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wireless data challenge?. 

Simplify RF design; problems with JFETs 

Solve your memor^ requirements with ̂ PROMs 

Engineering J1F & Wireless Products .... DC to Light 



1-800-452-4844; Ext. 7296 

www.agilent.com/find/psa 

0.35 dB accuracy 
up to 3 GHz 

160 RBW settings 

-153 dBm DANL 
up to 3 GHz 

+17 dBm TOI 

-113 dBc/Hz phase noise 
@ 10 kHz offset 

Agilent E4440A. It's the first of a series of performance spectrum analyzers that show what couldn't be 

seen before— the full performance of your design. With a certainty never before possible. 

Because now you can fine-tune your measurement with 160 resolution bandwidth settings, and get 

just the dynamic range you need. You can uncover spurs hiding in noise where they might not otherwise 

be found, with -153 dBm DANL up to 3 GHz. You can measure the power in adjacent channels with 0.35 dB 

accuracy. And stop having to over-design to make up for your test equipment. 

To find out more about the E4440A and its new platform, call us or visit our web community. It’s 

the PSA as advanced as the things it measures. 

Agilent Technologies 
• ’’ Innovating the HP Way 

Agilent E4440A Performance 
Spectrum Analyzer (PSA) 
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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 
published by most other 
manufacturers, ours are 
based on empirical mea-

inductors, LC filters and power magnetics. 
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. 



2kHz tolOGHz 99< 

THE WORLD'S LARGEST SELECTION 

SPUTTERS 

Choose from over 550 standard off-the-shelf models from 2way and 3way to 48way; 0°, 90°, and 
180°; 50 and 75 ohms covering 2kHz to 10GHz. Mini-Circuits will also supply your special needs and custom 
designs such as wider bandwidths, higher isolation, lower insertion loss and phase matched ports... all at catalog 
prices with rapid turnaround time. Case styles include surface mount, plug-in, flat pack, and coaxial connectorized... 
and custom case styles are no problem! Super-miniature and ultra-low profile surface mount units provide excellent 
solutions in cellular communications, cable systems, and countless wireless applications. And all units come with a 
1 year guarantee and skinny 4.5 sigma performance repeatability unit-to-unit and production run to production run. 
Add fast delivery, unsurpassed applications support and value pricing, and the decision is easy. Call Mini-Circuits today! 

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



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

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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Someone 
has the best 
IP3 mixers. 

Mini-Circuits 
Best performance, best innovations, best value. 

Someone will always be on top. Take Mini-Circuits, for example. 
While other companies offer some high IP3 mixers, we’ve 
introduced an entire family of mixers incorporating unique 

patented technology to deliver the highest IP3 for low, medium, 
and high LO power levels. IP3 as high as +38dBm! And unlike 
other mixers, our HUD and HJK models require no DC power, 

which simplifies circuit layout and makes them very easy to use 
in 115 to 2300MHz applications. But while other suppliers are 
concentrating mainly on IP3 performance, Mini-Circuits goes 
beyond by providing very low conversion loss down to 6.7dB, 
high isolation up to 49dB, and 1dB RF compression point 3dB 
higher than LO power...all from a smaller, industry standard 

package fitting the footprint of conventional solutions. 
Nobody else has these high performance, high IP3 mixers. 

But even if they did, nobody but Mini-Circuits could offer them 
off-the-shelf at an amazing price from only $10.95 each! 

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

Model* 

HJK-9 
HJK- 19 
HJK-21 

HJK-9LH 
HJK-19LH 
HJK-21 LH 

HJK-9MH 
HJK-19MH 
HJK-21 MH 

** HJK-3H 

HJK-9H 
HJK-19H 
HJK-21 H 

Frequency 

RF 

818-853 
1850-1910 
1850-1910 

818-853 
1850-1910 
1850-1910 

818-853 
1850-1910 
1850-1910 

140-180 

818-853 
1850-1910 
1850-1910 

(MHz) 
IF 

40-100 
70-130 
180-300 

40-100 
70-130 
180-300 

40-100 
70-130 
180-300 

0.5-20 

40-100 
70-130 
180-300 

L0 IP3 Conv Loss 
level (dBm) (dB) 
(dBm) Typ. Typ. 

7 22 7.1 
7 21 8.0 
7 22 7.5 

10 27 6.7 
10 25 7.5 
10 25 7.2 

13 31 6.7 
13 30 7.4 
13 29 7.2 

16 37 8.0 

17 33 6.7 
17 34 7.7 
17 36 7.6 

L-R L-l Price 
ISO. (dB) ISO. (dB) Sea. 

Typ. Typ. (1-9) 

36 26 10.9Í 
30 24 10.9! 
28 19 10.9Í 

37 27 12.9f 
30 23 12 9Í 
28 19 12.9Í 

37 27 14.9f 
30 23 14.9‘ 
29 19 14.9Í 

44 44 16.9Í 

35 31 16.9Í 
28 22 16.9' 
28 25 16.9Í 

** HUD-3H 
** HUD-19SH 

140-180 0.5-20 
1819-1910 50-200 

16 
19 

37 
38 7.5 

47 45 15.9Í 
38 36 19.9Í 

•Units protected under U.S. patents 5,416,043 and 5,600,169. 
** Additional patents pending. 
Size (LxWxH): HJK 0.500" x 0.375" x 0.23", HUD 0.803" x 0.470" x 0.250". 

Mini-Circuits 20 21 
CIRCLE READER SERVICE CARD 

F34Orevorg 

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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Somewhere along the line 
someone didn’t 

test for something. 

INFO/CARD 2 

Fortunately, when testing wireless products, Spirent Communications 
offers a complete line Of solutions. Spirent test systems get your 
next-generation wireless product through development faster and avoid costly 

market failures once deployed. Our solutions allow you to evaluate wireless 

handsets and terminals at all phases of design; from development to performance 

analysis. We address the latest test requirements for the newest technologies, 

including cdma2000, W-CDMA and EDGE. For more information on Spirent 

wireless test solutions go to www.spirentcom.com and click on TAS. J 

¡DEVELOPMENT VERIFICATION DEPLOYMENT PERFORMANCE, 

SPIRENT 
Communications 

Spirent, 
The World Leader 

In Performance 
Analysis Solutions. 

1-800-927-2660 

www.spirentcom.com 



capacitou 
since 1971 
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: 
• 1.0-3.0 pF to 14.0-108.0 pF 
Miniature types suitable for hybrids 
• 2 series: 2.0 x 1.2 mm; 3.0 x 1.8 mm 
• Cap ranges: 1.0 -3.0 pF to 6.0-40.0 pF 
Plastic encased 4x 4.5 mm and 6 mm types 
• Designed for volume applications 
• SMT and pnnted-thru-hole models 
• Cap ranges: 1.4-3.0 pF to 20.0-90.0 pF 

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

2.2 x 3.1 x 1.2 mm 
3.2 x 4.5 x 1.8 mm 
4.0x4.5x27 mm (sealed) 
5.2 x 4.3 x 3.2 mm (sealed split stator) 

•Carrier and reel or bulk pack 
•0. 5-2.0 pF to 8.5-50.0 pF in 17 cap ranges 

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

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

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

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

Glass and Quartz PISTONCAF® 
•QPL models to MIL-C-144O9D 
•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. 

1700 Shames Drive, Westbury, NY 11590 
Tel: 516-334-8700 • Fax: 516-334-8771 
www.spraguegoodman.com 
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RF editorial 
Did the Grinch 
steal 3G? 

By Roger Lesser 
Editor 
rlesser@intertec.com 

Every Celluser in Cellville liked wireless a lot. 
More data and other goodies — anything hot! 
But the Grinch of 3G sat in his tower of tech, 
“They’ll never get it, that’s my bet.” 

The Grinch liked 2G really a lot. 
“2G has 80% of what 3G’s got.” 
He looked for chips and clocks that made 3G work, 
“The technology’s somewhere,” he said with a smirk. 

He read about what the ITU had wrought, 
“It’s too late for anyone” is what he thought. 
“3G will be here soon,” the poohbaas said. 
“But, it’s too late,” snarled the Grinch from his bed. 

The 3G products were starting to grow, 
But the Grinch noted, “It’s really too slow.” 
“They promised it all, they promised a lot, 
the wait has been long, longer than not.” 

The Grinch smiled and looked up with a grin, 
“If they bypass 3G, would it be a wireless sin?” 
Cellusers in Cellville are an educated group. 
Would they greet 3G with a moan or a whoop? 

The Grinch used his 2G with pride and with joy. 
“If 3G were here would it become just a toy? 
I have what I have and I like it for sure, 
and I don’t think that 3G is all that pure.” 

So, down to Cellville the Grinch he did glide, 
His 3G feelings he could not hide. 
The Cellusers in Cellville saw him come down with a thud, 
And heard him yell, “Is 3G a dud?” 

They looked at him between their boxes and clocks, 
And yawned at 3G as they pulled on their sox. 
“3G is too late, its promise is hallow.” 
They agreed with the Grinch (a hard pill to swallow). 

So, there is no 3G in Cellville today. 
It may come, but who can say? 
The Grinch is happy in his wireless way, 
“I’ll wait for 4G, come what may.” 

Dear readers, thanks for your time. 
I promise not to do another column in rhyme. 
A Cat in the Hat is not for me, 
So, an editor is what I guess I’ll be. 

Thanks for the inspiration Ted Geisei 
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At TRILITHIC 

ISOLATIO 

Serious Technology for Serious Engineers. 

Visit us at the MTT-S Show, Booth #3305. 

For reliable solutions, call Trilithic and ask for more information on 1702. 

Higher isolation 
Flexible design configurations 
Excellent systems performance 
Long-term reliability 
Lowcost implementation 
Available in 2-, 4-, 8-, and 16-way 
configurations 
Low price 

TRILITHIC 
WIRELESS DIVISION 

TRILITHIC 
WIRELESS DIVISION 

Trilithic's line of top quality RF switches 
are designed to meet both common and uncommon 

signal routing challenges. 

9202 E. 33rd Street, Indianapolis, IN 46235 USA • 800.344.2412 • 317.895.3600 • fax 317.895.3612 

http://www.trilithic.com • e^nail: switches@trilithic.com • ISO - 9001 Registered 
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RF calendar 
April 

23-25 49th International Relay Conference — 
Oak Brook, IL — 
Information: Web site: www.ec-central.org 

30-3 Global Summit 2001 — Orlando — 
Information: Web site: www.tdma-edge.org 

May 
1-3 IEEE Radar Conference — Atlanta -

Information: Tel.404.385.3502; 
Web site: www.conted.gatech.edu 

22-24 Eastec 2001 — West Springfield. MA — 
Information: Tel. 800.733.4763. 

22-24 International Microwave Symposium: 
IEEE-MTTS - Phoenix -
Information: Web site: www.nonlintec.com 

June 
3-7 Supercomm — Atlanta — Information: 

Web site: www.supercomm2001.com 
5-7 Sensors Expo 2001 — Chicago — 

Information: Tel. 203.882.1300 x 181. 
Web site: www.sensorsexpo.com 

6-8 2001 IEEE International Frequency Control 
Symposium/ Exhibition — Seattle — 
Information: Web site: 
www.ieee-uffc.org/fc 

24—27 WCA Annual Conference — Boston — 
Information: Wireless Communication 
Alliance (WCA). Tel. 202.452.7823. 

July 
9-12 Embedded Systems Conference — Chicago — 

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

August 
13-17 IEEE-EMC Symposium — Montreal — 

Information: Web site: 
www.ieee.org. 

September 
4—7 Embedded Systems Conference — Boston — 

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

OCTOBER 

1—4 Communications Design Conference — 
San Jose— Information: Web site: 
www.CommDesignConference.com 

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

RF courses _ 
Alexander Resources — 3G Wireless: 

Promises and Realities— April 30-May 1, Orlando; 
Making Money in the U.S. Wireless Internet Market — 
July 10-11. Information: Jeff Stone, Alexander 
Resources, 15851 N. Dallas Pkwy, Addison,TX 75001; Tel. 
972.818.8225; Fax: 972.818.6366; 
e-mail: jstone@alexanderresources.com. 

Besser Associates — 3G Made Simple — May 14; 
RF and Wireless Made Simple — May 15-16; RF and 
Wireless Made Simple II — May 17-18; Advanced 
Wireless and Microwave Techniques — Feb. 12-16; 
Bluetooth: Operation and Use — May 10-11; Mountain 
View, CA. Information: Besser Associates, 201 San 
Antonio Circle Building E, Suite 280, Mountain View, CA 
94040; Tel. 650-949-3300; Fax: 650-949-4400; 
e-mail: info@bessercourse.com; 
Web site: www.bessercourse.com 

R.A. Wood Associates — Introductory RF and 
Microwaves — April 19-25; RF and Microwave Receiver 
Design — April 19-20; RF Power Amplifiers, Classes A 
Through SS: How the Circuits Operate, How to Design 
Them, and When to Use Each — April 19-20, Baltimore, 
MD. 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 — April 9-13; Communication 
Systems Using Digital Signal Processing — May 14-18; 
Introduction to Data Compression — May 30-June 1; 
Digital Signal Processing: Theory, Algorithms, and 
Implementation — August 13-17; Bluetooth: Technology, 
Applications, and Performance — Aug. 20-22, Los 
Angeles, Information: Information Systems and Technical 
Management Short Courses. Tel. 310.825.3344; 
e-mail: mhenness@unex.ucla.edu; 
Web site: www.uclaextenstion.org/shortcourses 

UNIVERSITY OF Missouki-R< MJ a — 
Grounding and Shielding Electronic Systems — April 19, 
Columbus, OH; June 19-20, Boston; Áugust 8-9, 
Toronto; Circuit Board Layout to Reduce Noise Emission 
and Susceptibility — April 19, Columbus, OH; June 21, 
Boston; August 10, Toronto; September 19, Denver. 
Information: Web site: www.umr.edu/-conted> 

UNIVERSTIY OF WISCONSIN MILWAUKEE — 
Production Documentation Control I Configuration man¬ 
agement — April 25-27, Philadelphia; June 13-15, Irvine, 
CA. Information: Tel. 800.222.3623; Fax 800.399.4896; 
Web site: www.uwm.edu/dept/ccee 
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What You Want... 
[Test and Measurement Equipment] 

TestMart—your one-stop solution for test and 
measurement equipment-is leveraging the power of 
the Web. We help you make informed decisions that 
put you in charge of buying the equipment you 
need now. 

Make TestMart work for you. Application or 
availability issues? Visit our site or talk to TestMart’s 
knowledgeable support and applications people. 
Contact them online, or by phone or fax. 

TestMart. There's much more than meets the eye. 
Convenient, reliable and fast. With complete specs, 
product comparisons and timely delivery—24/7, you 
save time and money with TestMart. 

What You Get. 

^Tektronix 

'Tektronix 

[Real Expertise. Real Ans 

Customer Service • 

©testmart 

Sales Support 

Delivery Confirmation • Fulfillment • 

¡Oscilloscope, Digit al 
BOMHz ,40MSa/s ,2ch; 
¡US List $1,995_ 
/OaciNoacopa, Digital 
1300MHz .2 5GSa/s^ch. 
lUS List $3,695_ 
¡Oscilloscope, Digital 
¡300MHz,2 5GSa/s.2ch; 
lUS List $3.695 

..•Applications 
Engineering 

.• Sourcing 

• Secure Commerce 
•’ Features 

Comprehensive • 
Database '' 

www.testmart.com 
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You’re racing to be first to market. 

But first, you need to pick a partner 
who won’t stumble. 

Some choices are obvious. CEL offers 

a broad selection of NEC Communications 

Semiconductors—plus something few others 

can match: Forty years’ experience helping 

to bring products like yours to market. 

RF. Wireless. Broadband. Fiber Optics. Optoelectronics. 
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RF Washington watch 

Ultra wide band 
and the Federal 

Communications 
Commission 

by Delaney M. DiStefano 

With a new administration in town and a 
new chairman on the bench, it has been 

rather quiet at the FCC. Meanwhile, America waits 
to learn what this administration’s focus will be. 
Something that has been brewing for a while, how¬ 
ever, just got a little closer to fruition. 

Last May the FCC published a notice of proposed 
rule making (NPRM) in which it proposed, and 
requested comments on, feasible ways to regulate 
ultra wide band (UWB) technology and products. 
Because a portion of this new UWB technology will 
most likely operate in the restricted government 
bands, the National Telecommunications and 
Information Administration (NTIA) and the 
Associated Institute for Telecommunication 
Sciences were recruited to research the effect of 
UWB devices on federal radio systems. NTIA’s 
reports were recently published and are currently 
going through the notice and comment period. 
UWB devices are proposed to be regulated under 

Part 15 of the FCC’s rules regarding unlicensed 
devices. The current rules regarding intentional 
radiators are insufficient to deal with the novel con¬ 
cepts of UWB. Under Part 15, intentional radiators 
are only permitted to operate under a set of strict 
emission limits, which preclude operation in certain 
restricted bands and in television broadcast bands. 
UWB devices, on the other hand, may operate in 

restricted bands and television broadcast bands. 
Part 15 emission measurement procedures were 
designed to govern the use of narrowband transmit¬ 
ters. By its very name, UWB operates on very wide 
bands that would be difficult to measure under the 
current scheme. 
The greatest obstacle faced by these devices is 

the fact that they do operate in restricted bands. 
Therefore, NTIA and the FCC want to make sure 
that the devices will not cause harmful interference 
to federal equipment operating between 400 MHz 
and 6.0 GHz; especially GPS equipment. 

What is ultra wide band? 
UWB devices are intended to operate on already 

occupied spectrum without causing harmful inter¬ 

ference. UWB devices have low spectral power den¬ 
sity and in general use very short carrierless pulses 
over a wide swath of spectrum usually exceeding 1 
GHz. The FCC has not yet accepted a definition of 
UWB for regulatory purposes. However, in the 
NPRM, the FCC stated that its proposed definition 
for UWB devices is, “any device where the fraction¬ 
al bandwidth is greater than 0.25 or occupies 1.5 
GHz or more of spectrum.” 
UWB devices can reportedly see images of 

objects buried underground or imbedded in walls. 
UWB devices can be used to measure distances or 
locations of objects. UWB can also be used for short-
range high-speed data. 
The greatest attribute of UWB devices is spec¬ 

trum efficiency. The ability to operate in already 
encumbered spectrum without causing harmful 
interference to existing users is a highly desirable 
trait within the crowded radio spectrum. Clearly, 
with UWB’s touted potential-there are many par¬ 
ties interested in the outcome of this rule making. 

What now? 
Through conversations with an FCC employee 

working on this matter, I have found out that the 
FCC has the daunting task of sifting through all of 
the comments on its own NPRM and the comments 
to NTIA’s reports. The FCC will use this wealth of 
information to adjust the permissible parameters in 
which UWB devices will be permitted to operate; 
parameters such as unit pulse rate and average 
and peak emission levels. 
The FCC and NTIA must also come into agree¬ 

ment over permissible parameters because it is 
mainly the federal government’s spectrum that will 
be used after all. Anticipating timely “negotiations” 
between NTIA and the FCC, the FCC has set an 
ambitious timeline and hopes to go to the report-
and-order phase this summer. 

It would not be surprising if going to the report-
and-order phase takes longer than hoped. Nor 
would it be surprising if the FCC decides to be con¬ 
servative in its rules. It may take some time and a 
few rule waivers before any truly liberal rules (and 
subsequent waivers) are enacted. But no one really 
knows until the pen is put to paper and the rules 
are written. 

Delaney M. DiStefano is a senior associate with 
the law firm of Schwaninger & Associates, P.C. 
Ms. DiStefano is a member of the New York State 
and District of Columbia Bars and an active 
member of the Federal Communications Bar 
Association. Ms. DiStefano’s primary practice is 
in wireless telecommunications and she is a veter¬ 
an of several FCC auctions. 
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Innovative Mixers 
50kHz to 4200MHz ■smaller size better performance -lower cost 

99 
(10-49) 

• j Searching high and low for a better frequency 
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. 10-49). So, if you’ve been searching 
high and low for a mixer to exceed 
expectations...ADE is W " 

ADE Mixers... Innovations Without Traditional Limitations! 

ADE* TYPICAL SPECIFICATIONS: 

Model (mm) 

ADE-1L 3 
ADE-3L 4 
ADE-1 4 
ADE-1ASK 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-20 3 
ADE-18 3 

Freq. 
(MHz) 

2-500 
0.2-400 
0.5-500 
2-600 
1 1000 

0.05-250 
50-1000 

200-1000 
800-1000 
800-1000 
5-1500 
50-1600 
1500-2000 
1700-2500 

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-1MH 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 

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

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

5-3500 
5-4200 
0.5-500 

400 1000 
500-1200 
100-1700 
1500 2000 

♦7 
♦7 
♦7 
♦7 

♦ 10 
. 10 
♦ 13 
♦ 13 
♦ 13 
♦ 13 

♦ 13 
♦ 13 
♦ 17 
♦ 17 
♦ 17 
+ 17 
♦ 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 
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 
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 

Component mounting area on customer PC board is 0.320’x 0.290". 
»Specified midband. ‘Protected by U.S. patent 6133525. 

Pnce (Sea.) 
Qty. 10-49 

3.95 
4.25 
1.99 
3 95 
4.25 
4.95 
2.95 

425 
3.25 
2.95 
3.45 
3 10 
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 

I I Mini-Circuits *74 -75 
™ — — CIRCLE READER SERVICE CARD 

P.O. Box 350166. Brooklyn. New York 11235 0003 (71 8) 934-4500 Fax (71 8) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE 
Vhßy'“The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com 

ISO 9001 CERTIFIED 



RFnews 
A scroll down 

technology 
lane 

By Megan Aiderton 
Associate Editor 

megan_alderton@intertec.com 

It’s time to ride the rocket of the new millennium folks; after all, 2001 is here. 
And though most of us weren’t around to welcome the 

1900s, I think we can safely say that a lot has changed since 
then. Granted, we aren’t riding around in hovering automo¬ 
biles and taking moon-cruises (yet), but a retrospective into 
the last 100 years should be enough to remind us of how 
much our inventive minds can change the human lifestyle 
over a relatively short period of time. 

After attending the Bluetooth Developer’s Conference in 
San Jose last December, my mind started jogging down the 
timeline of technology. I thought about the things that I 
remember seeing for the first time and that I take for granted 
now. Like when my family first got a VCR (the first movie we 
rented was Footloose), it changed our lives (the VCR I mean). 
Or take the cordless telephone (that took teenage life to a 
whole new level). 

Speaking of a whole new level, those things are ancient his¬ 
tory thanks to the emergence of cell phones and DVD players. 
But that’s just the thing about technology — ancient history is 
so relative that it is really only a matter of patient history. 
Something new and improved will come along eventually; you 
just have to wait for it. Just look at the red carpet the last 100 
years has unrolled before us: 

Just 100 years ago Guglielmo Marconi received the first 
transatlantic radio signals using syntonised (tuned) receivers 
and transmitters. In 1906, Lee DeForest developed the vacuum 
tube triode and the first amplifier was constructed. Three years 
later, the first successful radio broadcast was made in, appro¬ 
priately, San Jose, CA. 
Jumping ahead to the roaring 20s, Philips introduced its 

first radio set, Western Union sent the first electronically 
transmitted photograph, and the first electronic TV picture was 
transmitted. 
The first digital computer could add and subtract using bina¬ 

ry code. It came along in 1939. Today’s computer makes that 
look like the abacus. OK, maybe I’m easily impressed, but this 
all blows me away. What’s more is that it never stops. 

I’m sure that many of you are frustrated with the recent 
slows in the semiconductor industry and other sectors, but 
think of how many ups and downs the industry has seen since 
its infancy. Without the downs, the ups don’t mean a thing. 
Let’s just keep hoping that the slow-down is just a blister on 
the toe of the industry. You see it coming, and it hurts like 
crazy to put your shoes on after it pops, but once it does, it 
heals so fast you hardly remember it was ever there. 

LBS revenues to grow to 
$40.7 billion in 2006 
The nascent location-based services 

(LBS) industry is about to see tremen¬ 
dous growth, according to a new study 
from Allied Business Intelligence 
(ABI), Oyster Bay, NY. The report, 
Location-Based Services: A Strategic 
Analysis of Wireless Technologies, 
Markets and Trends, indicates that 
world LBS revenues will grow from 
about $1 billion in 2000 to more than 
$40 billion in 2006, representing a 
compound annual average growth 
rate of 81%. 
Many factors will contribute to the 

growth, ABI said. Despite the obvious 
U.S. Enhanced-911 mandate, which 
calls for U.S. wireless carriers to 
begin selling automatic location iden¬ 
tification (ALI)-capable handsets by 
the end of 2001, carriers are also look¬ 
ing for new revenue streams and 
newer ways to deliver compelling ser¬ 
vices to promote customer loyalty and 
reduce churn. 
Most carriers have already stated 

their plan to pursue either network or 
handset-based location fixing tech¬ 
nologies in their networks. Several 
companies are wrapping up initial 
LBS and location-relevant wireless 
advertising test-markets and have 
reported positive results. However, 
possible threats toward the develop¬ 
ment of the LBS industry lie in con¬ 
cerns over privacy issues and unso¬ 
licited wireless advertising. ABI’s 
study shows that this should not be a 
major concern for subscribers because 
the carriers, application and content 
developers, and infrastructure 
providers have invested millions in 
the research and development of LBS. 

DARPA prepares for 
electronic warfare contracts 
A U.S. electronic warfare program 

is moving into the development phase 
as the Defense Advanced Research 
Projects Agency (DARPA), a Pentagon 
research agency, prepares to award 
contracts to develop key technologies. 
Known as WolfPack, the program 

intends to develop a ground-based 
electronic warfare system that could 
jam communications and radar emit¬ 
ters operating at frequencies ranging 
from 20 MHz to 2.5 GHz. The system 
must also be designed, however, to 
avoid disrupting non-threatening mili¬ 
tary and commercial communications. 
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No Waiting Immediate Delivery of 
Industry Standard Discrete RF Power Transistors 

Get the Power You Meed Mow. 
Designed for DC5 base station appli¬ 
cations in the frequency band 1.805 
to 1.880, the UltraRF™ UPF18060 is 
a 26V broadband RF power n-channel 
enhancement-mode lateral DM05, 
rated for a minimum output power of 
60W. It's ideal for CDMA, TDMA, GSM 
and multi-carrier power amplifiers in 
class A or AB operation. 

Best of all, it's available now. With a 
standard turnaround time of only two 
weeks, you can get all the power you 
need— all at a very competitive price. 

Drop-in Simplicity. 
The UPF 18060 was designed to drop 
in to your existing design with no 
matching changes, so you can bene¬ 
fit from its rugged performance with 
no hidden cost. It's internally matched 
for repeatable manufacturing, and an 
all gold metal system offers the high¬ 
est reliability. The UFP18060 also 
offers the high linearity required for 
the latest air interface standards, and 
high gain for simplified amplifier 
design and more efficient operation. 

Don't Wait. 
Call today. We'll rush you a brochure 
and technical datasheet that give you 
all the details on the UPF18060, one 
of a complete range of high power 
LDMO5 internally matched RF power 
transistors. 

Call UltraRF Advance Technical Sales 
in the U.5. at: 

1-877-206-5657 Toll-Free 
1-408-745-5700 
email info@ultrarf.com 
or visit www.ultrarf.com 

Or contact your local 
UltraRF representative. 

INFO/CARD 56 

EUROPE 
England +44 (0) 118 954 5858 • Finland +558 (0) 8 8251100 

5weden +46 (0) 8 580210 • Norway +47 555 86271 
Germany +49 (0) 7151 78100 • Israel +972 (5) 955 1696 

France +55 (1) 69 55 80 00 • Italy +59 02 481 7900 
A5IA: 

Mong Kong, China 852 2576 1882 • Korea 82 2 5472 9449 

160 Gibraltar Court 

5unnyvale 

CA 94089-1519 U5A 

Phone: 408 745 5700 

Fax: 408 541 0159 UltraRR 



Engineering computation 
available online 

Waterloo Maple’s Web site now offers Maple-
enabled solutions. These solutions allow engineers 
as well as students, architects, robotics designers, 
and other non-engineers to perform complex calcula¬ 
tions interactively using only a browser. No addi¬ 
tional software or plug-ins are needed to obtain the 
results. The current Maple-enabled solutions include 
calculations for chemical analysis, electronic simula¬ 
tion, machine design, and mathematical analysis. 
All solutions feature an easy-to-use interface and 
are driven by Maple’s intelligent analytical algo¬ 
rithms. Next-generation elements will include 
advanced symbolic solutions that allow flexible man¬ 
agement of unknown design parameters, and solution 
disclosure mechanisms that present the actual steps 
used to derive the solution. 

www.ENGINEERING.com 

Corrections: 
Following are corrections to articles 
in the August and September 2000 
issues of RF Design: 

•The August 2000 article, 
Understanding Piezoelectric Quartz 
Crystals, by Louis Bradshaw, omitted 
the following information about the 
author: 

Louis Bradshaw attended Texas 
Technological College in Lubbock, 
TX, for more than two years and has 
more than 25 years of experience in 
the quartz crystal industry. He has 
held positions in engineering, quality 
documentation, and manufacturing 
at Fox Electronics in Fort Meyers, 
FL. Bradshaw can be reached at 
1.888/GET.2.FOX; or by e-mail at 
louisb@foxonline.com. 

•In the September 2000 article, 
Interactive Direct-Coupled Filter 
Design, by Thomas Cuthbert, 
Equation 1 was repeated as Equation 
2. The correct Equation 2 on page 26 
is as follows: 

Q*^xQBW,k=l,2,...,N. 

PF Design apologizes for any incon¬ 
venience this may have caused. 

DARPA is now seeking industry pro¬ 
posals for the third phase of the 
WolfPack program. It plans to select as 
many as three teams to define alterna¬ 
tive approaches to making the 
WolfPack operational concept work. 
The deadline set for industry propos¬ 

als was March 19. Raytheon, Rockwell 
Collins and BAE Systems were among 
potential bidders. 
The $40 million WolfPack program is 

a result of military planners’ beliefs 
that future battlefields will have no 
borders, interspersing military forces 
with civilians. If this happens, U.S. mil¬ 
itary will no longer be able to use blan¬ 
ket jamming techniques to neutralize 
enemy emitters. 
The WolfPack program aims to 

develop technologies for RF “spectrum 
dominance” against advanced commu¬ 
nications and radar systems. 
Technology development will focus on 
new antenna designs; low-power, wide¬ 
band signal collection and processing 
capabilities; network architectures that 
do not rely on base stations; routing 
algorithms; and distributed algorithms 
used to detect, locate and identify RF 
emissions. 

Father of information 
theory dies at 84 

Claude Elwood Shannon, the 
mathematician who laid the founda¬ 
tion for modern information theory, 
died in February at age 84. 
Shannon worked at Bell Labs in the 

1940s where he figured out the upper 
limits on communication rates. His 
contributions helped to define the 
engineering limits faced first in tele¬ 
phone channels, then in optical com¬ 
munications and wireless. 
Shannon published his landmark 

A Mathematical Theory of Communi¬ 
cation in 1948. It was in this pioneer¬ 
ing paper that he established the foun¬ 
dations of information theory in which 
his framework and terminology 
remain standard. Another of his 
works, Communication Theory of 
Secrecy Systems, is credited with 
transforming cryptography from an 
art to a science. 
Shannon joined Bell Labs in 1941 

and remained affiliated with the com¬ 
pany until 1972. He became a visiting 
professor at MIT in 1956, a permanent 
faculty member in 1958, and a profes¬ 
sor emeritus in 1978. 
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High IP3 Performance! Meet your cost 
and IP3 goals with WJ's SME Mixers. 

High 1P3 performance over freqency separates WJ mixers from the rest. 

High 1P3 and low conversion loss make the SME mixer a perfect choice 
for your cellular, PCS, 3G and broadband requirements. The SME 
draws no current and requires only 17 dBm LO drive to deliver an 1P3 
of 29 dBm. 

WJ HIGH IP3 MIXERS Get more details today. 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™ 

Mixers 
Frequency Range (MHz) 

RF I [0 I IF 

10 Power 
(dBm) 

P1dB 
(dBm) 

IIP3 
(dBm) 

Conversion 

Loss (dBm) 

Isolation 

(i-R)tdB) 

SME 900-17 820-960 720-940 20-100 +17 +14 +29 6.2 34 

SME 1400B-10 1-2200 1-2200 1-2000 +10 +6 +19 6.5 30 

SME 1400B-13 1-2200 1-2200 1-2000 +13 +9 +22 6.5 30 

SME 1400B-17 1-2200 1-2200 1-2000 +17 +13 +27 6.5 30 

SME 1900-17 1600-2400 1400-2390 10-250 +17 +14 +29 7.4 26 

Visit us on the web at 
www.wj.com 1 -800-W J1-4401 

Distributed In U.S.A, by Nu-Horizons Electronics: 888-747-6846: Richardson Electronics: 800-737-6937. 
In Europe call WJ: +44-1252-661761 or your local Distributors: Richardson Electronics-Worldwide: Telephone: (800) 737-6937 Web Site: www.rell.com/gen_sales_locations.asp and 
RFI flntilac-Piirnnp- Tplpnhnnp- íddl 1A99 RR9dA7 Weh Çitp www hfinntilac avnpt rnm . 



BUSINESS BRIEFS 
OFDM takes a step towards 
standardization 
The OFDM Forum, an association 

organized to promote a single standard 
for high-speed wireless communica¬ 
tions, today announced the signing of a 
reciprocal membership agreement with 
the Continental Automated Buildings 
Association (CABA). This agreement 
expands the OFDM Forum's vision of 
working towards a single, compatible 
global standard for OFDM technology 
by working with CABA to establish the 
future direction of home and building 
automation. "We are very pleased to 
welcome CABA to the OFDM Forum," 
said Lee Warren, Business 
Development Vice President for Wi-
LAN Inc. and Chairperson of the 
OFDM Forum. "As well, we are excited 
about the opportunity of becoming an 
active member of CABA. We feel the 
association fits well with our goals, 
specifically in the WLAN, WPAN and 
HMM working group, and believe this 
win-win situation will be pivotal to 
establishing future wireless standards 
for the North American home and 
building industry." 

Manufacturers endorse new 
wireless-data specification 

Nokia, Motorola, Ericsson, Siemens 
and others have banded together to 
endorse a next-generation delivery 
protocol for cellular phones and other 
devices. The companies will support 
and develop products based the 
Extensible Hyper Text Markup 
Language (XHTML). XHTML is an 
evolution to the Wireless Application 
Protocol (WAP), a much-maligned 
software delivery system that failed in 
its promises to bring wireless-data 
services and content over a range of 
portable devices. In addition to hand¬ 
set manufacturers, a number of 
mobile operators have also announced 
support for XHTML: Vodafone, 
Orange, Radiolinja, Sonera, DNA, 
Telenor, Netcom, T-Mobil, TIM, 
RadioMobil, and EuroTei Praha. The 
move comes in the wake of industry 
concerns that the wireless industry is 
in need of a shot in the arm and that 
concerted efforts by the industry 
would help to fend off further fears 
that the industry is showing weak¬ 
ness in inter-industry cooperation. 

Zeevo qualifies baseband, asso¬ 
ciated software for Bluetooth — 
Zeevo, Santa Clara, CA, formerly 
known as TelenComm, has attained 
Bluetooth qualification for its 
Bluetooth baseband, link manager, 
and associated software. The products 
are now included on the Bluetooth 
Qualified Product List (BQPL). 

Microchip Technology attains 
USB compliancy on PlCmicro 
microcontrollers — Microchip 
Technology’s, Chandler, AZ, family of 
one-time programmable (OTP) 
devices supporting the Universal 
Serial Bus (USB) 1.1 low-speed inter¬ 
face are USB-IF compliant. 

NEC to spin off Microwave and 
Optical Semiconductor Division 
— NEC, Santa Clara, CA, intends to 
spin off its Compound Semiconductor 
Device Division (CSDD) into a new 
company, effective October 2001. 
CSDD designs and manufactures a 
range of silicon and GaAs RF and 
microwave semiconductor devices as 
well as optical semiconductors. 

National Semiconductor choos¬ 
es 3DSP Technology for next-gen¬ 
eration chips — National 
Semiconductor, Irvine, CA, has 
selected 3DSP, Irvine, CA, as a key 
development partner. In designing a 
new architecture for low power and 
configurable system-on-a-chip (SoC) 
products, National will incorporate a 
3DSP DSP core, and will use HiFi -
the 3DSP design environment for 
DSP intellectual property (IP) SoC -
to tailor to the SP-X DSP core to meet 
third-generation (3G) wireless 
requirements. 

Andrew completes Brazil 
acquisition — Andrew, Orland 
Park, IL, acquired the remaining 30% 
equity in its Andrew Industria e 
Comercio Ltda and Andrew Comercio 
e Serviços Ltda subsidiaries in 

January. The transaction amount has 
not been disclosed. Andrew originally 
acquired 51% of both companies in 
1995 and raised its interest to 70% in 
1997. 

Zucotto Wireless, RealChip 
Communications partner for chip 
design, turnkey management — 
Zucotto Wireless, Sunnyvale, CA, 
and RealChip Communications, 
Sunnyvale, CA, have joined in a 
multi-chip design agreement to man¬ 
age the production and delivery of 
the Xpresso Java native processor. 
RealChip will act as a liason 
between Zucotto and various intel¬ 
lectual property suppliers, manufac¬ 
turers, and EDA tool suppliers, as 
well as the fab for the Xpresso semi¬ 
conductor, United Microelectronics 
Corporation (UMC). 

Classwave Wireless announces 
strategic partnership with 
Starwood Hotels and Resorts — 
Classwave Wireless, Toronto, and 
Starwood Hotels and Resorts world¬ 
wide have entered a strategic part¬ 
nership. Under terms of the agree¬ 
ment, Classwave will implement a 
suite of wireless services which will 
be available for hotel guests using 
Bluetooth devices including wire¬ 
less registration, e-mail, and 
Internet access. 

Samsung selects Silicon 
Laboratories’ GSM RF synthesizer 
technology — Samsung Electronics, 
Korea, has chosen Silicon Labs’ 
SÍ4133G RF synthesizer for use in 
the company’s newest GSM cellular 
handsets. The SÍ4133G meets 
Samsung’s mobile phone technology 
and reduced size requirements with 
its synthesizer integration. 
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From the Leader in VCO Technology, 
X ' %

Comes The Latest in PLL Technology! 

Model 
Number 

Frequency 
(MHz) 

Integrated 0N 
(100 Hz- 100 kHz) 

SSB (|>^ 
(dBc/Hz® 100 kHz) 

Frequency Range 
HIM) 1200 1600 ‘ 2000 24(H) 2800 

PLL0930A 900-960 0.75° -130 1 GSM 

PLL1260A 1230-1290 0.75° -123 1 Terrestrial Radio 

PLL1456A 1420-1490 0.75" -125 1 Wireless Local Loop 

PLL2710A 2670-2740 1.25“ -117 MMDS/LMDS | 

Your Next PLL Only A Phone Call Away! 

Using our patented ultra-low noise technology, Z-Communications has established a brand new 
technology base for our customers in the growing wireless market. The PLL family of phase 
locked loop solutions employ the latest in packaging technology coupled with superior SSB 
phase noise performance. Take a look at our innovative solutions for the GSM, terrestrial 
radio, WLL and LMDS/MMDS markets to see how easy designing in a Z-COMM PLL solution 
for your next product can be. We 're not just about VCOs anymore — we 're all about solutions! 

Come ̂ he Source... 
ZZZ-COMM. 

Z~Communications, Inc. 
Learn more about Z-COMM’s PLL product 
line by visiting our website: www.zcomm.com 
for datasheets, outline drawings, tape & reel 
specifications and application notes as well as 
our complete product catalog. 

9939 Ida Pasar • San Diego, CA 92126* TEL: (858) 621-2700 • Fax: (858) 621-2722 • www.zcomm.com • saletljLzcomm.com 
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True strength surpasses mere muscle. 

Bulking up a business involves repetition -

repeatedly proving you can handle an incredible 

workload with ease. At RFMD, we routinely 

master weighty problems like integrated 

function, power consumption, limited board 

space and complex design. 

Our reputation as an industry heavyweight 

is built on proven performance, quality 

and innovation. 

Trust the company you can rely on to deliver the 

components you can depend on — 

turn to RFMD. 

We’ll never let you down. 

STRENGTH - 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 
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Smart antennas 
for multiple 

sectorization in 
CDMA cell sites 
Smart and flexible antenna hard¬ 
ware provides a step in the right 
direction for spectrum efficiency, 
channel loading and reliability. 

By Ji-Hae Yea 

Data is the buzzword du jour on the lips of just 
about everyone in the wireless industry. And 

certainly ample reason exists to believe that non¬ 
voice traffic will play an increasingly large role in 
defining the technology, business opportunities and 
challenges of the wireless future. 

Figure 1: Conventional six-sector deployments require duplicating virtually every piece of 
base-station equipment. 

What is often overlooked in the enthusiasm to 
gaze over the data horizon, however, is that 
growth in voice subscriber numbers and minutes 
of use shows little sign of slowing. While the 
impact of the data explosion on carriers’ networks 
remains largely hypothetical, the challenge of pro¬ 
viding sufficient network capacity to handle cur¬ 
rent (mainly voice) traffic is already a daunting 
reality for many operators. Whether one focuses 

on the impending demands of data traffic or the 
needs of more than 60 million current CDMA sub¬ 
scribers in the here and now, the issue of how to 
increase network capacity in a cost-effective, scal¬ 
able manner is pivotal. 
Among other approaches to this problem, six-sec¬ 

tor cells and smart antennas are two ideas that 
have generated a great deal of interest among net¬ 
work operators. Smart antenna technology can 
facilitate the successful implementation of six-sec¬ 
tor in CDMA networks. 

Six-sector theory and practice 
In theory, increasing the number of sectors in a 

CDMA cell is a good way to increase its capacity. 
Everything else being equal, a six-sector cell should 
offer double the capacity of a three-sector cell with 
a similar coverage footprint. 

Unfortunately, everything else is not equal. As 
the number of sectors increases, the total area of 
the softer handoff zones between sectors increases, 
which in turn increases the “handoff overhead” of 
the cell. And because mobiles in softer handoff 
require downlink transmit power from more than 
one sector at a time, handoff overhead exacts a 
direct cost in terms of cell capacity. 

Similarly, the more sectors there are, the greater 
the likelihood of pilot pollution. As the number of 
strong pilots in any locale increases, the noise floor 
rises with a direct and negative impact on capacity. 
Thus, while increasing the sectorization of a cell 
increases capacity in some ways, it decreases it in 
others. In practice, cells with more than three sec¬ 
tors have generally not offered anywhere near the 
expected capacity payoff. 
Implementing six-sector with conventional 

antennas has typically entailed serious challenges. 
The sheer number of separate antennas required 
for a six-sector deployment means that the physical 
installation and alignment processes are painstak¬ 
ing and expensive. Iterative tower climbs are the 
order of the day in optimizing a conventional six-
sector site, and that’s only after the ever-more-diffi-
cult zoning battles have been waged and won. 

The smart antenna six-sector solution 
Smart antenna systems make six-sector a practi¬ 

cal proposition. They do so in three principal ways: 
by reducing handoff overhead, by easing the imple¬ 
mentation burden and by facilitating successful 
optimization. 
The size of the softer handoff zones between sec¬ 

tors in a CDMA cell is a function of the rolloff char¬ 
acteristics of the antennas employed. The sharper 
the main-lobe rolloff, the smaller the areas of over¬ 
lap between sectors where mobiles will be in softer 
handoff. The software-defined sector patterns pro¬ 
duced by the phased-array panel antennas of a 
smart antenna system display much sharper rolloff 
than do conventional antennas— so much sharper 
that the handoff overhead of a six-sector cell 
equipped with smart antennas can be roughly com-
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HIGH IP3 MIXERS 
+30dBmlP3 

The popularity of wireless communication services is soaring, but when 
signal overcrowding creates intermodulation distortion... Mini-Circuits has 
the solution! Our full range of low distortion, high IP3 SYM mixers provide the 
muscle it takes to suppress noisy intermods and unwanted signals. At the 
same time, these affordable surface mount solutions achieve low conversion 
loss and excellent L-R, L-l isolation. Developed for both analog and digital 
use, applications include airphone, cellular and 
cordless phones, radar, satellite, FM Broadcast, 
ISM, PCS, and PCN. Achieve the high performance 
your customers expect. Specify low loss, high IP3 
SYM mixers from Mini-Circuits. It’s the clear choice! 

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

TYPICAL SPECIFICATIONS: |p3

Freq. Mid band 
Model (MHz) (dBm) 

SYM-18H 5-1800 30 
SYM-15VH 10-1500 31 
SYM-25DHW 80-2500 30 
SYM-14H 100-1370 30 

SYM-10DH 800-1000 31 
SYM-22H 1500-2200 30 
SYM-20DH 1700-2000 32 

Isolation 
(dB) 

L-R L-l 

45 40 
45 35 
37 33 
36 30 

45 29 
33 38 
35 34 

Conv. Loss 
Mid band 

(dB) 

5.75 
6.5 
6.4 
6.5 

7.6 
5.6 
6.7 

Price $ea. 
Qty. 1-24 

16.85 
27.95 
24.95* 
14.95 

17.80 
18.75 
14.95 

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

*SYM-25DHW: 1OOO Quantity Price Only $6.45 Ea. 

r~1 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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parable to that of a typical three-sector 
site with conventional antennas. This 
means that the theoretical capacity 
gains offered by the additional sectors 
can actually be practically realized with 
smart antennas. 
Smart antenna systems ease the 

implementation burden of six-sector 
deployments by reducing the number of 
antennas required on the tower. With 
conventional antennas, six-sector can 
require as many as 18 precisely aligned 
antennas for the site to operate proper¬ 
ly. With a smart antenna system, as 
few as three antennas do the job, 
regardless of whether the site is config¬ 
ured for three, four, five or six sectors. 

Smart antenna systems can signifi¬ 
cantly reduce the amount of additional 
equipment necessary to implement six-
sector. Of course, six-sector requires 
two base station radios, but with con¬ 
ventional antennas, it also requires 
twice the power amplifiers, duplexers, 
filters and cabling compared to three-
sector. Because a smart antenna sys¬ 
tem manages the RF signal flow from 
the base stations all the way to the 
antennas, no additional amplifiers, 
duplexers, filters or cabling is required. 
This results in significant cost savings. 
Figures 1 and 2 illustrate the reduction 
in equipment that a smart antenna sys¬ 
tem makes possible. 

Finally, smart antennas make six-
sector optimization easier. Through 
remote software control, network engi¬ 
neers can manipulate the gain and 

phase of each individual narrow beam 
comprising the smart antenna pattern. 
This “sculpts” the coverage footprint to 
manage pilot pollution and control the 
location of handoff regions. Compared 
with the precision and flexibility inher¬ 
ent in smart antenna systems, conven¬ 
tional antennas afford only the crudest 
control over these critical parameters. 
Smart antennas allow six-sector to be 
successfully deployed in sites where 
optimization issues would prevent it 
with conventional antennas. 

Case study 
The recent commercial deployment of 

a CDMA smart antenna system in multi¬ 
sector configurations was implemented 
in a case study. Examining the deploy¬ 
ment illustrates many of the advantages 
smart antennas have to offer. The 
deployment had four objectives: 

• To demonstrate the ease and cost¬ 
effectiveness of deploying multi-sector 
with smart antennas. 

• To significantly increase the capac¬ 
ity of the cell over the three-sector 
baseline, and to quantify this increase. 

• To maintain or enhance quality of 
service relative to the three-sector 
baseline, not only in the case-study cell 
but in neighboring cells. 

• To demonstrate the unique ability 
afforded by smart antennas to reconfig¬ 
ure a cell from four- to five- to six-sector 
through software control. 
The cell where the deployment 

occurred is a busy suburban site in the 

network of a major U.S. cellular opera¬ 
tor. The site was originally configured 
in three-sector using conventional 
antennas and a Nortel Networks 
CDMA Metro Cell base station. 
The site was configured with two 

CDMA carriers. Rather than employing 
a hashing algorithm to allocate traffic 
between the two carriers, the operator 
implemented an overflow algorithm 
that directs traffic to the second carrier 
(F2) only when the first (Fl) reaches its 
capacity limit. This feature provided a 
convenient method for measuring the 
capacity improvement provided by the 
smart antenna deployment. 

Baseline switch statistics showed that 
traffic was distributed relatively equally 
among the three original sectors of the 
cell, with the alpha, beta and gamma 
sectors carrying on average 32%, 39% 
and 29% of the total load, respectively. 
As each sector of a perfectly balanced 
cell would carry 33.3% of the load, the 
“peak load” in the beta sector can be 
expressed as being about 117% of 
“ideal.” This figure represents more bal¬ 
anced loading than is often observed in 
commercial CDMA cell sites. Experience 
in using smart antennas to generate 
custom sector patterns (to balance traf¬ 
fic loading in three-sector sites) suggests 
that load balancing renders significant 
capacity benefits when peak loading is 
greater than 120%. Cells like this one, in 
which the absolute traffic load is high 
and evenly distributed, are ideal candi¬ 
dates for the six-sector solution. 

Prior to system installation, the RF 
footprint of the cell was determined 
empirically with CDMA drive-test 
equipment. Figure 3 shows the plot of 
the strongest serving pilot PN offset 
for the baseline configuration. 
Subsequently, a smart antenna system 
was installed, and commercial traffic 
was cut over to the system initially in a 
three-sector configuration that dupli¬ 
cated the sector orientation and cover¬ 
age of the baseline configuration. 
Then, after installation of a second 
Metro Cell base station, the site was 
taken to six-sector. Before and after 
ERP plots of the two configurations are 
shown in Figure 4. The footprint of the 
six-sector pattern was also verified 
through drive-testing; the six-sector 
strongest serving pilot PN offset plot is 
shown in Figure 5. 

Four- and five-sector configurations 
were also implemented and measured 
in commercial service. All sectorization 
changes after the initial cut-over to the 
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Mobile Communication 
GaAs FETs & MMICs 
The solutions for your base station design begins and ends with Fujitsu. 
Fujitsu's series of push-pull power amplifiers, MMICs, and driver FETs covers the Cellular, PCS, 
PCN, WLL, MMDS, and W-CDMA (3G) frequency bands. The very low thermal resistance 
of the power products offers improved stability for class A and AB performance over 
other technologies. 

FLL24OOIU-2C 
• 240W Push-Pull GaAs FET 
• High Power: Pout = 53.8dBm 
• High Gain: GL= 11.5dB(2.17GHz) 
• Thermal Resistance: Rfh = 0.45°C/W 

FLL8OOIQ-2C 
•80W Push-Pull GaAs FET 
• High Power: Pout = 49.0dBm 
•High Gain: GL = 11 0dB(2.17GHz) 
•Thermal Resistance: Rm = 0.8°C/W 

FMM5O46VF 
• GaAs MMIC Amplifier 
• High Power: Pout = 36.0dBm 
• High Gain: GL = 30.0dB(2.2GHz) 
• Low Input VSWR 

L-Band GaAs-FETs for Mobile Communication Systems 

CELLULAR W-CDMA WLL/DAB MMDS WLL 

0.8-1 .99GHz 2.1-2.2GHZ 2.3-2.5GHZ 2.5-2.7GHz 3.4-3.6GHZ 
55 

250 

150 

50 3.6GHz, 80W 
FLL600IQ-2 

LZTT 

FLL400IP-2 
40 45 FLL300IP-4 

20 

FLL120MK 
40 

FLL57MK | 

35 
OO 

100 
80 
60 

1° 
6 

■■12.7GHz 80W 

1 IFLL600IQ-3 

1 1 I 
WFMM5046VF 

I OFLL1500IU-2C 

FLL800IQ-_2C ~ ■ FLL1200IU-3 

FLU35XM/FLL357ME 

FLL600IQ-2C 
■ I 1 I IFLL400IP-3 

FLL310IQ-3A ■■ 

3.0 

Frequency (GHz) 

www.fcsi.fujitsu.com 

FUJITSU COMPOUND SEMICONDUCTOR, INC. 
2355 ZÄNKER RD., SAN JOSE, CA 95131 
PH: (408) 232-9500 FAX: (408) 428-9111 INFO/CARD 11 
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smart antenna system were implement¬ 
ed through remote software control of 
the beamwidth, azimuth pointing angle 
and per-beam gain of the synthesized 
antenna patterns. No physical changes 
to the antenna tower were required. 

Measuring capacity gain 
Measuring the capacity of a CDMA 

cell site is not straightforward. 

Therefore, it is typically difficult to 
quantify the precise capacity improve¬ 
ment attributable to a configuration 
change. However, the way the operator 
of this network implemented F2 pro¬ 
vides a convenient means of estimating 
capacity gain in this instance. 

Users are assigned to F2 only after 
traffic on Fl causes the base station to 
exceed an operator-established thresh-

transitioning 
coax to microstrip 

senes 
For reasons of controlled impedance, high frequency signal management on a printed circuit 

board is often achieved using microstrip designl High bandwidth signals, such as video and 
telco DS3, are 75 ohm and coaxial. The challenge of connecting the coax signal to microstrip 
lies in the peb-mounted RF connector. Trompeter answers that challenge with a new line of 
products designed to deliver high bandwidth data rates and superb signal clarity for 
demanding applications. 
To learn more about this new line of products, request a copy of Trompeters PCB Design 

Guide - 44 pages of tutorial-style information on how to manage RF signals, design 
guidelines, and a selection of PCB coax products 

the new 
Trompeter 
PCB coax 

Ot 'teiA' tram bmnik neks ne tenu«« :owti tew cmkis Ik Imi 
let« num aecUKei M 11 ««« w cniki face ■ Ite NM cn*i«i 
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ELECTRONICS INC 

GET PRODUCT FAST... 
VISIT OUR WEBSITE TODAY! 

www.trompeter.com or call: 800 982-2629 

Nine Reasons 
Why Trompeter 
PCB-Mounted 
Connectors 
Perform Better 
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Figure 3. Plot of strongest serving pilot PN for the 
three-sector baseline configuration. 

old of 67% of maximum transmit power. 
Thus, any call completions on F2 can be 
considered as having been blocked on 
Fl. The probability of a call being 
blocked can be expressed as the grade of 
service (GOS), which can be calculated 
for this cell from switch statistics by: 

GOS = 
Tf2 

TfI + Tf2 
(1) 

where TFI and TF2 are the number of 
call completions over a given time on 
Fl and F2, respectively. For any given 
level of traffic, therefore, a low GOS 
indicates that Fl is carrying most traf¬ 
fic and that relatively little blocking 
would be present if F2 were absent; a 
high GOS indicates that a high level of 
blocking would occur without F2. 
To assess the efficiency of the cell 

under different sectorization schemes, 
the observed GOS can be plotted 
against call completions. An efficiency 
curve can then be computed using the 
Erlang B model that best fits the 
observed data. The general Erlang B 
model is given by: 

GOS = -^~ 
Ak

where C is the number of trunked 
channels offered by a trunked radio 
system and A is the total offered traffic 

z 
*0 
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DO-IT-YOURSELF 
Low Cost Power Splitters 
Introduction 
Ever expanding applications of RF and Microwaves 
for Wireless and Cable applications have revived the 
development efforts of components at these frequencies. 
There is a continuing demand to reduce the cost and 
increase the performance and quality at the same time. 
Mini-Circuits is working to satisfy these goals and has 
introduced a new splitter series to satisfy the demands of 
the market. These splitters are designed to need only 
commercially available low-cost off-the-shelf chip resistors 
and capacitors as external components, and are designed 
for automated manufacturing to achieve low overall cost. 

What Constitutes a Power Splitter 
Fig 1 is the block schematic of a two-way power splitter. 
It consists of a divider section, a matching section, a 
resistor RI and a capacitor C1 . The function of the 
divider section is, as the name implies, to divide the input 

All connections from the transformers to the header are 
made by welding. This helps to ensure preciseness of the 
assembly, with resulting high performance repeatability, 
as well as preventing any disconnection during reflow. 

Performance of the Splitter 
Mini-Circuits has introduced three splitters covering 
the frequency range of 5 to 2500 MHz. TCP-2-10 and 
TCP-2-25 are designed for 50 ohm. and TCP-2-10-75 is 
for 75 ohm characteristic impedance. Fig 2 is a typical 
photo of the splitters and Table 1 gives the specifications. 
Fig 3 shows the insertion loss of TCP-2-10. The insertion 
loss of the splitter is typically 0.5 dB above the 3 dB split 
over the band. Fig 4 shows the isolation vs. frequency, 
which is typically 25dB over the band. Fig 5 shows VSWR 
vs. frequency at all three ports, which is typically 1.1:1. 
Circuit board layout plays an important part in the performance 
of the splitter. In order to minimize parasitic effects, 
suggested layouts as shown in Fig 6 should be used. 

RF-ln 

Matching __C1 Divider 
Section 

RF-Out #1 

RF-Out #2 

Fig. 1 Block Schematic of a Power Splitter 

signal into two parts. The matching section together with 
capacitor C1 performs wide-band matching at all ports. 
Resistor R1 helps provide wide-band isolation between 
the two RF output ports. The matching and divider 
sections form the heart of the splitter. They are realized 
using magnetic cores. The matching and divider sections 
are integrated into a single unit, and are herein afterwards 
called the splitter. The next section describes the splitter. 

Construction of the “TCP” device 
TCP-series splitters use one magnetic core transmission 
line transformer for power division and another similar 
transformer for matching. The transformers share a common 
structure, for compactness. The base of the device is plastic 
with embedded leads, which makes the construction very 
rugged. The leads are solder plated for excellent solderability. 

The external components, resistor and capacitor should 
be of 0805 size. The capacitor should be of NPO type 
with a nominal value of 1.5pF. The chip resistor should 
have a nominal value of 100, 150, and 475 ohms for 
TCP-2-10, TCP-2-10-75, and TCP-2-25 respectively. 

Conclusion 
Three power splitters have been introduced to operate 
over 5-2500 MHz. Due to all-welded connections the 
splitters are very rugged. The product has been designed 
to be fabricated in automated set-ups which helps lower 
the cost. Further cost reduction is obtained by designing 
the unit to work with a low-cost off-the-shelf chip resistor 
and capacitor used as external components. 

BUI Z a  Z Z ma ■ ■ Z & a  P.O. Box 3501 66. Brooklyn. New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 
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Mini-Circuits 

ELECTRICAL SPECIFICATIONS Table 1 

❖ When only specification for M range given, specification applies to entire frequency range. 

MODEL 
NO. 

FREQ. 

RANGE 

(MHz) 

ISOLATION 

(dB) 

L M* U 

Typ. Min. Typ. Min. Typ. Min. 

INSERTION LOSS (dB) 

ABOVE 3.0 (dB) 

L M* U 

Typ. Max. Typ. Max. Typ. Max. 

PHASE 

UNBALANCE (Deg.) 

L M* U 

Max. Max. Max. 

AMPLITUDE 

UNBALANCE (dB) 

L M* U 

Max. Max. Max. 

Price 

S ea. 

Qty. 

(10-49) 

TCP-2-10 

■ TCP-2-10-75 

TCP-2-25 

5-1000 

5-1000 

200-2500 

25 17 25 16 21 16 

24 14 29 19 30 16 

18 10 

0.3 0.9 0.5 0.9 0.5 1.4 

0.3 1.4 0.3 0.9 0.6 1.3 

0.6 1.3 

4 4 6 

6 4 3 

6 

0.6 0.6 0.3 

1.2 0.6 0.5 

0.8 

3.95 

4.95 

4.95 

Denotes 75 ohm model L=low range [fL to 10 fL] M=mid range [1 OfL to fy/2 ] U=upper range [fy/2 to fy ] 

Fig. 2 

TCP-2-10 
ISOLATION 

Fig. 4 

TCP-2-10 
VSWR 

Fig. 5 

see us on the web 
www. minicircuits, com 



DO-IT-YOURSELF 
Power Sputters Suggested PCB Layout For TCP-2-10 

Typical Performance Data For TCP-2-10 
Frequency Insertion Loss 

(MHz) (dB) (dB) 

S-l S-2 

5.00 3.10 3.33 
7.00 3.10 3.30 
10.00 3.10 3.29 

100.00 3.16 3.30 
190.00 3.20 3.34 

370.00 3.26 3.40 
550.00 3.36 3.46 
730.00 3.43 3.49 
910.00 3.54 3.55 
1000.00 3.66 3.65 

Amplitude Isolation Phase 

Unbalance (dB) Unbalance 

(dB) (dB) 

VSWR VSWR VSWR 

S 1 2 

0.23 30.15 0.98 
0.20 31.40 0.82 
0.19 32.26 0.60 
0.14 30.00 0.15 
0.14 27.03 0.45 

0.13 23.32 0.88 
0.10 21.68 1.23 
0.06 21.37 1.41 
0.01 23.06 1.63 
0.01 25.28 1.74 

1.05 1.28 1.17 
1.04 1.23 1.15 
1.04 1.20 1 14 
1.06 1.10 1.12 
1.09 1.09 1.12 

1.14 1.06 110 
1.15 1.05 1.06 
1.11 1.04 1.02 
1.05 1.11 108 
1.07 1.17 1.14 

Typical Performance Data For TCP-2-10-75 
Frequency 

(MHz) 

5.00 
10.00 

100 00 
300 00 
500 00 

Insertion Loss 

(dB) (dB) 

S-l S-2 

Amplitude Isolation Phase 

Unbalance (dB) Unbalance 

(dB) (deg.) 

3.13 3.50 0.37 24.98 0.43 
3.12 3.38 0.26 27.65 0.22 
3.16 3.38 0.22 28.67 0.07 
3.25 3.38 0.14 27.92 0.24 
3.32 3.27 0.04 29.42 0.56 

VSWR 

S 

1.04 
1 02 
1.04 
1 14 
1.20 

700.00 3.41 3.27 
800.00 3.46 3.32 
900.00 3.54 3.40 
950.00 3.63 3.46 
1000.00 3.64 3.52 

0.14 29.83 
0.15 27.04 
0.14 24.10 
0.16 22.90 
0.11 21.81 

0.68 1.22 
0.70 1.22 
0.66 1.21 
0.63 1.21 
0.56 1.20 

VSWR 

1 

1.17 
1.15 
1.14 
1.20 
1.20 

1.30 
1.31 
1.30 
1.32 
1.35 

VSWR 

2 

1.38 
1.26 
1.20 
1 18 
1.16 

1.19 
1.22 
1.23 
1.23 
1.23 

Typical Performance Data For TCP-2-25 
Frequency Insertion Loss 

(MHz) (dB) (dB) 

S-l S-2 

Amplitude Isolation Phase 

Unbalance (dB) Unbalance 

(dB) (deg ) 

VSWR 

S 

200 00 
346.67 
640.00 
1080.00 
1373.33 

1520.00 
1813.33 
2106.67 
2400.00 
2523.08 

3.56 
3.59 
3 70 
3 73 
3.78 

3.74 
3 75 
3.78 
J 78 
3.83 

J 54 
3.56 
3.61 
3.54 
3.52 

3.45 
3 39 
3 39 
3.38 
3.44 

0.01 16.61 
0.03 17.48 
0.08 18.59 
0.19 20.91 
0.26 22.17 

0.29 22.38 
0.35 21.59 
0.39 19.71 
0.40 17.51 
0.39 16.64 

0.32 1.96 
0.54 1.94 
0.87 1.90 
1.22 1.85 
1.46 1.77 

1.52 1.73 
1.72 1.57 
1.96 144 
2.42 1.23 
2.60 1.19 

VSWR 

1 

1.54 
1.55 
1.62 
1.68 
1.73 

1.73 
1.77 
1.81 
1.90 
1.88 

VSWR 

2 

1.53 
1 54 
1 68 
1.60 
1.62 

1.63 
1.63 
1.67 
1.75 
1.74 

PIN CONFIGURATIONS TCP-2-10 TCP-2-10-75 TCP-2-25 

SUM PORT 
PORT 1 

PORT 2 
GROUND 

SHORT 

RESISTOR: 
CAPACITOR 1.5pF 

6 

3 
4 

1 

2.5 
100Q3.4 

2 To GND ! 5 To GND 

6 6.5.2 

3 3 
4 4 

1 1 

2.5 
150Q3.4 475Q 3,4 

5 To GND 

Operating Temperature: -20°C to 85°C, Storage Temperature: -55°C to 100°C 
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:igure 4. ERP plots comparing antenna patterns of the three-sector baseline configuration (left) and the 
>potLight 2000 six-sector configuration (right). 

n Erlangs. In determining the best-fit 
■urve, the value of C is chosen to mini-
nize the squared error between the 
tbserved GOS at a given level of traffic 
md the predicted GOS from the model 
or the same level of traffic. Offered 
.raffic, A, is taken to be the number of 
tail completions in a given hour (TF1 + 
PF2) multiplied by a constant repre¬ 
senting assumed average call duration. 
The Erlang B model does assume a 

Ixed-trunk air interface, and CDMA 
loes not strictly meet this criterion 
tither. This is because the number of 
ivailable channel elements varies with 
he forward-link power requirements 
ind the handoff state of the mobiles 
teing served. However, over time, there 
s an average number of “available” 
:hannel elements, and thus the Erlang 
3 model still provides a good approxi-
uation of GOS for a CDMA cell. 

Capacity results 
The results of the analysis are pre¬ 

sented in Figures 6 and 7. Figure 6 
shows the best-fit Erlang B curves 
"elating GOS to offered traffic for the 
oaseline three-sector and smart anten-
la six-sector configurations using data 
Tom the 4 p.m to 5 p.m. busy hour. It 

is appropriate to concentrate on the 
busy hour because this is when any 
capacity gains afforded by six-sector 
will be most valuable to the network 
operator — in terms of network effi¬ 
ciency and revenue. Data were collect¬ 
ed over 15 consecutive days for the 
baseline configuration and over 12 con¬ 
secutive days for the six-sector configu¬ 
ration. 

Figure 6 shows that the smart 
antenna six-sector configuration result¬ 
ed in a significant rightward shift in 
the best-fit curve. This indicates that, 
at a given GOS, the six-sector cell was 
carrying more offered traffic. Figure 7 
presents the magnitude of this increase 
at various grades of service. At a rea¬ 
sonable 2% GOS (i.e., a 2% access fail¬ 
ure rate), the smart antenna system in 
six-sector increases capacity by 73.6%. 
This significant increase in cell 

capacity can be attributed to the con¬ 
trol of handoff overhead. Figure 8 com¬ 
pares Ec/10 plots for the baseline three-
sector configuration with conventional 
antennas and the smart antenna six-
sector configuration. The size of the 
inter-sector softer handoff regions— and 
thus the amount of handoff overhead— 
is indicated by the darker shaded 

Figure 5. Plot of strongest-serving pilot PN for the 
SpotLight 2000 six-sector configuration. 

areas. By inspection, the amount of 
handoff overhead appears roughly 
equivalent between the two configura¬ 
tions. In fact, as measured by the ratio 
of Walsh-code Erlangs to primary 
Erlangs, handoff overhead increased 
less than 7% in moving from the three-
sector baseline to the six-sector configu¬ 
ration (1.86 to 1.99), despite the 100'/ 
increase in the number of handoff 
zones. This means that, in contrast to 
the conventional six-sector case, scarce¬ 
ly any of the capacity gains of a six-sec¬ 
tor deployment facilitated by smart 
antennas are squandered on unproduc¬ 
tive overhead; they are instead avail¬ 
able to carry revenue-producing traffic. 

Quality of service 
The main purpose of the six-sector 

deployment was to provide increased 
site capacity. Metawave’s smart anten¬ 
na system delivered on that promise. 
But capacity gain in any single cell 
would not be worthwhile if it came at 

Offered Traffic (TF1 * TF2) 

Figure 6. Best-fit Erlang B model of cell capacity for 4 p.m. to 5 p.m. busy hour. Figure 7. Estimated capacity improvement of six-sector configuration over 
baseline configuration at different GOS. 
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Figure 8. Ec/IO plots of the baseline three-sector configuration (left) and the new six-sector configuration 
(right) reveal similar total handoff overhead 

the expense of quality of service (QoS) 
in the cell itself or in neighboring cells. 
The case study results show that, over¬ 
all, the smart antenna deployment 
maintained, and in some ways actually 
enhanced, the performance of the study 

As Table 2 shows, the smart antenna 
six-sector deployment belied these 
expectations. The dropped call rate fell 
by between 10% and 55% in every cell 
in the cluster. With regard to access 
failures, three cells experienced slight 

as traffic and RF demands change. As 
an example of the real-world uses of 
this feature, imagine implementing a 
three-sector smart antenna solution to 
balance traffic loading in a highly 
imbalanced cell. A year later, after a 
new shopping mall, freeway and hous¬ 
ing development have appeared within 
the footprint of the cell, one might con¬ 
clude that the heavy loading across all 
three sectors indicated a six-sector 
solution. And a year after that, one 
might decide to take the site back to 
four sectors to help manage pilot pollu¬ 
tion arising from a new neighboring off¬ 
load site. Smart antennas can provide 
the flexibility to make such changes 
with minimal base-station equipment 
changes and with no changes whatso¬ 
ever to the antennas on the tower. 
As a demonstration of this flexibility, 

the study site was operated for five 
days each in four- and five-sector con¬ 
figurations. The estimated capacity 
increases, dropped call rates and block-

Table 1. Levels of total carried traffic in the baseline three-sector 
and new six-sector configurations, comparing average daily call 
completions. 

cell Baseline, 
3-sector 

New, 
6-sector 

Study cell 
Neighbor A 
Neighbor B 
Neighbor C 
Neighbor D 

15,197 
4,369 
2,617 
3,859 
1,662 

15,977 
5,151 
2,719 
3,566 
2,035 

Table 2. QoS metrics for baseline three-sector and new six-sector configurations. 

cell 3-sector 6-sector 3-sector 6-sector 

Study cell 
Neighbor A 
Neighbor B 
Neighbor C 
Neighbor D 

1.35 
1.51 
2.33 
1.65 
1.87 

1.21 
1.33 
1.06 
1.45 
1.53 

1.14 
1.66 
1.10 
1.50 
1.00 

0.95 
1.77 
1.11 
1.22 
1.01 

cell and its neighbors. 
To make meaningful QoS compar¬ 

isons, it is necessary to establish that 
the levels of carried traffic before and 
after the implementation of the smart 
antenna system are roughly compara¬ 
ble. The switch data on call completions 
presented in Table 1 demonstrate that 
this was the case; both in the study cell 
and its neighbors. 

Typically, six-sector deployments 
using conventional antennas suffer 
QoS problems due to excess pilot pollu¬ 
tion. In areas where a dominant server 
does not exist because of pilot pollution, 
one would expect significant problems 
with dropped calls and access failures. 

increases (of between roughly 1% and 
7%), while two others experienced 
decreases of almost 20%. On balance, 
the smart antenna system in six-sector 
delivered enhanced QoS along with 
greater capacity. 

Easy reconfiguration 
A final goal of the deployment was to 

demonstrate the flexibility of smart 
antenna systems in reconfiguring a site 
from one sectorization scheme to anoth¬ 
er through software control. Flexible 
smart antenna technology makes it 
practical for an operator to take a 
three-sector antenna site to a four-, 
five-, or six-sector site and back again 

ing rates for these two configurations 
relative to the baseline three-sector 
configuration are presented in Table 3. 

Because the goal of this deployment, 
relative to the four- and five-sector con¬ 
figurations, was to demonstrate how 
smart antennas enable easy, software-
controlled sectorization changes, nei¬ 
ther configuration was optimized in 
any systematic way. Both the four- and 
five-sector configurations feature 
beamwidths large enough to provide 
real scope for traffic load balancing 
using the smart antenna system’s abili¬ 
ty to adjust beamwidth and orientation, 
as in the well-proven three-sector case. 
One could expect this effort to produce 

Table 3. Estimated capacity increases and QoS metrics form new four- and five-sector configurations relative to baseline three-sector configuration. 

Configuration Estimated capacity 
increase @2%GOS (%) 

Average daily dropped 
call rate (%) 

Average daily access 
failure rate (%) 

Baseline 
Four-sector 
Five-sector 

N/A 
48.7 
53.7 

1.35 
1.22 
1.45 

1.14 
1.03 
1.04 

36 www.rfdesign.com April 2001 



The world leader 

When it comes to your RF design, come to 

Z~Communications, Inc 
INFO/CARD 105 

9939 Via Pasar • San Diego CA 92 126 
Telephone: 858-621-2700 • Fax: 858-621-2722 

www.zcomm.com • sales@zcomm.com 

the source. 
Z-COMM 

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

MINI O.S'xO.S'xO.ZZ" 

USSP 0.2'x0.2'x0.06' 

PLL - 0.63’x0.866”x 0. 1 4" 

Part Maximum Minimum Tuning Tuning Phase Noise Harmonic Supply Supply 
Number Start Freq Stop Freq Voltage Sensitivity @>10 kHz Suppression Voltage Current 

(MHz) (MHz) (Vdc) (MHz/V) (dBc/Hz) (dBc) (Vdc. nom ) (mA, typ ) 

CLV0815E 806 824 0.5-4. 5 11 -113 -35 5.0 11 

CLV0950E 865 1035 1-10 27 -114 -1 1 5.0 24 

CLV0915A 902 928 0-4 17 -108 -30 3.0 10 

CLV1085E 1050 1086 0.5-4. 5 21 -112 -20 5.0 20 

CLV1385E 1370 1400 0.5-4. 5 18 -110 -20 5.0 20 

CLV155OE 1500 1600 O.5-5.O 44 -106 -35 5.0 22 

CLV2465E 2436 2496 1-4 26 -107 -20 5.0 25 

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

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

Part Maximum Minimum Tuning Power Phase Noise Harmonic Supply Supply 
Number Start Freq Stop Freq. Voltage Output @10 kHz Suppression Voltage Current 

(MHz) (MHz) (Vdc) (dBm) (dBc/Hz) (dBc) (Vdc. nom.) (mA, typ ) 

USSP2330 2300 2360 0.5-2. 5 0±3 83 -1 5 2.7 8 

Part Start Freq Stop Freq Step Size Int Phase Phase Noise Output Supply Supply 
Number (MHz) (MHz) (kHz) Noise at 10kHz Power Voltage Current 

CRMS) (dBc/Hz) (dBm) (Vdc) (mA) 

PLL0210A 200 230 100 0.50 -105 3. 5+2. 5 +5 25 

PLL0930A 900 960 100 0.75 -101 3±2 +5 40 

PLL1260A 1230 1290 1000 0.75 -102 1±2 +5 40 

PLL1456A 1420 1490 1000 0.75 -103 1±2 +5 40 

PLL2710A 2670 2740 1000 1.25 -98 1±4 +5 30 

SMV - 0.3"x0.3"x0.8 

VCOs for every application. 
Unmatched performance for your next PCMCIA-compatible design! 
Part Maximum Minimum Tuning Tuning Phase Noise Harmonic Supply Supply 
Number Start Freq. Stop Freq. Voltage Sensitivity @10 kHz Suppression Voltage Current 

(MHz) (MHz) (Vdc) (MHz/V) (dBc/Hz) (dBc) (Vdc, nom ) (mA. typ ) 

SMV0162A 125 200 0.7-8.3 12 -100 -6 5.0 36 

SMV157OL 1540 1600 0.5-2. 5 128 -90 -15 2.7 9 

SMV2165A 2118 2218 0-3 148 -91 -10 3.3 16 

SMV2390L 2290 2485 0-4 116 -90 -11 5.0 16 

SMV2660L 2620 2700 0.5-4. 5 90 -91 -17 5.0 21 

in VCO and PLL technology. 



incremental capacity gains beyond 
those reported in Table 3, as those 
gains resulted entirely from the 
increased number of sectors. 

The results 
The results of this deployment pro¬ 

vide conclusive validation of the use of 
smart antennas to facilitate multiple 
sectorization schemes in CDMA cells. 
The sharp sector rolloff characteristics 
of such systems’ software-defined, 
multi-beam antennas produce in prac¬ 
tice the substantial capacity benefits 
that four-, five- and six-sector configu¬ 
rations have long promised in theory. 
In addition, the precision and flexibility 
of smart antennas allow operators to 
successfully negotiate the challenges of 
optimization in a way that conventional 
antennas do not. 
No single sectorization scheme will 

prove optimal for every capacity-con¬ 
strained CDMA cell. In many instances, 
the apparent capacity problem stems 
less from an absolute shortage of site 
capacity than from the uneven distribu¬ 
tion of traffic among sectors. In such 

cases, using smart antennas to balance 
traffic loading by customizing sector 
size and orientation can “unlock” capac¬ 
ity that is sitting idle in under-utilized 
sectors. This can boost site capacity by 
as much as 50%, (as demonstrated by 
commercial three-sector deployments) 
without exacerbating problems of pilot 
pollution or neighbor list planning. 

However, in cells where the traffic 
load is well-balanced among the three 
sectors — and balanced at an unaccept¬ 
ably high level — a six-sector configura¬ 
tion facilitated by smart antennas can 
create new capacity. In intermediate 
cases, smart antennas can both create 
additional sectors for greater capacity 
and distribute traffic more evenly across 
those sectors to boost site efficiency. 
As subscriber numbers continue to 

soar, and as the predicted demand for 
data traffic begins to materialize, 
CDMA network operators will need to 
use all available tools and strategies to 
meet the attendant capacity challenges. 
Smart antennas will certainly be 
among the most flexible and cost-effec¬ 
tive of those tools, and using such sys¬ 

tems to facilitate flexible, multiple sec¬ 
torization schemes will likely be among 
the most promising strategies. 
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REembedded technologies 

Interfacing E- and 
E2-PROM memory 
with digital signal 

processors 

As more digital-based features and 
functions get crammed into 

wireless products, DSPs and support 
hardware take center stage. 

By lantha Scheiwe 
and Felicia Benavidez 

Today’s 2 and 2.5G wireless devices offer a rela¬ 
tively full plate of features and functions. 

Tomorrow’s 3G will extract an even higher price in 
terms of digital technology and storage memory for 
their pervasive feature set. 

To support this feature-hungry environment, dig¬ 
ital signal processors and their support memory are 
becoming mainstream. Erasable programmable 
read-only memory (EPROM) and electrically 
erasable programmable read-only memory (EEP¬ 
ROM), along with latest generation DSPs, promise 
to field the ball. 

The fundamentals 
An EPROM is a read-only memory chip that can 

be reprogrammed using a special ultraviolet device. 
The chips are packaged with a clear plastic cover so 
that the chip can be exposed to the light and be 
erased for reprogramming. 
An EEPROM, or E2PROM, can be erased and 

reprogrammed in a similar fashion. EEPROMs do 
not require any special packaging or reprogram¬ 
ming devices. They are reprogrammed by simply 
applying an electrical current to the memory chips 
(as opposed to having to use UV light) and then 
writing new instructions to the device. 

Digital signal processor (DSP) hardware engi¬ 
neers can fully utilize a processor’s resources and 
generate an optimized memory design by interfac¬ 
ing their DSPs to one or more of these devices in 
their designs. EPROM and EEPROM memories are 
not fast access devices, especially in the realm of 

DSP applications. Even the fastest EPROM or 
EEPROM memories require that a DSP core run¬ 
ning at 100 MHz generate wait states. 

Both types of memory devices have address sta¬ 
bility requirements, and any interface with a DSP 
will require multiple wait states. This article will 
explain EPROM and EEPROM memory capabili¬ 
ties and typical applications (some will be manufac¬ 
turer and device specific). Although some of the 
technical terms may vary from one DSP vendor to 
another, the same EPROM interface methods will 
apply regardless of vendor. 

EPROM and EEPROM memories 
The only distinction between the two types of 

memories is the means by which a user or a vendor 
in an application erases the memory prior to repro¬ 
gramming. Designers interface both devices identi¬ 
cally in DSP applications and the two devices, if 
otherwise identical, are interchangeable. The terms 
EPROM and EEPROM are interchangeable in the¬ 
ory and for the discussions herein. 

Either memory device is available in an assort¬ 
ment of packaging and capacity ranges. The most 
widely available memory is 8-bit, but 16-bit and 32-
bit memories are also available. Designers can also 
multiply bit rates by using multiple devices in par¬ 
allel, e.g., three 8-bit devices to achieve 24-bit per¬ 
formance. Commercially available device memory 
capacities also vary widely, from 2 kB to 4 MB or 
more to fit nearly every design need. The primary 
purpose of EPROM memory is to provide non¬ 
volatile storage for critical startup programs and 
data. Although their access speed has increased in 
recent years, the current highest-speed EPROM 
memories can be accessed at 70 MHz. Most are con¬ 
siderably slower. 

Interface issues 
With a DSP core running at 100 MHz, one wait 

state equals 10 ns (time is the inverse of speed). 
The interface between the two devices must fit the 
system timing requirements so both devices are 
compatible. The designer will have to program 
wait states into the DSP because EPROMs cannot 
drive the data bus in one clock cycle. For even the 
fastest EPROMs, the DSP will incur a wait state 
penalty that can vary anywhere from 1 to 20, or 
more wait states. 

Because the EPROM is a slower device in most 
design applications, the designer seeks to mini¬ 
mize the content of the EPROM. By downloading 
modestly sized programs or data stored in the 
EPROM to the DSP’s internal random access 
memory (RAM), the application will achieve opti¬ 
mum performance much more quickly (since the 
data in the DSP’s internal RAM runs at the same 
speed as the DSP). Thus, in most design interfaces 
with DSPs, designers will try to avoid large memo¬ 
ry EPROM devices. In DSP applications, EPROMs 
are most frequently used when the system has to 
boot after a reset. Routine maintenance, program 
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Figure 1. External memory bus asynchronous read timing. 

upgrades, or power failure can also 
cause a reset to occur. 

In terms of the operation of the DSP, 
the EPROM only functions to boot the 
DSP. When the DSP boots after reset, 
it needs to know what to do. A common 
way of telling it what to do is with an 
external EPROM. The DSP accesses 
the non-volatile EPROM at boot since 
the DSP’s static RAM (SRAM) is 
volatile and cannot retain its contents 
if power is lost. As a result of any reset 
and boot, the DSP’s RAM program con¬ 
trol will be lost. Although using exter¬ 
nal EPROM to boot the DSP is com¬ 
mon, the designer can select other 
approaches such as flash memory or 
booting from a host. 

In some applications, the system 
may also require permanent data or 
tables, a second use of EPROMs with 
a DSP. Remember, while the DSP is a 
high-speed device, the EPROM is not. 
For this reason, EPROM usage is lim¬ 
ited in DSP applications to functions 
that are not time-critical, such as boot 
sequences. The DSP can access the 
required data or tables at boot time 
without incurring a performance 
penalty, as would be the case if the 
EPROM had to be accessed as a rou¬ 
tine processing step. EPROMs are 
used because they are non-volatile, 
cheap and have small footprints 
(depending on capacity). These are the 
attributes that make them a good 
choice for boot applications. Slow 
speed relative to the DSP is the rea¬ 
son why the EPROM performs no 
active functions during regular DSP 
system operation. 

In some systems, a hardware device 
other than the DSP may require and/or 
cause a reset. This action will also 
cause the DSP to reset, which in turn 
triggers access to the EPROM. The par¬ 

ticular trigger depends on the reset 
mode in the design. The reset mode 
lines in the design define whether the 
system triggers access to the EPROM 
to reset. Once the access to the EPROM 
is triggered, the following signal lines 
define the interface between the 
EPROM and the DSP. These signals 
are common to DSP interfaces with 
EPROMs: 

• Read data enable — An active low-
output signal that is asserted during an 
external memory or peripheral read 
access. 

• Write data enable — Same as above 
for write access. 

•Address bus — Address lines that 
allow the DSP to directly address 256 
Kwords of external memory or periph¬ 
erals. These active high-output signals 
are asserted only during external mem¬ 
ory or peripheral read or write access¬ 
es. These signal lines maintain state 
when external memory spaces are not 
being accessed. 

•Address attribute (AA) — (This 
chip select may be named differently 
by DSP vendors, but the function will 
be identical.) When the four AA 
attribute signals are selected they can 
function as chip selects or additional 

Figure 2. EEPROM memory map layout. 

address lines. When the row address 
strobe option is selected for these sig¬ 
nal lines they can function as row 
address strobe lines for dynamic RAM 
(DRAM) interfacing. 
Programs stored in the EPROM’s 

non-volatile memory storage can be 
read and run indirectly as 8-bit data. 
Either a program or direct memory 
access (DMA) can access the EPROM 
and pack and store the data into the 
DSP’s program memory. After every 
three accesses, the DSP packs the 
three 8-bit transmissions into 24-bit 
words for storage into program RAM. 
An alternative to packing three 
transmissions from one 8-bit device is 
to arrange three 8-bit EPROMs as a 
24-bit bank and get 24-bit data in 
each transmission. This method takes 
the most advantage of a particular 
manufacturer’s 24-bit word architec¬ 
ture, but requires additional board 
space and system cost. After the data 
loading is complete, the DSP turns 
program control over to the newly 
loaded program. 
This program, called the overlay 

loader, can then load additional data 
(under dynamic memory access (DMA) 
or program control) from the 
EPROM(s) into program, X data, or Y 
data spaces for later execution or use)1. 
Although not commonly done, after the 
DSP has booted and is ready to run, the 
overlay loader program can access the 
same EPROM for additional saved 
blocks of data or tables. In this way, the 
remainder of the data loading may be 
done at a higher clock speed. 

An application 
One application of this method can 

load a small program that sets a phase 
lock loop (PLL) at a higher frequency. 
The PLL initially runs at the input 
clock speed of the system’s on-board 
oscillator. This speed is usually slower 
than the full capability of the DSP. A 
high-speed oscillator is not used here 
because it can cause signal interference 
on the board. By using a slower clock, 
the designer can use the PLL to multi¬ 
ply the slower oscillator to meet the 
maximum clock speeds of the DSP. To 
speed up the boot process, it is advanta¬ 
geous to start the PLL with a small 
program so that the remainder of the 
boot program can utilize the DSP’s 
maximum clock speed. This is especial¬ 
ly useful if there are many boot instruc¬ 
tions because most applications have to 
boot within a limited amount of time. 
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Figure 3. Schematic of the voltage converter. 

It’s all about the boot 
Boot times are defined by the indi¬ 

vidual end-use requirements of each 
application. In cell phones, for 
instance, the design can tolerate a 
boot time of only a few seconds. Most 
cell phone users are too impatient to 
wait longer. In another instance, when 
a base station boots, there’s normally 
a large amount of data and many 
channels of voice that also require a 
large amount of data. A base station 
may receive a reset command during a 
power failure, when another compo¬ 
nent fails, or as a result of human 
error. Similarly, a reset command 
may be generated when the base sta¬ 
tion requires servicing or an upgrade. 
Finally, the system will have to be 
reset after the installation of new 
hardware or other new devices. The 
boot time requirements will vary stan-
dard-by-standard and application-by-
application. The memory capacity of 
each EPROM depends on the non¬ 
volatile memory requirements for the 
particular system to reset and boot. 
The reset table (Table 1) is for a typi¬ 

cal DSP from a major manufacturer. 
Any DSP will have a reset table propri¬ 
etary to its vendor. In this particular 
device series, there is a reset mode that 
sends the DSP to fetch instructions from 
8-byte wide devices. This mode, Mode 9, 
is the one that is used for EPROM boot. 
A DSP typically has many other reset 
modes, so the designer must look to find 
an appropriate mode to use. 
Some types of EPROMs can be 

upgraded or reprogrammed remotely 
while the DSP is still running because 
the EPROM is only used at start-up. 
During development this feature is par¬ 
ticularly convenient because it allows 
for fast test-program-retest develop¬ 
ment cycles. 

Interfacing the DSP and EPROM 
The designer sets the core speed of 

the DSP from one of several possible 

Table 1. DSP operating and reset modes (16-bit DSP). 

Mode Description 
0 Bypasses the bootstrap ROM. This device starts fetching instructions 
at 

$C00000 
1 Reserved 
2 Reserved 
3 Reserved 
4 Reserved 
5 Reserved 
6 Reserved 
7 Reserved 
8 Bypasses the bootstrap ROM. This device starts fetching instructions 
at 

$C00800 
9 Bootstrap from Byte-wide memory (EPROM) 
A Bootstrap through SCI 
B Reserved 
C HI08 bootstrap in ISA/DSPxxx mode (DSP specific) 
D HI08 bootstrap in HC11 non-multiplexed mode (DSP specific) 
E HI08 bootstrap in 8051 multiplexed mode (DSP specific) 
F HI08 bootstrap in HC11 MC68302 bus mode (DSP specific) 

sources. All memory interface timings 
are derived from the period of the DSP 
core clock. For example, if the DSP core 
clock frequency is 100 MHz, then the 
memory interface timing is based on a 
10 ns clock cycle time. 

In most applications, the designer 
wants the PLL to run as quickly as pos¬ 
sible for optimum program execution. 
The designer sets the clock and PLL 
speeds in the PLL control register. This 
optimized speed will vary with the 
designer’s choice of DSP. Note that 
these timing requirements are affected 
by various factors, including the use of a 
PLL and the PLL’s external frequency 
source. These factors can cause the 
clock cycle to vary from 10 ns. 

Unlike synchronous devices, asyn¬ 
chronous EPROMs don’t use an exter¬ 
nal clock as reference for any action. 
However, it’s always important to per¬ 
form a timing analysis for the interface 
to assure compatibility between the 
memory and the DSP. Figure 2 visually 
shows the flow of signals interacting 
between the DSP and the memory 
device for the READ timing. The write 
timing chart is identical except that the 
valid data on read is not driven by 
EPROM, but by the DSP for write. 

DSP PLL and clock generation 
The designer configures the DSP PLL 

and clock generation in the PLL control 
(PCTL) register to set the core speed of 
the DSP for optimum processor and 
memory performance. The PCTL regis¬ 
ter performs three sub-functions: 

•Frequency predivider — This fre¬ 
quency pre-divider has a programma¬ 
ble division factor of 1 to 16. The 

designer can pre-divide the input clock 
frequency before passing it to the PLL 
loop frequency multiplier. The division 
factor is the binary value plus one. 
•PLL Loop frequency multiplier — 

This sub-function multiplies the clock 
frequency output from the predivider 
by the voltage-controlled oscillator 
(VCO). The multiplication factor is the 
binary value plus one. 

•Frequency low-power divider (LPD) 
— The LPD divides the output frequen¬ 
cy of the VCO before it is used by the 
DSP core. The frequency LPD can be 
programmed with a division factor 
range from one to 128. The EPROM 
can download a program to the LPD 
that reprograms the LPD without los¬ 
ing the lock. For the clock to be valid, 
the PLL must be locked. 

The designer can use combinations of 
these sub-functions to divide and multi¬ 
ply frequencies for optimum DSP per¬ 
formance. 

The operating frequency of the DSP 
is set in the PCTL register as follows: 

„ Fnmu. • MF r core — -
PDF • DF 

where: 

FCORE is the DSP core frequency. 
FEXTAL is the external input frequency 
source. 
PDF is the predivider factor. 
MF is the PLL multiplication factor. 
DF is the division factor. 

The remaining key factors in design¬ 
ing the interface between the EPROM 
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Figure 4. DSP boot memory map. 

and the DSP are the bus control register 
and the address attribute control regis¬ 
ters. The bus control register defines 
how many wait states are necessary for 
the DSP to interface with the EPROM. 
The address attribute register deter¬ 
mines the behavior of the address attrib¬ 
utes (AAs). In some devices, the AA sig¬ 
nals can act as either chip selects or 
additional address signals. Every 

Figure 5. DSP overlay memory map layout. 

designer using a DSP, regardless of ven¬ 
dor, will have to program the wait states 
and how the chip select will operate. 
One last factor in the interface is 

that the memory device and the DSP 
may have different voltages. In this 
example, an EEPROM is connected as 
diagrammed in the memory map layout 
in Figure 2. In this example, the pro-

op-7] 

DSP5S303 

Data 

AT27LVO4O 

AP-17], AAp-1] 

Addr CE 

Figure 6. DSP block diagram. 

gram in the EEPROM can be loaded 
into the DSP at boot time and run. The 
running program on the DSP can then 
save an updated version of the program 
back into the EEPROM for later use. 
Used with this particular device, the 
5.0 V EEPROM does not match the 
3.3 V DSP and requires the use of a 
level converter. Using a level converter 
allows the designer to match the volt¬ 
age levels as shown below in Figure 3. 
This situation is fairly common in 
many DSP designs and can be solved in 
similar fashion. 

Summary 
If a designer requires a non-volatile 

memory for the boot program in a DSP 
application, an EPROM is a common 
selection. EPROM devices come in a 
wide range of sizes and memory capaci¬ 
ties. The DSP typically runs at a much 
higher frequency than the memory 
device. Therefore, the designer will have 
to program wait states into the DSP 
because the EPROM cannot drive the 
data bus in one clock cycle. 

The program(s) stored in the EPROM 
can be read and run indirectly as 8-bit 
data, then packed and stored into DSP 
program memory. After every three 
accesses, the DSP packs the three 8-bit 
transmissions into 24-bit words for stor¬ 
age into program RAM. A common alter¬ 
native is for three memory devices to 
send 8-bits each per access, meeting the 
DSP’s need for 24-bit words. 
Although not commonly used, the 

overlay loader can access the same 
EPROM(s) after the DSP has booted 
and download additional data or tables 
at a higher clock speed. One implemen¬ 
tation of this method is to load a small 
program at boot that sets the PLL at a 
higher frequency. 

W 

1. This pertains to this manufacturers 
particular device. Other devices may 
organize their memory differently. 

Implementation example 
In this example, a 512 K x 8-bit boot 

with X data space program overlay is 
interfacing the EPROM and the DSP. 
A program loaded in the EPROM 

will load into the DSP at boot time 
and run. The booted program can 
then load additional programs and 
data from the EPROM into the DSP 
using overlay techniques (see Figures 
4, 5 and 6). 

• DSP speed: 80 MHz 
• Input frequency source: 4.0 MHz 
crystal 

• EPROM access time: 150 ns 
• Wait states: 12 
• Voltages: DSP and memory devices 

are 3.3 V 

One memory device comprises the 
8-bit wide boot bus. During reset, the 
DSP boot code loads bytes from the 
EPROM, packs them into 24-bit 
words, and stores them into Program 
RAM. The first word read from the 
EPROM indicates the number of 
words to load. The second word from 
the EPROM contains the starting 
load address for the packed data. The 
starting load address is also the 
address that gains program control 
after the program is loaded. 
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REcover story 

Bringing wireless to 
the battlefield 

How do you bring wireless 
communications to 

the battlefield? 
Simple. You wear it. 

By Joseph Fjelstad and 
John Murray, Ph.D. 

have focused on providing soldiers with up-to-date 
technology for wireless communication, navigation 
and information interchange. The Land Warrior 
system will make rapid deployable light forces more 
effective on the future battlefield, providing 
enhancements of lethality, survivability, mobility 
and sustainability. 

Targeting vastly increased situational aware¬ 
ness for dismounted infantry soldiers, an integrat¬ 
ed system of rapid mobile digital and voice connec¬ 
tivity has been developed by product engineering 
and analysis firm Pacific Consultants, Mountain 
View, CA. 
Two years ago, the U.S. Government Accounting 

Office (GAO) noted that the project was “over bud¬ 
get, behind schedule and needed more oversight.” 
The Land Warrior program, started in the early 
90s, regularly received widespread negative nation¬ 
al front-page newspaper coverage for lack of 
progress in achieving the program objectives. 

W ith a goal toward the design of a system 
enabling the 21st century U.S. soldier to 

become a more effective instrument of war, recent 
advances in the US Army’s Land Warrior program 

The Land Warrior may not look like much, but offers everything a handset 
and mobile computer have to offer. Can you spot the mouse? 

Putting Land Warrior on the fast track 
A paradigmatic turn-around began in October of 

1999 when U.S. Army management, under the 
direction of Colonel Bruce Jette, took the initiative 
to treat the project as a “fast track Silicon Valley 
project,” utilizing new product innovations and 
commercial-off-the-shelf (COTS) components to 
develop working prototypes of a wearable computer, 
voice-over IP radio and the software package need¬ 
ed to control the system. Implementing such an 
innovative COTS approach was a direct alternative 
to traditional methods of military procurement and 
program development. 

A goal of the program was to keep costs under 
control by leveraging the rapid advances taking 
place in the commercial research and development 
arena; most notably in the area of wireless commu¬ 
nication. This wasn’t easy. “One of the stiffest chal¬ 
lenges we faced involved taking available commer¬ 
cial standard applications and re-deploying them 
into military standard applications,” said Pacific 
Consultants CEO Dr. Hugh Duffy. 

Pacific Consultants provided overall systems 
integration of Land Warrior components including 
the computer/radio, global positioning system and a 
weapon with thermal imaging capability for detec¬ 
tion of hidden targets. Also provided was a laser 
range finder and a video sight that allows soldiers 
to accurately aim and shoot around corners or 
obstacles without exposing themselves to enemy 
warfare. This latter feature is especially desirable 
in urban warfare, where soldiers are continually 
encountering walls, stairs, doorways and fences. 

The wearable computer 
The Land Warrior wearable computer system is cen¬ 

tered around two commercially available data handling 
platforms - the Land Warrior computer running 
Windows 2000 on PC 104 hardware and the Land 
Warrior communications-navigation (CommNav) unit, 
using Windows CE running on an Intel Strongarm 
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processor. This CommNav unit contains a 
GPS receiver and dead reckoning position¬ 
ing module (DRM), as well as a wireless 
LAN PC card. It also includes DSP hard¬ 
ware for handling audio communications. 

Mobile data on the battlefield 
Faced with an accelerated timeline, 

the software engineering process con¬ 
sisted of two parallel, spiral develop¬ 

ment programs. A series of rapid proto¬ 
typing and user interface mock-up 
cycles were valuable in gathering user 
requirements and validating design 
choices via user juries. In tandem with 
this, a more comprehensive production 
software development process has been 
used, integrating participatory design 
and extensive user involvement in all 
phases of the project. 

TRIMMER 
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The earlier verion of the Land Warrior system 
(top) had a number of exposed cables. The cur¬ 
rent version (bottom) is more compact with the 
use of flex circuitry. 

Land Warrior-equipped soldiers have 
the capability to originate and dissemi¬ 
nate a variety of asynchronous data 
messages, including operational orders, 
intelligence information, logistics 
reports and tactical fire support 
requests. A rapid call for medical assis¬ 
tance can also be issued. The Land 
Warrior mapping component provides 
the capability to show current position 
information for each member of the pla¬ 
toon. The system automatically gener¬ 
ates and transmits regular GPS-based 
position update messages, so that Land 
Warrior users can be constantly updat¬ 
ed with each other’s current location. 
“Knowing the positions of fellow pla¬ 
toon members minute-by-minute, espe¬ 
cially in relation to the enemy’s loca¬ 
tion, provides a tremendous strategic 
advantage,” said Pacific Consultants’ 
President Dr. Bret Herscher. 
Map overlays can be edited to add 

targets, route plans, rally points, mined 
areas and a wide range of other geo¬ 
located points of interest - these can 
then be transmitted to all platoon 
members or a selected group of recipi¬ 
ents. A video-mode data server pro¬ 
vides the user with overlaid text and 
graphics when the system is used for 
displaying real-time video from the 
weapon-mounted sights. The system 
includes a still-image handling facility 
for saving, annotating, and transmit¬ 
ting video scenes that are captured 
using the weapon sights. The Land 
Warrior application also incorporates a 
simple hypertext browser, which sol¬ 
diers use to access various operations 
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manuals, training texts, and other 
HTML-based reference material. 

Networking the system 
The Land Warrior wireless communi¬ 

cation system involves an infrastruc¬ 
tureless mobile network, a form of peer-
to-peer interaction over a wireless LAN 
that is sometimes characterized as an 
ad-hoc network. Since each node is 
mobile, it needs to connect to the net¬ 
work dynamically and in an arbitrary 
fashion. Each participating node will act 
as a router when forwarding data pack¬ 
ets on behalf of other nodes on the net¬ 
work. They will also take part in connec¬ 
tion discovery and route maintenance to 
other nodes on the network. Sub-nets 
can form when a larger group of nodes 
sub-divides into two or more smaller 
groups that are separated by distance or 
poor RF propagation circumstances. 

This data network uses standard 
IEEE 802.11 wireless LAN communica¬ 
tions protocols. An innovative multicast 
group IP addressing scheme is used to 
map individual duty positions within 
the platoon to their virtual location on 
the wireless LAN. “This is one of the 
vast improvements in situational 
awareness that the Land Warrior sys¬ 
tem delivers,’ said Herscher. “No longer 
are soldiers reduced to communication 
via shouts, yells and hand signals, 
which have a propensity towards giving 
away a soldier’s position to the enemy.” 

The addressing scheme obviates the 
need to closely couple a soldier’s LW 
system (and hence its assigned IP 
address) with his assigned role in the 
platoon. Voice-over-IP is used for audio 
communication within the Land Warrior 
network. A pool of virtual channels is 
available for normal audio use, with one 
additional channel being set aside for 
emergency calling purposes. 
The intrinsic mobile characteristics of 

the U.S. Army’s military operations 
suggest that the future battlefield will 
require a variety of wireless data com¬ 
munication networks. The Land 
Warrior system will eventually partici¬ 
pate in extensive networks linking com¬ 
mand and control centers, logistic posts, 
ground vehicles, aircraft and other 
equipment and facilities. It is expected 
to form the lowest echelon in the 
Tactical Internet hierarchy. Thus, a 
reliable gateway between the internal 
LW wireless LAN and the rest of the 
military communications network is 
required. To this end, as part of the 
proof-of-concept development activity, 

The soldier of the 21st Century must be able to win the tactical communications war. Land Warrior is pari 
of the U.S Army's effort to bring advanced technology to the battlefield. The Army is also developing 
similar programs for airborne and armor forces. 

the platoon radio-telegraph operator 
(RTO) was equipped with a Single 
Channel Ground and Airborne Radio 
System-Advanced System Improvement 
Program (SINCGARS ASIP) military 
radio in addition to his LW system. 
The frequency-hopping ASIP radio 

provides standard military voice and 
data communications capability. The 
data network access component of the 
radio connects to a serial port on the 
proof-of-concept Land Warrior comput¬ 
er. This link enables the RTO to send 
and receive certain operational orders 
and situational awareness data to and 
from the battle command center. 
Additional software was provided to 

drive this radio. Thus, the RTO’s Land 
Warrior system forms the gateway 
between the two networks. 
The Land Warrior’s CommNav soft¬ 

ware, which runs on the Windows CE 
platform, provides the bridge between the 
primary Land Warrior application and 
the wireless LAN. It also handles the GPS 
and DRM positioning data. It is designed 
to run independently of the main applica¬ 
tion, so that the CommNav unit can con¬ 
tinue to function autonomously should 
the PC 104 computer fail. This means an 
individual soldier can still communicate 
by voice and continue his position update 
transmissions, in the absence of the 
Windows 2000 system. Another feature oi 

54 www.rfdesign.com April 2001 



World’s Smallest 2A-Peak 
Cell Phone Power Supply 

• On/y 4- Conypar-^^-t^ 

. 200K^ 

• SO-8 ZifAe nor^/ 
<G3'C/W) 

• Ryns goo/ 
• Aloz-e 
• Dissipates excess Aga/ 

/Z)7O 

The Good Stuff 
♦ Up to 2A pulsed output current 

♦ Over 1A continuous current 
♦ 4V to 30V input voltage operating range 
♦ SO-8 package with twice the normal power 

handling capabilities 
♦ Only four external components 
♦ Full current and thermal limit 

♦ Fast transient response 

SuperSwitcher™ Regulators - Smaller, Simpler, Better 

Micrel's MIC4681 SuperSwitcher™ buck regulator is 
optimized for pulsed load applications like cellular 
phone power supplies. The latest generation TDMA and 
GSM cellular phones require up to 1.8A of peak current 
while transmitting. The MIC4681 easily achieves up to 
2A of output current and only requires four external 
components. This allows it to handle the maximum 
currents of GSM power supplies within the smallest 
area. At the same time, its thermal ly-efficient fused 
copper leadframe design allows the MIC4681 to keep 
cool under these demanding conditions. 

The MIC4681 offers built-in safety features such as 
short circuit, over current and thermal shutdown 
protection. A wide input voltage range of 4V to 30V 
assures operation in the harshest of environments 
where spikes and noise can be present. The SO-8 
packaging allows designers to replace larger, commonly 
used T0-220 and TO-263 packages, saving crucial board 

space. 

mitRcL 
TAe Infinite Bandwidth Company 

INFO/CARD 46 

Contact us for more information 
bookmark our website for updates! 
www.micrel.com/ads.litml 

Literature: (800) 401-9572 Factory: 1 (408) 944-°80° 
Stocking Distributors: Arrow (800) 777-2776. Future (800) 388 873 
Newark (800) 463-9275 • Nu Horizons (888) 747-6046 



the computer is its inertial navigation 
module, supporting the GPS in terrain 
that satellite signals can’t reach, in urban 
streets between tall structures or in rural 
areas with dense tree canopies. 
The primary Land Warrior peripher¬ 

al components are attached to the sol¬ 
dier’s Personal Area Network (PAN) 
which, in the proof-of-concept systems, 
used standard CAN 2.0b technology. 
The components mounted on the sol¬ 
dier’s weapon include a laser rangefind¬ 
er and digital compass, a daylight video 
sight, a thermal sighting unit and a 
mouse device. The PAN also links to the 
head-mounted display controller and an 
additional chest-mounted mouse con¬ 
trol. In addition, it can be used to attach 
bio-sensors or other peripheral devices 
to the Land Warrior system. 

Flex circuitry 
The refocusing effort for the Land 

Warrior program brought flex circuitry 
application development to center stage. 
The Pacific Consultants’ effort on flex 
circuitry was led by Joseph Fjelstad. 
With earlier versions of the Land 

Warrior system containing interconnect¬ 
ed discrete cables, soldiers had com¬ 
plained that the bulky circuitry wasn’t 
easily constrained- this resulted in sol¬ 
diers regularly becoming snagged by 
trees, shrub branches and limbs in field 
trials. Along with this bulk came addi¬ 
tional weight for already overburdened 
soldiers. 

The current flex circuitry concept 
for the Land Warrior that was devel¬ 
oped and executed was one where most 
of the various cables were integrated 
into a single flexible circuit that was 
patterned to follow the contours of the 
modular lightweight load-carrying 
equipment (MOLLE) or vest that holds 
the system components. In use, the 
flexible circuit wraps around the shoul¬ 
ders of the soldier and is invisible as it 
is sewn into the vest’s fabric. 

Along with eliminating the problem of 
snagging, this flexible circuit variation 
provided significant weight savings. The 
final cable with connectors weighed in at 
just 80 grams compared with the 680 
grams of the original cables, resulting in 
an 88% weight reduction. 

With all of the improvements both 
already designed and implemented, 
plus those planned for future versions 
of the Land Warrior, the anticipated 
cost of outfitting each soldier is target¬ 
ed to be on the order of $15,000 to 
$20,000, nearly $70,000 less than the 
original $85,000 estimate provided by 
previous military contractors. In the 
future, it is anticipated that modified 
versions of the Land Warrior software 
product will be deployed on other hard¬ 
ware platforms, for various simulation 
and gaming purposes. Utilization of 
these approaches to user training and 
engagement with the system will be 
carefully studied in the coming months. 

Version 1.0 of the Land Warrior sys¬ 
tem is currently under development. 
This version is slated to be a manufac¬ 
turable system with numerous added 
features learned from the Army’s expe¬ 
rience with the 0.6 development sys¬ 
tem. The Army expects to eventually 
outfit 41,000 soldiers with the system, 
beginning in 2003. 
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Figure 1. A frequency-selective (LR, CR) two-stage amplifier circuit. 

to the first amplifier stage, the input 
impedance of this second stage is low, 
and the output impedance is high. So, 
there is an impedance match to the out¬ 
put port and the input port of the first 
stage as well. For this reason, the influ¬ 
ence of the JFET's impedances on the 
loaded Q of the resonant circuit is low. 
By connecting the two stages via the 
coupling capacitors (Cj and C2) the loop 
is closed and the two-stage amplifier 
operates as an oscillator with a fre¬ 
quency determined mainly by the value 
of the resonant circuit capacitor and 
that of the resonant circuit coil. 
The principle of the oscillator is simi¬ 

lar to the well- known Franklin oscilla¬ 
tor2. However, in contrast to the 
Franklin oscillator, the parallel tuned 

circuit is not isolated from the two-
stage amplifier by means of small 
capacitors, but rather by impedance 
matching. Therefore, the loop gain is 
higher, and the output signal is suited 
for low impedance loads. 

The basic circuit 
Some simplifications can be carried 

out, leading to the basic circuit of the 
source-coupled JFET oscillator for a 
fixed frequency as shown in Figure 2. 
Only one coupling capacitor (CF) is 

necessary to separate the different DC 
voltages between the gate and the 
drain of the two JFETs. The two source 
resistors are replaced with only one 
resistor (Rg), leading to a galvanic cou¬ 
pling of both the JFETs. The frequency 

of operation (F) can be easily estimated 
by the well-known expression: 

2njLC 
(1) 

where L is the value of the inductance 
of the resonant coil (LR) and C is the 
sum of the capacities of the resonant 
capacitor (CR), a part of the T, JFET's 
input capacitance and a fraction of the 
feedback capacitor. The oscillator cir¬ 
cuit shown in Figure 2 can be built 
with common lumped circuit elements, 
leading to small physical dimensions. 
The values of the specific elements 
depend on the types of the transistors 
in use, the frequency range and the 
bias voltage. The output signal is gath¬ 
ered from the two galvanic- coupled 
source electrodes via the coupling 
capacitor (Co)- The impedance at this 
point is relatively low, so a common 
50Í2 load can be directly connected to 
the oscillator. An additional buffer 
amplifier is not necessary for proper 
operation. 

The test circuit 
To investigate the electrical charac¬ 

teristics of this oscillator circuit, a num¬ 
ber of VCOs were built at the different 
operating frequency bands. One univer¬ 
sal circuit was used, changing only val¬ 
ues of the relevant circuit elements 
according to the different frequency 
bands. The modified and extended cir¬ 
cuit of the design is shown in Figure 3. 
Two inexpensive GaAs FETs were 

used as the active devices (Tp T2). The 
drain resistor (RD) has a fixed value of 
470Í2 for all frequencies. Due to the fact 
that the JFETs used in the test circuit 
tend to oscillate at undesired frequen¬ 
cies, this resistor may be shunted by an 
additional capacitor (CD), if necessary. 

In this particular circuit, an operat¬ 
ing point-dependent parasitic oscilla¬ 
tion is observed in the 6 GHz region. 
This is caused by the small internal 
reactive elements of the JFETs, such as 
bonding wire inductances and case 
capacitances. This parasitic oscillation 
can mix with the desired frequency’s 
harmonics and result in spurious 
modes looming in the desired frequency 
band. The shunt capacitor reduces the 
amplitude of the oscillator’s harmonics 
and suppresses the generation of spuri¬ 
ous modes. The value of the shunt 
capacitor depends on the desired fre-
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quency range and is about twice the 
value of the feedback capacitor. If the 
shunt capacitor is required, attention 
should be paid to the fact that both the 
feedback capacitor and the shunt 
capacitor are connected in series to 
ground. And the series capacitance of 
these two capacitors is directly connect¬ 
ed, in parallel, to the resonant coil. 
Thus, the value of this series capaci¬ 
tance must be added to the value of the 
resonant circuit capacitor when calcu¬ 
lating the resonant frequency. 
The source resistor regulates the 

operating point of the respective 
JFETs, and it determines the generat¬ 
ed output power of the oscillator circuit. 
To achieve a high output signal at a 
low supply voltage, the source resistor 
is substituted by a series connection of 
a fixed 22Í2 resistor and a source coil 
with a frequency-matched inductance 
value. This increases the DC current 
via the JFETs and, in turn, increases 
the amplification factor of both transis¬ 
tors. For higher supply voltage values 
or less output signal, the source resis¬ 
tor should have values in the range of 
47Q to 2OOÍ2. The source coil can be 
omitted if the source resistor has a 
value of 47Í2 or more. 

For frequencies higher than 2 GHz, 
the input impedance of the first JFET 
must be taken into account. Therefore, 
the resonant circuit coil consists of a 
series connection of two coils (L,, L.,). At 
these higher frequencies, the coils form 
a tapped coil, reducing the JFETs 
capacitive input load. For lower fre¬ 
quencies, the additional coil is not nec¬ 
essary and can be shunted by a jumper. 
To tune the frequency of the generat¬ 

ed signal, a capacitive- (C) coupled var¬ 
actor diode was used in the tuned cir¬ 
cuit to allow voltage tuning. The varac¬ 
tor diode is biased via a potentiometer 

(10 k£2) and a resistor (1 Mil). The tun¬ 
ing range of the VCO depends on the 
degree of capacitive coupling between 
the resonant circuit and the varactor 
diode. 
A higher value of the coupling capac¬ 

itor will allow a larger tuning varia¬ 
tion, but will pull down the center fre¬ 
quency. Referring to Figure 3, the tun¬ 
ing voltage can be varied only between 
zero and the supply voltage (Vcc ). 
Therefore, the tuning range depends 
on the amount of the supply voltage. 
For values of the supply voltage (Vcc ) of 
3 VDC or less, the tuning range of the 
capacitance of the varactor diode is 
low. For lower frequencies, the varac¬ 
tor type should be substituted by a 
more suitable one. 
The oscillator has been developed 

using the same layout of the printed 
circuit for signal frequencies from 20 
MHz to 3.2 GHz. Some typical element 
values for the specific frequency bands 
are given in Table 1 (see page XX). The 
oscillator of this test circuit is primarily 
intended to serve as a VCO in a low-
voltage, small-band PLL circuit. The 
tuning range can be small, but must be 
larger than the thermal frequency drift 
of the oscillator. For further purpose, 
this oscillator should be readapted. 

The 20 MHz oscillator 
In this case, the tuning capacitance 

of the varactor diode is about 2 pF and 
is too small for the short wave region. 
To increase the capacitance, four var¬ 
actor diodes were used and connected 
in parallel. An oscillator was built for 
the 20 MHz region with a resonant cir¬ 
cuit consisting of a 940 nH coil (Lt) and 
an 82 pF capacitor (C) in series to the 
four varactor diodes. The additional 
coil (L2) is not necessary, and is there¬ 
fore replaced by a shunt. A 100 pF 

shunt capacitor (CD) and a 56 pF feed¬ 
back capacitor(Cf ) were used. There is 
already a series capacitance of about 
36 pF in parallel with the resonant cir¬ 
cuit coil, which reduces the capacitance 
variation because of the small capaci¬ 
tance of the varactor diodes. Therefore, 
the tuning range is relatively small. 
Spurious modes could not be observed 
within this tuning range. 
The value of the coupling capacitor 

is too low for a short wave signal at a 
50Q load. Hence, the output power is 
only 8.7 dBm at a supply voltage of 2.0 
VDC. The oscillator operates well in 
the voltage region from 1.5 VDC to 2.5 
VDC, but becomes unstable at higher 
voltage values. This frequency range 
seems to be the lower border of the test 
circuit. For lower frequencies, the 
topology of the oscillator circuit must 
be improved. 

The 50 MHz oscillator 
Two varactor diodes connected in 

parallel are used as the voltage- con¬ 
trolled capacitor for the 50 MHz oscil¬ 
lator. They are connected via a 56 pF 
series capacitor to the 470 nH resonant 
circuit coil. Both the 22 pF feedback 
capacitor and the 47 pF shunt capaci¬ 
tor add a constant capacitance of about 
15 pF to the resonant circuit capacitor. 
The additional coil is bridged. The sup¬ 
ply voltage can be varied from 1.5 VDC 
to 3.5 VDC without any electrical prob¬ 
lems. At a voltage value of 2.0 VDC, 
the oscillator produces an output sig¬ 
nal of 10.0 dBm. No spurious modes 
could be detected. This oscillator works 
without any problems. 

The 145 MHz oscillator 
A simple VCO was built for the fre¬ 

quency range from 144 MHz to 146 
MHz. The resonant circuit coil has a 
value of 136 nH. Two parallel varactor 
diodes are connected via a 12 pF capac¬ 
itor to the coil. The 10 pF shunt capaci¬ 
tor and the 4.7 pF feedback capacitor 
form an additional parallel capacitance 
of about 3.2 pF. For this frequency and 
above, the parasitic capacitances of the 
soldering pads and the input capaci¬ 
tance of the JFET will have have an 
influence on the signal frequency. The 
additional coil is bridged in this circuit 
as well. As before, the supply voltage 
can be varied from 1.5 VDC to 3.5 VDC. 
At a voltage value of 2.0 VDC, the oscil¬ 
lator produces an output signal of 10.3 
dBm. No spurious modes could be 
detected. Although the oscillator of this 
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Figure 4. The microwave VCO circuit using a coaxial ceramic resonator. 

test circuit is primarily intended to 
serve as a VCO in a low-voltage, small¬ 
band PLL circuit, it can operate as a 
stand-alone emitter supplied by a 1.5 
VDC button cell. Modulation via the 
tuning voltage is also possible. 

The 230 MHz oscillator 
For the sake of completion, a 230 

MHz VCO was also built. A 68 nH reso¬ 
nant circuit coil is shunt by two series 
2.2 pF feedback capacitors and 5.6 pF 
shunt capacitor. A varactor diode is 
connected to the resonant circuit coil 
via a 6.8 pF capacitor. Coil L2 is bridged 
in this circuit. As before, the supply 
voltage can be varied from 1.5 VDC to 
3.5 VDC. At a voltage of 2.0 VDC, the 
oscillator produces an output signal of 
9.8 dBm. No spurious modes could be 
detected. This oscillator also works 
well, having only a slightly larger fre¬ 
quency drift due to thermal influence. 

The 430 MHz oscillator 
A number of VCOs were built for the 

frequency range of 400 MHz to 460 
MHz. The best results are obtained 
with the element values given in Table 
1. The resonant circuit coil has a value 
of 33 nH. The varactor diode is connect¬ 
ed via a 3.3 pF capacitor to the reso¬ 
nant circuit coil. The 2.2 pF shunt 
capacitor and the 1.0 pF feedback 
capacitor form an additional parallel 
capacitance of about 0.7 pF. Coil L2 is 
still not necessary at this frequency. 
The supply voltage was varied from 

0.7 VDC to 4.5 VDC. The oscillator 
starts generating an RF signal at a 
supply voltage of about 0.7 VDC. At 1.0 
VDC, there is already an output signal 
of typically 0 dBm. At a voltage value of 
2.0 VDC, the oscillator requires a sup¬ 
ply current of 26.5 mA and produces an 
output signal of 10.7 dBm. To further 

explore the limits of the circuit under 
test, the supply voltage is boosted up to 
4.5 VDC. At this voltage, the oscillator 
requires a supply current of 42 mA and 
the output signal exceeds 16 dBm. This 
oscillator’s frequency can be varied 
between 408 MHz and 457 MHz. 
Some thermal problems were observed 

at this high value of supply voltage. Both 
transistors were soldered on the printed 
circuit board without any heat sinks. 
Without such heat sinks, thermal heat¬ 
ing caused a significant frequency drift 
and a reduction of output power. To avoid 
overheating and operate in the stable 
area circuit, a maximum supply voltage 
of 3.0 VDC is recommended. 

This design precipitates some interfer¬ 
ing spurious modes with supply voltages 
between 1.5 VDC to 2.8 VDC. Therefore, 
the shunt capacitor is required to reduce 
the amplitude of the spurious modes and 
should not be omitted. 

The 870 MHz oscillator 
The next VCO was built for the fre¬ 

quency range of 860 MHz to 880 MHz. 
In this design, the resonant circuit coil 
has a value of 10 nH. The varactor 
diode is connected via a 2.7 pF capaci¬ 
tor to the coil. A shunt capacitor is not 
required for this frequency. For the 
feedback capacitor, a 0.5 pF feedback 
(CF) is used. Coil L2’s position is bridged 
and not used. 

At the voltage level of 2.0 VDC, the 
oscillator produces an output signal of 
10.1 dBm. No spurious modes could be 
detected. This oscillator also is stable, 
but a significant frequency drift due to 
thermal influence is noted. 

The 920 MHz oscillator 
As can be seen from Table 1, the only 

difference between the circuit element 
values of both the 870 MHz and the 

920 MHz oscillator is the value of the 
capacitor connecting the varactor diode 
to the resonant circuit coil. A capaci¬ 
tance value of 1.8 pF is used instead of 
2.7 pF. The supply voltage can be var¬ 
ied from 1.0 VDC to 3.0 VDC. At a volt¬ 
age value of 2.0 VDC, the oscillator pro¬ 
duces an output signal of 9.9 dBm. No 
spurious modes could be detected. 

The 2.45 GHz oscillator 
Some VCOs were built around a cen¬ 

ter frequency of about 2.45 GHz. The 
element values for the best results are 
given in Table 1. The resonant circuit 
coil consists of a series connection of 
two coils. L, has a value of 2.7 nH and 
L2 has a value of 4.7 nH. Both coils 
form a single tapped coil in the reso¬ 
nant circuit. For the microwave oscilla¬ 
tors, the high-frequency SMD inductors 
were used because of the increased Q. 
The varactor diode is connected via a 
3.3 pF capacitor to the tapped resonant 
circuit coil. The 0.25 pF feedback capac¬ 
itor is created by two series capacitors 
with a value of 0.5 pF each. The supply 
voltage can be varied from 1.0 VDC tc 
4.0 VDC. At a voltage of 2.5 VDC the 
oscillator has a tuning range of about 
50 MHz and produces an output signa] 
of 6.7 dBm. No spurious modes could be 
detected. As with previous models, a 
frequency drift exists due to thermal 
influence. Additionally, the phase noise 
at this frequency range does not allow 
small- band applications. 

The 3.2 GHz oscillator 
To explore the SMD limits of this 

type of VCO, an oscillator was built foi 
the 3.2 GHz region on common FR4 ■ 
substrate. Some difficulties arose 
because only specific discrete elemenl 
values were available for SMD ele¬ 
ments. In this case, the parasitics coulc 
not be neglected. Even the SMD pads 
parasitic capacitances to ground had te 
be taken into account. A tapped reso 
nant coil was used consisting of twe 
coils. Coil L, has a value of 1.35 nH anc 
coil L2 has a value of 2.7 nH. To obtair 
the 1.35 nH value, two 2.7 nH coils 
were connected in parallel. A 2.2 pl 
capacitor is connected in series to ths 
varactor diode as well as a 0.25 pF 
feedback capacitor. The 0.25 pF feed 
back capacitor is built by serially con 
necting two 0.5 pF capacitors. 
The supply voltage can be variée 

from 1.0 VDC to 4.0 VDC without any 
electrical problems. At a voltage valus 
of 3.0 V, the oscillator produces an out 
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Table 1. Typical element values for the specific frequency bands. 

Freq • C Li L2 Ls Cf Cd Vcc Pout

3.2 GHz 2.2 pF 1.35nH 2.7 nH 8.2 nH 0.25 pF n/a 3.0 VDC 6.4 dBm 

2.45 GHz 3.3 pF 2.7 nH 4.7 nH 8.2 nH 0.25 pF n/a 2.5 VDC 6.7 dbM 

920 MHz 1.8 pF 10 nH n/a 18 nH 0.5 pF n/a 2.0 VDC 9.9 dBm 

870 MHz 2.7 pF 10 nH n/a 18 nH 0.5 pF n/a 2.0 VDC 10.1 dBm 

430 MHz 3.3 pF 33 nH n/a 39 nH 1.0 pF 2.2 pF 2.0 VDC 10.7 dBm 

230 MHz 6.8 pF 68 nH n/a 68 nH 2.2 pF 5.6 pF 2.0 VDC 9.8 dBm 

145 MHz 12 pF 136 nH n/a 136 nH 4.7 pF 10 pF 2.0 VDC 10.3 dBm 

50 MHz 56 pF 470 nH n/a 470 nH 22 pF 47 pF 2.0 VDC 10.0 dBm 

20 MHz 82 pF 940 nH n/a 940 nH 56 pF 100 pF 2.0 VDC 8.7 dBm 
_ _ _ 
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modes could be detected. This frequency range seems to be 
the upper limit of the test circuit. For higher frequencies, the 
topology of the oscillator circuit must be improved. 

Improving phase noise and stability 
The only frequency-determining circuit of the oscilla¬ 

tor is the resonant circuit at the gate electrode of the 
first transistor (TJ. Due to the losses of SMD elements, 
and of the transistor itself (both rise with increasing 
frequency), the circuit quality is too small to ensure a 
low frequency drift at frequencies above 1.5 GHz. To 
improve the electrical characteristics at microwave fre¬ 
quencies, a high Q-factor coaxial ceramic resonator was 
used as the frequency-determining element. A slight 
modification to the oscillator circuit leads to good 
results. The modified circuit of a 2.45 GHz oscillator is 
shown in Figure 4. The coaxial ceramic resonator does 
not exceed the dimensions 3 mm x 3 mm x 6 mm and 
has an intrinsic resonant frequency of 2.9 GHz. It is 
coupled via a capacitor with a relative high value of 1 
pF, to the gate of the first transistor. This capacitor is 
necessary to pretune the frequency range of the oscilla¬ 
tor, but disables the proper biasing of the first transis¬ 
tor. Therefore, an additional 1 Mil resistor has to be 
connected from this gate to ground. 
A capacitively coupled varactor diode is used to tune the 

frequency of the generated signal. The value of the coupling 
capacitor is 0.5 pF. This value is too high. Other values were 
not available during the test. Thus, the varactor diode is not 
coupled straight to the coaxial ceramic resonator5, but is cou¬ 
pled, in parallel, to the input capacitance of the first transis¬ 
tor. This ensures the intended tuning range and does not fur¬ 
ther impair the loaded Q of the coaxial ceramic resonator. 
The phase noise of the improved oscillator is small enough to 
allow frequency shift keying (FSK) with a 50 kHz frequency 
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• Designed for precision noise figure 
measurement applications. 
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performance with low or high 
output. 
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meter 
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NC5110 75 GHz -110 GHz WR-10 
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• Available in a wide 
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NC303 10 Hz -8 GHz 

NC401 100 MHz -18 GHz 

NC406C 18 GHz -110 GHz 
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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 

BITE Modules 
• Designed as an economical solution 
for built-in test requirements. 

• Contain complete biasing networks; 
need no external components. 

• Available in 
TO-8 cans 
and flat 
packs. 

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 

UFX7000 SERIES 
Standard Models 

MODEL FREQUENCY RANGE OUTPUT POWER 

UFX7107 100 Hz- 100 MHz +13 dBm 

UFX7108 100 Hz -500 MHz +10 dBm 

UFX7112 1MHz-2GHz +0dBm 

UFX7218 2 GHz- 18GHz -20 dBm 

UFX7911 5 MHz -1 GHz +30 dBm 



VJ 

At lEEE-MTT-S 
V , e •' " : w .«¿.'f i-, -

Play somé putt-putt with RF Design 
— U XI_ 1-L!l_!x il • J_ 



lator is 2.8 dBm at a supply voltage of 
2.0 V. 

Conclusion 
An easily designed oscillator principle 

has been employed in the design of direct 
frequency VCOs. The use of common 
SMD components is investigated for a 
number of frequency ranges. The oscilla¬ 
tor is primarily intended to serve as a 

VCO in low-voltage, small-band PLL cir¬ 
cuits. In this application, the exact fre¬ 
quency will be tuned by the PLL circuit. 
Therefore, a raw estimate of the resonant 
frequency can be determined by a single 
formula. These experiments suggest that 
a consistent oscillator design principle can 
simplify a number of RF design problems. 

RI 
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i On i 
The Web 
PCB design guide 
available on Web 
Trompeter Electronics’ 

new Printed Circuit Board 
Design Guide offers tutori- |n 
al-style information on RF I 
signals and how to manage 
them, along with a selec- kg 
tion of coax connector prod- I 
ucts for effective transport • 
of high-frequency signals 
on and off a PCB. The I 
guide is available for direct ' 
download at the company’s I 
Web site. 

! Trompeter Electronics 
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Site resource for 
communications test 

Anritsu’s new Web site is a I 
i resource for engineers looking I 
I for communications test solu- I 

tions and optical and mi- I 
crowave components and de- I 
vices. The site also provides I 
information on the company’s I 
other product lines, including | 
network solutions and indus- I 
trial automation. Engineers j 
working on data communica- ! 
tions, fiber optic, mi- I 
crowave/RF, telecommunica- J 
tions, and wireless systems j 
will find detailed specifica¬ 
tions on test and measure- I 

I ment products. Among those I 
detailed are BERTS, cable I 
and antenna analyzers, I 

• I VNAs, fault management I 
systems, power meters, and I 
radio communications ana- I 
lyzers. Also listed on the Web I 

I site is Anritsu’s line of compo- I 
i nents and devices. 
Anritsu 
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Catalog offers broad line 
of rectangular connectors 
Harting’s latest release, The 

Heavy Duty Han Connector Catalog, 
is a source for signal and power con¬ 
nection solutions in robotics, metal 
forming, plastics, semiconductor, 
telecommunications, automotive, 
rail, pulp and paper, textile and 
other industries. The catalog has an 
easy-to-read format for selection of 
industry-standard multi-pin connec¬ 
tors and offers an extensive line of 
rectangular connector technology. 
Harting 
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Brochure highlights 
product capabilities 
A new brochure highlighting the 

product capabilities of Tyco 
Electronics is now available. The 26-
page brochure reviews the products 
available from Tyco Electronics and 
describes the industries the company 
serves. Each page of the brochure is 
dedicated to the products suitable 
for a specific industry. Other prod¬ 
uct-centric pages are dedicated to 
interconnection systems, application 
tooling, terminal blocks, printed cir¬ 
cuit boards, circuit protection, 
relays, switches, electronic modules, 
fiber optics, wireless products, bat¬ 
tery packs, wire harnessing protec¬ 
tion, wire and cable products and 
touchscreens. A directory of world¬ 
wide Tyco Electronics phone num¬ 
bers is also included. 
Tyco Electronics 
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Third-party handbook 
features support vendors 
Microchip Technology’s Third 

Party Guide features third-party 
development support suppliers for 
Microchip’s PlCmicro family of RISC 
microcontrollers, serial EEPROMS 
and microperipheral products. The 
2001 edition features more than 110 
companies worldwide who manufac¬ 
ture accessories, assemblers, compil¬ 
ers, real-time operating systems, 
emulators, linkers, programmers, 
simulators and software that direct¬ 
ly support Microchip’s PlCmicro 
microcontrollers and memory prod¬ 
ucts. The guide features a cross-ref¬ 
erence matrix that provides the 
selection of third-party tools and the 

Microchip products they support, 
and also provides third-party loca¬ 
tion information. 
Microchip Technology 
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Coaxial connector catalog 
provides specification data 
The Microwave Coaxial Connector 

Catalog, from Dynawave, provides spec¬ 
ification data for electrical, mechanical 
and environmental parameters, along 
with material and finish information foi 
the connector body, spring, center con 
tact, insulator and O’ Ring. Detailec 
schematics are provided for the connec 
tors, jacks, plugs, adapters, intercon 
nects, and accessories. The catalog als< 
includes an index that cross-references 
part numbers to the page they appeal 
on. Products listed in the catalog 
include the Dynamate Blind-Mate con 
nector, Dynacon interconnects ant 
Dynaseal cable assemblies for MIC com 
ponent packaging. 
Dynawave 
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Broadband brochure 
features DC blocking 

Dielectric Laboratories announces it 
new Ultra Broadband DC Blocking 
Capacitor brochure. Featured in thi 
brochure are the Opti-Cap and Milli 
Cap broadband solutions, as well a 
0603- and 0805-size broadband D( 
blocks. The Opti-Cap takes advantag 
of Milli-Cap characteristics such as th 
0502 footprint, high Q, very low serie 
inductance and combines it with hig 
value capacitance for coverage from D< 
to light (12 KHz to 40+ GHz). Whil 
the DC blocking capabilities are the ke 
feature, the overall size of .055" 2 wit 
an 0502 footprint, combined with single 
step assembly makes this useful fo 
fiber optic applications such as OC-19 
and OC-768. The Opti-Cap is designe 
for conductive epoxy attachment to th 
board. The Milli-Cap provides broac 
band width resonance-free performanci 
with low loss and high series resonanci 
This product covers the bands applicabl 
to digital radios, LMDS, SONET, filter 
and test equipment. The technolog 
uses single layer capacitors in a surfak 
mount package that allows for coverag 
in frequencies of 20 MHz to 40+ GH 
depending on product selected. 
Dielectric Laboratories 
INFO/CARD 121 
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RF software_ _ 
Create component catalogs 
for electronic exchange 

Parts Planner 2000, from Wireless 
Valley Communications, is a utility 
for creating, maintaining, and dis¬ 
tributing electronic catalogs of RF 
distribution system components and 
their characteristics within 
SitePlanner 2000 and on the Web. 
Parts Planner makes it possible to 
create a comprehensive catalog of 
components that can be exchanged 
and viewed electronically. Wireless 
communication systems designers 
can import catalogs into SitePlanner 
2000 and use components directly in 
RF designs. Features of the software 
include: vendor parts lists in ship¬ 
ping version of SitePlanner 2000 for 
one year; capability to fully model 
any type of RF distribution compo¬ 
nent; an easy interface; performance 
simulation; support for RF, optical, 
baseband and other media; and XML 
file format. 
Wireless Valley Communications 
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New .DXF CAD 
import modules 
Remcom has just released its new 3D 

solids and layered CAD import modules 
for importing Autocad .DXF files and 
.SAT solid objects into its XFDTD elec¬ 
tromagnetics software. Complicated 
objects described either as 3D solids or 
layers can be imported into XFDTD 
and automatically meshed. The 
Layered CAD import module allows 
extrusion so 2.5D objects can be import¬ 
ed, while the 3D Solids Importer mesh¬ 
es any collection of 3D solids. By elimi¬ 
nating the need to draw objects in 
XFDTD, this capability will enable end¬ 
users working with CAD software to 
use XFDTD more efficiently and save 
substantial time. 
Remcom 
INFO/CARD 123 

Programs offer frequency 
conversion analysis 

R.A. Wood Associates announces 
updates to two RF design products: 

SpurFinder 2.1 and TunerHelper 
1.1.4. Both programs offer capability 
to analyze a frequency conversion 
process for either a receiver or trans¬ 
mitter. The programs work for down 
conversions and up conversions. 
SpurFinder helps a designer evaluate 
various frequency conversion 
schemes. The program draws a mixei 
spur chart, showing the output fre¬ 
quencies of all mixer-spurious prod¬ 
ucts for a given range of input fre¬ 
quencies. The latest version includes 
the new Slider Bar, which lets the 
user slide a cursor across the input 
frequency range, and a table displays 
the output mixer spurious products 
and their frequencies in real time 
Tuner Helper allows the designer tc 
analyze in detail a specific mixer con¬ 
version scheme. The user can deter 
mine and specify input pre-selectior 
filter requirements, mixer spurious 
and leakage requirements, and out 
put post selection filter requirements. 
RA. Wood Associates 
INFO/CARD 124 

Stratum 51 Us 
From Rubidium Clocks to low-cost 

crystal resonators — and everything 
in between. TENEX has time and frequency 
products for every stratum level — 
including XOs., TCXOs^ VCXOs, and OCXOs. 

Our production centers in Europe and North 
America are staffed with design and application 
engineers to customize to your exact needs. 

Only TEMEX makes it happen 
www. temex-components. com 
sales@temex-az. com 
1.623.780. 1995 Crystals • Filters • XOs • VCXOs • VCOs • 

TCXOs • OCXOs • Rubidium Atomic Clocks 

TEMEX 
TIME K 

FREQUENCY 

For customers around the uorld1 TEHEX has uhat 
it takes to say "Stratum fl Us." । 
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SYNTHESIZERS] 

INFO/CARD 50 

LOW COST FAST S 

• 12 Volt Operation 

TYPICAL PHASE NOISE AT 2 GHz 

SPECIFICATIONS 

FREQUENCY OFFSET FROM CARRIER (Hz) 

WARRANTY 

' Acquire time depends on step size (low as 25 ps). 

www.miteq.com 

Operating Bands 
From 1-15 GHz 

Ideal for Wireless 
Applications 

100 Davids Drive 
Hauppauge, NY 11788 
TEL.: (631) 436-7400 

FAX: (631) 436-9219/436-7430 

Optimized Bandwidth/Tuning 
Speed Combination 

For 
additional 

information, 
please contact 

Stan Eisenmesser at 
(631) 439-9152 or

seisenmesser@miteq.com 

MODEL SLS SERIES 

Frequency 1-15 GHz 

Frequency step size 200 kHz to 10 MHz 
Tuning range Up to half octave 
Switching speed 500 ps* 

Output power 10 dBm min. 

Output power variation ±2 dB min. 

In band spurs 70 dBc min. 

Harmonics 20dBc 

Phase noise See graph 

Reference Internal or external 

External reference 
Frequency 
Input power 

5/10 MHz 
3 dBm ±3 dB 

Frequency control BCD or binary 

DC power requirement +15 or +12 volts, 200 mA 
5.2 volts, 500 mA 

Operating temperature -10 to +60°C 

L Size 5” X 6.5" X 0.6” J 



MTT-S Product 
Preview 

A look ahead 

to the newest products 
to be presented at MTT-S. 

GPRS power amplifier module 
meets Class 12 profile 

The ECM007, from EiC, is a fully matched dual¬ 
band GSM/DCS1800 power amplifier module that 
meets or exceeds the demanding GPRS Class 12 
operating profile. This power amplifier module is 
designed using EiC’s proprietary InGaP HBT 
process and, together with a low thermal resistance 
IC design, allows for GRPS Class 12 performance 
that requires up to a 50% duty cycle operation. The 
ECM007 provides a minimum output power of 34.5 
dBm in Class IV GSM operation and provides band 
select and analog power control features. 
EiC 
INFO/CARD 125 
Booth # 315 

Power amplifier RFICs deliver 
linearity for cellular/PCS/3G 

Stanford Microdevices introduces its SPA Series of 
power amplifier radio-frequency integrated circuits 
(RFICs). These products offer cellular, PCS and 3G 
equipment designers a new in a single integrated cir¬ 
cuit. The amplifiers are intended for the most 
demanding wireless network system requirements. 
These devices cover the 850 MHz, 1950 MHz and 
2150 MHz frequency bands and serve as driver 
amplifiers for base station and repeater applications. 
Housed in standard surface-mount SOIC8 plastic 
packages with backside metallization, the amplifiers 
provide the exceptional linearity demanded by 
advanced network modulation standards. 
Stanford Microdevices 
INFO/CARD 126 
Booth #445 

Low-profile xtals encapsulated 
in an SMD quartz envelope 

Interquip’s new line of miniature crystals util-
lized technonolgy that encapsulates the quartz 
crystal resonator element in an SMD envelope. This 
technology allows quartz crystals from 3.58 to 80 
MHz to achieve a height profile of 1.0 mm or less. 
Interquip 
INFO/CARD 175 

FM/FSK transmitter IC 
operates in 26 MHz band 

The NT2800 is a complete, fully integrated, sin¬ 
gle-chip, FM/FSK transmitter IC that will operate 

in any 26 MHz band 
from 800 - 1000 
MHz, on a 2.7 to 3.3 
VDC supply. The 
device integrates on 
an on-chip VCO, 
phase-locked loop, 
and reference oscil¬ 
lator. The NT2800 
accepts either ana¬ 
log or data as input 
to the modulator 
(direct modulation). 
Tuning is accom¬ 
plished via a three-
wire serial inter¬ 

face. Power output is +1.5 dBm. Packaging is a 
16-pin QSOP. 
Numa Technologies 
INFO/CARD 127 

ATE systems for wireless RFIC 
provide new test choices 
Credence System’s RFx is a mixed-signal test 

system for cost-sensitive, high-volume production 
testing of RF/wireless devices for low cost-of-owner-
ship. This full mixed signal system design provides 
test engineers new technology test choices for com¬ 
prehensive RF device testing. The RFx is designed 
specifically for testing devices used in wireless, cel¬ 
lular, and personal communications. 
Credence Systems 
INFO/CARD 128 
Booth #245 

Stock invar waveguide 
for RF filters 

H. Rollet maintains a stock of copper, bronze, 
invar and aluminum waveguides at its new distri¬ 
bution base in New Hampshire, and through its 
California distributor A-Alpha Waveguide. In cop¬ 
per, bronze and aluminum, the sizes covered 
range from WR22 through WR650, while invar is 
held in the common sizes for RF Filters WR28, 
WR42, WR51, WR62, WR75, WR90.WR112, 
WR137 & WR159. Non-standard waveguides are 
available from H. Rollet in the UK. 
H. Rollet 
INFO/CARD 129 
Booth #2215 
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PHILIPS 

Types in bold are included in this kit. 

INFO/CARD 115 

PIN Diodes 

and satellite 

applications, 

the new 
devices feature high isolation between 

a phone’s transmitter and receiver, low 
insertion loss and low distortion, enabling 

designers to create smaller, lighter and 
lower-cost mobile products. 

Avnet complements Philips' 
technology with a dedicated 

business group for RF & 
Microwave products and 
wireless Field and design 
expertise cultivated through 

25 years of assisting 

customers at every stage of 

the design cycle. 

Completing its line-up of RF discrete 
semiconductors. Philips introduces for 
the first time a new range of PIN diodes 

developed for use as RF switches and 

attenuators. Targeted for a variety of RF 
wireless designs, including phone 

Avnet and Philips 
PeRFect Partners 

AVNET 
electronics marketing 

To request a free PIN diodes 

Designer's Sample Kit 

containing a selection of new 

RF PIN diodes, a CD ROM diskette with 
datasheets, application notes, and 

S-parameters. please visit: 
www.em.avnet.coni/rfm/pindiodes.html 
or call 1-800-261-9602, ext. 352. 

With the addition of PIN diodes to 
their RF discrete portfolio. Philips now 

offers a one-stop shop for RF devices, 

including power-amplifier modules. 

RF MMICs, varicap diodes 

and RF wideband transistors. 

TYPE Case Config. Limits Rd (W)typ Cd pF)typ 
VXv) I Xin A) ®.5mA (®10mA ©ov ®20v 

BAP50 03 
BAP50 04 
BAP50 05 

SOD323 
SOT23 
SOT23 

Single 
Series 
CC 

50 
50 
50 

50 
50 
50 

25 
25 
25 

3 
3 
3 

0 45 
0.45 
0 45 

0 3@5V 
0.3@5V 
0 3@5V 

BAP64-02 
BAP64-03 
BAP64-04 
BAP64 04W 
BAP64-05 
BAP64 05W 
BAP64-06 

SOD523 
SOD323 
SOT23 
SOT323 
SOT23 
SOT323 
SOT23 

Single 
Single 
Senes 
Series 
CC 
CC 
CA 

200 
200 
200 
200 
200 
200 
200 

100 
100 
100 
100 
100 
100 
100 

20 
20 
20 
20 
20 
20 
20 

2 
2 
2 
2 
2 
2 
2 

0 52 
0 52 
0 52 
0.52 
052 
0.52 
0.52 

0.23 
0.23 
0.23 
0 23 
0 23 
0 23 
0.23 

BAP51-02 
BAP51 03 
BAP51-05W 

SOD523 
SOD323 
SOT323 

Single 
Single 
CC 

60 
60 
60 

60 
60 
60 

55 
5 5 
5 5 

1.5 
1.5 
15 

0 4 
04 
0 4 

0 2@5V 
0.2@5V 
0.2@5V 

BAP65-02 
BAP65-03 

SOD523 
SOD323 

Single 
Single 

30 
30 

100 
100 -

0 56 
0 56 

065 
065 

0 375 
0.375 



International Microwave Symposium 2001 

240 W high-power GaAs FET 
for L-band applications 
A new high-power GaAs FET with 

an output of 240 W for use in the 2.1 to 
2.2 GHz frequency range is available 
from Fujitsu Compound Semiconduc¬ 
tor. The FLL2400IU-2C employs a 
push-pull design that offers ease of 
matching, greater consistency, and a 
broader bandwidth for high-power 

amplifiers. This product is used for 
solid-state, base-station, power ampli¬ 
fiers for W-CDMA and IMT 2000 com¬ 
munications systems applications. The 
device uses an enhanced GaAs power 
field-effect transistor process that uses 
a gold gate (Au) metallization process. 
Fujitsu Compound Semiconductor 
INFO/CARD 130 
Booth #1224 

GPS-TFM Key Specifications: 

• < 40 nanosecond accuracy to UTC 

• 1 pulse per second output 

• Precise 5 & 10 MHz outputs 

• 1 X 10 12 frequency stability 

TrueTime’s GPS-TFM is ideal for 
wireless base station synchronization 
and precise frequency reference. 

Our proprietary GPS receiver design 
is also customizable to meet your 
specific need. For a comprehensive 
datasheet on the GPS-TFM. Call or 
visit our web site. 

www.truetime.com/GPS.TFM.pdf 

800.328.1230 

TRUETIME 

INFO/CARD 22 

Full-wave spice attacks 
high-speed digital 

Ansoft announces version 8.0 of the 
Ansoft High-Frequency Structure 
Simulator (Ansoft HFSS). HFSS is a 
full-wave finite element electromagnet¬ 
ic (EM) simulator that enables engi¬ 
neers to design three-dimensional (3D) 
high-frequency structures such as con¬ 

nectors, IC packages, and antennas 
found in cellular telephones, broadband 
communications systems, and 
micro wave circuits. 
Ansoft 
INFO/CARD 131 
Booth # 1521 

Power meter for accurate 
CW measurement 

Krytar’s new RF/microwave power 
meter was developed specifically for engi¬ 
neers needing to accurately measure CW 
or swept RF and microwave power in the 
field or in the lab. Auto-ranging linearity 

is ±0.05 db. Accurate CW power mea¬ 
surement range is -30 to +20 dBm (use-
able to -39 dBm). The unit provides a DC 
output voltage of-3.9 to +2.0 volts, which 
is equivalent to power input of -39 to +20 
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SAWTEK OSCILLATORS REALLY DELIVER 

Sawtek...Your Total SAW Solution! 

Sawtek’s voltage controlled SAW oscillators deliver 

the specs your need for low g-sensitivity, very low 

noise floors and low phase noise. The new single-

ended sinewave oscillator is ideal for broadband 

applications such as SONET, LMDS/MMDS point-to-

point and multi-point microwave systems. Look 

to Sawtek’s proven Surface Transverse Wave (STW) 

technology for those outdoor installations where environmental conditions make vibration 

immunity an issue. When your designs demand a better solution and aggressive 

cost-effectiveness, demand oscillators from Sawtek. They really deliver. 

• Frequencies from 400 MHz to 2.4 GHz 

• Low phase noise/jitter (-105 dBc/Hz at 1 kHz 
offset typical) 

• Very low noise floor (-165 dBc/Hz starting at 
300 kHz offset typical) 

• Superb vibration immunity for STW 
versions (5x10 ,0/g typical maximum) 

L -SAWTEK 
. J INCORPORATED 

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

E-Mail: info@sawtek.com 

Visit Sawtek at booth *2117 at the MTT-S Show. 
INFO/CARD 68 



product preview ’ 

dBm (allows low-cost swept scalar mea¬ 
surements). Optional RS232 serial port 
or IEEE-488 interface bus is available. 
Krytar 
INFO/CARD 132 
Booth #517 

MC-card connectors for 
use in cellular devices 
RF Connectors has added two new 

special application connectors to its 
line of subminiature coaxial connec¬ 
tors. Designed for use in cellular 
devices where board and chassis 
space is limited, these right-angle 
connectors mate with PCB and card¬ 
mounted jacks. The RMC-610-A con¬ 
nector is available for RG-178/U and 
the RMC-6010-B is designed for use 
with RG-174/U, RG-188/U and RG-
316/U cables. Bodies are of nickel-
plated, machined brass, and contacts 
are gold-plated BeCu. The insulation 
is teflon. 
RF Connectors 
INFO/CARD 133 
Booth #3011 

PECL oscillators with 
differential output 

Pletronics announces a line of differ¬ 
ential PECL output oscillators. 

Available frequencies are from 10.0 
MHz to 170.0 MHz. The PE1100BV 
series offers a true crystal design for 
ultra low jitter (3pS RMS maximum for 
>70.0 MHz). The parts have an input 
voltage (Vcc) of 3.3 volts ±50 PPM over 
the operating temperature range of 0 -
80°C. The packaging is an industry 
standard footprint six-pad layout. 
Pletronics 
INFO/CARD 134 
Booth # 3620 

Distortion measurement test 
set offers broad applications 

L-3 Communications’ Celerity 
Systems division introduces the 
CS29010 integrated distortion mea¬ 
surement test set. The set has broad 
applications for a variety of wide-band, 
complex, mixed-signal design and 
development for components, sub-sys¬ 
tems and systems, all in a single box. 
The system is suitable for the test 
and measurement requirements of cel¬ 
lular, PCS, satellite, LMDS, wireless 
data, and all communications or data 
link systems operating in complex 
multi-channel and multi-signal envi¬ 
ronments. This modular system fea¬ 
tures wide bandwidth (45 MHz @ 12 
bits bandwidth) high performance 
arbitrary waveform generation, radio 
frequency up/down conversion and 
wideband recording capability with 
deep memory (4 GB RAM) all through 
a 600 Pentium III processor with a 
Windows NT operating system. 
Celerity Systems 
INFO/CARD 135 
Booth # 3214 

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|o„| 
• Very low insertion inductance 

• Easy to mount—no insulators needed 

PART NUMBER VDS lDS Ro„ Tr T( PDHS

DE275-102N06A 1000V 6A 2.0Q 2ns 5ns 270W 

DE275-501N16A 500V 16A 0.511 2ns 5ns 270W 

DE375-102N10A 1000V 10A 1.2Q 3ns 8ns 350W 

...And More Devices Coming Soon! 

www.directedenergy.com 
DEI Directed Energy, Inc. Download data sheets for these and other products at 

IXYS Company 
EUROPE 

IXYS Semiconductor, GmbH 

Lampertheim Germony 

Phone: +49.6206 5030 

fox: +49 6206.503.627 

USA 

2401 Research Blvd., Suite 108 

Fort Collins, CO USA 80526 

Phone: (970) 493 1901 

FAX: (970) 493-1903 

THINKING HIGH POWER...HIGH FREQUENCY?...THINK DEI/IXYS 

...INNOVATIONS FOR THE 21ST CENTURY5“ 
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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 

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

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

The Freedom To Do Things Right. INFO/CARD 12 



product of the month 

TC2000 SoC 

Zeevo’s new system-on-a-chip (SoC) solution includes RF, analog, 
digital baseband, and memory functionality in one mixed-signal 
CMOS device. The TC2000 is designed to minimize required exter¬ 
nal components to provide a full system solution. The chip provides 
a platform that makes implementation easier for integrated 
Bluetooth silicon devices and technology. The device includes all 
hardware and software (stack profiles), offers a development envi¬ 
ronment and includes reference designs as well. The TC2000’s 
features include high sensitivity (measured at the antenna, 

after the filter), excellent noise tolerance, a standard CPU, 
and all advanced Bluetooth features. Zeevo also provides a 
proprietary Turbo Mode that increases throughput two to 
four times. The TC2000 meets or exceeds Bluetooth 
small size and low power consumption requirements. 
Packaged in a low-temperature, co-fired ceramic 

(LTCC) package to control noise, the TC2000 has RF com¬ 
ponents (including filters and shield but excluding the anten¬ 

na) integrated around the chip in the package. There is a sin¬ 
gle-pin RF interface so customers can mount it just like a regular 
component, effectively making it a "digital-looking" chip. The IP is 
re-usable and scalable across the fast-growing communications 
markets, providing longevity and obsolescence-proof products. Its 
technical features include a frequency range of 2.4 - 2.4835 GHz for 
ISM band applications: personal computers, PDA, PC accessories, 

LAN access points, printers, gaming 
devices. It is built on a 0.18um CMOS 
process and includes all necessary RF, 
CPU, and radio subsystems. 

Zeevo 
INFO/CARD 136 

RF, analog, 
baseband, and 

memory functionality 
in one mixed-signal 

CMOS device 
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for an omni that 01 

>32dBat120° 

>42dBat90° 

>42dBat60° options 

>42dBat45° 

Horizontal 
Plane 

Front to Back 
Ratio 

120°, 90°, 

60°and45° 

MSP24013MB Specifications 
VSWR 

<1.5:1 

options 

E-Plane 
Beamwidth 

Nominal 
Gain 

pack? Could you use an attractive indoor solution? Trust Maxrad and Richardson 
to deliver flexible, innovative solutions for your broadband wireless data 
applications. Call us today to get started! 

Note: For applications in which adjustability is not necessary, the sector panel antenna can 
be ordered with fixed horizontal beamwidths of 45, 60, 90 and 120 degrees. 

16° at all 

horizontal 

beamwidth 

13dBiat120° 

14dBiat90° 

16dBiat60° 

17dBiat45° 

Typical Cross 
Poll 

Discrimination 

270°-00,0°-900= -20 dB 

235° - 270°, 90° -135° =-28 dB 

180°-235°, 135°- 180°= -32 dB 

Creative Solutions, 'S 
Exceptional Performance * Wr 
Introducing Maxrad’s new patent pending, 
2.4 GHz ISM adjustable sector panel antenna. The 
MSP24013MB provides field adjustable horizontal 
beamwidth options of 45, 60, 90 or 120 degrees with 
a VSWR of less than 1.5:1. This unique design 
delivers industry-leading front to back ratios with 
excellent cross pole discrimination. It is the ideal 
solution for wireless broadband applications where 
coverage of a geographical sector is needed. 

m TALK 
Maxrad & Richardson Electronics — 
Partnering for Success 

Success is a direct result of industry leadership, and reflects 
an unwavering commitment to quality. The Richardson 
Electronics and MAXRAD team maintains the highest 
standards of integrity, responsibility and excellence. Together, 
we provide the quality, value and expertise that you need to 
succeed in the global wireless communications industry. 

As evidence of our commitment to these values, we proudly 
present one of the most comprehensive portfolios of wireless 
broadband data antennas currently available on the market. 
Our antennas will meet our published specs every time, 
guaranteed. Allow our experienced technical-sales 
professionals to optimize your network with the perfect 
antenna solution for your application. 

What 
about other 
ISM band 
antenna 
products? 

ma\rad 
STATE OF THE ART ANTENNAS 

ISO-9001 Registered 

Call 888-735-7358 
(U.S. & Canada) 

Richardson 
S' Electronics 
Engineered Solutions 

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

ACN 069 808108 +61 (2)9894-7288. Bayswater ACN 069 808108, +61 (3)9738-0733, BrazilSão Paulo +55(11)3845-6199, Rio De Janeiro +55 (21)521-4004, China: Shanghai 

+86 (021 ) 6440-1284, Colombia: Sante Fe de Bogota. DC (57-1 ) 636-1028, Denmark: Hedenhusene +45 4655-5630, Finland: Helsinki +35 (8) 9386-90110, France: Colombes 

Cedex +33.1 .55.66.00.30, Nozay +33.1 .69.80.71 .33, Germany: Puchheim +49 (89) 890 214-0, Hamburg +49 (40) 555 88 410, Italy: Agrate (Ml) +39 (039) 653 145, Roma +39 (06) 

41 .73.37.51 . Sesto Fiorentino (FL) +39 (055) 42.08.31 . Japan: Osaka +81 (6) 6314-5557, Tokyo +81 (3) 5215-1577. Korea: Seoul +82 (2) 539-4731 . Malaysia: Selangor +60 (3) 

5511-5421 , Mexico Mexico City +52 (5) 674-2228, Guadalajara +52 (3) 645-4641 . Philippines Pasig City 63 (2) 636-8891 . Singapore +65487-5995, Spain. Barcelona +34 

(93) 415 8303. Madrid +34 (91 ) 528 3700. Sweden: Stockholm +46 8 564 705 90. Taiwan Taipei +886 (2) 2698-3288. Thailand Bangkok +66 (2) 749-4402, The Netherlands 
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Formoreinformation, 

visit our on-line 
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1-800-RF-POWER www.rfpowernet.com rwc@rell.com 



BF product focus — integrated subsystems 

2.4 GHz spread spectrum transceiver 
AeroComm announces the release of a line of LX 2.4 GHz 

frequency-hopping spread spectrum (FHSS) transceivers. LX 
transceivers are agency-approved, ready-to-use modules 
designed for rapid integration into larger volume OEM prod¬ 

ucts. Five versions of 
transceivers and two 
repeater models are avail¬ 
able. Manufacturers can 
choose short-range, low-
power versions for bat¬ 
tery-powered or piconet 
applications, and higher-
power radios coupled 
with repeaters for miles 
of range. With RF data 
rates up to 244 Kb/s, and 
3 mW for local uses (with¬ 

in 50 feet), it reaches 150mW for miles of longer range appli¬ 
cations. LX transceivers are available with integral strip 
dipole antennas for applications not permitting external 
antennas. Radios with antenna connectors are also available 
for use with a variety of agency external antennas. 
Aerocom 
INFO/CARD 138 

Multifunction RFIC 
Hittite Microwave introduces a multifunction RFIC 

component, the HMC310MS8G. The device incorporates a 
power amplifier and low-noise amplifier with a 

transmit/receive switch. 
The device is designed 
for applications in the 
2.4 GHz ISM band 
including HomeRF, 
Bluetooth, and low-
power wireless local 
area network (WLAN) 
radios. It offers 14 dB of 
gain and +6 dBm PldB 
in the transmit mode. 
Its 14 dB of gain is rated 
with an overall noise 
figure of 2.7 dB when in 
receive mode. This low-
current, transceiver 

requires no external circuitry to operate the amplifier 
power down features and is available in the industry stan¬ 
dard MSOP8G package. 
Hittite Microwave 
INFO/CARD 139 

Five-watt attenuators for 
DC to 18 GHz 
RF Micro Devices announces the 

RF2485 quadrature modulator for ter¬ 
restrial trunked radio (TETRA) sys¬ 
tems. Designed for TETRA use in the 
200 to 600 MHz band, the RF2485 fea¬ 
tures a broadband noise floor of -149 
dBm/Hz typical at 5 MHz offset along 
with ACPR of -48 dBc typical at 25 

kHz. The device operates from a single 
5VDC power supply and contains all of 
the required components to implement 
the modulation function. Included are 
differential amplifiers for the baseband 
inputs, a 90 degree hybrid phase split¬ 
ter, limiting LO amplifiers, two bal¬ 
anced mixers, a combining amplifier 
and an output RF amplifier which will 
drive a 5011 load. 

Typical applications for the 
RF2485 include digital and spread 
spectrum systems; GMSK, QPSK, 
DQPSK and QAM modulation; pri¬ 
vate mobile radio and TETRA sys¬ 
tems; AM, SSB, DSB modulation and 
image-reject up-converters. 
RF Micro Devices 
INFO/CARD 140 

Ultra low current 
downconverter 
M/A-COM announces a low-cost, 

highly linear IC downconverter for use 
in cellular band, CDMA handsets and 
other battery-operated RF systems. 
This device integrates a switched LNA, 
mixer, and several buffer amplifiers in a 
miniature 4 mm WLF package. The IC 
features an on-board LNA and bypass 
switch for gain control, a mixer with LO 
buffer and RF input amplifier, and sin¬ 
gle-ended and differential mixer output 
buffers. Based on enhancement-deple¬ 
tion gallium arsenide (EID) MESFET 
technology, the IC draws lower current 
than typical SiGe ICs, which typically 
draw 25 mA or more. The small size, 
low cost, linearity, and low current 
draw make this IC a candidate for light¬ 
weight, battery-operated, handsets and 
portable systems. The MD59-0043 oper¬ 

ates with an RF output frequency 
between 800 and 900 MHz. The device 
has a low noise figure, 2.3 dB, very low 
current draw, 20 mA ( 16 mA in low gain 
mode), a conversion gain of 28 dB, and 
an input IP3 of -10 dBm, typically. The 
device requires an LO signal of -6 dBm. 
M/A-COM 
INFO/CARD 141 

EMI/RFI flexible 
conduit 
The RF9600 is now available on the 

new MURS frequencies. These live VHF 
channels are available for use by almost 

anyone and no license is required. The 
Mt.JRS radio modem is capable of 9600 
baud, has error correction, robust reliabil¬ 
ity, and comes pre-programmed with all 

82 www.rfdesign.com April 2001 



2IV« 51V 
DC to 18GHz ATTENUATORS 

$7995 
rrom < ea. it -49) 

Rugged Stainless Steel Construction, High Repeatability, Miniature Size, Low Cost, 
and Off-The-Shelf Availability are some of the features that make Mini-Circuits “BW” 
family of precision fixed attenuators stand above the crowd! This extremely broad 
band DC to 18GHz series is available in 5 watt Type-N and 2&5 watt SMA coaxial 
designs, each containing 15 models with nominal attenuation values from 1 to 40dB. 
Built tough to handle 125 watts maximum peak power, these high performance 
attenuators exhibit excellent temperature stability, 1.15:1 VSWR typical, and cover a 
wealth of applications including impedance matching, reducing power levels when testing 
higher power amplifiers, wide band matching during intermodulation measurements, 
and providing a 2W or 5W termination load for power amplifiers. Call Mini-Circuits 
today and capture this next generation of performance and value! 
Mini-Circuits... we're redefining what VALUE is all about! 

MODELS (Add Prefix BW-) 

Attenuation (dB) 
Nominal 

ALL MODELS IN STOCK 

2WSMA 

$29.95 

S1W2 
S2W2 
S3W2 
S4W2 
S5W2 
S6W2 
S7W2 
S8W2 
S9W2 
S10W2 
S12W2 
S15W2 
S20W2 
S30W2 
S40W2 

Accuracy 

±0.40 
±0.40 
±0.40 
±0.40 
±0.40 
±0.40 
±0.60 
±0.60 
±0.60 
±0.60 
±0.60 
±0.60 
±0.60 
±0.85 
±0.85 

5WSMA 

$44.95 

S1W5 
S2W5 
S3W5 
S4W5 
S5W5 
S6W5 
S7W5 
S8W5 
S9W5 
S10W5 
S12W5 
S15W5 
S20W5 
S30W5 
S40W5 

5W Type-N 

$54.95 

N1W5 
N2W5 
N3W5 
N4W5 
N5W5 
N6W5 
N7W5 
N8W5 
N9W5 
N10W5 
N12W5 
N15W5 
N20W5 
N30W5 
N40W5 

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

□□Mini-Circuits us 58 |NT’L 59 
CIRCLE READER SERVICE CARD 

F 331 Rev Orig ISO 9001 CERTIFIED 

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 S WEB SITE 
^^¡"“The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com 



five frequencies. Each station may have 
its own ID code to ensure that it responds 
to commands. Units will work well with 
many commercial weather stations, as 
well as the less-expensive home variety. 
Neulink radio modems are available on 
VHF, UHF, and 2.4 GHz frequencies. 
RF Neulink 
INFO/CARD 142 

Three-volt TX/RX RS-232 
serial devices 

Intersil introduces a new family of 
VDC RS-232 transmitters-receivers that 
operate as the serial interface port for 
such portable battery-operated appli¬ 
ances as cellular phones, digital cam¬ 
eras, personal digital assistants and 
palmtops. The JCL32xx RS-232 devices 
are five-driver, three-receiver trans¬ 
ceivers that support data rates of 250 
kbps, and are fully compatible with 3.3 
VDC-only systems, mixed 3.3 VDC and 
5.OVDC systems, and 5.0 VDC-only 
systems. The new devices offer 15 kV 
electrostatic discharge (ESD) circuit pro¬ 

tection to protect the exposed RS-232 
pins from ESD damage. The 3V family 
of products requires 0.3 mA of supply 
current during normal operation. The 
devices feature manual, automatic and 
enhanced automatic power-down fea¬ 
tures that reduce standby supply cur¬ 
rent. These features can shut down the 
on-chip power supply and simultaneous¬ 
ly disable the transmitter outputs that 
also result in a reduction of standby cur¬ 
rent. Automatic power-down function 
activates when an RS-232 cable is dis¬ 
connected or when the peripheral dri¬ 
ving the device powers down. The device 
powers up immediately after detecting a 
valid RS-232 level on any receiver input, 
such as when the cable is reconnected. 
Intersil 
INFO/CARD 143 

PMC-based DSP 
I/O card 
A high-performance, integrated PMC¬ 

based 110 card has been announced by 
Ixthos. The PMC ENET-1 card includes 

integrated I/O and DSP hardware and 
software solutions for wireless digital 
radio/programmable software receivers, 
semiconductor fabrication and test 
equipment, sonar/imaging, telecommu¬ 
nications and networking, as well as 
high-speed serial interconnect fabric and 
networking. The card provides Ethernet 
and serial ports on a single PMC card 
for use in 3.3 VDC or 5.0 VDC PCI sig¬ 
naling environments. A flexible stacking 
option allows for another PMC module 
to be "piggybacked" onto the ENET-1 
during development. 
Ixthos 
INFO/CARD 144 

Context sensitive help 

Get free copy of SuperNEC Lite 
' for non commeroof purposes 

aaa.pvyniLijdtMu 

SuperNEC is o hybrid MoM/UTD antenna analysis programme 

RF/Microwave Chip Capacitors to 1000 Volts 
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¬ 
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, 
MC1 2, MC1 8, MC22, tolerance ±0. 1 pf to ±5%. For 
more information please visit our website at: 
www.cornell-dubilier.com 

Joe Gracia. Product Manager 
Cornell (508) 996-8564 / fax: (508) 996-3830 

- soiuiiors Email: cdenb@cornell-dubilier.com 
CDE 

The sharpest electromagnetic and 
antenna simulation software! 

Poy nting Software www.poynting.co.za email: supernec@poynting.co.za 

Tel: 27 11 403 0380 Fox 27 11 403 0381 

iiiiciiuic hkiuugj yi upim. cuintiy, muvu, lupy, 
reflect, full controls editor 

Output interface: 2D & 3D colour plots, polar, 

rectangular, logarithmic axes. Smith charts, contour 
fllntc fl riff notu/nrL nnnk/7Or chrla mnrLarr nrrttiîrlorl 

INFO/CARD 53 INFO/CARD 108 
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Economize. 
At prices as low as 29c each*, Stanford 
Microdevices’ affordable SGA series gain blocks 
present a cost-effective solution to designers 
with high-volume requirements in 
wireless data products and 
thousands of general-purpose 
applications up to 5 GHz. 

And, the SGA series’ economy goes beyond 
price. The units’ low-voltage operation 
and low DC current requirement make SOT-363 Package 

them ideal for todays vast range of wireless 
devices requiring power-efficient performance. 

The broadband units also offer exceptional IP3 performance 
and superior linearity for the power consumed. 

Part Number Bandwidth 
(GHz) 

Gain 
© 1 GHz 
(dB) 

Gain 

(dB) 

P1dB 
(dBm) 

OIP3 
(dBm) 

Noise 
Figure 
(dB) 

Vd 
(V) 

Id 
(mA) 

Low Voltage Gain Blocks 

SGA-0163 

SGA-0363 

DC-4.5 

DC-5.0 

13 

20 

12 

17 

-2 

+2 

+9 

+14 

4.7 

3.0 

2.1 

2.5 

8 

11 

High Reverse Isolation Gain Blocks 

SGA-1163 

SGA-1263 

DC-6.0 

DC-4.0 

12 

16 

11 

15 

-3 

-8 

+8 

+3 

3.1 

2.7 

4.6 

2.8 

12 

8 

General Purpose Gain Blocks 

SGA-2163 

SGA-2263 

SGA-2363 

DC-5.0 

DC-3.5 

DC-2.8 

10 

15 

17 

10 

14 

16 

+7 

+8 

+8 

+21 

+20 

+19 

4.2 

3.2 

2.9 

2.2 

2.2 

2.7 

20 

20 

20 

SGA-2463 DC-2.0 20 17 +9 +20 2.7 2.7 20 

For more information, visit us at stanfordmicro.com. 
*500,000 pieces 

L* STfíN_fORD 
Q MICRO DEVICES 

www.stanfordmicro.com • 800.764.6642 INFO/CARD 25 

© Copyright 2001 Stanford Microdevices. Stanford Microdevices is a registered trademark of Stanford Microdevices. Other trademarks are the property of their respective holder. All rights reserved 



¡^products 
Multifunction, multi-platform 
Bluetooth RF Test Set 

Celerity introduces the CS20310 Bluetooth RF Test Set. This test instru¬ 
ment records, analyzes and generates Bluetooth signals over full 83.5 MHz 
bandwidth. It is also capable of digitally generating up to 12,800 hops at 
1,600 hops/sec in the 2.4 GHz band with full control of all RF parameters 
for receiver RF compliance testing. A broadband downconverter and high-
performance 300 MS/s ADC captures all of the hops in time, preserving 
complete time, frequency, modulation, and transient information of the 
Bluetooth signals. High-speed digital analysis routines process the stored 
data, providing detailed RF parameter data essential for fully characteriz¬ 
ing Bluetooth RF transmitters. In addition, each hop can be demodulated 
to provide the baseband data, allowing protocol analysis using third party 
protocol analyzer software The CS20310B utilizes a modular, open plat¬ 
form that allows easy upgrades for additional features such as deeper 
memory, additional recorder/generator channels, and wider bandwidths. 
The Windows NT environment can be integrated with popular simulation, 
analysis, and desktop publishing tools 
Celerity Digital Broadband Test 
INFO/CARD 158 

Low-noise amplifier 
for 2G and 3G 

Stanford Microdevices 
introduces the SLX-2043, a 
pHEMT-based low-noise 
amplifier module for 2G/3G 
wireless applications. The 

module is designed for 
amplification of W-CDMA, 
CDMA, GSM-EDGE/EGSM, 
and TDMA/TDMA-EDGE 
signals in base-station 
receiver applications from 
1.7 GHz to 2.5 GHz. The 
device offers a typical noise 
figure of 1.1 dB, a typical 
output intercept of 34 dBm 
and 15 dB of gain. The 
LNA offers input and out¬ 
put matching without 
external matching compo¬ 
nents and is unconditional¬ 
ly stable. It operates from a 
single 4V supply. 
Stanford Microdevices 
INFO/CARD 159 

SMT medium-power 
amplifier 
The HMC300LM1 is a 

broadband SMT medium¬ 
power amplifier that operates 
between 25.5 and 33.5 GHz. 
A 0.25um power pHEMT 
process is used to achieve 
efficient gain and output 
power performance. High vol¬ 
ume surface-mount re-flow 
assembly techniques may be 
used to mount the amplifier 
to the end user’s PCB. The 
LM1 package eliminates the 
need for wire bonding or die 
attach mounting. The ampli¬ 
fier provides 15 dB of gain 
and +24 dBm of saturated 
output power across various 
microwave radio bands. This 
millimeter wave amplifier 
requires no external RF 
matching components and 
minimal DC bypass com¬ 

ponents. The amplifier oper¬ 
ates from a +6 V Vdd and a 
-0.35 Vgg gate bias. 
Hittite Microwave 
INFO/CARD 160 

Miniature GSM/GPRS 
transceiver 

Silicon Labs introduces 
the Aero GSM transceiver 
chipset. The chipset provides 
a complete RF front end for 
dual- and triple-band GSM 
digital cellular handsets. The 
highly integrated three-chip 

solution eliminates the IF 
SAW filter, external low 
noise amplifiers (LNA) for 
three bands, transmit and 
RF VCOs, and more than 60 
other discrete components. 
The transceiver provides a 
universal analog baseband 
interface that is software-
programmable and allows 
handset designers to imple¬ 
ment the product with any 
supplier's baseband sub¬ 
system. The unit is also com¬ 
pliant with General Packet 
Radio Services’ (GPRS) Class 
12 requirements, supporting 
high data rate communica¬ 
tion for Internet-enabled 
wireless terminals. 
Silicon Laboratories 
INFO/CARD 161 

Miniature W-CDMA 
power amplifier 
Celeritek announces a 

new W-CDMA power ampli¬ 
fier for wireless data trans¬ 
mission at 3.5 Ghz. The 
part is manufactured in a 
miniature, 4mm square, 
leadless chip carrier 
package. The CMM3566-LC 
is a linear power amplifier 
intended for use in sub¬ 
scriber units and base sta¬ 
tions that operate in the 3.45 
to 3.50 GHz frequency range. 
Typical features include 
operation at 7.0 VDC, 30 dB 
gain at operating output, +24 
dBm linear output power (W-
CDMA). The device is pack¬ 
aged in an LCC-8 package 
measuring 4 mm x 4 mm x 
1.8 mm high, that provides 

excellent electrical stability. 
The device requries minimal 
external circuitry for bias 
and matching. 
Celeritek 
INFO/CARD 162 
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RF/IF MICROWAVE COMPONENTS 
CTSI 

2 TO 11 OOM Hz RF TRANSFORMER 
FOR IMPEDANCE MATCHING 
Designed for impedance matching 
applications, Mini-Circuits low cost 
TC4-11 RF transformer provides 4:1 
impedance ratio (50 ohms primary, 12.5 
ohms secondary) in the broad 2 to 
1100MHz band. Referenced to midband 
loss, users can expect 1dB insertion 
loss in the 5 to 700MHz range and 2dB 
loss bandwide. This leadless surface 
mount transformer is housed in an open 
style aqueous washable package with 
ceramic base. Absolute maximum RF 
input power is 0.25W. 

1900 TO 2400MHz 90° HYBRID IS 
ULTRA-THIN 0.050" SOLUTION 
Mini-Circuits 1900 to 2400MHz broadband 
QBA-24 is a 2way-90° power splitter 
developed with high 21 dB typical isolation 
and low 0.54dB insertion loss (typ, avg. of 
coupled outputs less 3dB). As a splitter, 
these patented Blue Cell™ hybrid’s are 
capable of handling 20W (max.) power 
input and are housed in a low profile 0.050” 
ceramic package with solder plated leads 
for good heat dissipation and excellent 
solderability. Available off-the-shelf. 

DC TO 8GHz MMIC AMPLIFIER 
HAS HIGH RELIABILITY 
The GAL-21 is a newly developed 
monolithic surface mount amplifier from 
Mini-Circuits for the broad DC to 8GHz 
band. When operated at 2GHz/25°C, the 
unit typically delivers high 13.1 dB gain 
(±0.6dB flat) and maximum output 
power of 12.6dBm typical (at 1 dB comp.). 
These low cost 50 ohm amplifiers are 
housed in an industry standard SOT-89 
package for excellent heat dissipation 
and display low 128°CAW (typ, Ojc) thermal 
resistance. Available from stock. 

1500 TO 3600MHz SM MIXER 
SUPPRESSES INTERMODULATION 
This level 17 (LO) SYM-36H surface mount 
frequency mixer from Mini-Circuits targets 
PCS and ISM applications within 1500 to 
3600MHz. Typically at center band, the mixer 
exhibits high 25dBm IP3 and low 6.3dB 
conversion loss. Bandwide, L-R isolation is 
30dB, and L-l isolation is 34dB typical. 
Ruggedly constructed in a low cost plastic 
package with solder plated leads and covered 
by a 5 year Ultra-Rei® reliability guarantee. 

1350 TO 2000MHz VCO WORKS 
FROM 12V SUPPLY 
Mini-Circuits new ROS-2000 voltage 
controlled oscillator features 1350MHz to 
2000MHz broad band linear tuning from 
a miniature 0.5”x0.5”x0.18” industry 
standard surface mount package. The 
VCO delivers low -100dBc/Hz SSB 
phase noise typical at 10kHz offset, good 
30-50MHz/V typical tuning sensitivity, 
and 0.5 to 20V minimum to maximum 
tuning voltage. Typical power output is 
+7dBm with output suitable for LO drive 
to mixers. Affordably priced. 

13dB "DO-IT-YOURSELF" 
COUPLER DELIVERS COST SAVINGS 
The patented TCD-13-4 from Mini-Circuits 
needs only a commercially available 50 ohm 
external chip resistor, and a complete 5 to 
1000MHz directional coupler is realized. 
Designed to lower costs through automated 
manufacturing, this rugged coupler 
provides 13.0dB±0.5dB nominal coupling 
(±0.6dB max. flatness) with 0.7dB 
mainline loss and 18dB directivity typical 
midband. The 50/75 ohm “do-it-yourself" 
TCD family contains 9 units with 9 to 
20dB coupling for 5 to 1000MHz. 

us 
CIRCLE READER SERVICE CARD 

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE 
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The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com 

inmisión F 347 Rev. Ora. 



RIDE THE WAVE 
OF PHONON’S 

SAW components and u 

subsystems for IF signal 
processing in military and 
professional OEM equipment. 

Engineering support and unique 
design capabilities enable 
prototype development allowing 
more competitive NRE pricing and 
quick delivery. 

COMMUNICATIONS: IF bandpass filtering 
for: cellular base stations, microwave links, 
mobile digital radio, MSK matched filters. 
RADAR: Wide band matched filters, pulse 
compression using bi-phase, linear and 
non-linear frequency modulations. 
ELECTRONIC WARFARE: Real time 
spectrum analysis, channelized filter banks, 
delay lines. 
SPACE: High reliability SAW components 
for satellite use. 

PHONON CORPORATION 
P.O. Box 549 
90 Wolcott Rd., Simsbury, CT 06070 
Tel: (860) 651-021 1 • Fax: (860) 651-8618 
www.phonon.com • saw@phonon.com 

p-ionon 
CORPORATION 

INFO/CARD 19 

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. 

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. 

(yiydtaf (^cmpa-ny 201 Blackford Ave.. Middlesex, NJ 08846 
Phone: 800-526-3935 • Fax: 800-777-2 197 

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

INFO/CARD 6 

AMPL/FZERS 
Amplifier supports Bluetooth 
applications 
The RF2472 is a SiGe low-noise 

amplifier for use in Bluetooth and cell 
phone applications. The amp offers a 
low noise figure of 1.5 dB and more 
than 14 dB of gain in the 2.4 GHz 
ISM band The device is characterized 
at 1.9 GHz operation and is suited for 
PCS handset applications as well as 
Bluetooth. It draws 6 mA from a 3 
VDC supply and offers a powerdown 
mode, reducing its current consump¬ 
tion to under 1 mA. 
RF Micro Devices 
INFO/CARD 163 

Low-noise HBT 
amplifiers 
Alpha Industries’ four new broad¬ 

band HBT amplifiers exhibit low noise 
and high linearity performance. They 
are suited for applications in cellular 
and PCS base stations; cable systems 
as return path amplifiers, line ampli¬ 
fiers and tuners; in wireless LAN 
(Bluetooth, 802. llx, home RF and 
WIFI) and Hyperlan systems. The 
complete family of HBT amplifiers is 
designed as cascadeable 5012 gain 
blocks, and all four amplifiers are 
available in industry-standard tape-
and-reel packages. The GBH112 pro¬ 
vides 13 dB of small signal gain with 8 
GHz of bandwidth. It has a PldB of 
12.5 dBm at 2 GHz and IP3 of 25 
dBm. The amp is available in plastic, 
micro-X and the smaller SC-88 pack¬ 
age. The GBH114 operates from DC to 
8 GHz with 15 dB of gain and a 3 dB 
bandwidth of 6 GHz. 
Alpha Industries 
INFO/CARD 164 

TEST EQUIPMENT 
WLAN receiver for 
802.11b networks 
The Grasshopper hand-held wire¬ 

less receiver is designed for sweeping 
and optimizing local area networks. 
The instrument measures coverage 
for direct sequence networks that 
operate on the IEEE 802.11b stan¬ 
dard. The receiver detects and differ¬ 
entiates from narrowband multipath 
interferences such as microwave 
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There’s a simple migration path 
to Microwave Office. Lately, 

it’s been more like a stampede. 

Download a fully-functional 30-day trial (just 20MB) 

at www.mwoffice.com and start designing today. 

At least there’s one bull market going on right now and there’s only one 
option you need to exercise— Microwave Office '200 1. It’s simple. ..does 

your current high frequency design solution easily support all of your old 

designs? Do you feel like you need to be a rocket scientist to perform a 

simple optimization? Is it easy to use and customize? Do you get regular 

Microwave 

Office 2001 

timely upgrades? If not, it’s time to go down another path. 

No EDA software is more powerful or intuitive. And our 

schematic data translators import existing Agilent EEsof 

designs, so you won’t lose any valuable data. For more 

info, visit www.mwoffice.com or call us at 310-726-3000. 

INFO/CARD18 



ovens and frequency hopping systems. 
It includes a built-in display, keypad, 
antenna, rugged carrying case and 
two removable battery packs for true 
portability. 
Berkeley Varitronics Systems 
INFO/CARD 165 

Amplifier test system inte¬ 
grates analysis capability 

Anritsu has enhanced its ME7840A 
power amplifier test system with 
additional measurement capability. 
The instrument can now conduct 
ACPR, IMD, PAE, compression, har¬ 
monics and S-parameter measure¬ 
ments with a single connection. The 
new capabilities complement the test 
set’s existing features, including the 
ability to conduct swept frequency 
and swept power measurements. The 
instrument combines the Scorpion 
vector network measurement system, 
the Scorpion PA Navigator user inter¬ 
face and a test set. 
Anritsu 
INFO/CARD 166 

PASSIVE 
COMPONENTS 
E-core transformers for 
switch-mode apps 
The series 6655, 6656, 6657 and 

6658 PC-mount ferrite E-core trans¬ 
formers are for use in switch-mode 
power supply applications. They range 
in size from 0.750" X 0.868" X 0.625" to 
1.620" X 1.350" X 1.130”. Transformers 
are constructed using a UL-approved 
nylon bobbin and can be supplied in 
horizontal or vertical mount configura¬ 
tions. The ferrite material allows use of 
the transformers over the 10 kHz to 
250 kHz frequency range. Cores can be 
gapped for flyback applications or to 
provide tighter inductance tolerances. 
Full mechanical specifications are 
available in PDF format at the API 
Delevan Web site, www.delevan.com, 
along with a design worksheet for the 
designer to fill out the electrical specifi¬ 
cations required. 
API Delevan 
INFO/CARD 167 

High Q factor 
chip inductors 
The KQ 0402 surface-mount inductor 

is designed with a high Q factor and high 
self-resonant frequency suitable for high-
frequency applications. It features a flat 
top design. The 1.1 mm X 0.5 mm induc¬ 
tor is suitable for high-speed pick-and-
place components and automatic machine 
insertion. The KQ series offers tolerances 
of ±2%, ±5%, ±10% and ±20% with a nom¬ 
inal inductance range of 1.8 nH to 10 mH 
The quality factor range is 16 to 65 with a 
self-resonant frequency range of 90 tc 
6,000 MHz. The inductors are suitable for 
reflow soldering. The series is available ir 
sizes 0402, 0603, 0805 and 1008. 
KOA Speer Electronics 
INFO/CARD 168 

SEMICONDUCTORS 
RFIC switch for 
DBS receivers 
The UPG183GR 4X2 GaAs switch is 

designed for use in LNB downconversior 
Continued on page 10^ 

HIGH PERFORMANCE RF CAPACITORS.... 

High Frequency 
Ceramic Capacitors 

Porcelain NPO 
Ceramic Capacitors 

Single Layer 
Microwave Capacitors 

Laser Adjustable 
Ceramic Capacitors 

RF Capacitor 
Proto-typing Kits 

... NOW COMPLIMENTED WITH MLCsoft . ADVANCED 
SPICE AND S-PARAMETER MODELING SOFTWARE 

download free at: 

www.johanson-caps.com 
931 Via Alondra • Camarillo, California • (805) 389 1166 
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K&L 
MICROWAVE INCORPORATED 

k à 

A DOVER COMPANY 

The 

WHETHER YOUR REQUIREMENTS ARE HIGH END MILITARY OR HIGH VOLUME 
COMMERCIAL... K&L HAS THE POWER TO TURN YOUR IDEAS ON. 

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

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

p 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 

■ global market by providing engineering solutions, technical support, 

V 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. 

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

www.klmicrowave.com * sales@klmicrowave.com 
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Wireless Symposium 
product wrap 

Wireless Symposium introduced 
a number of new and 
noteworthy products. 

Here are some of the highlights. 

Thermally conductive PCB/heat 
sink gap filler 
W. L. Gore’s Polarchip thermal interface material 

is a highly compressible, thermally conductive mate¬ 
rial designed for filling the undesirable air gaps 
between heat generating devices on printed circuit 
boards, heat sinks, heat spreaders, and metal chas¬ 
sis. The material is suitable for gap-filling applica¬ 

tions where the thickness of the gap is large or vari¬ 
able due to irregular surfaces. A variety of pressure¬ 
sensitive adhesives are available and can be lami¬ 
nated to one side of the thermal interface to facili¬ 
tate attachment. 
W. L. Gore & Associates 
INFO/CARD 148 

Snaptop 
Shields 
Think Inside the Box 

Uncover the Possibilities 

• Instant access to your board-level 
components without de-soldering 

• Lids can be removed and resealed 
as often as needed without affecting 
locking or shielding integrity 

• Folofab will integrate Snaplop™ 
functionality into your design 

Contact our Technical Services 
Department at 773.463.621 1 for 
a free sample. 

Visit our website for more 
information: Hxnx.Iolofab.com 

3758 Belmont Avenue 
Chicago. Illinois GOG 18-5292 
phone: 773.463.621 1 fax: 773.463.3387 
email: engineering@fotofab.com 
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RF and Audio Equipment 

VIA & VIA Director 
Complex Impedance Analyzer 

Frequency Range: 100kHz-54MHz 

Graphical Display of Impedance, 
Reactance, Resistance and SWR. 

www.aea-wireless.com 

RF and Audio Equipment 

1487 Poinsettia P: (800) 258-7805 
Suite #127 P: (760) 798-9687 
Vista. CA 92083 F: (760) 798-9689 

e-mail: aea@aea-wireless.com 

INFO/CARD 103 
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FEI CRYSTAL OSCILLATORS... 
WITH PROVEN PERFORMANCE 

FEI Communications, the world leader in 
quartz and atomic frequency/time sources for 
39 years, presents 3 Quartz oscillators to 
select from. Each with Low Phase Noise and 

Excellent Stability. They can be packaged in a 
configuration of your choice. Contact FEI 
for our catalogs. 

FEI Communications, Inc. 
A Subsidiary of Frequency Electronics, Inc. 
55 Charles Lindbergh Blvd., Mitchel Field, NY 11553 
TEL: 516-794-4500 • FAX 516-794-4340 
Visit us at: www.freqelec.com 
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Extended frequency 
range VCXO 

Valpey Fisher presented an improved 
VF194IVF294 tri-state VCXO with an 
extended frequency range of 1.5 to 160 
MHz. Applications for the device 

include xDSL, SONET/SDH, digital 
video, HDTV, cellular base stations, 
ISDN, and wireless LANs. The device is 
housed in a standard 6-pin LCC foot¬ 

print and offers ±25 ppm stability, with 
±100 ppm pullability. Both 5 VDC and 
3.3 VDC devices are available. 
Valpey Fisher 
INFO/CARD 149 

RFIC driver amplifier for 
mobile communications 

California Eastern Labs has added 
a medium-power amplifier to its line of 
NEC Silicon RFICs. The UPCS1S2TB 

has an upper operating frequency of 
2.9 GHz at 3 dB bandwidth. Designed 
to drive two-stage PAs, the device 
offers 30 dB of isolation to minimize a 
PA's loading effects. At 2.5 GHz the 
device offers +8.0 dBm of output power 
and a typical power gain of 20.5 dBm. 
The device is housed in a miniature 
six-pin SOT-363 package and is avail¬ 
able on tape and reel for high volume 
automated assembly. 
CEL 
INFO/CARD 150 

Single positive supply 
voltage pHEMT 
Agilent Technologies previewed a true 
small-signal E-pHEMT device; the first 
in a family of high-gain, highly linear 
and low-noise transistors. The ATF-
54143 is designed for cellular/PCS base 
stations, multi-channel multipoint dis¬ 
tribution systems, and other applica¬ 
tions in the 450 MHz to 6.0 GHz fre-

Your customer deserves the best 
• Bandwidths of 300Hz, 500Hz, 

2.5kHz, 5.8kHz, 7.0kHz and 

10kHz now available. 

Rockwell 
Collins 

• 455 kHz Center Frequency 

• Small, Rugged, Reliable 

• Volume Pricing As Low As $20.00 

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

(714) 641-5315 
FAX: (714) 641-5320 
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CERAMIC RF 
CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

VACUUM CAPACITORS 
VACUUM RELAYS 

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

Web: www.surcom.com 
E-mail: link@surcom.com 
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Burn out 
or burn with passion? 

—» Electromagnetic engineers with a passionate disposition? At CST we've found this to be quite the norm. 

This attitude ensures our technical leadership in the field of 3D EM simulation: The incorporation of 

the Perfect Boundary Approximation™ (PBA) technique allows an accurate modeling of curved surfaces 

while maintaining the unparalleled performance of the FI method in the time domain. 

CST MICROWAVE STUDI0TM 's typical applications include the simulation of waveguides, couplers, filters, 

power splitters, multiplexers, switches, planar structures, coax and multipin connectors, MMIC packages, 

RLC-extraction, and all kinds of antennas. 

INFO/CARD 99 
TECHNOLOGY 

CST. CHANGING THE STANDARDS. 
CST of America, Inc. • Wellesley, Massachusetts ■ http://www.cst-america.com 
To request literature or a free demo CD, 781-416-2782, or info @cst-america.com 



quency range. Typical performance at 
2.0 GHz is 0.55 dB noise figure, +36 
dBm output intercept point and 17.4 dB 
associated gain. Operation is from a sin¬ 
gle +3 VDC supply at 60 mA current. 
Agilent Technologies 
INFO/CARD 151 

TDMA/GSM dual-band 
amplifier/mixer 
RFMD debuted its RF2492 dual-band 

LNA/mixer for the emerging 

TDMA/GSM handset market. The device 
is a complete receiver front end with 
dual IF outputs that can interface to two 
independent IF SAW filters. Multiple 
gain options are provided and an inte¬ 
grated frequency doubler is included in 
the LO circuit providing both high- and 
low-band LO signals. It features 24 dB 
of cascaded gain, and a 2.9 dB noise 
figure draws 30 mA of supply current, 
adjustable LNA bias current and IIP3 
and differential LO buffer outputs. 
RF Micro Devices 
INFO/CARD 152 

Miniature cellular duplexer for 
cellular phones 
Sawtek offered pre-production 

release of a miniature 5 mm x 5 mm 
cellular RF SAW 

duplexer support¬ 
ing CDMA, 
TDMA and 
AMPS 
architec¬ 
tures in a 

compact pack¬ 
age.This duplex¬ 

er is about 75% 
smaller than first-

generation SAW duplexers and more 
than 95% smaller than ceramic 
duplexers. The device offers increased 
receiver sensitivity in CDMA, TDMA 
and analog cellular phones through 
reduced insertion loss and increased 
spurious rejection. 
Sawtek 
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Hirose’s New Microwave Components 
Hirose continues to enhance its half century of experience in radio-frequency 

devices with a wide variety of leading edge microwave components 
operating in a variety of applications from DC to 26GHz and beyond. 
• Fixed, Variable and Programmable Attenuators 
• Stripline and Surface Mount Couplers, Circulators, Splitters, Terminators 
• Microminiature and Standard Coaxial RF Switches 
• Variable Phase Shifters, DC Blocks, Relay Headers and much more... 
Take advantage of Hirose’s microwave 
experience. Challenge us!!! www.hirose.com HIS 

U.S.A. : Hirose Electric (U.S.A.), Inc. 

2688 Westhills Court. Simi Valley. CA 93065 

1-805-522-7958 • Fax: 1-805-522-3217 

Toll Free: 1-888-Hirose8 

GERMANY : Hirose Electric GmbH 

Zeppelinstraze 42. 73760 Ostfildern ■ 

Kemnat 'Phone: 49-7114560021 

Fax:49-7114560729 

UNITED KINGDOM: Hirose Electric UK LTD. 

Crownhill Business Centre. 22 Vincent Avenue. 

Crownhill, Milton Keynes, Bucks MK8 OAB, U.K. 

Phone: +44(0)1 908 260616 • Fax: +44(0)1908 563309 
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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. 

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

(603)882-1748 
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O 2<MM> Hitachi Semiconductor (Amenta) Inc. PMWRXAXOOIDI 

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.hîtachi.com/semiconductor/wireless 

A. PRODUCTS: 

C. MANUFACTURING: 
We’re a high-volume, 

M high-quality supplier, 
from wafer to hybrid. 

B. TECHNOLOGIES: 
Bipolar, MOSFET, 

GaAs MESFET, 
GaAs MMIC, HEMT, 

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

Hybrid Power Amplifiers 
Integrated Transceiver ICs 

High Power MOSFETs for Basestations 
High 1P3 LNA/Mixer MMICs 

High Frequency Transistors 
Low Rds, 1N MOSFETs 
Variable Capacitor Diodes 
SOI Foundry 

Components 

HITACHI 
Semiconductor 
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High-speed 5 GHz 
wireless chipset 
Raytheon pre¬ 

sented a 54 Mb/s 
radio chipset, 
called Tondelayo, 
based on the 
IEEE 802.11(a) 
standard for 
high-speed wire¬ 
less networks in 
the 5 GHz UNII 
bands. The 
chipset includes 
a power amplifi-
er/switch mod¬ 
ule, RF, IF and 
baseband compo¬ 
nent chips. The 
device uses C-OFDM modulation in a flexible low-risk design 
approach. It also includes CardBus and PCI reference designs 
and a robust suite of drivers. The design provides a cost-effec¬ 
tive solution across all three 5.0 GHz UNII bands. 
Raytheon 
INFO/CARD 154 

TECDIFI 
MICROWAVE COMPONENTS 

Single Layer Ceramic 
CHIP CAPACITORS 

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.) 

PPATURZS 
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 

TECCIPI 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:tecdia@mindsphng. com 

website:http://www. tecdia. com 
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Bluetooth antennas 
offer high gain 

Centurion Wireless Technologies displayed two antennas 
for Bluetooth applications. The BlueChip antenna is an inter¬ 
nal antenna that offers high gain (>2.0 dBi) and wide band¬ 
width. It features PCB surface mount in vertical or horizontal 
positions and can be delivered in 
tape-and-reel packaging. The 
MicroBlue antenna features 
0.03" thickness, and provides 
3 dBi gain. The MicroBlue is 
customizable for high-volume 
embedded applications in either 
board- or cable-mount configura¬ 
tions. Both units cover a frequency 
range from 2.4 to 2.5 GHz and are 
omnidirectional along the azimuth plane. 
Centurion 
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Compact crystal for portable and wireless 
apps 

Fox Electronics introduced a new crystal that provides a 
cost-effective alternative for portable, wireless and other appli¬ 
cations with space and budget constraints. It measures just 
13.4 mm x 5.08 mm. The crystal offers a frequency range of 
3.579545 MHz to 66.6667 MHz, a frequency tolerance of ±50 
PPM, a frequency stabil¬ 
ity of ±80 PPM or less 
depending on frequency, 
and an operating tem¬ 
perature from -20°C to 
±70°C. The SMD crystal 
is encased in a plastic 
package and can be fur¬ 
nished in standard tape-
and-reel packaging. 
Fox Electronics 
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Bipolar 20060 Transistor 
for Wireless Base Stations 
GHz Technology announced the release of the GHz20060, 

its newest transistor for linear wireless communication sys¬ 
tems. The GHz20060 is a simplified version of GHz 
Technology's double input matched wider bandwidth 

1920CD60. The GHz20060 is a 60-
watt (PEP), 26-volt, Class AB 

bipolar transistor for use in 
the 1800 to 2000 MHz fre¬ 
quency range. It has a min¬ 
imum power gain of 9 dB. 
The transistor is designed 
for linear wireless base sta¬ 
tion applications. Samples 

of the part are available now. 
GHz Technology 
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Find out information on all the products, software and literature described in this issue. 
Circle the reader service number on the card and mail it today. 

Or go to our new home at WWW.tclcCOmclick.COm. 
Click on the RF Design icon and go to the manufacturer’s links. 
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Continued from page 90 

in DBS receiver applications. The switch 
provides four independent IF input chan¬ 
nels that can be internally switched to 
one of two output channels. The frequen¬ 
cy range is 950 to 2,150 MHz, and inser¬ 
tion loss is 7 dB at 50D typical per chan¬ 
nel. The switch offers a 26.5 dB isolation 
and comes in a 16-pin HTSSOP package. 
California Eastern Laboratories 
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FEC chips support 
wireless Internet access 

The 2 kb Astro LE forward error correc¬ 
tion chip operates at standard channel 
rates up to 35 Mb/s. A 4 kbit chip was also 
developed to provide additional coding gain 
for less cost-sensitive applications. The 
chips are to be designed into modems for 
use in high-speed wireless Internet access 
applications including point-to-multipoint 
terrestrial and satellite connections. The 
chips incorporate Advanced Hardware 
Architectures’ TPC technology, delivering 
as much as 3 dB of additional coding gain. 
Advanced Hardware Architectures 
INFO/CARD 170 

SIGNAL SOURCES 
Commercial PLL 

Vari-L is offering the Model PLL400-
915 PLL that generates frequencies from 
902 to 928 MHz in 200 kHz steps. The 
unit typically requires 19 mA of current 
from a 5.0 VDC supply voltage. Typical 
phase noise at 0.5 kHz offset is -84 
dBc/Hz and the typical phase noise at 100 
kHz offset is -131 dBc/Hz. Phase detector 
spurious suppression is typically -82 dBc. 
Typical output power is 4.0 dBm. Second 
harmonic suppression is typically -13 dBc 
and third harmonic suppression is typical¬ 
ly -27 dBc. The unit is housed in a .60" x 
.60" x .13" surface mount, pick- and-
place/reflow compatible package. 
Vari-L 
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Compact 3.3 VDC 
OCXO functions as TO-8 

MTI-Milliren introduces a 3.3 VDC 
OCXO. With a frequency range from 4.8 
MHz to 100 MHz, these devices easily 

achieve the necessary performance char¬ 
acteristics normally associated with 
larger designs by using a full-size TO-8 
(HC-37) quartz housing. Features 
include a thermal stability of 2.0 Eos 

over a 100°C temperature range, warm 
up time of less than 5 minutes, and 
power consumption of 1.0 W at +25°C. 
Phase noise at 1 Hz offset is -85 dBc/Hz 
with a noise floor of -150 dBc/Hz (at 10 
MHz). Devices are delivered in hermetic 
16-pin DIP or surface-mount packages, 
or can be modified with footprint 
adapter boards. 
MTI-Milliren 
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TCXO has digital 
compensation 
The new QED 110-AH/BH SMT 

DTCXO is digitally compensated to 
achieve a stability of ±0.4 ppm over its 
operating temperature range oflt is 
designed for use in test equipment, 
man-pack and handset military radios. 
TEMEX Electronics 
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Cellular — Satellite — Mobile 
Communications...Hitachi 
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 

RF TRANSFORMERS 

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. 

CIRCULATORS, ISOLATORS 

COMBINERS AND SPLITTERS 

COUPLERS 

DOUBLE AND SINGLE BALANCED MIXERS 

Hitachi Metals America, Ltd. 
2101 S. Arlington Heights Rd., Suite 116 

Arlington Heights, IL 60005 
LOW PASS FILTER, BAND PASS FILTER Tel: (847) 364-7200 Fax: (847) 364-7279 

ANTENNA SWITCHES, DIPLEXER www.hitachimetals.com 
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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 

FIEITIAL 
Cable a Cofineclors| 
tir u> Electronic» Hunnin 

NEMAL ELECTRONICS INTERNATIONAL INC. 

12240 N.E.14TH AVENUE 

NORTH MIAMI, Fl 33161 
TEL: 305-899-0900 • FAX: 305-895-8178 

E-MAIL: INFO@NEMAL.COM 
URL: WWW.NEMAL.COM 
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Wants facts on CDMA technology: 

Reads feature article in industry 
news section of RF Globalnet. 

Looking for new EDA software: 

Identifies 245 possible 
vendors using the 
RF Globalnet'“ Buyer's Guide. 

Needs guates for a receiver: 

Sends RFQs to 136 
companies at once with 
web-based service at 
RF Globalnet. 

Has to get more cable adapters fast: 

Uses a supplier's online 
catalog in RF Globalnet to 
make purchase in minutes. 

Needs to specify amplifiers: 

Gets specs from 307 manufacturers 
at RF Globalnet. 

ONE S 

Whatever your ¡oh requires — sourcing and buying products from suppliers, knowing 

the latest RF/microwove developments, discussing design trends with colleagues, 

and more — you con do it all at RF Globalnet, a VerticalNet marketplace. 

Go to www.rfglobalnet.com VerticalNet 
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RF glossary 

Glossary of terms used in this issue of RF Design 

GFSK - gaussian filtered frequency shift 
keying 

GMSK - gaussian minimum shift keying 
GPIB - general-purpose interface bus 
GPRS - general packet radio service 
GPS - global positioning system 
GSM - global system for mobile 

communications 
HBT - heterojunction bipolar transistor 
HDR - high data rate 
HEMT - high electron mobility transistor 
HSCSD - high-speed circuit-switched data 
HTTP - hypertext transfer protocol 
I and Q - in-phase and quadrature 
VO - input/output 
IC - integrated circuit 
IF - intermediate frequency 
IM - intermodulation 
IMD - intermodulation distortion 
InP - indium phosphide 
IP - internet protocol 
IR - infrared 
ISM - industrial, scientific, and medical 
JSP - java server pages 
LAN - local area network 
LDMOS - laterally diffused metal oxide 

silicon 
LMDS - local multipoint distribution service 
LNA - low-noise amplifier 
LO - local oscillator 
LOS - line of sight 
LPF - low-pass filter 
LSI - large scale integration 
LTCC - low-temperature co-fired 

ceramic 
MDS - multipoint distribution systems 
MMAC - million multiply accumulate 

operations 
MMDS - multichannel multipoint 

distribution service 
MMIC - monolithic microwave integrated 

circuit 
MOSFET - metal-oxide semiconductor 

field-effect transistor 
MOU - minutes of use 
MSPS - million samples per second 
NRZ - non-retum to zero 
NTC - negative temperature coefficient 
OEM - original equipment manufacturer 
PA - power amplifier 
PAR - peak-to-average ratio 
PCB - printed circuit board 
PCS - personal communications system 

2G - second generation of wireless 
communications systems 

3G - third generation 
A/D - analog-to-digital 
AC - alternating current 
ACPR - adjacent-channel power ratio 
ADC - analog-to-digital converter 
AGC - automatic gain control 
AMPS - advanced mobile phone system 
AODV - ad-hoc on demand distance 

vector 
ASIC - application-specific integrated circuit 
ASK - amplifier shift keying 
ASP - application service provider 
ATM - asynchronous transfer mode 
AWGN - additive white gaussian noise 
BPSK - binary phase shift keying 
CCRR - co-channel rejection ratio 
CDMA - code-division multiple access 
CDPD - cellular digital packet data 
CGI - common gateway interface 
CMOS - complementary metal-oxide 

semiconductor 
CMRR - common-mode rejection ratio 
CW - continuous wave 
DC - direct current 
DCS - distributed communications system 

or digital cellular system 
DDS - direct digital synthesis 
DECT - digital european cordless 

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

grammable read-only memory 
EM - electromagnetic 
EMC - electromagnetic compatibility 
EMI - electromagnetic interference 
ESD - electrostatic discharge 
ETSI : european telecommunications 

standards institute 
FCC - federal communications 

commission 
FDD - frequency division duplex 
FEM - finite-element method 
FET - field-effect transistor 
FHSS - frequency-hopping, spread spec¬ 

trum 
FIFO - first-in, first-out 
FIR - finite impulse response 
FSK - frequency shift keying 
GaAs - gallium arsenide 
GaN - gallium nitride 

PDA - personal digital assistant 
PDC - pacific digital cellular 
PECL - positive emitter-coupled logic 
PHEMT - pseudomorphic high-electron-

mobility transistor 
PIM - personal information management 
PLL - phase-locked loop 
PPM - parts per million 
PSK - phase shift keying 
QPSK - quadrature phase shift keying 
RFI - radio frequency interference 
RFIC - radio frequency integrated circuit 
ROM - read-only memory 
SDH - synchronous digital hierarchy 
SMA — standardization management 

activity 
SMD - short message delivery 
SMR -specialized mobile radio 
SMS - short messaging service 
SMT - surface-mount technology or 

surface-mount toroidal 
SNR - signal-to-noise ratio 
SOIC - small-outline integrated circuit 
SONET - synchronous optical network 
SPDT - single-pole double-throw 
SSPA - solid state power amplifiers 
TCP - transmission control protocol 
TDD - time division duplex 
TDMA - time-division multiple access 
TETRA - trans european trunked radio 
TTL - transistor -transistor logic 
TXCO - temperature-compensated 

crystal oscillator 
UART - universal asynchronous receiver 

transmitter 
UDP - user datagram protocol 
UMTS - universal mobile telecommunica¬ 

tions service 
UTRA - UMTS terrestrial radio access 
VCO - voltage-controlled oscillator 
VCXO - voltage-controlled crystal 

oscillator 
VOFDM - vector orthogonal frequency 

division multiplexing 
VSAT - very small aperture terminal 

(satellite service) 
VSWR - voltage standing wave ratio 
WAP - wireless application protocol 
W-CDMA - wideband code-division 

multiple access 
WLAN - wireless local area network 
XDSL - another name for an ISDN BRI 

channel 
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RF literature and product showcase 
Customized UHF Band Pass Helical Filter 

We have 500 standard Performances show 
in our website : |www. temwell com tw] 
You may specify any Spec, in its range. 
•Fo=50~ 1200 MHz, ♦-3BW2-100MHZ 
»Resonator: 2-5 poles *Size: Pin & SMD 

¡♦♦Applications for :**| 
( 1 ).UHFTransceiver,Trunk:(LMS,SMR) 

(66-88M, 136-1 74M,403-5 12MHz) 
(2)WirelessModem/Monitor:200~900Mhz 
(3).IF filter: 70/90/140/250/480/960MHz 
(4) Cable Modem, Set-Top Box etc_ 
Send you CD-Rom Catalog VI .4 for best choice 
No initial charge,no Q'ty limited, sample 14 days 

¡Agent Wanted | C.A Agent 

Temwell Corp. AceTec Inc 
Fax:886-2-2552 5250 Tel:858-784 0900 

INFO/CARD 250 

Microwave Absorbers 
Custom parts in lossy 
foam or elastomer 

systems 

Die cut or water-jet cut 
to meet tolerance require¬ 
ments 

Liquid absorber applied 
in-house for hot-spot 
interference problems 

Reduce fabrication costs 
with automated mold-in-
place technology 

Ul EMERSON 
& CUMING 

' [MICROWAVE products 
Specialists In Solving Cavity Resonant 
Interference Problems From 0.8-40 GHz 

800-650-5740 
www.eccosorb.com 

INFO/CARD 253 

SURGE PROTECTION 
❖ COAXIAL Surge 

Suppressors for 
PCS, GPS, RF 
Equipment 

❖ AC Protector 
ULI 449 

❖ Surge Arrester 
Gas Tubes 

• Voltage from 
75V 
To 1500V 

• Available in 
Surface Mount 

c 
CITEL 
tMúMfy i» Stiff 

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

www.citelprotection.coni 
INFO/CARD 251 

See us at MTTS Booth #2600 

INFO/CARD 254 

2-4 GHZ Digital Controlled Attenuator 

Description: 

UMCCs Model AT-D000-HD is a solid state Digital variable attenuator. At 
tenuation level is set vta an eight bit TTL binary code covering 60dB dy¬ 
namic range Unit is equipped with internal voltage regulators along with 
temperature compensation circuitry for guaranteed performance and ac 
curacy in all extreme conditions. Unit measures 2.3’ x 1.6* x 0.5’ in size 

Key Specifications: 

• Insertion Loss 
• Attenuation Range / Resolution. 
• VSWR (All Settings) 
• Attenuation Frequency Flatness: 

i0 30 dB S lOdB 
tO 80 dB g 20dB 

• Transfer Function Accuracy. 
0- 10 dB g ±0 25 dB Max 
10 -30 dB g ±0 50 dB Max 

• Switching Time 
• Operating RF Power 
• Power Supplies 

1.5 dB Max 
60dB I 0 25dB Steps 
1.51 Max 

±1 50 dB g 40dB 
±1 60 dB g 60 dB 

30 • 50 dB g t1.0 dB Max 
50 -60 dB g ±1.5 dB Max 
500 nS Max 
100 mW CW/Peak 
♦ 12 to +15VDC g 60 mA 
-12 to -15 VDC g 50 mA 

Universal Microwave Components Corp. 
5702-D General Washington Drive 
Alexandria. Virginia 22312 
Tel: (703) 642-6332 • Fax: <7031 642-2568 
E Mail: I MCC111@ AOL.Com 
Web Site: http://membcrs.aol.com/ 

num 
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0.1 MHz to 3.1GHz Portable Spectrum Analyzers 
■ PS - 550 0.1 - 550MHz PS - 5A 0.1 - 1100MHz (1300MHz optional) 

PS - 5B 0.1 - 2050MHz (2 bands) PS - 6C 0.1 - 3100MHz (3 bands) 
■ Conter/Markor 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 vortical display with Base Lino Clipper 
■ Bullt - in AM/FM demodulation with monitoring speaker 
■ Optional built-in Tracking Generator 
a AC / DC / Battery powered (optional internal *12V bettery pack) 
a Lightweight - Portable oporating 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: vtechinsf@erols.com 

INFO/CARD 255 

KE buyers’ source 
CONSULTANTS/CONSULTANT SERVICES 

Electronic 
Design cccworhi 

Consultants Inc. 
Specialists in RF and Analog Design 

Call EDC today with your toughest challenges. 

Electronic Design Consultants Inc. 
8342 Bishop Rd SE 

Aumsville OR 97325 
(503) 749-3444 

Fax: (503) 749-2654 
Email: edc@cyberis.net 

CONSULTANTS/CONSULTANT SERVICES 

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

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

The Buyers’ Source directory is a convenient 
guide for suppliers of products and services 
for the EMC /BSD industry. The Buyers’ 
Source directory listings are sold on an annual 
basis. For information on rates and closing 
dates, call 1-888-834-0448. 

DISCRETE COMPONENTS 
CRYSTALS/RESONATORS 

SC-cut Crystal 
Resonators 

For your SC-cut crystals requirement 
frequency 4-33 MHz. 3rd overtone. High Q. 
low aging 2xl0 10 per day. calibration ±1.5 
ppm, G-sensitivity up to <1x10 ’/g. 
Holders: HC-36, HC-37, HC-40, HC-43. 

Nofech Electronics, Ltd. 
11 Beith Hadfus St, Jerusalem 95483 Israel 
Tel.: +972-2-65 KMI82 • Fax: +972-2-6510292 

Email: marketing^ nofech.co.il 
Website: http://www.nofech.co.il 
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RFmarketplace 
CLASSIFIED AD MANAGER 
Dawn Rhoden 
+1.913.967.1861 Worldwide 
1.888.234.0448 USA Toll-free 
Fax: +1.913.967.1735 
E-mail: dawn_rhoden@intertec.com 

MAIL AD MATERIALS TO: 
Annette Hulsey, Classified Ad Coordinator 

9800 Metcalf Avenue, Overland Park, KS 66212-2215 
+1.913.967.1746 • Fax: +1.913.967.1629 
E-mail: annette_hulsey@intertec.com 

Find it faster... Page 
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Career Opportunities 108-109 

Literature/Product Showcase 107 

Redesign 

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

career opportunities 

Engineers 

Unwire the world. 

Unleash 
your potential. 

Nextel is known for its technology. Like the largest guaranteed 
all-digital wireless network in the US. The 4-in-1 cellular business 
solution. And our new wireless Internet service. Nextel Online“. 
But we owe our success to the 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: 

• RF ENGINEERS 
• PROJECT MANAGERS 
• DATABASE/NETWORK 
ADMINISTRATORS 

• DISPATCH ENGINEERS 
• SOFTWARE DEVELOPERS 
• PROGRAMMER ANALYSTS 
• SWITCH ENGINEERS 

• iDEN ENGINEERS 
• SS7 ENGINEERS 
• SYSTEMS PERFORMANCE 
ENGINEERS 

• PLANNING ENGINEERS 
• MOBILE DATA SYSTEMS 
ENGINEERS & TECHNICIANS 

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 
C 2000 Nextel Communications, Inc. AA/EOE/M/F7DH 

Ryan 
RF Design Engineer 
Looking to hire a highly creative 
person to join our product devel¬ 

opment team. Requirements include: MEE or 8 years of 
applicable experience. RF design experience (up to 2 GHz 
range), knowledge of general analog circuit design and 
RF simulation tool experience. Send Resume and Salary 
Requirements to: Ryan International Corporation 4800 
Evanswood Drive.Columbus. Ohio 43229. FAX to (6I4) 
885-8307. email: hr@ryan-tcad.com, www.ryan-tcad.com 

Redesign 
Redesign 
Redesign 
Redesign 
RFdebían 

RF ENGINEER 
Design RF systems to comply with FCC part 15, 

for use in automotive security systems. 
Requirements: BSEE, MSEE preferred. 5 or more years in RF 
design. Prefer experience with automotive electronics design, 

keyless entry or security systems a plus. Design to OEM 
automotive requirements, specifically strong understanding of 

EMC/EMI. Send resume to hr@directed.com 

Invest your advertising 
budget where your 

prospects invest 
their time... 
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Because 
it works 

The RF Design direct 
mail maintains a clean, 
qualified subscriber list. 

RF Design magazine meets 
the tough audit standards 
of BPA International. So 
when we say you’ll reach 
over 40,000 professionals 
in radio frequency design 
— we mean it. 

When you’re ready to 
reach this qualified group 
of professionals call 
Marcia Jungles and let our 
names work for you! 

Based on the June 2000 BPA International 
Circulation Statement 

Call Marcia Jungles at 
913-967'1326 

or fax 913'967'1897 
marcia_jungles@intertec.com 

^INTERTEC 
LIST RENTAL 

www.interteclists.com 

career opportunities 

Looking 
to fill a 
position 
in your 

company? 
Advertise in 
the Career 

Opportunities 
section 

of RF Design ! 

Call 888-234-0448 
for more 

information. 

...YOUR CAREER 
Director ot Manufacturing Operations: The director will be a key driver of the 
company’s growth plan by planning resources needed to meet company goals with 
regard to production, sales, quality, time to market and delivery to customer. By work¬ 
ing in close cooperation with the Business Development Group, this individual will 
ascertain current and future capacity needs and be responsible for formulating and 
executing manufacturing plans to fulfill the company's commitments to its customers. 
This individual will coordinate with the Engineering. Product Development. Quality. 
Materials and Facilities groups to assure that these operational disciplines provide the 
necessary resources to accomplish the manufacturing plans. 

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. 

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 compa¬ 
nies are successful RFIC technology leaders All levels of engineering technology positions are open. Design, 
applications, project engineering, manufacturmg/production. BSEE or equal experience minimum. 

Sr. Synthesizer Engineer: The ideal candidate will have a BS in Electrical Engineering and five years 
experience in the design of RF and microwave synthesizer products. In particular, he or she should 
have hands-on design experience with VCOs. frequency/phase detectors, dividers, phase lock amplifi¬ 
ers. mixers, quadrature search circuitry, combline filters and multipliers. Familiarity with design tech¬ 
niques that permit low microphonics and minimum phase hits are a must. In addition, experience in the 
use of commercial and/or custom PLL chips and microcontrollers would be an advantage. 

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

RF Test Engineer: You will develop automated test software and procedures for RF/analog circuits 
Experience using cellular test equipment GPIB (HP VEE/labVIEW) programming and CDMA/AMPS 
knowledge a plus. Will consider highly motivated entry-level RF Engineers with BSEE 

Account Manager This position will work closely with key customers to implement standard product 
design-ins and custom IC development projects. Individual will manage all phases of project develop¬ 
ment: schedules, forecasts, resources, and technical goals. 

Principal Design Engineer RF IC design in the Wireless Communications and/or Broadband technologies. Expe¬ 
rience 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 experience. Experience with 
amplifiers, filters, mixers. PLLs and their integration into radio transceivers 

Active Components Engineer: Design discreet RF active components for RF sys¬ 
tems. BSEE with at least 2 years experience in designing LNAs required. Experience 
with high power amplifier design is a plus. 

Sr. Filter Design Engineer: 3 plus years experience in the design and develop¬ 
ment of RF/Microwave filters for the wireless industry. Experience with ceramic, 

i cavity, combline, stripline, low pass, band pass filters a plus. All Filter Design-
I ers are encouraged to apply. 

IUI I COMMUNICATIONS -- III IW 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: micsearch@aol.com FAX: 978-794-5627 

WWW 
micsearch] 

com 

Looking for an 
effective marketing tool? 

Discover the advantages of 
classified advertising! 

For more information call: 
888-234-0448 

Fax: 720-489-3253 

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

RF Engineers (Junior and Senior) will be 
responsible for designing new RF/fiber-op-
tic communications products. Candidates 
must have 2-15 years of relevant “hands on" 
experience in circuit/system design and 
product development and be able to design 
and analyze subsystems in the frequency 
range from RF circuits and DC to 10 GHz. 
BSEE (MSEE preferred.) Proficiency with the 
RF CAD tools: ADS, Series IV, Spice, Touch¬ 
stone, Eagleware, EM simulators is re¬ 
quired. Must be able to carry a project from 
a concept to transition to manufacturing. 

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

For immediate consideration, 
please send your resume to: 

careers@fiberspace.net 
Fax: (310) 641-5790 

http://www.fiberspace.net 



RF in ernest 

Gee-whiz, or 
Gee was... 

by Ernest Worthman 
technology editor 

ernest_worthman@intertec.com 

I start this column with a question as to why, when I try to talk mobile-to-mobile with a close friend, 
the conversation never gets finished. The reason is 
that I never seem to get a clear, continuous, noise-
free transmission. The call either gets dropped, it is 
so noisy I can’t hear, or the digital dropout makes it 
sound like a staccato conversation. And, while Im 
probably exaggerating a bit, it happens EVER 
TIME. I’m quite annoyed with it. 
Not exactly news — OK, so this isn t news. I m 

using it as a springboard into this month s column 
because I think it has some relevance. 

I’ve been watching (and not without some heart 
palpitations, mind you) the current dismal perfor¬ 
mance of the traditionally strong semiconductor and 
related industries. I have resisted orating any num¬ 
ber of knee-jerk reasons that so many are quick to 
offer, including explanations of why we’re heading 
for a recession, or why the new president doesn t 
have the nation’s confidence. 
Enough time has gone by that I believe the cur¬ 

rent state of stagnation within what I sometimes call 
the “gadgetry” industries (computer, electronic enter¬ 
tainment, information and intercommunications) 
that constantly create new gizmos, features and 
options is a wake-up call. I believe that we are seeing 
the beginning of technological overload. I believe 
that the consumer is getting overwhelmed and inun¬ 
dated with wonderful technological options with lit¬ 
tle real functionality. 
Been there, done that — Even I, one of the orig¬ 

inal technological junkies who spends way too much 
time watching the Discovery Channel, am getting a 
bit bored with the feverish pace of incessant techno¬ 
logical diarrhea. I’ve tried most of it, and use almost 
none of it. And this isn’t just the wireless communi¬ 
cations industry. The computer industry is just as 
stoic I have finally realized that I just dont need to 
be running an Intel P4 at 1.4 GHz, when my paltry 
little 1.0 GHz AMD does the job nicely. 

I’m not alone — I opened this column with the 
example of poor mobile-to-mobile communications 
because of a friend of mine. Actually, he is the one 
who got me off on this tangent. All he wants is a 
mobile phone system that is reliable. No wonder he 
isn’t rushing out to get the latest Web-enabled wire¬ 
less phone. He’s thinking if this is the best that voice 
can offer, why even try the wireless Internet? 
And he’s not the only one. I’ve seen headlines 

saying that 3G phones are just gadgetry (October 
2000, eWeek) and heard rumors that the wireless 
Web infrastructure is way too slow to support com¬ 
plex multimedia and high-speed data (same 
source). From March’s PC World, Editor Stephen 
Mans writes, “New PCs equal new hassles His 
position is that it’s just getting to be too much of a 
hassle to upgrade a computer under the Windows 
environment, and users just don’t need the incre¬ 
mental increase in performance brought on by the 
potential headache of upgrading. And Intel has 
expressed concerns that the investment required for 
a 3G infrastructure buildout will bankrupt the wire¬ 
less industry. Furthermore, when news like 
Ericsson’s departure from the handset market is 
announced, one has to wonder. 

It’s personal - Recall that I mentioned in an 
earlier column the difficulty my favorite editor, 
Roger, had with trying to access the Internet on his 
new Sprint Web phone. He’s told me since then that 
he’s done a few basic Web inquiries, but far from the 
hype that abounds in commercials and promotions 
- and it’s still slow! He isn’t in a hurry to get the 
next-generation wireless communicator (whatever 
they choose to call it) either. 

Lately, for me, the Internet has been losing its 
glamour às well. I’ve had more than my share of dead 
sites, broken links, and porno sites connected to 
seemingly innocent sites. I’m sick of dealing with idi¬ 
otic Internet mail-order companies that are impossi¬ 
ble to contact by telephone or fax when their site hic¬ 
cups and you can’t communicate with them on an 
order. I’ll never order motorcycle parts through an 
Internet e-business again. 

Additionally, the bombardment of pop-up ads, 
offers too good to refuse and tons of unrelated mater¬ 
ial that one has to wade through when using the 
Internet is starting to wear thin. Certainly, the 
bloom has fallen off of my rose. 

I’ve started going back to physically browsing 
the brick-and-mortar Media Plays and Virgin 
Superstores for my DVDs, Barnes and Noble for 
my books and magazines, and the Supr 
Softwares for my computer applications. I like 
being able to take stuff back if I need to. And 1 
like the touchy-feely 3D environment that allows 
me to have a cup of coffee by a fireplace while 
reading the latest issue of Cats magazine. 
Maybe I’m wrong, and the industry pundits are 

right when they say this slowdown is only tempo¬ 
rary or they blame it on the “recession,” or the lack 
of a killer 3G application, or the regular delays in 
Bluetooth, WAP and other enabling platforms. 
Maybe I’m wrong when I say the public has had 

enough of missed debut dates and underperforming 
products...maybe. After all, I did buy Iridium stock 
at just over $6 a share. 

But, I also bought ITT stock at $24 a share about 
a year ago. 
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Model 

us 92 93 
CIRCLE READER SERVICE CARD 

F 177 Rev D 

VI 
0.47tol0GHz 

ISO 9001 CERTIFIED 

28 
1 

151 
4 
2 
41 
83 
6 
25 
4 
62 
3 
11 
9 

0.50-10.0 
1.00-4.20 
1.00-2.49 
0.50-4.20 
0.47-8.40 
0.80-1.98 
0.80-5.00 
1.00-1.99 
0.50-8.40 
0.80-4.80 
0.75-2.40 
0.50-4.20 
0.90-0.99 
0.47-4.80 
0.95-1.75 

2WAY-00 

2WAY-900 

2WAY-180' 
3WAY 
4WAY 
5WAY 
6WAY 
7WAY 
8WAY 
9WAY 
10WAY 
12WAY 
14WAY 
16WAY 
32WAY 

Freq. 
Range (GHz) 

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

No. 
Of Models 

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 

EJ Mini-Circuits 

Looking for a “perfect fit” power divider for your 
50 or75 ohm design. ..fa s t ? Just call Mini-Circuits! 
Our quick response and wide variety can provide 
on-target performance to match your needs exactly. 
That’s because we've developed a vast inventory 
of low cost/high value SMA, BNC, and Type-N connector-
ized units covering cellular, GSM, ISM, PCS, and satellite 
bands. Select from 2 to 32way models, wide band units 
and microstrip designs going down to 470MHz. And 
Mini-Circuits power dividers are built tough to handle high 
matched power with good VSWR, low insertion loss, and 
high isolation between ports. For even lower frequency 
applications, check out our family of torroidal 
transmission line power splitters and combiners with 
frequencies as low as 500Hz. If you're looking for a 
better blend of usability and affordability, put the power 
of Mini-Circuits to work for you today! 
Mini-Circuits.. .we’re redefining what VALUE is all about! 



Worth switching to... 

• • * * • Want to save more real estate in your cordless phone, 

shown actual size, these PCS, and digital cellular handset designs? Our ultraminiature 
low voltage 

LBandspDT switchesare G'lAs SPOT switches deliver wide bandwidth. low insertion loss 
available now 

ZZ and high PldB, plus the quality 
“super minimold” 

package, and consistency you've come 

to expect from NEC. 

Best of all is the price. 

At less than 50 cents each in 

production quantities, they’re 

switches worth switching to! 

Ultraminiature 
GaAs Switches, 

from 499 
Want more information? You can download data sheets for 

our NEC switches directly from our website. 

RFIC Selection Guide 

under GaAs REICs at: 
www.cel.com/prod/prod_rfics.asp ‘100K Piece Qty. 

UPG 158TB UPG137GV 

Shown 3X 
actual size. 

They can all be 

found in our frequency range 100MHz to 2.5GHz 100MHz to 2.5GHz 

insertion Loss 0.4dB @ 2GHz 
O.55dB @ 1GHz 
0.65dB @ 2GHz 

PldB ♦27dBm up to +35dBm 

Control Voltage +3V to +5V + 3V to *5V 

Package 6-pin super minimold 8 Pin SSOP 

price* 49c 95C 

CEL California Eastern Laboratories 

. ^TT-s A

^33/ 
^y 20 

www.cel.com 

NEC 
4590 Patrick Henry Drive ■ Santa Clara, CA 95054 ■ 408 988-3500 

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

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