 
Walls Technology Co., Inc 
RF/Microwave Product Design 
Model/Simulation Development 

Ph: (256)828-6728 Fax: (256)829-0328 
http://www. wallstechnology.com 

RF Dm 
913-967-186 
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RF in ernest 

Wireless 
technology -
sometimes 
NOT for the 

better 
by Ernest Worthman 

technology editor 
eworthman@intertec.com 

Every now and then something comes along that fires 
my passion or scares the heck out of me. In this case, 

it’s the latter. The something I’m talking about is the 
recent action by Acme Rent-a-Car. The company used 
GPS technology to track a renter’s driving habits and 
added a “dangerous driving” charge, ($450) because the 
GPS system indicated he exceeded the legal speed limit. 
If this sticks in its present form, this will have a far-
reaching, and likely detrimental, effect on all of us. And 
we can thank wireless technology for it. Of course, we 
cannot blame wireless technology for this abuse — that’s 
like blaming the cheese fries for the heart attack — but 
we certainly can question the motives of the provider. 

Big Brother is watching — Ever since my experi¬ 
ences in Nam, I haven’t had much confidence in the gov¬ 
ernment. But I’ve resigned myself to the fact that, until 
we have found a way for everyone to be reasonable and 
respectful to one another, I have to go along (to a limited 
degree) with the need for covert and sometimes invasive 
government actions. However, I temper that by adding 
that it has for the most part been my experience that if 
you are a law-abiding citizen in this country, you’re gen¬ 
erally left alone. 
Whose right is it anyway? — But I have to draw 

the line at private companies taking police or govern¬ 
ment authority into their own hands — especially 
using stealthy methods, such as wireless technology 
—to do so. 
My real concern here is not that the company used 

GPS technology to track the driver’s behavior. Rather, 
what I find offensive is that, without any due process or 
verifiable proof, the company assumed the customer 
guilty of a criminal offense and blatantly assessed a 
penalty — something that only the justice system has a 
right to do. If Acme gets away with it, I’m concerned 
that this will open the flood gates for any and all of those 
who come to use wireless and computer technology to 
monitor our activities — and far beyond any reasonable 
threat to life and limb. Does this mean that if I sign up 
for cellular service and they find out I’m talking in New 
York City without a hands-free device they can charge 
me a fine? 
OK, Acme has a point — I can, empirically, under¬ 

stand Acme’s concern. It costs them when a vehicle is 
abused or if the driver is acting dangerously, and they 
have a right to be compensated. But assessing a charge 

based upon a GPS report, even if such a clause is included 
in the contract, allows for too many variables. And now 
that Acme is trying to charge according to driving habits, 
does this mean they (or the cellular provider, or whomev¬ 
er) will refund me any money if I follow all the rules? 
A far better approach for car rental companies would 

be for them to tie the GPS system into a warning system. 
In this case, if the GPS detected a speeding violation, the 
vehicle could be programmed to issue a voice warning to 
the driver that they are exceeding the legal limit. And. if 
the driver continues to ignore the warnings, the vehicle 
can be disabled, or the authorities (who CAN ticket) can 
be notified — all with wireless technology. 
But if it sticks — One of the major concerns of this 

type of covert action by a private player is how far pri¬ 
vate industry can take it. It is quite possible that wireless 
technology can literally monitor everything we do with¬ 
out our knowledge (recall the flap about the government 
covertly monitoring e-mail for key subversive terms?). 
Of late, there is movement to put GPS capability into 

cellular phones. I like the idea, but I have to express 
some concerns as to what opportunities this may have 
for Acme-type abuse. 
What if I’m in a restaurant and want to order an 

expensive bottle of wine? Could the restaurant, through 
some covert method, check my credit card balances to 
see if I can really afford it? And, what if I don’t leave a 
tip? Will the restaurant be able to bill my account with¬ 
out my knowledge? 

Universal concerns — On a more global platform, 
my personal concern is that, in an attempt to get wireless 
ubiquity up to speed, we don’t lose sight of the objective. 
That objective is convenience, not control. 

It is important that there are rules in place that pre¬ 
vent abuse —whether it is illegal (or questionable) 
billing practices, or invasion of privacy, or something 
in-between. 

Also, I want to reiterate that the ability to prosecute 
or fine for illegal activities can, under no circumstances, 
be extended to the private sector. We have developed a 
justice system over the last 300 years that is designed to 
protect our rights and determine guilt or innocence 
based on strict policy and procedure. It is absurd to 
think a private company can simply strip away these 
rights, regardless of how the contract is written. 

Now, there isn’t really enough room in this column to 
discuss all of the peripheral issues. I will be more than 
happy to debate privately, via e-mail or telephone, relat¬ 
ed issues that readers may find pertinent. 

But, now I find a new challenge (or opportunity) for 
the wireless industry. I’d be the first in line to buy some 
“anti-wireless technology.” That is technology that the 
populous can use to defeat the unscrupulous Acmes of 
the world. 
And finally, I wonder if it isn’t time to worry about 

private industry, rather than Big Brother. 
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world’s smallest 2way-0°splitter S-IOOOMHz^.,. 
Measuring only 0.15"x0.15" square, Mini-Circuits micro-miniature 
SBTC-2-10 power splitter is the smallest 5 to 1000MHz 2way-0° 
surface mount splitter on the market today! But that's not all. 
Patent pending Blue Cell™ technology provides outstanding 
performance features including low insertion loss of 
0.5dB typical, excellent 0.2dB amplitude and 1 degree 
phase unbalance (typ), and superior temperature 
stability. Plus, leads are solder plated for excellent , 

solderability, and all connections are made using 
Mini-Circuits unique assembly welding for high temperature 
reflow reliability. As demand for smaller gets bigger, blow 
away the competition with Mini-Circuits space saving, 
money saving SBTC-2-10 power splitter. 

Priced at only $2.49 each (qty.25)! 

BLUE CELL 

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

£□ Mini-Circuits 39 40 
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 

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

ISO 9001 CERTIFIED F354revorg 



IMPROVE 
Your PCS Receiver’s 

PERFORMANCE 
With NEC’s New, Miniature 

LowCost FETs 

Need a high performance first stage LNA for your PCS 

GPS, or WLAN receiver? Our NE340 18 GaAs HEMT 

delivers! You get low noise and high output IP^ all in t 

low cost, superminiature SOT-343 plastic package. 

Nearly half the size of a conventional SOT- 143 device, 

the NE34018 can help miniaturize your handheld 

wireless receiver design — while maximizing its per-

formance. The NE340 18 is just one in a family of 

NE34018 HEMT FETs: 
Great Performance, New Low Price... 

■ +23 dBm Output IP} @ 2 GHz 

■ 0. 7dB NF. 15dB Gain @ 2 GHz 

miniature plastic transistors from NEC. 

Want more information? Visit our website or call our 24-hour 

automated Fax Hotline. We’ll get you data in minutes! 

■ Ultraminiature SOT-343 package 

■ 7OC in 1OOK quantities NE34018 Noise and Gain Performance 

4» 

Housed in SOT-343 packages (right), these NEC HEMTs 

are nearly half the size of conventional SOT-143 devices. 

Versatile NE76118 MESFETs: 
■ 0.8dB Noise Figure @ 2GHz 

■ I35 dB Associated Gain @ 2GHz 

■ Use as an oscillator. 2nd stage LNA. 
or buffer amp 

■ 61C in 1OOK quantities 

Super Low Noise NE334S01 HJ FETs: 
■ 0.25 dB Noise Figure @ 4 GHz 

■ 16dB Associated Gain @ 4 GHz 

■ Miniature plastic four pin package 

■ 99< in 1OOK quantities 

Frequency (GHz) 

For instant Product Data visit us at: 

www.cel.com 
Or call our 24-hour Fax Hotline 
at 800-390-3232 and request 
Document #144 
(U.S. and Canada) 

NEC 
4590 Patrick Henry Drive 

CEL California Eastern Laboratories 

Santa Clara, CA -95054 ■ 408 988-3500 ■ www.cel.com 

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

Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (canada) 
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