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A lot Less
Headaches

When you use Noise Com’s UFX-NPR
to test Noise Power Ratio.

If you need to test Noise Power Ratio without a
complex, time consuming set up, look to Noise Com’s
UFX-NPR Noise Power Ratio Test Set. We offer
customers a trouble-free solution... NPR test capability
right out of the box!

Backed with 15 years of design experience the
UFX-NPR is loaded with unique features:

¢ High Frequency capability up to 40 GHz.
* Wide Noise bandwidths up to 10 GHz.
¢ Superior measurement speed and notch depth.

¢ Self contained test solution. Calibration,
configuration and set up not required.

¢ Automated measurement technique.
* Easy to use keypad or remote GPIB Control.

* Ongoing data storage within the Unit’s
memory capacity.

* Test TWTA’s, Linearizers, Frequency converters,
Amplifiers, CATV applications, Fiber Optic systems.

It's simple and painless....... the Noise Com UFX-NPR.

Test Smarter!

Noise Com

E. 64 Midland Avenue
Paramus, NJ 07652

Phone: (201) 261-8797

Fax: (201) 261-8339
Email: info@noisecom.com
Web site: www.noisecom.com

NOISECyp



witewound RF chip inductors
run circles around the competition

Higher Q Compared to non-wirewound chip coils, most
Coilcraft parts have Q factors that are 50% to 150% higher.
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Lower DCR Put as much as 3 times the current through
our chip inductors thanks to their low DC resistance.

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

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

Better support From our engineer-friendly web site to our
global manufacturing capabilities, Coilcraft is

just plain easier to do business with. ORDER YOUR

Visit us at www.coilcraft.com for technical F E

data, free samples, simulation models and more. gAMPLEs
N THE weg

L M
6 www.coilcraft.com 800/322-2645 Fax847/639-1469
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Dcup ’o 206”1 TERM'NAT IONS from (qty.1-9)

From FM to cellular to satellite communication circuits, these
terminations end all...the broadband KARN-50, ROSE-50, and
ANNE-50 terminations from Mini-Circuits. Until now, microwave
terminations were usually very expensive, especially custom designs
for higher frequencies. But thanks to quantum leaps in design and
manufacturing techniques by Mini-Circuits, you could replace high

5

priced units with these versatile 50 ohm solutions and obtain
features such as low VSWR, usability to 20GHz, and rugged
construction to withstand severe mechanical vibration and shock,
from the low price of only $9.95ea.(qty.1-9). And high quantity pricing
is even more amazing! Finally! Cost effective, high performance
microwave terminations...off-the-shelf! Call Mini-Circuits today.
Mini-Circuits...we’'re redefining what VALUE is all about!

KARN-50 ROSE-50 ANNE-50 ANNE-50CN 80
N Type Male Connector SMB Plug Connector SMA Male Connector with 31/2” Chain & Cap &7
st qty.1-9 |  $9%qty.1-9 $1195 qty. 1-9 $1395 qty. 1-9 g.
$74 qty. 1000 1 $735 qty. 1000 $749 gty. 1000 $949 gty. 1000 [
Freq. Range Retun Loss | Freq. Range Return Loss . Range Return Loss
T e | e e | e e £
DCto 2 45 DCto 2 45 DCto 4 40 ?
DC to 4 35 DCto4 35 41010 30 £
DC to 6 28 OCto6 28 1010 20 20 0 1Ry
Note: Power ratings at 70°C: ANNE-50 and ROSE-50 is 0.50W, derate linearty 0 2 4 & & 10 12 14 16 18 20
at 0.005W/°C from 70°C to .35W at 100°C. KARN-50 is 2W, derate linearty Frequency (GHz)
at 0.025W/°C to 1.25W at 100°C.
- - - ] ®
Mini-Circuits @
CIACLE READER SERVICE CARD

P.O.Box 350_].6’6 Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
s a" The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com

ISO 9001 CERTIFIED F258 RevC



2We 5W
DC 1o 18GHz ATTENUATORS

MODELS (Add Prefx BW-)
2W SMA 5W SMA  5W Type-N

Attenuation {dB)
S $29.95 $44.95  $54.95 Nominal  Accuracy-
S1w2  S1wW5 N1W5 +0.40

1
fom ke Fa T mroSw olae 88
Rugged Stainless Steel Construction, High Repeatability, Miniature Size, Low Cost, %WS E‘swg NQW?, 2 :838
and Off-The-Shelf Availability are some of the features that make Mini-Circuits “BW” S6w2  S6W5  News 6 +0.40
family of precision fixed attenuators stand above the crowd! This extremely broad ggwg gsmwg e 4 e
band DC to 18GHz series is available in 5 watt Type-N and 285 watt SMA coaxial SOW2  S9W5 NOWS5 9 +0,
designs, each containing 15 models with nominal attenuation values from 1 to 40dB. S10W2 S10W5  N10W5 10 +0.60
Built tough to handle 125 watts maximum peak power, these high performance Sl Sgf [ ey
attenuators exhibit excellent temperature stability, 1.15:1 VSWR typical, and cover a SOOW2 S20W5  N2OWS5 20 +0.60
wealth of applications including impedance matching, reducing power levels when testing S30W2 S30W5  N3OW5S 30 +0.85
S40W2 S40W5  N4OW5 40 +0.85

higher power amplifiers, wide band matching during intermodulation measurements,
and providing a 2W or 5W termmatlgn load for power amplifiers. Call Mini-Circuits Atloszolibclides Do eandlieqbencyvanatonsiupl o Gz
today and capture this next generation of performance and value! Above 12.4GHz add 0.5dB typ. to accuracy.

Mini-Circuits...we’re redefining what VALUE is all about! ALL MODELS IN STOCK

[JMini-Circuits @ @

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
T
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Featured Technologies:
Mixed Signal
Accelerating baseband hardware design for 3G terminals — Developing hardware
for 3G systems is challenging. This technology will improve time-to-market and simplify design.
— By Lieven Philips

Time and Frequency
Error control coding in digital communications systems — Reed-Solomon codes —
a powerful tool for error detection and correction in digital wireless communications.

— By Louis Litwin

Cover Story:
Computer-Aided Design
An 802.11 DSSS system simulation — Cost, time-to-market and reliable design are
important factors in the competitive unlicensed product market. Accurately modeling these products is a
must in meeting the low-cost challenge.

By Stephen H. Kratzet

Tutorial:
Amplifiers
Designing an RF modular variable-gain amplifier — A flexible modular VGA design for
use in modern communications devices.
- By Louis Fan Fei, Ming-Ju Ho
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8 GHZ from 9 9 (@ty.25)

lower thermal resistance
better gain flatness
wide choice of gain
high 1P3
high reliability *
P 2 year guarantee*
3, in stock!

TYPICAL SPECIFICATIONS AT 25°C:

Flatness Max. Power Outa Thermal 0C Price
Freq.® Gan(dB) DC-2GHz @1dBComp. DynamcRangea  Resst.  Operating Power  $ea.
Modef MH  03GHz 2GHz  (dB) {dBm) NF(dB) IP3{dBm) @jc,°CW Current(mA} Voit {25 Qty)
GAL-1  DC-8000 127 118 205 12.2 45 27 108 40 34 99
GAL-21 DC-8000 14.3 131 0.6 12.6 40 27 128 40 35 .99
GAL-2 DC-8000 162 14.8 0.7 129 4.6 27 101 40 35 .99
GAL-33 DC-4000 193 17.56 0.9 134 39 28 110 40 43 99
GAL-3 DC-3000 224 19.1 1.7 125 35 25 127 35 33 99
GAL-6 DC-4000 122 118 103 18.2 45 36 93 70 52 149
GAL-4 DC-4000 14.4 135 0.5 17.5 4.0 34 93 65 46 149
GAL-51 DC-4000 18.1 16. 1.0 18.0 35 35 78 65 45 149
GAL-5 DC-4000 206 17.5 +1.6 18.0 3.5 35 103 65 44 149

®| ow freq. cutoff determined by external coupling capacitors. AModeis tested at 2GHz except GAL-4, -5, -6, -51 at 1GHz.
*Subject to terms and conditions of the warranty publiished in our current Desgner’s Guide. Complete specifications,
performance data. and refabiiity report avallable on our web site.

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

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

[-IMini-Circuits @ .8

CIRCLE READER SERVICE CARD
P.O. Box 350166, Brookiyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE

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

Communications

Somewhere along the line
someone didn’t
test for something.

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 Spirent,

wireless test solutions go to www.spirentcom.com and click on TAS. The World Leader
In Performance

DEVELOPMENT VERIFICATION DEPLOYMENT PERFORMANCE Andiioe SESR

INFO/CARD 2

1-800-927-2660
www.spirentcom.com



Sprague-Goodman has passive and
active tuning devices to meet
microwave designers’ needs. A wide
variety of tuning elements is offered
to work with waveguides, cavities,
and dielectric resonators at
frequencies too high to use variable
capacitors and inductors.

Sapphire

PISTONCAP®

¢ ( to 4000 at 250 MHz

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

 Operating temp: -55° to +125°C

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

AIRTRIM® Air B
Multiturn Trim

e Q. > 5000 at 100 MHz
* 9 mounting styles including
surface mount
» Operating temp: -65° to +125°C
 Cap ranges: 0.35-3.5 pF t0 2.0-16.0 pF

Microwave Tu
Elements @

Metallic tuning elements
® 20 33 GHz

Dielectric tuning elements
» Alumina, quartz, sapphire

* 6 to 100 GHz

Dielectric resonator tuners
* 210 18 GHz

LC tuning elements

e 5t0 11 GHz

Resistive tuning elements
* 1t0 18 GHz

Silicon Tuni
Varactors

Super Hyperabrupt

» UHF - Wireless (4V, 6V, 8V)

» VHF - Wireless (10v)

Hyperabrupt

* Microwave (20v)

Abrupt (20v)

Economical SOT-23 and High Performance
Surface Mount Packages

For information on these and our other

quality products, visit our website, or
pll)one, fax or write today.

SPRAGUE

=g

GOODMAN

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

www.spraguegoodman.com
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RF editorial

Does anyone
remember
Beta?

By Roger Lesser
Editor
rlesser@intertec.com

Do you realize we’ve been fighting a technology war since early man “invent-
ed” fire? Mankind’s history is ripe with example after example of one technology
overtaking another. That's good most of the time, but not when it gets in the
way of technology advancement. I'm a stereo buff. I wish I could call myself an
audiophile, but I only have a “few” dollars sunk into my systems. I have a good
friend who is a true audiophile. He has speakers that darn near reach the ceil-
ing, a widescreen television and enough black boxes to make the Pentagon’s
“dreamland” look like amateur hour. I'm married. Mike lives with a small dog
named Mia. You draw the conclusion.

Being a stereo buff means I keep up with the latest advancements. Talk about
technology wars. First there was mono, then hi-fi. Then came true stereo, fol-
lowed by quad systems and then surround. Then along came 5.1, and now 6.1.
Then we went from tubes to solid state, and from analog to digital. Now there is a
technology war brewing over the new format for CDs. And don’t forget our com-
puter comrades: Apples vs. PCs, Windows vs. Apple vs. OS2, etc. And what about
competing computer languages? Talk to me about Ada someday. And who can for-
get the VHS vs. Beta battles? But, not to be outdone, telecom has its own technol-
ogy turf tussles: CDMA vs. TDMA vs. GSM vs.... Bluetooth vs. Home RF, 3G vs.
whatever else is available, Silicon vs. GaAs, etc.

And the winner is...?

So, who is the winner in all this? The end user? Wrong. Often the technology
battles get in the way. For example, VHS won, but Beta offered a better picture.
Solid state pushed tubes out of the picture, yet tube-driven devices offered bet-
ter sound quality. (I chuckle when I see ads for solid-state devices that say they
offer the “mellowness” of tube amplifiers.) PCs pushed the Apple out, yet Apples
were easy to use and (before the Macs) dependable. Apple’s operating system
was dependable, but along came Microsoft. Windows wins. (And we are all the
better for it?) All the competing wireless formats have made a mess of any hope
of standardization. I still hold a candle for interoperability. But chances are,
even this will get delayed as the battle over how it will be done is fought.

And the point is?

The point to all of this is simple. While the better technology may fade or fail,
the pursuit of new advances will always drive us forward. Even if we have to
take a step back to make it happen. (The first surround systems lost out to
quad, and it was years before surround got back in the game.) As a consumer, I
really get bent out of shape when the next technology comes along and promises
the world, kills competing technologies and then implodes. (Anybody own a
Sony Dreamquest?) So, my design engineering friends, what do you think? How
can the best technology be the winning technology? Or is it, and I just don’t get
it. Did I mention I still play records?

www.rfdesign.com July 2001



AMPS
CDMA
CDPD
DAMPS
DCS1800
ECM
EDGE
EW
GEO
GPRS
GPS
GSM900
HFC
IFF
LEO
LMDS
LMR
MMDS
NPCS
PCS
PCS1900
RADAR
RFID

4895 Peoria Street
Denver, Colorado 80239
I+ 303.371.1560_

fax 303.371.0845
|
sales @ vari-l.comj

As demand in the wireless telecommunications industry nears 3G
protocols, precision engineering and manufacturing become essential
to the success of RF design engineers. We offer a variety of precision
commercial VCOs, PLLs, and RF Passive Components designed to meet

the stringent needs of today’s and tomorrow’s wireless applications.
To find out how prTp -

Rl

We Have A Part In Your Future

Vari-L can “have a
part in your future,”
please visit our website

or send us an email

at sales(@vari-l.com.

Couplers \

PLL Synthesizer Modules Wideband RF Transformers

ROU Voltage Controlled Oscillators I Power Dividers/Combiners | F, - _J
u = o’
PROUDLY MADE IN THE USA l 1509001 Certified -

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

Company, Inc.
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Is it advanced?
Better believe it

There 1s incremental change. And then there is the 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
» 0.67 dB accuracy up to § GHz

- 160 RBW settings can uncover spurs hiding in noise where they might not otherwise
+ -153 dBm DANL up to 3 GHz be found, with -153 dBm DANL up to 3 GHz. You can measure the
» +17 dBm TOI

power in adjacent channels with 0.67 dB accuracy And stop having
* 113 dBc/Hz phase noise @ 10 kHz offset

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. {t's the PSA as advanced as the things
us 1800 452 4844 ext 7296
canada 1 877 894 4414 ext 7296 It measures

INFO/CARD 3



RF calendar

JULY

9-12 Embedded Systems Conference — Chicago —
Information: Web site: www.embedded.com/esc
10-11 Wireless Partnerships and Alliances
Congress 2001 — San Francisco — Information:
Web site: www.igpe.com

AUGUST

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

21-23 ITCom and Opticomm 2001 — Denver —
Information: Web site:
www.spie.org/info/itcom

SEPTEMBER

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

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

2428 European Microwave Week — London —
Information: Web site: www.eumw.com

RF courses

OCTOBER

1-3 34t Annual Connector and Interconnection
Technology Symposium — Anaheim —
Information:

Web site: www.ec-central.org
14 Communications Design Conference —
San Jose — Information:
Web site: www.CommDesignConference.com

2-4 Sensors Expo Fall — Philadelphia —
Information:

Web site: www.sensorsexpo.com

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

DECEMBER

3-6 Internet World Wireless West 2001 —
San Jose — Information:
Web site: www.ccievents.com
11-13 Bluetooth Developer’s Conference 2001 —
San Francisco — Information:
Web site: www.key3media.com/bluetooth/

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

UNIVERSITY OF MISSOURI-ROLLA —
Grounding and Shielding Electronic Systems — Aug. 8-9,
Toronto; Circuit Board Layout to Reduce Noise Emission
and Susceptibility — Aug. 10, Toronto; Sept. 19, Denver.
Web site: www.umr.edu/-conted>

ALEXANDER RESOURCES — Making Money in the
U.S. Wireless Internet Market — Aug. 8-9, Washington
DC. Information: Jeff Stone, Alexander Resources,15851
N. Dallas Pkwy, Addison,TX 75001; Tel. 972.818.8225;
Fax: 972.818.6366;
e-mail: jstone@alexanderresources.com.

BESSER ASSOCIATES — RF and Wireless made
Simple — Aug. 7-8, San Diego. 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

14 www.rfdesign.com

WCL.A — Biometric Identification: Theory, Algorithms
and Applications — July 30-Aug. 1; Digital Signal
Processing: Theory, Algorithms, and Implementation —
Aug. 13-17; Bluetooth: Technology, Applications, and
Performance — Aug. 20-22, Los Angeles. Information:
Information Systems and Technical Management Short
Courses. Tel. 310.825.3344,;
e-mail: mhenness@unex.ucla.edu;

Web site: www.uclaextenstion.org/shortcourses

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

Web site: www.rawood.com

MASSACHUSETTS INSTITUTE OF
TECHNOLOGY — Principles of Optical Sensors —
Aug. 6-10, Cambridge, MA. Information: Tel.
617.253.2101; Fax 617.253.8042,
e-mail: professional-institute@mit.edu
Web site: www.web.mit.edu/professional/summer
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Taxes for
technology?

By Megan Alderton
associate editor
malderton@intertec.com

The 21* century workforce is a different breed than those
before it. These days, technical skills are just as important
to production as reading and writing skills. From RF design
to fast-food, almost all positions require some technical

knowledge.

Why, then, is there so little emphasis on techno-skills in
schools? Why, then, are high-tech employers having such a
hard time finding workers with the skills needed to fulfill

their positions?

Funding may be the biggest set-back to quality technical
training in education, but what can be done about it remains
in question. Gary Beach, publisher of CIO, has an interest-
ing idea. And it, or a variation of it, just might work.

In an Internet column titled “No-Shows of Support,”
Beach recommends the placement of an excise tax on tech-
nological items. One-half of 1% on the excise tax on the
sales of technological products and services more than
$1,000 would be applied to technology education. This
approach, Beach said, would ensure that low-income, first-
time buyers be exempt. Companies using technology the
most — companies that need a tech-trained workforce —

would pay the most.

Beach estimates that his idea would raise $2 billion a
year. This money would go to the National Education
Technology Trust Fund where it would be managed by a
bipartisan congressional committee. Each year, he said,
every penny collected would be dispersed evenly among the
50 states for faster adoption of technology education.

One could argue, however, (and several did on the CIO
Web site) that public schools are having a hard enough time
turning out graduates competent in basic math, science,
reading and writing skills. It could also be argued that tech
skills are better reserved for higher education than the ele-
mentary level. Maybe businesses need to bring education in-

house and start doing their own training.

As you are part of the tech workforce, let us know what you
think. Would a tech-tax be an infringement on the rights of
the consumer; on the rights of free enterprise? Would it be a
wasted effort to tech-fund public schools? Or is it the way to
go in building a future workforce capable of keeping up with

the technological transformations of our world?

%W
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IEEE MTT-S

IMS show
wrap

Hot time in Phoenix

Both the weather and the amount of
new product announcements were hot at
this year’s IMS show in Phoenix.

While talk was heavy on the “down-
turn” in the industry, the show floor was
buzzing with a surprising amount of
new product announcements and
exhibitors. It goes to show that things
may not be as bad as they seem.

In fact, an abundance of optimism
was spilling from the booths concerning
the state of the industry. Many of the
companies that RF Design met with
actually said that they were taking
advantage of this “down” time to reach
potential clients and market sectors
they didn’t have time to before. Some
smaller companies are using the time to
get an edge on their competitors, and
others are simply going about their busi-
ness (which means there is still business
to go about).

Further evidence of the coming indus-
try recovery was the expansion by
some companies of existing facilities or
agreements made to facilitate smarter
and cheaper production. And who
could ignore the amount of product
announcements made? From new con-
nector technology to design suites, one
couldn’t turn a corner without finding
something new.

Just to name a few, Mimix Broad-
band announced a gallium arsenide
(GaAs) monolithic microwave integrat-
ed circuit (MMIC) two-stage power
amplifier optimized for linear opera-
tion, and Anadigics introduced two
InGaP HBT power amplifiers for use
in multimode, multiband CDMA hand-
sets that support 2.5G CDMA applica-
tions. Murata Electronics introduced a
Bluetooth module developed using low
temperature co-fired ceramics (LTCC)
technology. And GHz Technology
announced its first two designs in a
series of lateral diffusion metal-oxide
semiconductor (LDMOS) transistors
developed for the wireless infrastruc-
ture marketplace.

For those who couldn’t make it to
the show, or those interested in more
of the products announced, please visit
the RF Design On the Road link at RF
Design.com.
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BUSINESS BRIEFS

EMS Technologies acquires
repeater product line — EMS Tech-
nologies, Atlanta, announces the
acquisition of CI Wireless, Dallas. The
acquisition provides two new product
areas for EMS Wireless. The first
enables EMS Wireless to extend
indoor RF coverage through the use of
indoor repeaters and fiber-optic-based
RF distribution systems. The second
product area, outdoor repeaters, helps
carriers to extend their wireless cover-
age in rural areas or uneven terrain
without having to add expensive new
base stations. Terms of the acquisition
were not announced.

GHz Technology selects Palo-
mar to automate RF component
assembly — Palomar Technologies,
Vista, CA, announces that GHz Tech-
nology, Santa Clara, CA, has selected
Palomar's automated assembly sys-
tems to help meet growing demand for
its products in the burgeoning cellular
and PCS arena. In addition to using
Palomar's automated die attach and
wire bonding equipment, GHz recently
added the new HotRail RFA machine
to its assembly line.

Silicon Wave selects Agilent
93000 platform for testing of next-
generation Bluetooth ICs — Agi-
lent Technologies, Palo Alto, CA, and
Silicon Wave, San Diego, announce
that the Agilent 93000 SOC series
with RF capabilities will be imple-
mented for the development and man-
ufacturing test of next-generation
Bluetooth integrated circuits (ICs).

The 93000, a single scalable platform,
will provide Silicon Wave with the
performance necessary for IC design
verification and characterization,
while allowing it to optimize cost for
manufacturing.

Stanford Microdevices an-
nounces foundry agreement
with RF Micro Devices —
Stanford Microdevices, Sunnyvale,
CA, announces a foundry agreement
with RF Micro Devices, whereby
SMDI's RF integrated circuits
(RFICs) will be manufactured in RF
Micro Devices' 4-inch gallium-ar-
senide (GaAs) heterojunction bipolar
transistor (HBT) fabrication facility,
located in Greensboro, N.C.

Mitel Corporation reborn as
Zarlink Semiconductor — Mitel
Corporation, Ottowa, Canada, intro-
duces its new identity — Zarlink
Semiconductor — under which it will
deliver communications connectivity
solutions to leaders in voice and data
networking.

WaveSmith Networks triples
size of corporate headquarters
facility — WaveSmith Networks,
Acton, MA, has opened its new cor-
porate headquarters at 35 Nagog
Park in Acton, MA. The new 30,000-
square ft. facility is triple the size of
the company's previous headquar-
ters. WaveSmith also announces the
opening of its sales offices in Denver
and Reston, VA.
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Site
provides
wireless

links

The Wireless Communi-
cations Association Inter-
national (WCA) offers
hundreds of wireless
industry links on its Web
site. Link categories
include:

*Operators
sGovernment
sSuppliers
*Programmers
¢Consultants/Attorneys
sEducational Operators
*Publications
eFinancial
*Cooperating orgs

In addition to its link
feature, the WCA Web
site also offers an indus-
try acronym list, job post-
ings, wireless-related
articles, and overviews of
band plans, fixed wireless
broadband, wireless cable
and the license-exempt
spectrum. WCA press
releases are also included,
along with a government
affairs section and inter-
views with key wireless
players. Those interested
in joining the WCA can
find out about the associa-
tion’s benefits on the site,
as well as fill out an
online application.

www.wcai.com
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Shopping for the best in IC packaging?

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

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

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

peak performance while conserving board space.

Shop around...then let us wrap something up for you.

Because good things come in RFMD packages.

PACKAGING - it sets us apart.

RFO

MICRO-DEVICES

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

7628 Thorndike Road
Greensboro, NC 27409-9421

Phone 336.664.1233
Fax 336.931.7454

Mention packaging when contacting us.

www.rfmd.com

T™ & © 2001, RF Micro Devices, inc.
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RF mixed signal

Accelerating

baseband hardware

design for 3G
terminals

Developing hardware for 3G
systems is challenging.

This technology will
improve time-to-market

and simplify design.

By Lieven Philips

I t’s no surprise that the mobile phone market is
growing steadily—about 500 million mobile
phones are in use worldwide. And, though the mar-
ket is still primarily voice-based, additional services
requiring broad bandwidths are gaining increased
attention. As the popularity of these services grows,
however, a number of hardware challenges exist in
designing the baseband hardware for 3G terminals.
Fortunately, there are also solutions.

Figure 1. Baseband W-CDMA inner modem architecture.
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In Japan, additional features such as banking,
stock-exchange transactions, sports and weather
information are offered through the i-mode, which
grows by 50,000 subscribers every day. Short mes-
saging service (SMS) is tremendously popular in
Europe as well. The introduction of wireless appli-
cation protocol (WAP) has boosted this evolution

www.rfdesign.com

further, but it suffered from the too-low data rates
offered over a traditional GSM network.

The recent introduction of general packet radio ser-
vice (GPRS) is the necessary stepping stone to true
cellular data applications with sufficient user com-
fort. The 2002 introduction of the universal mobile
telecommunication system (UMTS) in Europe will
mark the advent of multimedia services offered via
cellular terminals. The UMTS standard will surpass
global system for mobile communications (GSM) and
its GPRS derivative by offering greater flexibility for
different applications over one air interface. And it
will use spectrum resources more efficiently.

New challenges

Most telecom companies and market analysts
anticipate that the evolution to a multimedia-
driven mobile market will begin in 2002. On the
other hand, the Third Generation Partnership
Project (3GPP) and 3GPP2 standards are only now
being finalized. As a consequence, 3G baseband
component design houses and terminal manufac-
turers face short development times if they want to
introduce their products to the market early.

3G technology is also more complex, both in air
interface and in applications. For this reason, a 3G
system on chip (SOC) will include more functionali-
ty than, say, a GSM baseband application-specific
integrated circuit (ASIC). Therefore, the intellectual
property (IP) building blocks-or cores-need to
include much larger functional entities as compared
to current practice. For instance, rather than
numerically controlled oscillators (NCOs) or pulse-
shaping filters, a complete wideband, code-division
multiple access (W-CDMA) transceiver is considered
a building block for a baseband SOC (see Figure 1).

Flexible cores are a key element

Flexibility is required to enable engineers to cope
with rapid changes in standards as well as to make
the product useful across a range of applications
and multiservice terminals. When a specific core is
required for a particular application, the adopted
design method allows fast customization.

Low power challenges

Low power consumption is a basic requirement
for hand-held devices. The core achieves this by
making the right hardware and software trade-offs
for the physical layer (see Figure 2), and by apply-
ing low-power design techniques in the circuitry
implementation (see Figure 3).

Nowadays, GSM and GPRS baseband architec-
tures are digital signal processor (DSP)-centric, i.e.
the DSP core performs the source codec function and
the larger part of the physical layer waveform pro-
cessing. For the near future, powerful DSP cores
clocked at several hundreds of megahertz will be
available. But, given the 3G waveform complexity
and the high data rates to be processed, only a small
part of the baseband processing can be handled by
such a processor core. In such architectures, most of
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1w GSM  vom GSM
entend  Wrerend

Figure 2. Low-power, flexible 3G baseband architecture.

the 3G baseband operations are still to
be executed in hardware accelerators
(co-processors). This leads to a bus traf-
fic bottleneck, which also contributes
significantly to the power consumption.
Even with DSP cores optimized for
ultra-low power consumption, the power
consumption associated with the highly
multiplexed data paths and the massive
on-chip (or even off-chip) memory needs
force visionary 3G chip manufacturers
to do it differently.

Low-power challenges — part 2

A more interesting approach, which
allows the baseband power consumption
to be reduced by at least an order of mag-
nitude, allocates a DSP, clocked at a
lower speed (e.g. 13 MHz), for the GSM
baseband transceiver implementation
and 3G source codec functions. This
approach uses primarily reconfigurable
hardware for the UMTS/FDD L1 func-
tionality. In this architecture, the ARM
(DEFINE) subsystem on top in Figure 3
performs parameter downloading at boot
time and run-time closing of slow loops
(e.g. for parameterization of different fad-
ing algorithms). The advantages over the
high-speed DSP core approach are clear:
The flexible logic is clocked at moderate
speeds (around 20 MHz), and all the reg-
isters and small, distributed memories
are accessed on-chip. At the same time, a
sufficient level of flexibility is provided at
a reasonable additional gate count.

Drilling down

Low-power design techniques are
also exploited on the circuit level. W-
CDMA architectures are multi-rate by
nature, hence different clock frequen-
cies are applied in different parts of the
transceiver. Moreover, multiple services
imply multiple data rates, depending on
the activation of the service in the ter-
minal. Also, when a terminal is just
roaming, a considerable part of the digi-
tal functions should be switched off
completely. It is therefore advantageous
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to have clock frequencies that are self-
adaptable as a function of the opera-
tional parameters (see Figure 3).

It’s in the protocol

Communication between blocks is
organized through a handshake proto-
col. Clocks are ticking only when data
have to be transferred, and idle clock
cycles do not occur.

Data integrity is secured through the
handshaking with the strobe and
acknowledge signals.

Advantages of this data flow control
(DFC)-based intermodule communica-
tions include the self-adaptability for
different data rates and parameter con-
figurations, as well as the significant
reduction of the load on the high-fre-
quency clock nets. Moreover, idle blocks
are automatically switched off, which
simplifies the implementation of the
power-down modes of the terminal. The
good news is that the hardware over-
head of the DFC blocks is negligible.

The multiservice challenge

The concept here is based on a hard-
ware approach for reaching the soft-
ware radio goal: rather than using a
high-speed DSP, programmable hard-
ware is used. This particular subsystem
is the master of the reconfiguration con-
trol and reconfigurability allows one to:

ereconfigure between UMTS/FDD
and IS-95.

eselect alternative algorithms for
channel estimation, searcher and finger
management, etc.

sselect various interfaces for differ-
ent radio front-end architectures.

sreconfigure L1 for multiple applica-
tions, and the support of multiple ser-
vices on a single terminal.

ereconfigure for GPS, Galileo (the
European navigation satellite system)
and S-UMTS (the satellite extension of
terrestrial UMTS).

ekeep track of the standardization
evolution.

www.rfdesign.com
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Figure 3. Low power consumption design criterion.

When a specific 3G core is required
for a particular application, the modu-
lar design facilitates customization of
the generic solution in a short time
frame. Furthermore, in line with the
3G road map, the extensions to
UMTS/TDD and to CDMAZ2000-
compliant transceiver modules will nat-
urally evolve out of the current flexible
architecture.

For 3GPP

To realize the 3GPP standard, sever-
al auxiliary physical channels must be
transmitted and received together with
the information-carrying channels.
Furthermore, the number of the
information-carrying channel’s dedicat-
ed physical data channels (DPDCH)
can vary depending on the data rate
and the number of services that run on
the terminal. The latter is referred to
as multicode transmission. For this
purpose, the cores referred to feature a
channel matrix in the transmit section
and the demodulators to allow a flexi-
ble mapping of channels on the logic.
The multicode transmission aspect and
the flexibility requirements have also
lead to a different Rake concept com-
pared to traditional cellular CDMA
receiver implementations.

Depending on the application, differ-
ent environments, multipath character-
istics and Doppler characteristics are
encountered. In some cases, applica-
tions have to function in different cir-
cumstances (e.g. a mobile Web browser
used indoors and on board a fast train),
which means that cell search and chan-
nel correction algorithms need to be
reconfigurable on-the-fly. The core’s
demodulator architecture features the
necessary flexibility to support this,
and the ARM subsystem is in charge of
controlling it.

The core architecture also supports
the processing of GPS and Galileo satel-
lite signals. Many 3G applications will
require accurate positioning in one form
or another. For the sake of emergency
assistance, a duplex operation (switch-
ing between UMTS mode and naviga-
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Figure 4. The W-CDMA IP core in the 3G terminal
design trajectory.

tion mode) is sufficient. The ARM will
control this reconfiguration and will
also calculate the navigation solution
out of the pseudo-range measurements
from the core’s receiver correlators. For
applications requiring simultaneous
communications and navigation, the
modular design allows straightforward
extension with extra tracking units and
duplication of the front-end interface.
Given the aggressive time schedules
previously discussed, speeding up the
baseband ASIC development is on the
wish lists of most 3G component and
terminal developers. The support
required is not on the algorithm devel-

opment, but on evaluating and fine-
tuning the chosen parameters, optimiz-
ing the core for particular applications
and simulating the core in the context
of the entire baseband SOC.

The race is on

The race for the first 3G terminals
has started. The development sched-
ules are aggressive, and the challenges

are different from what was required
for 2G phone development. Time-to-
market, low power consumption and
functional flexibility are the main
requirements for 3G. The IP core tech-
nology discussed here is alternative to
one providing the 3G baseband ASIC
design teams with the tools to reach
these goals.

RF
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RF'time and frequency

Error control
coding in digital

communications

systems

Reed-Solomon codes — a powerful

tool for error detection and correction

in digital wireless communications
By Louis Litwin

An important function of any modern digital
communications system is error control coding.
Such coding is the field of communications that
deals with techniques for detecting and correcting
errors in a signal. Though used in a variety of sys-
tems, error control coding is especially useful in
wireless communications systems. Such systems
typically operate with a low signal-to-noise ratio
(SNR) and suffer from distortion because of a multi-
path channel. The harsh wireless environment
means that the received signal is prone to errors.

in a coded signal consisting of more bits than the
original uncoded signal. The trade-off for this over-
head is the ability to detect, and possibly correct,
errors at the receiver. The performance improvement
that occurs when using error control coding is often
measured in terms of coding gain. Suppose an uncod-
ed communications system achieves a given bit error
rate (BER) at an SNR of 30 dB. Imagine that an
error control coding scheme with a coding gain of 3
dB was added to the system. This coded system
would be able to achieve the same BER at the even
lower SNR of 27 dB. Alternatively, if the system was
still operated at an SNR of 30 dB, the BER achieved
by the coded system would be the same BER that the
uncoded system achieved at an SNR of 33 dB. The
power of the coding gain is that it allows a communi-
cations system to either maintain a desired BER at a
lower SNR than was possible without coding, or
achieve a higher BER than an uncoded system could
attain at a given SNR.

Reed-Solomon codes

RS codes first appeared in technical literature in
1960. Since their introduction, they have seen wide-
spread use in a variety of applications. These applica-
tions include interplanetary communications (e.g.,
the Voyager spacecraft), CD audio players, and count-
less wired and wireless communications systems.

RS codes belong to the family known as block
codes. This family is so named because the encoder
processes a block of message symbols and then out-
puts a block of codeword symbols. This method is in
contrast to the other major coding family known as
convolutional codes. Instead of processing message
symbols in discrete blocks, a convolu-

Power Notation

Polynomial Notation

X : 010

N2 100

X+1 [ 011

X+ X ' 110

N+ X+1 [ 111
Xe+1 101"

Binary Notation

tional encoder works on a continuous
stream of message symbols and simul-
taneously generates a continuous
encoded output stream. These codes get
their name because the encoding
process can be viewed as the convolu-
tion of the message symbols and the
impulse response of the encoder.

' To be specific, RS codes are non-binary
1| systematic cyclic linear block codes. Non-
binary codes work with symbols that con-

Table 1. Example of GF(8) generated using F(X) = X3 + X + 1. Note that the field wraps
around so that a7 = o0 =1,

28

Typical communications systems use several
codes that are suited to correcting different types
of errors. Reed-Solomon (RS) codes are the most
powerful in the family of linear block codes and
are arguably the most widely used type of error
control codes.

Error control coding

The fundamental concept of error control coding is
the addition of redundancy to a signal at the trans-
mitter, and the exploitation of that redundancy at
the receiver to detect and/or correct errors. The inclu-
sion of redundancy in the transmitted signal results

www.rfdesign.com

sist of several bits. A common symbol size
for non-binary codes is 8 bits, or a byte.
Non-binary codes such as RS are good at correcting
burst errors because the correction of these codes is
done on the symbol level. By working with symbols in
the decoding process, these codes can correct a sym-
bol with a burst of eight errors just as easily as they
can correct a symbol with a single bit error. A system-
atic code generates codewords that contain the mes-
sage symbols in unaltered form. The encoder applies
a reversible mathematical function to the message
symbols in order to generate the redundancy, or pari-
ty, symbols. The codeword is then formed by append-
ing the parity symbols to the message symbols. The
implementation of a code is simplified if it is system-
atic. A code is considered to be cyclic if a circular shift

July 2001



MINIATURE

SURFACE MOUNT VCO's . ‘12%

~ . -y - N . . Model Freq. Range Vi Phase Hamonacs:+ Current  Pnce
The big news is Mini-Circuits miniature family of 50 to 2500MHz ROS (MHz) MM N_lplse- (ch) VOI{;’ige #\rAnA) éefg)
o . N . . ax. yR. Yp. ax. N
voltage controlled oscillators! Each unit is housed in a shielded Egg,ggggv 180-210 5  -110  -30 5 15 17.95
" » 3 4 T ; -285PV  245-285 5 100 20 5 20 17.95
0.5"x0.5"x0.18" non-hermetic industry standard package for highly Rgg_sﬁop\/ sa0.660 5 107 2 : 5 1092
icl h-thr ility, reliability, and cost effectiveness. Models ROS-726PV 710-725 5 -105  -19 5 15 1995
FOEEn s agar RPNl il |8 gl N0 ROS-900PV 810900 5 -102 25 45 12 1995
with “PV" suffix typically operate from a 5 volt power supply and ROS-960PV  890-960 5 102 <27 5 12 19.95
; ; f ROS-1000PV  900-1000 5 104  -33 5 22 1995
require 5V tuning voltage to cover the frequency range. This makes R8§1 435’F;v 1375.1435 5 01 o5 2 55 155
i r integrati ith monolithic PLL chips and commercial ROS-1600PV 1520-1600 S 100 -26 S 25 1895
L |d§al fo.| Llystiay il Ficoalvc P i g ROS-1605PV  1500-1605 5 -98 -17 33 16 1995
synthesizers in the 180 to 1605MHz band. The series also features 282»128 gg-mo 1{75 105  -30 122 20 1295
o . ’ - -150 1 103 -23 12 20 1295
broad band 12V models optimized for 50 to 2500MHz linear tgmng, up ROS-200 100200 17 -105  -30 12 20 1295
n ve band widths, and low phase noise. ROS-300 150-280 16  -102  -28 12 20 1495
IRICHE cckeio LTl ) ROS-400 200-380 16  -100  -24 12 20 1495
Support your customers demands for smaller size and ROS-535 300-525 17 -98 -20 12 20 1495
k , | ROS-765 485-765 16  -95 27 12 22 1595
better performance, switch to ROS VCO's today! ROS-1000V  900-1000 12  -102 .30 5 25 1595
ACTUAL SIZE gggnoov 1000-1100 12 -103  -26 5 25 1595
ini-Ciroui ) ini 3 ' -1121V 1060-1121 11 111 -11 5 30 1595
Mini-Circuits...we're redefining what VALUE is all about! ROS.1410 8501410 11 .99 8 T 55+ 19198
ROS-1720  1550-1720 12 -101 17 12 25 1995
ROS-2500  1600-2500 14 90 -14 12 25 2195

ROS-1200W  612-1200 18 :97 -28 12 40  24.95

ROS-1700W  770-1700 24 -100 -25 12 40  24.95
ROS-2150vW 970-2150 25 -96 -15 5 25 2995
ROS-2160W  1160-2160 20 -97 -1 10 30 2495

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

[ Mini-Circuits ® @

CIRCLE READER SERVICE CARD
P.O.Box 350166, Brooktyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE

t"?’, " The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
- -

¢ ISO 9001 CERTIFIED i F295RevC

A



k symbols

Message Symbols

Parity Symbols

»

Codeword is n symbols long

Figure 1. Structure of an (n, k) Reed-Solomon
code word.

of any valid codeword also produces
another valid codeword. Cyclic codes are
popular because of the existence of effi-
cient decoding techniques for them.
Finally, a code is linear if the addition of
any two valid codewords also results in
another valid codeword.

Galois Fields

The theory of error control codes
uses a mathematical construct known
as finite fields or Galois Fields (GFs). A
GF is a set that contains a finite num-
ber of elements. The operations of addi-
tion and multiplication on this set are
defined and the operations behave as
would be expected from normal arith-
metic. For example, the additive identi-
ty element is 0 and the multiplicative
identity element is 1. A more rigorous
mathematical definition of GFs is
beyond the scope of this article but the
references contained at the end of this
article will provide the interested read-
er with a good starting point. For the
sake of brevity, our discussion of GFs

will be limited to what the reader needs
to know in order to actually implement
an encoder/decoder.

RS codes operate on GFs of order g =
p™ where p is a prime positive integer
and m is a positive integer. A GF of
order q is denoted by GF(q) and it con-
tains g distinct elements. A typical value
of ¢ in practical RS systems is g = 256.
The elements of a GF are typically
denoted using the variable o. The ele-
ments of GF(8) are shown in Table 1
using different notations. Each line in
the table corresponds to a single element
in the field. Elements are typically rep-
resented using either power or polyno-
mial notation when performing calcula-
tions by hand, but binary notation is
used when the codes are actually imple-
mented in hardware. All three notations
are simply three different ways to repre-
sent a given GF element. Multiplication
is easier in power notation because the
exponents are added. Similarly, addition
is easier in polynomial notation.

Numerous books and computer pro-
grams exist that list or generate the ele-
ments for GF's of various sizes. To imple-
ment an RS encoder and decoder, two
special hardware blocks will be needed: a
GF adder and a GF multiplier.

Galois Field adder
The adder computes the sum of
two GF elements by XORing the cor-

responding bits of each symbol
together. For example, the sum of o®
and of can be found, by hand, using
polynomial notation. o is equivalent
to X + 1 and of to X% + X + 1. Because
of the modulo properties of GFs,
addition is the same as subtraction.
Thus, X + X = X - X = 0. Keeping this
property in mind, the addition of o®
and o can be written as follows:

(X+DH+(X2+X+1)
=X2+(X+X)+(1+1)
=X+ (0)+(0)
=X2

Thus o? + o = a2 This operation
would be computed in hardware by
XORing the bits of the two symbols
together as follows:

Ot11+111
(0 XOR 1) (1 XOR 1) (1 XOR 1)

=(1)(0)(0)

=100

Note from the table that the binary
notation 100 corresponds to the
power notation o? found by hand cal-
culations.

Galois Field multiplier
A simple, but inefficient, way to
implement a GF multiplier is to take

e
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Figure 3. Top-level block diagram of Reed-Solomon decoder.

the inputs in binary notation and use a
lookup table to find their corresponding
power notations. The powers can be
added (e.g., 02 x o = o) and the result
can be sent to an inverse lookup table to
find the corresponding binary notation
for the output. These lookup tables can
be stored in read-only memory (ROM),
but that is not practical because several
multiplier outputs will typically need to
be computed during a single clock cycle.

A more efficient solution is to com-
pute the equations by hand and simpli-
fy the terms. An RS encoder needs
fixed multipliers that multiply an arbi-
trary input by a constant value such as
o?. The RS decoder needs both fixed
multipliers as well as generic multipli-
ers that are capable of multiplying any
two arbitrary numbers together. The
following example will show how to
derive the equations for a fixed multi-
plier that multiplies its input by oZ.

Denote an arbitrary 3-bit multiplier
input by b,0? + ba + b,. The multiplier
will multiply this input by the con-
stant o

(b202 + bjot + bea?

= byt + byo® + beo?

Recall from Table 1 that o* = X? + X and
o® = X + 1. By replacing X with o and
substituting the result back into the
above equation, it can be rewritten as:

=ba(a? + ) + by(a + 1) + beax?
= (b2 + bo)ar® + (b2 + b ) + by

The above equation represents the sim-
plified equation for multiplying an arbi-

trary input by o? For example, the
most significant bit (MSB) of the multi-
plier output is computed by XORing the
input bits b, and b, together. The
derivation for the generic multiplier
can be found by simplifying the equa-
tions after using two arbitrary values
for the inputs.

Code parameters

A given Reed-Solomon code is indi-
cated by referring to it as an (n, k) code.
The parameter n indicates the code-
word length in terms of the number of
symbols in the codeword. The parame-
ter k indicates the number of message
symbols in the codeword. The number
of parity symbols added is thus n — k.
Figure 1 illustrates the structure of an
RS codeword. The error-correcting
capability of the code is ¢t = (n — k)/2.
The code can detect and correct T
errors where 0 < T < t.

Reed-Solomon encoder

The purpose of the encoder is to gen-
erate the codeword based on the mes-
sage symbols. Because RS is a systemat-
ic code, the n message symbols are
transmitted as is and the n - k parity
symbols are appended to the message

Syndrome
-3 Generator »S1

Syndrome
.» Generator
2

Syndrome
> Generator
(N-K»1

-BS{(NK)-1]

Syndrome
-9 Generator
(N-K)

-pSIN-K)

Figure 4. Syndrome is computed using n - k = 2t
Syndrome Generators in parailel.

symbols to form the code word. The val-
ues of the parity symbols depend on the
message symbols and they add redun-
dancy to the transmitted codeword. This
redundancy is exploited at the receiver

5 i e i sk
1 S(x) = 1
aMxS+alOxi+add | alOxHalix ‘

| ta’x*uxtal’ ‘

1| oxtal? | axaioraixd | axtal? | aoxoiet | ox | al? |

3 ‘ x+u® aBx+adx+al? ‘

r > ul:xququu} ZEETAY [ as . : s e |

alixMatxtabo+

Table 2. Example of Euclid's algorithm in GF(16). At the end, A = a'*x*+ a''x + o™ and Q = .
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Figure 5. Top-level of Euclid block.

to detect and correct errors.

The parity symbols are computed by
performing a polynomial division using
GF algebra. The steps involved in this
computation are as follows:

e Multiply the message symbols by
Xnk (This shifts the message symbols to
the left to make room for the n—% parity
symbols)

¢ Divide the message polynomial by
the code generator polynomial using
GF algebra.

¢ The parity symbols are the remain-

der of this division. These steps are
accomplished in hardware using a shift
register with feedback. The architecture
for the encoder is shown in Figure 2.
The encoder first clocks the £ mes-
sage symbols from the message input
M into the shift register and simultane-
ously clocks them out as the first £
symbols of the codeword. Once the last
message symbol is clocked into the shift
register, the n ~ k parity bytes are
located in the shift registers SR1
through SR(2¢). The rest of the code-

Error Locator Polynomial |
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L4 N SR

Error Locator Polynomial
Coefficient t in

| S .

/ N
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Figure 6. Chien Search block searches the error locator polynomial A(x) to find the roots. A 1 is sent out
when a root location is found, and a 0 is sent out otherwise. The locations of the 1s correspond to the

error locations x,.

word is formed by clocking each of the
n - k parity bytes out of the shift regis-
ter to the codeword output C.

Three muxes are used in the
encoder (Msg Mux, Feedback Mux,
and Code Mux) and all three are con-
trolled by the same Select signal.
Select is 0 for the first k& cycles starting
with the cycle that the first message
symbol is clocked in, and it is 1 for the
remaining n - k clock cycles.

Reed-Solomon decoder

The purpose of the decoder is to
process the received code word to com-
pute an estimate of the original message
symbols. There are three main blocks to
the decoder: the Syndrome Generator,
Euclid’s Algorithm, and the
Chien/Forney block. The output of the
Chien/Forney block is an estimate of the
error vector. This error vector is then
added to the received codeword to form
the final codeword estimate. A top-level
block diagram of the decoder is shown in
Figure 3. Note that the error value vec-
tor Y comes out of the Chien/Forney
block in reverse order, and it must pass
through a last-in, first-out (LIFO) block
before it is added to the received code-
word R(x).

Syndrome generator

The first step in the decoder is to com-
pute the syndrome. The syndrome con-
sists of n - k symbols and the values are
computed from the received code word.
The syndrome depends only on the error
vector, and is independent of the trans-
mitted code word. That is, each error
vector has a unique syndrome vector.
However, many different received code
words will have the same syndrome if
their error pattern is the same.

The purpose of computing the syn-
drome first is that it narrows the
search for the actual error vector.
Originally, a total of 2" possible error
vectors would have to be searched.
However, by finding the syndrome first,
this search is narrowed down to looking
at just 2"* possibilities.

The syndrome can be computed
mathematically by dividing the received
code word by the generator polynomial
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using GF algebra. The remainder of this
division is called the syndrome polyno-
mial s(x). The actual syndrome vector
S(x) is computed by evaluating s(x) at o
through a**. However, this method is
not efficient from a hardware stand-
point. The alternative method typically
used in hardware is to directly evaluate
the received code word R(x) at a
through o *.

The Syndrome Generator module
computes the syndrome S by evaluat-
ing the received code word R(x) at o
through o” - *. That is, R(a) through
R(a *). In the RS code n — k = 2¢, and
thus there are 2t syndrome values to
compute: [S1 S2 S3...5(21)]. These val-
ues are computed in parallel as shown
in Figure 4. The first syndrome gener-
ator evaluates the received code word
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at o to form S1, the next generator
evaluates the received code word at o
to form S2, and so on.

The Syndrome Generator module
will also contain hardware that checks
for an all-zero syndrome. If all of the
syndrome values are zero, then there
are no errors and the Euclid’s algo-
rithm block and the Chien/Forney block
are disabled. The received code word
then becomes the codeword estimate.

Euclid’s algorithm

Euclid’s algorithm processes the syn-
drome S(x) to generate the error locator
polynomial A(x) and the error magni-
tude polynomial (x). That is, it solves
the following equation that is referred
to as the Key Equation:

AX) {1 + S(x)] = Q(x) mod x*!

The algorithm used in RS decoding
is based on Euclid’s algorithm for find-
ing the greatest common devisor
(GCD) of two polynomials. Euclid’s
algorithm is an iterative polynomial
division algorithm (for the actual
steps, contact the author).

Hardware implementation

The top-level block diagram of the
Euclid’s algorithm block is shown in
Figure 5. This architecture uses two
types of registers. Each of the registers
contains two sets of internal registers.
These register sets are referred to as A
and B (upper and lower registers,
respectively). The number of registers
is len = 2t + 10.

After the syndrome values are com-
puted, the Euclid block begins its pro-
cessing. The control state machine is
responsible for controlling the operation
of the block. Each register set (A and B)
will contain two polynomials. These
polynomials are stored such that their
most significant coefficients are on the
right, and their least significant coeffi-
cients are on the left (for the precise
steps performed by the blocks, contact
the author).

Chien Search

Once the error locator polynomial A(x)
has been computed, it needs to be evalu-
ated to find its roots. The Chien Search
(CS) algorithm is used to find these
roots (see Figure 6). The CS is a brute
force algorithm that evaluates the poly-
nomial for all possible input values, and
then checks to see which outputs are
equal to zero. If an error occurs in posi-
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tion i, then the following equation equals zero:

!

Z Aj(l'i)= 0

=0

wherei=0..(n-1)

The CS evaluates the above equation for all the values of i
and j and counts the number of times that the equation is
equal to zero. The locations of the zeros are the error loca-
tions, and the number of zeros is the number of symbols in
error.

There are (¢ + 1) stages of the CS that are implemented in
hardware. Each of these stages (where a stage consists of a mul-
tiplier, mux and register) represents a different value for j in
the above CS equation. The search is run for n clock cycles (each
clock cycle represents a different value of i in the above equa-
tion) and the output of the adder is examined to see if it is equal
to zero. If it is equal to zero, the Zero Detect block will output a
1, otherwise, it will output a zero. The output of the Chien
Search block is thus a string of n bits that have values of either
0 or 1. Each 1 represents the location of a symbol in error.

For the first clock cycle, the mux will route the error loca-
tor polynomial coefficient into the register. For the remaining
(n — 1) clock cycles, the output of the multiplier will be routed
via the mux into the register. The exponents of the multipli-
ers have negative values. However, these values can be pre-
computed using the modulo operator. The exponent of o - i is
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equal to (- i modulo n) = (- modulo 255). For example, a !
equals o, or? equals 0?3, and so on.

Forney algorithm

The Forney algorithm is used to compute the error values
Y.. To compute these values, the Forney algorithm needs the
error locator polynomial A(x) and the error magnitude polyno-
mial Q(x). The equation for the error values is:

Y = Q(x)
A'(x)
for x = o where a is a root of A(x)

The computation of the formal derivative A(x) is actually
quite simple, as will be demonstrated in the following exam-
ple. Assume A(x) = o*X? + o°X? + oX + 0. A'(x) thus equals:

> Aai=0

=0
The derivative is formed by taking the coefficients of the odd
powers of X, and assigning them to the next lower power of X
(which will be even). However, in hardware, it is actually easier
to find xA’(x). This x has the effect of shifting the derivative
coefficients to the next higher power of X (i.e., the power of X
that the coefficient originally belonged to). Thus, the denomina-
tor of the Forney algorithm is found as follows using the same
A(x) as the above example.

XA'(x) = X3 + X2 + aX + &2
=aX3+0X2+aX +0
=o?X3 +aX

In hardware, this xA’(x) term is found by zeroing out every
other term of the original A(x) polynomial. If the denominator
of the Forney equation is modified by multiplying by the x
term, then the numerator must also be multiplied by x in
order for the equation to still work. Thus, the actual Forney
equation implemented in hardware is:

Y = xQ(x)
"oxA'(x)

The xQ(x) polynomial is then evaluated along with the xA’(x)
polynomial using the same type of hardware as used for the CS.
However, in order to form xQ(x), the coefficients of Q(x) are
shifted to the left by one location. To evaluate Q(x), the €, coeffi-
cient would be added with the Q, coefficient times o, the €,
coefficient times o2 all the way up to the €, coefficient times o™*.
To evaluate xQ(x), the Q, coefficient is multiplied by o, the Q,
coefficient by or? all the way up to multiplying the Q, coefficient
times oY, The output of these multipliers is then summed.

The numerator is then multiplied by the denominator
using an inverse multiply. The inverse multiply contains a
lookup table that finds the inverse of the denominator. For
example, if the denominator was o, the inverse is o®. This
can then be expressed as:

ot = g-imodn) = (-3 mod 266) = (262
continued on page 88
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RF cover story

An 802.11
DSSS system
simulation

Cost, time-to-market and reliable design
are important factors in the competitive
unlicensed product market. Accurately
modeling these products is a must in
meeting the low-cost challenge.

By Stephen H. Kratzet

imulating parameters for hardware modeling

before manufacture is no longer an option in
today’s cost-competitive environments. High speed
computers and complex software make modeling
reliable, efficient, and accurate.

Modeling and simulating the RF sections of an
802.11 direct-sequence, spread-spectrum (DSSS) sys-
tem, Bluetooth, HomeRF, or other unlicensed product
is an excellent way to minimize design errors, reduce
the product development time and contain costs.

Designers encounter many issues, problems
and procedures working with 802.11 DSSS RF

subsystems.
- _Channel 1 Channel 7
./_ 3
2401 2412 2423 24N 2442 2453
Chennel 2 Channel 8
/ AT 4m 1 \
2408 2417 2428 2438 2447 2.458
Channel 3 Channel 9
— e, S
2411 2422 2433 2441 2.452 2463
Channel 4 Channel 12
2416 2427 2438 2448 2457 2468
Channel 5 Channel 11
(TR -
2421 2432 2443 2451 2462 2473
Channel 6
T
2426 2437 2.448
Frequencies
n Gz

The ISM Band: 2.4000 GHz to 2.4835 GHz
Total ISM Bandwidth:  83.5 MHz

Channel Bandwidth: +/-11.0 MHz

Figure 1. The IEEE 802.11 specification designates 11 22-MHz-wide channels for DSSS
WLANS.
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For reference, the filters, amplifiers, and mixers
used in this system simulation have their parameters
set to values representative of a commercially avail-
able wireless local-area network (WLAN) chip set.

Preface: pertinent IEEE 802.11 specifications

The 802.11 specification allows a data rate of 1.0
Mb/s or 2.0 Mb/s. A 1.0 Mb/s differential binary
phase shift keying (DBPSK) modulation is used
here. A Barker spreading code of 11.0 Mb/s is used
for each of the data bits, which is a ratio of 11:1
(Barker code vs. data). This results in a channel
width of 22 MHz.

The transmitter conforms to the IEEE 802.11
spectral mask requirements for transmission. The
side lobes are at least 30 dB down from the main
lobe. The output power to one of the 11 possible
channels is +17.5 dBm.

ISM band channels for direct sequence

The simulated system uses most of the ISM band
from 2.4 GHz to 2.4835 GHz. Figure 1 shows 11 22-
MHz-wide channels that cover the range of 2.401 GHz
to 2.473 GHz. The channels are on 5.0 MHz centers.

In a multiple-cell network topology, overlapping
and/or adjacent cells using different channels can
operate simultaneously without interference if the
spacing between the center frequencies is at least
30 MHz. Europe and Japan each have a different
frequency allotment in the ISM band.

(Note: An entirely different specification,
802.11b, allows 25 MHz channel spacing and allows
two additional data rates of 5.5 and 11.0 Mb/s,
using eight-chip complementary code keying (CCK)
instead of the Barker code.)

802.11 system overview

In Figure 2, the transmit in-phase and quadra-
ture (Tx_I and Tx_Q) digital signal level inputs are
applied to the modulator IC. The rate of these I and
Q signals is 11.0 Mb/s. In the modulator IC, the I
and Q inputs pass through a 7.7 MHz, five-pole,
lowpass Butterworth filter to provide pulse shaping
and control of spectral mask. The filtered I and Q
signals are then applied to a quadrature modulator.
(In reality, the local oscillator (LO) for the quadra-
ture modulator is external to the IC, but this exam-
ple shows the LO as if it were part of the IC.) The
quadrature-modulated 280 MHz IF signal exits the
IC to pass through a 17 MHz-wide surface acoustic
wave (SAW) bandpass filter before entering the up-
converter IC. After the up-conversion to 2.442 GHz,
there are several filters and amplifiers in the chain
before the RF is sent to the transmitter antenna.

At the receiver, several filters and amplifiers
exist before the 2.442 GHz RF is down-converted to
a 280 MHz receiver IF. A second 17-MHz-wide
SAW filter is used before the IF enters the quadra-
ture demodulator IC. Once inside the IC, the IF is
applied to a pair of limiting amplifiers before going
to the quadrature demodulator. A two-pole LC filter
exists between the limiting amplifiers. The demod-

continued on page 44
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Figure 2. A block diagram of the 802.11 system.

ulated receive in-phase and quadrature
(Rx_I and Rx_Q) signals are then fil-
tered by the same pair of 7.7 MHz low-
pass filters that were used in the trans-
mitter section of the IC.

The Rx_I and Rx_Q are normally
connected to a third IC, a baseband
processor. However, it will not be used
in this example. Instead, the receiver’s
quadrature demodulator will become
part of a four-phase Costas loop. The
demodulated Rx_I data are then

processed by an exclusive-OR gate and
differential decoder.

PN data and Barker
code generation

In Figure 3, the output of the data
PN token 0 represents the 1.0 Mb\s
data input to the system. It is connect-
ed to a differential encoder comprised
of an exclusive-OR gate and a delay
token. The delay time is equal to the
width of 1 bit, 1.0 psec for 1.0 Mb/s. The

Doo-S08)1 v Mag 22, 0 23b
65,336 sumples o 6.5536 F sumplosber —> 100 «3 Prog. muoletien

Hote: AD 3 encbuire-OR logs guine
howe o gt toachall of 00 volts.

Figure 3. An overall view of the 802.11 system, DSSS-802_11.svu.
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other input to each exclusive-OR gate is
an 11.0 Mb/s Barker code. The exclu-
sive-OR gate will spread the data by
modulating it with the Barker code.

Token 113 is a metasystem that gen-
erates a Barker PN code sequence hav-
ing a rate of 11.0 Mb/s. The 11-bit
Barker code, 10110111000, has special
properties for use in a correlation
process. The Barker code generator is
an 11-bit shift register that shifts the
data pattern as required. As shown, the
Tx_I and Tx-Q signals are identical.
The input signals are delayed in time
so they will line up with the receiver’s
output.

Baseband pulse shaping and
the quadrature modulator

The transmitter portion of the system
is contained in the metasystem token
“Qmod2452e6.mta” (see Figure 4).

The first thing the I and Q inputs
see is a quadrature modulator,
“QMod280e6.mta” (see Figure 5). The
modulator accepts digital signal level
“I” and “Q” inputs that are connected to
a pair of NOT gates operating as non-
inverting buffers. The two buffer
tokens are used to simulate the input
comparators on the IC. The buffers out-
put square waves before any filtering
takes place. This output drives the fil-
ters at a constant 550 mV peak-to-
peak. The 7.7 MHz, five-pole Butter-
worth filters are used to reduce the side
lobes to about 36 dB below the main
lobe at the output of the modulator.
These filters are used to meet the IEEE
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Figure 6. Frequency response of the 954-tap, FIR
filter.

802.11 spectral mask requirements of a
-30 dB side lobe maximum at the
transmitter output. Downstream, the
non-linearity of the various mixers and
amplifiers will cause this -36 dB value
to grow toward the -30 dB value.

Transmitter SAW filter simulation
The SAW filter is modeled by
using a 954 tap, bandpass finite
impulse response (FIR) filter. The
frequency response of this filter is

46

Figure 5. The quadrature modulator metasystem: Qmod280e6.mta.

shown in Figure 6.

The output of the quadrature modu-
lator goes to a SAW filter with a center
frequency of 280 MHz, and a band-
width of 17 MHz. The particular device
chosen for this application has the fol-
lowing specifications, interpreted from
their graphs:

Center frequency: 280.0 MHz
Loss at: -8.5 MHz = -3.0 dB
Loss at: +8.5 MHz = -3.0 dB
Loss at: ~19.4 MHz = -50.0 dB
Loss at: +19.4 MHz = -50.0 dB
Passband ripple: = 1.0 dB
Insertion loss: = 10.0 dB max
Passband delay: = 0.234 psec

The filter specification lists a maxi-
mum loss of 10.0 dB. An attenuator is
used after the filter to insert a typical
loss of 7 dB and the resulting noise fig-
ure into the system. This attenuator-
after-filter plan is used for most of the
filters in the system. The second atten-
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uator after the FIR filter is used to
adjust the power output of the channel
to +17.5 dBm.

Transmitter IF-to-RF up-converter

After the FIR (SAW) filter, the 17-
MHz-wide IF is up-converted to a 2.442
GHz RF carrier. A metasystem,
TxUpConvert3624.mta (see Figure 7)
uses the parameters from the data
sheet for the desired mixer. Its gain
plot may be seen in Figure 8. For the
simulation, an analog two-pole, 0.5 dB
linear phase filter is used.

Between the up-converter and the
transmitter power pre-amp, there is a
two-pole, LC bandpass filter with the
following specifications:

Center frequency: 2.442 GHz
Loss at: -42.0 MHz =-3.0dB
Loss at: +42.0 MHz =-3.0 dB
Loss at: -440.0 MHz = -20.0 dB
Loss at: +440.0 MHz = —
Passband ripple: 1.5 dB
Insertion loss: 2.7 dB max

Transmitter power pre-amp

The pre-amp is part of the same IC
that has the IF-to-RF up-converter. It
is followed by a two-pole filter.
Between the transmitter power pre-
amp and the power amplifier, there is
a two-pole, dielectric resonator-cou-
pled bandpass filter. An analog two-
pole, 0.5 dB linear phase filter is used
to simulate this filter. The bandpass
filter, for RF LAN use, has the follow-
ing specifications:

Center frequency : 2.450.0 GHz
Loss at: -50.0 MHz = -3.0 dB
Loss at: +50.0 MHz = -3.0 dB
Loss at: -280.0 MHz = -20.0 dB
Loss at: +280.0 MHz = -
Passband ripple

Insertion loss: 2.0 dB max

A gain plot of this pre-amp output filter
is similar to the filter in Figure 8. This
same filter is used twice more in the
path to the transmitting antenna.

Transmitter power amplifier

The power amplifier is a stand-alone
IC. 1t is followed by two, two-pole fil-
ters, in series. The frequency spectrum
at the transmitter’s output is shown in
Figure 9. The two nulls are +11.0 MHz
away from the 2.452 GHz center fre-
quency. The side lobes are down about
30 dB relative to the peak. This com-
pletes the transmitter chain.
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Figure 7. Transmitter IF-to-RF up-converter metasystem, UpConvert3624.mta.

Path loss and antenna noise at the
receiver’s input

In Figure 3, an attenuator token, set
to a loss of 90 dB, is used to simulate
the path loss between the transmitter
and receiver.

The receiver’s input noise is modeled
using an adder token with a thermal
noise source token set as follows.

Resistance: 50Q
Temp: 300° K

a front-end noise temperature of 300°K
(27°C or 80.6°F) due to the antenna.
This is also a convenient place to inject
interference test signals.

Receiver input filters and LNAs

The input to the receiver (Figure 10,
RxQdemod2442e6down.mta) uses the
same two filters used at the transmit-
ter’s output. Also, there is a loss due to
a Tx/Rx switch. Two low-noise ampli-
fiers are in series; the second is an
RF/IF converter IC.

Figure 8. Bode plot of the two-pole up-converter output filter,

er two-pole LC bandpass filter between
the output of the second LNA and the
input to the RF/IF converter IC. The
LO for the active mixer uses a pulse
train token. At the mixer’s output there
is a SAW (FIR) filter with a 280 MHz
center frequency. It has the same speci-
fications as the FIR filter in the trans-
mitter.

The output of the FIR (SAW) filter
goes to a pair of limiting amplifiers and
then a quadrature demodulator (Figure
11, RxQdemod280e6_5.mta).

This noise represents a receiver with As in the transmitter, there is anoth- Each of the limiter amplifiers is mod-
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Figure 9. The frequency spectrum at the transmitter’s output.
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Figure 11. The receiver's quadrature demodulator QGdemod280e6_5.mta includes a pair of limiting ampli-

fiers and two five-pole lowpass filters.

eled by setting an RF amplifier token to
the following parameters:

Gain: 45.0dB
3rd order Int: 4.9 dBm
N.F.:9.0dB
1 dB compression point: —4.9 dBm

The 1 dB compression point of —4.9
dBm gives a clipped output of +200 mV.
(The application note 9746 shows a LC

circuit with a differential input/output
that is used between the two limiting
amplifiers.) A RF LC-quadrature tank
token is used for this LC filter between
the two amplifiers. The values in Figure
12 accomplish the task of a 48 MHz
bandwidth (-3 dB) with some gain at
the center frequency (Figure 13).

In Figure 11, the FM token is the volt-
age-controlled oscillator (VCO). The

| SystemView
100.e-12
=
= |
Q= 6
Foe 280046

inOhms Capacance in Fasads Ind.

L L

Figure 12. RF LC-quadrature tank token.
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Figure 10. The first down-converter of the 802.11 receiver Qdemod2452e6.mta

includes The quadrature demodulator Qdemod280e6_5.mta.

VCO’s gain parameter is set to 15 MHz/V.
The parameters of the two mixers are set
to match the device's’ data sheet. The 7.7
MHz, five-pole filters are the same as the
pair used in the transmitter.

Despreading

An exclusive-OR gate is used to
despread or remove the Barker code
modulation from the information-bear-
ing signal. The Rx_I output of the
quadrature demodulator is one input to
an exclusive-OR gate. The other input
to the gate is from the receiver’s Barker
code generator. A differential decoder
follows the despreading circuit.

The differential decoder exclusive-
ORs the data with delayed data. The
delay is set equal to the reciprocal of
the data rate, 1.0 e® seconds.

A filter follows the decoder circuit.
Its parameters are two-pole, Bessel,
lowpass, 0.5 MHz (1/2 of the data rate).

The entire system will function with-
out the differential encoder and decoder,
however, the received data may or may
not be inverted. This puts an unneces-
sary burden on the baseband processing.
When the differential encoder and
decoder are used, the data information
will always have the correct polarity.

Figure 13. The bandpass center is 280 MHz with -3 dB points at 259 MHz and
307 MHz.
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Figure 14. The four-phase Costas-loop demodulator phase detector metasystem 4Phase Costas

Loop280e6_5.mta.

Figure 15. Bode plot of the PLL filter.

Four-phase Costas loop

The four-phase Costas loop operation
is similar to a PLL. In Figure 3, the Rx_I
and Rx_Q outputs of the quadrature
demodulator connect to the four-phase
Costas loop phase detector in Figure 14.

(Actually, the four-
phase Costas loop
is the combination
of the quadrature
demodulator and
the processing in
Figure 14.) Figure
15 is the Bode plot
of the PLL filter
after the summing
token. The RC
parameters are set
to produce a low-
pass filter with a
-3 dB point of 0.1
MHz, and an ulti-
mate loss of -12
dB. The output of
the phase detector is an error signal
that drives the VCO.

Simulation results
Simulation of the full system takes
only 16.3 seconds on an 866 MHz

R

LY

A
Y
ol

e —

Figure 16. The results of the 802.11 simulation.
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Pentium III computer. The simulation
results are shown as three plots in
Figure 16. The top and middle plots
have the same elapsed time of 10 psec.
The top plot is an overlay of the rec-
tangular 1.0 Mb/s data_in signal and the
smooth, filtered, data_out signal. The
middle plot is an overlay of the 11.0 Mb/s
Tx_I and Rx_I signals. Close inspection
of the middle plot will reveal the
10110111000 pattern of the Barker code.
The bottom plot is the power spectrum
of the received signal, Rx_in, with a path
loss of 90 dB. The visible part of the
transmitted spectrum is 22 MHz wide,
while the —30 dB side lobes are below the
noise floor. The remaining task in the
processing is to make a hard decision on
the received data bits and perform a bit-
error-rate (BER) analysis. The BER is
the standard figure of merit for digital
communications systems. The system
parameters can be “tweaked” to produce
minimum BER (maximum range).

Conclusion
The simulation of the RF portion of
an 802.11 WLAN system has been
detailed. The parameters were based
on existing chip sets and commercially
available parts. The simulation engine
allows for accurate representation of
the system components.
RF
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RF tutorial

Designing an RF

modular variable-

gain amplifier

A flexible modular VGA
design for use in modern
communications devices.

By Louis Fan Fei and Ming-Ju Ho

he RF variable-gain amplifier (VGA) is a major

building block in modern high-frequency com-
munications devices. It is used in the transmitter
(Tx) and the receiver (Rx) stages for a number of
functions.

Different applications put different requirements
on the VGA, and an integrated VGA is often either
under-designed or over-designed for a variety of
applications. It is difficult to find one VGA that will
fit all the applications. This is why modular design
is popular. The modular VGA design approach has a
trade-off , as shown in the example below.

Design approach and trade-off

In the modular VGA, the amplifier block and
gain-control (GC) block are clearly defined. The
amplifier block is used only for power amplification,
and the GC block is used only for adjusting the
power level.

When each block is designed and tested success-
fully, the building block can be repeated several
times to fit various requirements. For example, say
each amplifier stage provides 10 dB gain, while each

dB control range. If

1=

the application
requires a 20 dB gain
VGA with a 40 dB

GC stage provides 20

control range, it is

Figure 1. A VGA with amplifier blocks after the gain controt
blocks (component parameters are listed at the end of this

article on page 62).

easy to use two ampli-
fier blocks and two
GC blocks to meet the
requirement.

e

The main trade-
off is the permutation
of the amplifier and
gain control stages.
In the Tx, a VGA is

Z Nz

Figure 2. A VGA with amplifier blocks before the gain con-
trol blocks (component parameters are listed at the end of
this article on page 62).
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typically used before
the PA. The Tx VGA
requires a high-out-

www.rfdesign.com

put 1 dB compression point and the amplifier stage
should be behind the GC stage. Because the GC
stage attenuates the input RF signals, it essentially
increases the input 1 dB compression point of the
amplifier by the attenuation level. On the other
hand, the VGA is also used as a low-noise amplifier
(LNA) in Rx. The noise factor (NF) of the overall RF
system strongly depends on the NF of the LNA.
Therefore, the gain stage should be in front of the
attenuator stage.

A 20 dB gain VGA with 40 dB control range illus-
trates the design trade-off. In Figure 1, the two
amplifier blocks come after the two GC blocks. In
Figure 2, the order is reversed.

The amplifier block and the GC block are the
same. The only difference is the arrangement of the
blocks. The RF performance, however, is different.
The comparison is in Table 1. It should be observed
that the configuration in Figure 1 is better suited
for the Tx, while the arrangement in Figure 2 is
well-suited for the Rx.

Variable-gain amplifier differences on NF and
IIP; are already obvious. When the gain control
kicks in, the differences of NF and ITP; between the
two configurations are even greater.

One modular VGA design example at 2.45 GHz
is presented. The Tx requires a PA driver with
maximum gain greater than 15 dB and a dynam-
ic range of 40 dB. The amplifier block and GC
block are designed separately before they are cas-
caded together.

GC block

The GC block or the voltage-controlled amplifier
(VCA)- 2 can be designed in a number of ways. The
three main configurations for a VCA are the con-
stant-impedance approach6, the resistive-line
approach” and the rn-configured attenuator
approach*5.

The variable resistance approach can be done with
either a metal semiconductor field-effect transistor
(MESFET) or a positive intrinsic negative (PIN) diode.
Each design approach focuses on different design para-
meters. In this particular design, the resistive line
approach using a PIN diode is presented.

The building blocks of the resistive line approach
are a quarter-wave transmission line (TL) and a
shunt resistor (a PIN diode in this design).

The quarter-wave transformer is a popular way to
transform impedance. The design equation is simple:

VA

Zout =

The impedance of one end (Z,,) of the transformer
is inversely proportional to the impedance at the
other end (Z,,,). For example, if Z;, = 1Q and the TL
has a characteristic impedance (Z,) of 80Q, Z,, will
be 6400%, which is a high impedance that will
reflect most of the incoming RF signal. The typical
values of Z, of the TL range from 50Q to 90Q.
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Figure 3. A variable attenuator using four shunt
diodes.

To obtain variable attenuation using
this approach, the fixed value Z,; is
replaced with a variable-resistance PIN
diode. A typical shunt-configured PIN
diode can archive maximum attenuation
about 20 to 30 dB at 2.45 GHz. In this
particular design, a dynamic range of 50
dB is desired. Any number of variable
resistors can be used, depending on the
desired range of attenuation. Four shunt
diodes are used in this design, as shown
in Figure 3. The middle two shunt
diodes provide the bulk of the attenua-
tion by reflecting incoming RF signals.

However, a reflective VCA is not
desirable in most applications, especial-
ly in high-power Tx applications. The
reflected RF energy needs to be
absorbed inside the VCA to provide low
return loss. This will require its inter-
nal resistance to be different from its
external resistance.

The designer can vary the values of
R,, Zy,, Zy,, 9, and 6, to trade off size,
dynamic range and input/output return
loss. In this design, the following values
are used: R, = 50Q, Z,, = 70Q Z,, =
950, 01 = 62 = 90°. Note that the use of
a fixed resistor in series with a PIN
diode at the input and output of the
network results in lowered distortion
at maximum attenuation because the
incoming RF signal dissipates in a
passive device, rather than a diode.

A low-cost, plastic-package PIN diode
is used. Parasitic diode elements (pack-
age inductance and capacitance, junc-
tion capacitance) are significant at 2.45
GHz. The reduction of the effects of
package parasitic inductance can turn
an ordinary design into a high-perfor-
mance circuit. The parasitic inductance
cancellation scheme does not have to be
complicated. The main contributors are
package leads, bond wires and via-hole
inductance. The inductance can be can-
celed by simply using a shortened radial

Zo Zo Zo
6 0: 6
T-Line T-Line T-Line Pl e =
Rﬂl Rnr Rvm Rnl
R‘ - > R‘

microstrip stub (capacitive .
impedance), in place of the o
via holes, to resonate out

the parasitic inductance.

The dimension of the radi- e
al stub is determined dur- v’\>v

ing simulation. The
schematic, layout and test
result is shown in Figures
4, 5 and 6, respectively.
As shown in Figure 6,

r"'.

the attenuation range of
the VCA is from -2 dB to
-50 dB with good port
matching for all the attenuation range.

Gain block design

The gain block is based on Agilent’s
pseudomorphic high electron mobility
transistor (PHEMT). PHEMTSs were
chosen because they are known for
their high OIP; and ultra-low NF. The
high OIP, is desirable in this design.

The transistor is biased with V=4 V
DC and I;,,=60 mA for high OIP;. Active
bias circuitry is used to stabilize the
bias point. The actual design is simple
with feedback technique®. Feedback is
added at the source to improve the sta-

Figure 5. The schematic, layout and test result
(2 0f 3).

bility and to reduce the matching com-
plexity. The feedback is performed with
two pieces of TLs at the source. Then
simple LC matching is provided at the
input and output to further improve
matching performance. The design is
shown in Figure 7. The test results are
shown in Table 2.

Complete VGA

The PA driver requires maximum
gain greater than 15 dB and

Config. 1 Config. 2 dynamic rantg}f of 40 dB. Aﬁe‘t"

comparing the requiremen
Overall NF 5.63dB 1.67 dB with the test results of each
Overall OIP  29.27 dBm 19.61 dBm building block, it should be
Overall IIP;  13.27 dBm 3.61 dBm easy to conclude that one GC
; block and two amplifier
Max gain 16.0dB 16.0dB blocks are needed for the com-

Table 1. Comparison of the values of the two configurations.
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Figure 4. The schematic, layout and test result (1 of 3).

The modular VGA approach offers
maximum flexibility and optimum per-
formance for different applications.

RF

Figure 1 and 2 component. parameters:
CG block:

Insertion loss =2 dB

GC=20dB

OIP; =25 dBm
Each gain block:

OIP; = 30 dBm

Gain =10dB

NF=15dB
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Figure 6. The schematic, layout and test result
(30t3).
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Murata PN:
MM8430-2600

Description: RF Switch
Connector. One of the most exciting
microwave products to come along
in years. This low cost test switch
has virtually universal RF and
microwave design appeal. It solves
many design and production test
problems at a low cost. Applicable

to all RF applications under 3GHz
(3000MHz). Test probes: Works with
Lab test probe MXGM76RLI000
and mass production test probe
MM126030. Reel size/Stock
quantity: 1000 pes. | reel.

Order PN: MM8430-2600TBI

Murata PN:

LFSN25N 19C24508

New Global PN:
LFB322G45SN1A504
Description: 2450MHz Band
Pass Filter, Miniature (3.3 x 2.5mm)
ultra low cost Ceramic LC Chip type
BPF. This low cost BPF makes an
ideal interstage filter. Small enough
and low cost encugh to be used
in several positions on the same
board! Reel size/Stock quantity:
2000 pes. | reel. Order PN:
LFSN25N19C24508

Murata PN:
MQE920-2450

Description: 2450MHz miniature
(7.8 x6mm) surface mount V(0.

For use in all 2.4GHz Wireless LAN
applications. Low cost. Reel size/
Stock quantity: 3000 pes. | reel.
Order PN: MQE920-2450-T7

Murata PN:

DFC2 I1R57P002HHA
New Global PN:
DFCB21G57LDJAB
Description: |.57GHz Band Pass
Filter (BPF) for GPS applications.
Ceramic Monoblock mimiature low
cost surface mount. Used as the
primary RF filter by the USA's leading
manufacturers of commercial GPS
receivers, this filter has performance
and low cost in a standard miniature
package. Ceramic BPFs like this
form the backbone of Murata's
Microwave product line. Since 1950,
ceramic electronic components have
been Murata's key focus. Reel
size/Stock quantity: 2000 pes. | reel.
Order PN: DFC21R57P002HHA-TA2120

MURATA's RF and wireless
innovations open the door
to design freedom

SPECIAL OFFER

Visit our website and register for
your FREE MM8430-2600 and
LFSN25N19C2450B
(New Global PN: LFB322G45SN1A504)
samples
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Better Immume

AR amplifiers offer you everything you need to simulate and survive worst-case electromagnetic
scenarios. Like high field strength for whole vehicle testing. VSWR tolerance. Linearity. And air cooling.

Pair them with AR antennas and accessories, and test to the highest level of manufacturer and
international standards. World-class performance, 3 year warranties, and a worldwide
network of service and support stand behind your purchase.

When safety is critical, you can rely on us. Find them on the internet at www.amplifiers.com

under Products and Services.
1SO 9001
Certified
INFO/CARD 9
B RN (o R
RESCARCH
USA 215-723-8181 or 800-933-8181 for an applications engineer The Force Behind The Field.

In Europe, call EMV- Munich: 89-614-1710 * London: 01908566556 © Paris: 1-64-61-63-29 * Amsterdam: 31-172-423-000



REF literature

Components catalog
focuses on OEM, MRO

Jameco Electronics announces a
192-page catalog featuring thousands
of ICs and other electronic compo-
nents, tools, test equipment and com-
puter products suitable for OEM and
MRO applications. More than 425 new
products have been added, including:
ICs, transformers, computer cables,

tools, motherboards, switch boxes, con-
nectors, books, converters, power sup-
plies, hubs, fuses, LEDs/ displays, and
soldering equipment. Jameco has also
expanded its selection of brand-name
products, including Fluke test equip-
ment, Gordos I/O module mounting
boards, Amphenol adapters and con-
nectors, Entrelec power supplies, ter-
minal blocks, Millennium recharge-

— —_—

TRIMMER
CAPACITORS

www VoltronicsCorp.com

IF ONE OF OUR THOUSANDS OF

CATALOG PARTS DO NOT MEET

YOUR REQUIREMENTS WE WILL
DESIGN YOUR TRIMMER CAPACITOR

~ Voltronics =

CORPORATION =&

o The Trimmer Capacitor Company

100 Ford Road ¢ Denville, NJ 07834
- . 973.586.8585 » Fax: 973.586.3404
. e-nlsil: info@voltronicscorp.com.
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able batteries, Tripplite UPS systems,
Parallax basic stamp kits, and Omron
relays, relay sockets and switches.
Jameco Electronics

INFO/CARD 115

Product guide details
inductor specs

Gowanda Electronics introduces a
new comprehensive product catalog
that addresses technical specifica-
tions, design details, custom products
and designer kits for the company’s
four major categories of inductors,
including surface-mount RF induc-
tors, surface-mount power inductors,
leaded RF inductors and leaded
power inductors. Views of applica-
tion-specific devices and Web site
information are also provided.
Included in the catalog are more than
14 new products introduced over the
last year, including the CC series of
surface-mount inductors, the CMF2
surface-mount common mode filter
and Power Pod surface-mount induc-
tor. Applications include use in test
and measurement equipment, med-
ical and diagnostic equipment, indus-
trial automation and control equip-
ment and instrumentation.
Gowanda Electronics
INFO/CARD 116

Catalog features stocked
coaxial cable assemblies

Avnet is stocking more than 150
coaxial cable assemblies for test and
measurement and production applica-
tions. These cables are suitable for
communications infrastructure and
test. The new Avnet Semflex stocked
cable catalog includes coax cables with
single, double and triple shielding.
Some cables are also available with
stainless steel armor. Frequency
response is as high as 50 GHz on the
test & measurement cables and 18
GHz on the production cables.

Avnet
INFO/CARD 117

Want more
information now?

Chedk out the new online
suppliers directory at
www.rfdesign.com
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NEW PRESCALERS

With inGaP GaAs HBT Technology!

¢ DC TO 13 GHz Performance

SSB
’ Sing'e mmve supp’y Description Rz:agqeu?gf_lyz) P@ha:goN::-Isze N:matr)ter
‘ SG'QC‘QNO om NW o3 e i B oy DC - 11.0 -148 dBc/Hz | HMC3€1

Bias Opﬁon For Chips . ), @Uupuit [Pl DC - 10.0 -148 dBc/Hz | HMC3E1S8G
Lo | Hion Frequency DC - 13.0 145 dBc/Hz | HMC364

¢ Wide 'nput Power Window: g e 0 DC-125 | -145dBc/Hz | HMC36488G
‘15 lO ""0 dBm DC -12.0 -149 dBc/Hz | HMC362

High Efficienc
+4 g Y,

Y Um Low SSB Phase Noise. el Sl e e DC - 12.0 -149 dBc/Hz | HMC362S8G
.’45 fo .153 dBclm @ 1w KHI L4 | Hian Frequency DC - 13.0 -151 dBe/Hz | HMC365

Il QUi [T DC - 12.5 -151 dBc/Hz | HMC365S8G
’ m th W’ume WAT’ +8 | High Efficiency
Micmmve Radio’ and OPtica’ I, Ui [Fery DC - 12.0 -153 dBc/Hz | HMC363S8G

Applications

DC -12.0 -153 dBc/Hz HMC363

» ® s o o q
Divide-by-2 Divide-by-2 Divide-by-4 Divide-by-4 Divide-by-8

HMC361 HMC364 HMC362 HMC365 HMC363

HMC361S8G HMC364S8G HMC362S8G HMC365S8G HMC363S8G
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THROUGHM INTEGRATED SOLUTIONS!
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RF software

Software optimizes design
performance

Cadence Design Systems announces
PSpice(R) Advanced Analysis, which
enables analog/mixed-signal circuit engi-
neers to use sophisticated design meth-
ods on the Windows NT and 2000 plat-
forms. The new product allows users to
optimize performance and improve qual-
ity of designs before committing them to

hardware. The PSpice Advanced Analy-
sis option provides integration with
Cadence's Concept(R) HDL and Orcad
Capture(R) industry-standard PCB
design capture tools. The software is
suitable for large-volume consumer
products. In analog circuit design, there
is a phase when the design topology and
the specifications are known, but the
final component values have not yet

INDUSTRY’S LARGEST INSTALLED BASE

synthesized
LO sources
with:

» crystal control

» ultra-low phase noise

> ps-switching

» multi-octave coverage

> fine resolution
» 0.1 MHz - 3.2 GHz

PTS HAS MANY DIFFERENT MODELS

-

PROGRAMMED TEST SOURCES, INC.
9 Beaver Brook Road
Littleton, MA 01460

Tel: 978 486-3400

Fax: 978 486-4495
http://www.programmedtest.com
e-mail: sales@programmedtest.com
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62

www.rfdesign.com

been determined. The PSpice Advanced
Analysis solution enables engineers to
pick up the design at that point and take
it to the next level.

Cadence Design Systems
INFO/CARD 118

Circuit simulator handles
flat, hierarchical designs

Celestry Design Technologies’ new
large-capacity, transistor-level circuit
simulator handles flat and hierarchi-
cal designs and offers timing, power,
noise and reliability analysis.
UltraSim is a sign-off simulator that
offers simulation of one billion-transis-
tor memory circuits and provides full-
chip capacity for memory, logic and
mixed-signal designs with built-in reli-
ability simulation. It eliminates the
need to use multiple simulators,
analysis tools and additional power
and reliability tools. UltraSim is a
SPICE-precise simulator that handles
large flat and hierarchical designs. It
offers power and reliability analysis,
accurate device models and easy inte-
gration into an existing design flow.
UltraSim run times match or exceed
known alternatives with near SPICE
accuracy. UltraSim can be used on all
types of designs and styles.

Celestry Design Technologies
INFO/CARD 119

Design kits support
Microwave Office

United Monolithic Semiconductors
(UMS) announces new design Kkits sup-
porting the Microwave Office from
Applied Wave Research (AWR). The
design kits support UMS' processes
accessible under its Open Foundry Ser-
vice mode. Design kits are available for
the 0.254 PHEMT low noise process
(PH25) and for the 0.25y power PHEMT
process (PPH25). These technologies are
suited for RF to millimeter-wave appli-
cations such as broadband wireless
access, automotive sensors and ISM
wireless. The libraries for Microwave
Office include UMS' proprietary, fully
scalable models allowing spread analy-
sis and improving production yield opti-
mization. Also included are smart cells
that keep the physical layout tied to the
actual simulated schematic. Models pro-
vide temperature behavior, large and
small signal features, high-frequency
noise and 1/f noise performance.

United Monolithic Semiconductors
INFO/CARD 120
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RF v2

England +44 (0) 118 934 3838 « Finland +358 (0) 8 8251100

Transistors

Get the Power You Need Now.

Designed for DCS base station applications in the
frequency band 1.805 to 1.880, the UltraRF™
UPF18060 is a 26V broadband RF power n-channel
enhancement-mode lateral DMOS, rated for a mini-
mum output power of 60W. It's ideal for CDMA,
TDMA, G5M and muiti-carrier power amplifiers in
class A or AB operation

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

Drop-in Simplicity.

The UPF18060 was designed to drop in to your
existing design with no matching changes, so you
can benefit from its rugged performance with no
hidden cost. It's internally matched for repeatable
manufacturing, and an all gold metal system offers
the highest 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

Sweden +46 (0) 8 580210 « Norway +47 333 86271
Germany +49 (0) 7151 78100 » Israel +972 (5) 953 1696
France +33 (1) 69 53 80 00 ¢ Italy +39 02 481 7900

ASIA

Hong Kong, China 852 2376 1882 « Korea 82 2 3472 9449

No Waiting — Immediate delivery of
Industry Standard Discrete RF Power

EUROPE 160 Gibraltar Court
Sunnyvale

CA 94089-1319 USA
Phone: 408 745 5700
Fax: 408 541 0139

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 com-
plete range of high power
LDMOS 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
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RF/hroduct of the month

ANRITSU MG3690A

Anritsu introduces the MG3690A synthesizer, offering a single instrument
for clean RF and microwave signal generation. The unit features perfor-
mance-to-price ratio for CW generation and pulse modulation applications
as high as 40 GHz. The device is able to combine the bandwidths of separate
RF and microwave signal generators with the spectral purity and frequency
stability of a phase-locked source. The unit has the ability to achieve crys-
tal-oscillator-like phase noise over the 0.1 Hz to 40 GHz frequency range,
making it suitable for a variety of laboratory and production applications
previously requiring separate synthesizers. The system achieves frequency
resolution of 0.1 Hz over the full frequency range, with leveled output
power adjustable in 0.01 dB steps from -120 dBm to +17 dBm. Full-
band, low phase noise is achieved by integrating a digital downcon-
verter (DDC) into the system. The DDC generates 10 MHz to 2.2
GHz single sideband phase noise characteristics. The SSB phase
noise of the system is -107 dBe/Hz at 1 kHz offset from a 60 Hz
carrier. For a 40 GHz carrier at the same offset, the phase

noise rises to —92 dB¢/Hz. Actual performance is typically 10

dB better than guaranteed specifications. The system has
been designed for use as a continuous wave (CW) source of sin-
gle RF and microwave frequencies or as a digitally swept source,
sweeping frequency, power, or both. As a CW source, it features as
many as 20 independent markers to set independent CW frequencies. When
used as a sweeper, the system allows sweep widths to be set from as narrow
as 1 kHz to as wide as 40 GHz. The number of sweep steps can be adjusted
from 10 to 10,000, with every frequency step in the range phase locked. A
list sweep mode can be controlled via the front panel or by OPIB. In this
mode, as many as four data tables with 2,000 nonsequential
frequency/power sets can be stored in memory and then addressed as a
phase-locked step sweep. In addition, it
can perform a basic frequency-hopped or
frequency-agile function controlled via
OPIB. As many as 3,202 data points of
power or frequency can be stored and
recalled from non-volatile memory. For
rack mount applications, it offers a com-
pact 13.3 cm package and a high-output

EDITORS' CHOIC:

Zero to 40 GHz
single-instrument
signal synthesizer

power that assures adequate signal

strength to the device under test (DUT),

even after ATE switching and cabling
losses.

Anritsu

INFO/CARD 121
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Customers of Agilent HFSS...

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

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

Ever since Ansoft delivered the first commercially available version of HFSS
to the microwave market in October 1990 through Hewlett-Packard, we
have continued to pioneer the world's leading technology for 3D High-
Frequency electromagnetic simulation. We've never stopped innovating

and neither should you.

Whether your designs drive next generation technology within the

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

For more information contact us at

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

to info@ansoft.com : : V We I CO m e !

Sy

., ANSOFT

|nspiring innovation

INFO/CARD 5 www.ansoft.com




RF product focus — Tx/Rx

Wide-band SMT matching

pad mixer.
Mini-Circuits intro-
duces a wide-band, sur-
face-mount matching pad
engineered for the DC to
3.0 GHz frequency band.
Optimized to meet the
stringent performance
requirements of 50Q to
752 wide-band matching,
the ALMP-5075 provides
5.7 dB +0.2 dB nominal

Surface-mount

bandpass filter
KR Electronics
introduces a small,
high-performance, sur-
face-mount, elliptic
bandpass filter. The
filter is supplied in a
surface-mount package
measuring 0.5 x 1.5 x
0.3 inches. The KR
2395 has a 70 MHz
center frequency with

attenuation with + 0.1 dB

typical flatness and a tight 1.2:1 return loss (typ.). The low-
profile height is 0.080". An evaluation board P/N: TB-25 is
available.
Mini-Circuits
INFO/CARD 122

Specifications at a glance:
* DC to 3 GHz

¢ 5.7 dB nominal attenuation
¢ 1.2:1 return loss

¢ +0.1 dB typical flatness

a 1 dB bandwidth of 12 MHz. The filter has excellent

symmetry, quick transition to the stopband, and high
stopband attenuation of typically more than 60 dB. The

filter can be cus-

dB, typical

Specifications at a glance:

* 70 MHz center frequency

+ 1 dB bandwidth of 12 MHz

» Stop-band attenuation of >60

tomized for other cen-
ter frequencies and
bandwidths.

KR Electronics
INFO/CARD 123

Asymmetrical
filter bank

Bree Engineering introduces a bank
of three filters that uses a non-symmet-
rical skirt selectivity response to mini-
mize size and costs while maximizing

specialized custom requirements. The
filter bank covers the 950 to 3150 MHz
range in three bands, each just under
one octave. Passband flatness is less
than 1 dBc, insertion loss at band edge
ranges from less than 1.5 dBa in the
lower bands and 2.5 dBa at the higher
bands. Upper skirt selectivities are
optimized for 50 dBc minimum at 1.08
times the upper passband.

Bree Engineering

INFO/CARD 124
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High-power T-switch
for space applications

Dow-Key Microwave debuts its
5111HA.J-730322-3, high-power, low-dis-
tortion T-switch for space-based applica-
tions from 2.5 to 4.8 GHz. It moves high-
power signals from one port to another
and is rated for peak RF power levels as

Specifications at a glance:

* 24108 GHz

* 1.25:1 max insertion loss

* 60 dB min isolation:

* 140 W RF power handling (max)
* < 25 ms switching time

high as 560 W, with an average power
level of 140 W. Using “break-before-make”
switch contacts, the switch is used for
cold-switching operations. It requires 25
us or less to switch internal signal paths.
DowKey

INFO/CARD 125

Quad multistandard
digital downconverter

Graychip announces the (GC4016, an
enhanced-performance, four-channel dig-
ital downconverter chip. The device is a

www.rfdesign.com

suitable building block for implementing
multistandard, software-defined radios
for cellular base station systems.
Standards supported include GSM, IS-
95, IS-136 and EDGE, as well as third-
generation UMTS/CDMA2000. The
device provides four digital receiver chan-

nels, each capable of digitally downcon-
verting and filtering signals of interest
from wideband sources at sample rates to
100 MHz. The channel outputs are cen-
tered at baseband, and typically drive a
general-purpose DSP chip for subsequent
demodulation and processing. A 16-chan-
nel base station receiver system can be
implemented with four GC4016 chips
and a single A/D converter. The device
offers 115 dB of spurious free dynamic
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WIDEBAND

HIGH IP3 MIXERS

Q95
410 400BMLD 02 et o2

Model Freq (MH2| {dBm) {c F
- : ) ADE-10MH 800-1000 3 26 13 69
Now you can obtain spectacular wideband IP3 performance at a value price with ADE-12H 500-1200 :[7 28 11 67 89
Mini-Circuits team of MBA, ADE, and SYM mixers. Optimized to deliver the highest P8 «MBA-591L  4950-5000  +4 15 11 70 6.9
i : i SYM-25DLHW  40-2500 +10 22 12 63 795
for a given LO drive, these affordable surface mount mixers range from 32dBm IP3 YMIZEDRILW 4059800 418 ¢ 5e 1 44 o ey
for +17dBm LO power...to 15dBm IP3 for LO down to +4dBm. In terms of E Factor SYM-24DH  1400-2400  +17 29 12 70 995
; 3 A N 4 o ) SYM-25DHW  80-2500 +17 30 13 64 995
(IP3 Figure Of Merit), these mixers go as high as 1.5 providing superior SYM-22H 1500-2200 +17 30 13 56 995
intermodulation suppression from 5 to 5900MHz while at the same time SYM-20DH  1700-2000 +177 32 15 67 995
o . g q 9 . SYM-18H 5-1800 +17 30 13 575 995
achieving low conversion loss and high isolation. You'll also be pleased to know SYM-14H 1004370  +177 30 13 65 995
the Blue Cell™ MBA model covers your higher frequency Sy 200 e O, ¥ RS LD T
designs with superb temperature stability, high ADE 0 y
repeatability, and ultra-thin 0.070" profile. Now, high IP3, I g AT e
higher performance, and value pricing have merged. # tcunoteer -

The result is Mini-Circuits wideband high IP3
mixers...the clear choice!
Mini-Circuits...we're redefining what VALUE is all about!

[ IMini-Circuits ®.8

CIRCLE READER SERVICE CARD
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE

('”'!’ “The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
-
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k—___ Prototypes
In-House

T-Tech is your
TOTAL SOLUTION

Provider

* QuickCircuit™...
Rapid Circuit Board Prototyping Systems
Analog, Digital, RE/MW Applications

* QuickPlate™ Through Hole Systems
* Muitilayer & SMT Applications

* Supesior Precision and Performance
* Reduce Development Time and Costs

¢ Superb Customer Service

oees [-Tech

5591-B New Peachtree
Atlanta, Georgia 30341 USA
1.800.370.1530

fax: 770.455.0970
email:info@t-tech.com

Purchase your tools On-Line
www.t-tech.com
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range and supports nibble-wide SHARC
link port interfaces and a 24-bit parallel
data output option.

Graychip
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Quadrifilar helix
feed network

Anaren announces its surface-mount,
quadrifilar helix feed network (“quad-
feed”) component for satellite radio
receivers. The miniature 2.320 to 2.345
GHz quadfeed - part number XQFI306
— combines
four signals
from a
quadrifilar
helix antenna
into one
coherent out-
put signal for
amplification
to the radio
receiver. The
device is
designed to

be compatible with both the XM and the
Sirius satellite radio networks.

Anaren
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PCS high-power
drop-in circulator

NARDA'’s new drop-in circulator pro-
vides high isolation with higher power
handling and operates over the 1.93 to
1.99 GHz fre- o
quency range.
Designed for a
maximum inser-
tion loss of 0.35
dB, this circu-
lator offers a min-
imum isolation of
25 dB and a max-
imum VSWR of 1.12:1. Power handling
for this drop-in circulator is 120/100 W
peak/average. The operating tempera-
ture range for model NAR-2799 is 0° C
to +85° C.

NARDA
INFO/CARD 128

B18 Series: VCXO

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

Extended temperatures available
Deliveries in 15 working days or less.

\umm;
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THE FUTURE IS NOW AT BOMAR

For more than 35 years, customers
have purchased high quality Quartz
Crystals, Clock Oscillators and
VCXQO’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.

Frequency from 1.0 to 25MHz in 8 pin Dip
1.0 10 100MHz in 14 pin Dip

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

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

INFO/CARD 6
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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 APLAGC, provides the accurate IC- and board-level models and precise methods to analyze
non-linear circuit behavior demanded by top RF and analog designers. The

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

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

you do is supply the three ingredients mentioned above.

L

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

The Freedom To Do Things Right. INFO/CARD 12




RF products

Compact TCXO for portable
and wireless applications

Fox Electronics introduces a new series of temperature-controlled
crystal oscillators (TCXO) designed for the smaller sized, industry-
standard footprint of portable and wireless equipment. The
Fox 307 series of TCXOs measures 7 x 5 mm x 1.9 mm high, making
them suitable for SMD applications with tight space constraints. The
devices use the industry’s standard pinout configuration and require a
3.0 VDC power supply. The new TCXOs have a current drain of less
than 2 mA and feature a low phase noise of less than —-140dBc¢/Hz at
100 kHz. The devices have a voltage control function with a frequency

deviation of +5ppm,

Specifications at a glance:

* 12.8 to 20 MHz frequency range
* +2.5 ppm frequency stability

* + 5 ppm frequency deviation

* 30 to +85° C temperature range
* ~140 dBc/Hz phase noise @100 kHz

+15 ppm over a
voltage control
range of 1.5 VDC +
1VDC. Stock is
standard in the fol-

Fox Electronics
INFO/CARD 129

lowing frequencies: 12.8, 13.0, 14.4, 16.8, 19.2, and 19.8 MHz.

AMPLIFIERS

6.3 W microwave
amplifier

Microwave Solutions introduces
the model MSH-4716803-TC amplifi-
er. The device can deliver 38 dBm
(6.3 W) of power, has an IP3 of 49
dBm & 2" harmonics below -40dBc
typ. These amplifiers are well-suited
for point and
point-to-multi-
point systems
at 3.4 to 3.6
GHz. They
include a tem-
perature com-
pensation cir-
cuit that has a
+1.5 gain win-
dow. Typical
gain is 49.0 dB, with a flatness of
°+1.0 dB. The I/O VSWR is 1.5:1 and
the maximum current is 3.8A at
+12.0 VDC. The amplifier has been
designed to meet high thermal stress
conditions, and all units include an
internal voltage regulator and
reverse-polarity protection.
Microwave Solutions
INFO/CARD 130
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Small-footprint
Bluetooth amplifiers

SiGe Semiconductor’s expanded fam-
ily of Bluetooth Class 1 power ampli-
fiers includes the PA2423G miniature
amp and PA2423L miniature fully
encapsulated package amp. The devices
reduce form factor, while providing effi-
cient power output to enhance perfor-
mance of Class 1 Bluetooth applica-
tions such as cellular handsets, wire-
less headsets, laptops, and peripheral
devices. The devices achieve +22.5 dBm
output power with 45% PAE when
operated in class AB mode. This
enhances operation of Class 1
Bluetooth applications because the
devices can overcome insertion losses
as high as 2.5 dB between the amplifier
output and antenna input.

SiGe Semiconductor
INFO/CARD 131

Low-noise, high-gain
SiGe HBT amplifier

Stanford Microdevices announces the
SGA-8343, a versatile silicon germanium
(SiGe) low-noise amplifier with high gain
and high linearity across the entire DC to
6 GHz band. The SGA-8343 provides low-
noise performance (0.9 dB @ 0.9 GHz and

www.rfdesign.com

1.1 dB @ 1.9 GHz) with high gain (24 dB
@ 0.9 GHz and 19 dB @ 1.9 GHz). The
unit is easily matched and features a
third-order output intercept point of
+28.5 dBm.

Stanford Microdevices
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InGaP HBT power amplifiers
support 2.5G CDMA

Anadigics introduces two InGaP
HBT (indium gallium phosphide het-
erojunction bipolar transistor) power
amplifiers (PAs) for use in multimode,
multiband CDMA handsets that sup-
port 2.5G CDMA applications. The
AWT6105 and AWT6106 provide high
linearity and high efficiency in a small
module package. The AWT6105 is
designed for cellular CDMA, CDMA-1X
and AMPS applications in the 824 to
849 MHz range; and the AWT6106 is
targeted for PCS CDMA and CDMA-1X
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10 TO 2000MHz LEVEL 7 MIXER

IS PRICE/PERFORMANCE VALUE
Mini-Circuits has introduced a very low
cost high performance frequency mixer
for the broad 10 to 2000MHz band.
Typically at midband, the ADE-11X displays
low 7.1dB conversion loss, 9dBm IP3,
and excellent L-R/L-1 isolation of 37dB
typical. This patented mixer is housed in a
low profile 0.112" SM package with solder
plated leads for excellent solderability and
has all-welded connections for improved
reliability. The low $1.99 price includes a 2
year reliability guarantee.

HEED
~ Qty. 10

1400 TO 2400MHz; HIGH IP3

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

FEATURED
PRODUCT

Do
- -. e

WORLD'’S SMALLEST 9 TO 20dB

COUPLERS SERVE 5 TO 2000MH-

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

2400 TO 3000MHz VCO

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

$24.95 ca
Qty. 5-49

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

SMB TERMINATION HAS

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

[JMini-Circuits .

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

e .
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AWT6106

0116 04584-AD
1713~H TAIWAN

-

AWT6105
0113 04398
1716-D TAIWAN

applications operating at 1.85 to 1.91
GHz. Both devices combine all of the
necessary passive components for full
compensation and 509 input/output
matching. They are +3.5 VDC devices
with a 6 mm x 6 mm footprint, 1.6 mm
profile, and low leakage. The AWT6105
demonstrates 37% power added effi-
ciency, while the AWT6106 provides
35% power added efficiency.

Anadigics
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SIGNAL SOURCES

Low-jitter family of
programmable oscillators

SaRonix announces its new line of sur-
face-mount programmable oscillators, the
PrO S8002C ceramic series. These low-

jitter oscillators can be programmed by
local distributors to meet the immediate
needs of design engineers in a matter of
24 to 48 hours. Operating at 3.0 and 3.3
VDC, the devices keep period jitter (RMS)
to a noise-free level of 50 ps max 33+ to 90
MHz, 100 ps max 5+ to 33 MHz, and 167
ps max 1to 5 MHz. Operating at 5V, the
PrO S8002 holds jitter to 17 ps typ. 42 ps
max 33+ to 125 MHz and 33 ps typ. 100
ps max 1 to 33 MHz. The programmable
S8002C offers precise rise and fall times,
tight symmetry, and frequency stability
(£25, +50 or +100 ppm over all conditions)
approaching that of conventional oscilla-

tors. They are available on 16 mm tape in
500 piece reelsin a 5 x 7 x 1.8 mm ceram-
ic, surface-mount package.

Saronix
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Low-profile clock oscillators

for Intersil Prism chipsets
The SWO11 series clock oscillators
measure 5 x 7 mm with 1.0 mm overall
height and are specifically designed for
the Intersil Prism chipsets.
Frequencies are 44.0 MHz and 48.0
MHz with frequency stability of +25
ppm over 0° C to +70° C for the Prism
2.0, 2.5 and 3.0 Prism chipsets, and 80.0
MHz with +20 ppm over 0° C to +70° C
frequency stability for Prism 5 chipsets.
Mercury Crystals
INFO/CARD 135

Alternative to

YIG-based Modules

APA  Wireless Technologies
announces the next-generation YRO
(RF) module, which is a mass-pro-

Customer
Satisfaction
with

www.ntktech.com

SANTA CLARA
(408) 727-5180
Fax (408) 727-5076

SAN DIEGO
(760) 747-8843

Fax (760) 747-0689

NTK recunoLociEs

PACKAGING RF AND MICROWAVES

BOSTON
(508) 820-0220
Fax (508) 820-3463

NEW JERSEY
(973) 376-6070
Fax (973) 467-5794

Call or
write
to Any
of Qur
Local

Sales
Ogices

PHOENIX
(602) 470-9898
Fax (602) 470-9797

AUSTIN
(512) 338-0727
Fax (512) 338-4350
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Get this cool pocket protector for just $699

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

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

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

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

NovaSource™ RF Signal Sources

INFO/CARD 52

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

Engineering support and unique COMMUNICATIONS: IF bandpass filtering
design capabilities enable for: cellular base stations, microwave links,
prototype development allowing mobile digital radio, MSK matched filters.
e ‘éO’IT‘Pe""Ve NRE pricingand  gADAR: Wide band matched filters, pulse
QuiCKdEtivery. 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

CORPORATION Tel: (860) 651-0211 < Fax: (860) 651-8618
www.phonon.com ¢ saw @ phonon.com

INFO/CARD 19
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ducible alternative to YIG-based tech-
nology. The YIG Replacement Oscillator
(YRO) technology improves the reliabili-
ty, speed and economy of broadband
fixed wireless communications. It
enables telecommunications providers
to pack greater amounts of data into
existing frequencies at lower cost than
current RF technologies. Silicon-based,
YROs are capable of
rapid frequency
changes, from -
sub-millisec-
ond to 100
usec switching
speed, depend-
ing on configuration.

The devices have a broad range of appli-
cations, including frequency synthesiz-
ers, up- and down-converters, phase-
locked oscillators, microwave, test
equipment, radar and LMDS/MMDS.
APA Wireless
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Low-jitter port
card clock IC

Silicon Labs announces the Si5364
SONET/SDH precision clock integrat-
ed circuit (IC) for port cards. The
device is a complete, high-performance
clock generation device capable of pro-
ducing the ultra-low jitter reference
clocks required by today’s 2.5 Gbps, 10
Gbps and 40 Gbps optical port cards.
This single IC provides Stratum
2/3/3E-compliant protection switching
and produces four output reference
clocks with less than 0.25 ps (Typ
RMS) jitter in OC-192 applications.
The Si5364 requires 10 times less
board space than existing products.
The Si5364 single IC can deliver the
ultra-low jitter clock generation once
only achievable using discrete analog
phase-locked loop (PLL) implementa-
tions using crystal- or surface acoustic
wave (SAW)-based voltage-controlled
oscillators. The Si5364 operates from a
single 3.3 or 2.5 VDC supply over the
full industrial temperature range.
Silicon Laboratories
INFO/CARD 137

TCXO uses DSP
techniques

The Max1 series Maxo brand digi-
tally assisted TCXO uses digital sig-
nal processing techniques to achieve
the stability of an oven-controlled
crystal oscillator, with the lower
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Specifications at a glance:

* 50 ppb stability
¢ 0° to 50° C temperature range
* <15 mA current drain at 5VDC

power consumption and smaller size
of a TCXO. A stability of 50 ppb is
achieved over an operating tempera-
ture of 0° to 50°C, with a current con-
sumption of less than 15mA at 5 V.
The device achieves Stratum III speci-
fication for aging and stability over
temperature.

M-tron Industries

INFO CARD 138

DIGITAL
HARDWARE

Fast 3 VDC 10-bit
A/D converter

Analog Devices announces the
AD9218 dual 10-bit monolithic sam-
pling A/D converter optimized for low
power, small package size, and ease of
use. The device samples at conversion
rates of as much as 105 Ms/s and the

dual ADC channels can be operated
independently of one another for maxi-
mum application flexibility. It requires
only a single 3.3 VDC (3.0 to 3.6 VDC)
power supply and an encode clock for
full performance operation. The digital
outputs are TTL/CMOS-compatible
and a separate output power supply
pin supports interfacing to 3.3 or 2.5
VDC logic. User selectable options are
provided to offer a combination of
independent channel power-down
modes, digital data formats and digital
timing schemes.

Analog Devices
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IN S DAYS

Think you'll need your crystal product
quicker than 5 days? We can handle
that too. We have a 3 day expedited
delivery option on some products,
just let our customer service staff
know your delivery date when you
place the order.

We've been in business for 50
years, manufacturing quality
crystal products and meeting or
exceeding the expectations of
our customers. So if you need
crystals in 5 days, give us a call.
We look forward to doing
business with you.

Exceptional service...
Exceptional products

CRYSTAL PRODUCTS

Chances are if you order your crystals on Monday yeu can have them by Friday.
Sound too good to be true? Not if you use ICM's Expedite Delivery.

We realize that time is money and you can't wait endlessly for the crystals you need.
That's why ICM delivers some standard and custom crystal products in as little as 5
days. Not only that, but most of our products are manufactured here in
the United States and meet ISO standards.

INTERNATIONAL CRYSTAL

MANUFACTURING, CO INC

PO Box 26330 - 10 North Lee
Oklahoma City, OK 73126
e 800.725.1426 - www.icmfg.com
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8-bit, 200 Ms/s

A/D converter

SPT announces the SPT7720, an
8-bit 200 MSPS analog-to-digital con-
verter. The device offers low power dis-
sipation (430 mW) and high bandwidth
(500 MHz). It is designed to operate in
environments that need to digitize com-
plex signals, yet are constrained by
power and price issues such as digital
instrumentation, communications and
video displays. It features a high sam-
ple rate (200 MSPS) and superior lin-
earity (ILE/DLE at +0.5 LSB typ.) to
accurately represent complex analog
signals.
Signal Processing Technology
INFO/CARD 140

SEMICONDUCTORS
AND ICs

New architecture improves
chip speed, power, and yield

Simplex and Toshiba announce a new
semiconductor architecture with the
potential to deliver simultaneous
improvements of 10+% greater chip per-
formance, 20+% less power consump-
tion, and 30+% more chips per wafer.
Dubbed the X Architecture, this
approach to chip design can make use of
diagonal interconnects, or wiring, for
advanced integrated circuits (ICs) possi-
ble. The two companies have completed
the design of a RISC processor core as
the first X Architecture design. Liquid
routing technology, based on gridless,
octilinear routing, makes X Architecture
chips practical and achievable. This
approach to routing — with the inter-
connect unconstrained by a grid and
able to move in any of eight directions —
enables more direct connection between
any two transistors on a chip, close or
far, resulting in an average 20% reduc-
tion in wire length over the chip.
Simplex Solutions
INFO/CARD 141

SUBSYSTEMS

Addition to LC series
RF module line

NUMA Technologies has added the
NT2904 full-duplex "Chip-Ceiver" in
TQFP-48 case to its line of modules.
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MICROWAVE INCORPORATED

®

» ' At K&L Microwave we provide real solutions for real people.
As a global manufacturer and world leader in the production of RF
and Microwave filters, we can satisfy your requirements from the
most basic microminiature bandpass up to an integrated assembly.
K&L Microwave has the technology to enhance your position in the
global market by providing engineering solutions, technical support,
quality products and global logistics. Our next generation design will
help support your developing systems. Our recent capacity expansion
enables us to maintain our outstanding delivery performance as customer
demand increases.

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

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

*

www.kimicrowave.com sales@klimicrowave.com
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The device operates from 130 to 1000
MHz in FM/FSK/ASK (carrier detect),
audio or 120 kb/s data mode.
Applications include high-end consumer
audio, wireless headsets and WLAN.
NUMA Technologies
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Totally integrated
GaAs pHEMTS

Mimix announces a totally integrat-
ed gallium arsenide (GaAs) monolith-

ic microwave integrated circuit
(MMIC) receiver on a single chip.
This device is a three-stage, low-
noise amplifier (LNA) followed by an
image reject fundamental mixer
using Lange couplers to improve
bandwidth. Using 0.15 micron gate

Specifications at a glance:
* 17 to 27 GHz frequency range
* 10 db small signal conversion gain
* 15 dB image rejection

length GaAs pseudomorphic high
electron mobility transistor
(pHEMT) device model technology,
the receiver covers the 17 to 27 GHz
frequency band. It has a typical
small signal conversion gain of 10
dB, with a typical noise figure of 3.5
dB and 15 dB typical image rejection
across the band. The XR1000 is well-
suited for wireless communications
applications such as millimeter-wave
point-to-point radio, local multipoint

distribution services (LMDS), SAT-
COM and VSAT applications.

Mimix Broadband
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Integrated dual-band,
tri-mode CDMA module

RFMD announces the RF3404, a fully
integrated dual band tri-mode receive
module incorporating low-noise amplifiers
(LNAs), SAW filters and mixers for code-
division, multiple-access (CDMA) handset
and personal digital assistant (PDA)
applications. Using a high level of chip
integration, two miniature RF SAW fil-
ters and integrated passive components,
this module can decrease the required bill
of materials (BOM) for the receiver sec-
tion of a dual-band handset from a typical
25 external components down to three.
This allows manufacturers to reduce
product size, simplify the supply chain,
decrease assembly costs, shorten engi-
neering and product cycle times, and
improve factory yield. The device contains
the receive chains for both the cellular

Time and Frequenéy

Precisely the Way You Need It

Spectrum Instruments, Inc.

GPS Disciplined Time and Frequency References

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

Now Available: MLISoft® for Inductors
johansontechnology.com

Appilications include:

Data Network Timing
Wireless Network Synchronization
Wireless Base Stations ¢ Instrumentation

We offer a full Spectrum of products and design
services, including:

Custom Panel Configuration
Choice of Oscillators and Accuracy
Specialized Time and Frequency Outputs

Let us design a custom solution for you!

camarillo california 805.389.1166 Spectrum Instruments, Inc. * 18271 W. McDurmott, STE. F
Irvine, CA 92614 ¢ (714) 544-3000  www.spintime.com
INFO/CARD 84 INFO/CARD 38
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Cu-Band VSAT Amps
at Incredible Prices!

VSAT AMPS

Iow as
Limited Quantity Available!
1W MMIC 1/2W MMIC
Model TBQ-3018 Model TBQ-3017
* Freq: 14 - 14.5 GHz * Freq: 14 - 14.5 GHz
« Small Signal Gain: 35 dB » Small Signal Gain: 29 dB
* Power: +30 dBm, MIN! » Power: +27 dBm, MIN!
Special Pricing!
1 to 499 — $49 1 to 499 — $39
500 to 3,999 — $39 500 to 3,999 - $29
4,000 or More — $29 4,000 or More — $19

Teledyne Wireless leads the way again with these high
quality VSAT MMIC amplifiers at incredible prices. They
come complete with Teledyne's guaranteed performance,
100% RF testing and FULL WARRANTY. Order today
because this special pricing won't last long!

"“TELEDYNE
WIRELESS

A Teledyne Technologies Company

1274 Terra Bella Ave., Mountain View, CA 94043
Phone: 800.832.6869, Fax: 650.962.6845
e-mail: amplifiers@teledyne.com

’
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and PCS bands. Each chain contains an
LNA, RF image SAW filter, mixer pream-
plifier, mixer, LO input amplifiers and an
LO transmit VCO buffer amplifier. The
module is designed with an optional LO
frequency divider, which provides the
flexibility to use either single or dual VCO
architectures. It is offered in a land grid
array laminate module package.

RF Micro Devices
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TEST AND
MEASUREMENT

Microwave signal generator
for broadband design

Agilent Technologies introduces the
two-series Performance Signal
Generator (PSG) system. The PSG-L
series is optimized for local oscillators
(LOs). The PSG-A Series is optimized
for analog modulation. Both series are
available in 20 GHz and 40 GHz mod-
els. The PSG series provides 20 dBm at

20 GHz and 14 dBm at 40 GHz, elimi-
nating the need for external amplifiers
and reducing overall equipment and
test costs. The accuracy level of the
PSG series (£0.7 dB) reduces test
uncertainties and improves production
throughput. Standard products have
phase-noise performance of —-90 dBc/Hz
at 1 kHz offset and -112 dBc¢/Hz at 10
kHz offset and a 10 GHz carrier. The
PSG provides improved performance,
with option UNJ, of -110 dBc/Hz at 1
kHz offset and -112 dBe/Hz at 10 kHz
offset and a 10 GHz carrier.

Agilent Technologies
INFO/CARD145

Protocol test system
emulates CDMA Network

Spirent Communications debuts
the AirAccess C2K Protocol Test
System, a performance analysis sys-
tem that aids cdma2000 mobile-
device manufacturers and service
provides in the development and
deployment of products and services.

It combines Windows-based applica-
tion software with test instruments to
provide complete emulation of a
multi-cell ¢dma2000 network.
Dynamic state machine emulation
and an intuitive GUI allow for inter-
active testing without requiring the
generation of complex programs or
scripts. A real-time protocol proces-
sive engine meets the most complicat-
ed testing requirements, including
multi-frequency handoff scenarios
and high-speed packet data applica-
tions. A flexible architecture allows
customers to interface with their unit
under test at baseband and RF. The
baseband interface provided by the
system allows manufacturers to begin
testing at the earliest stages of devel-
opment,t before an RF front-end is
integrated into the product.
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Presidio Components Inc. is the choice of filter bypass application design
engineers who know the vastly superior performance numbers that X7R
capacitors deliver compared to parts built with Y5V.

As an integral part of our proprietary single layer capacitor product line, we use
true X7R to produce what our competitors can only make using Y5V or Z5U.

Presidio Components’ X7R capacitors offer
clear advantages in virtually every possible T T
performance test against any other material. 8 8
Our parts deliver measurably better J_ l
| 035 { | 035

temperature stability and high frequency .
performance. You can also have your choice

of higher Q, up to 10 times the capacitance, or a much smaller size. We have the
flexibility to produce parts that will meet your most demanding requirements.

Presidio X7R 1800pF Competitors’ Y5V 1000pF

Call today for a free sample, and prove to yourself the superior performance
of Presidio Components’ X7R single layer capacitors.

Call us today at 858 578-9390 for our latest free catalog, or visit our website.

www.presidiocomponents.com/rfd
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A. PRODUCTS:
Hybrid Power Amplifiers High Frequency Transistors
Integrated Transceiver ICs  Low Rds,y MOSFETs
High Power MOSFETs for Basestations Variable Capacitor Diodes
High IP3 LNA/Mixer MMICs  SOI Foundry

B. TECHNOLOGIES:
Bipolar, MOSFET,
GaAs MESFET,
GaAs MMIC, HEMT,
BiCMOS, SOI BiCMOS,
CMOS with more on the way. A C. MANUFACTURING:
b, We're a high-volume,
high-quality supplier,
from wafer to hybrid.

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

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

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

For more information, visit the URL below.

http://www.hitachi.com/semiconductor/wireless
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Components
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Since the same type of
hardware is needed for both
the Chien Search and the
Forney algorithm, the two
functions can be combined
in the same block. The
Chien Search is shown in
the top of Figure 7. The out-
put of the adder for the odd
stages is also used in the
Forney algorithm, shown in
the lower part of the Figure
7. The sum of the odd
stages represents the
denominator of the Forney
equation. This value is
inversed in the Inverse
Multiply block and then
multiplied by the numera-
tor value that is formed
from evaluating the error
magnitude polynomial. The
output is ANDed with the
zero detect output since the
error values are only valid

Figure 7. Combination of the Chien Search and the Forney algorithm. Outputs are the error value vector Y and the decoder
tailure flag is asserted if the degree of the error locator polynomial A(x) does not equal the number of errors found by the
Chien Search.
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for the actual error loca-
tions (and they should be
set to zero otherwise).

800-522-2253

This Number
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Your Life...

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

RE/MICROWAVE CONNECTORS

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

« Cross reference library to alt major manufacturers.

o large inventory of piece parts for all types of
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* Experts in supplying “hard to get” RF connectors,

o Connectors supplied to your drawings and specs.

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

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

NEMAL ELECTRONICS INTERNATIONAL, INC.
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NORTH MIAMI, Fi 33161
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KFilter
Solutions
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Powerful Affordable PC Based
Software to Perform Your Most
Complex Passive, Active, and Digital
Filter Design Tasks

FREE 20 DAY TRIAL

* High Order Elliptic Filters

* Diplexers

* Finite Q Analysis

* Delay Equalization Capability
« IR and FIR Digital Filters
 Automatic C Code Generation

+» Easy to Read and Modify
Graphical Outputs

Nwvhertz Technologies™
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300-470MHz Transmitter IC

Automatically Tunes Antenna

_5.V_ Power
Control

Key Specifications

¢ 300MHz—-470MHz

€ -2dBm transmit power

€ 5.75mA mean operating current
€ 1pA standby current

The Good Stuff

€ Easy to manufacture
— Automatic antenna tuning
— Low component count
¢ Closed-loop power control
€ SOIC-8 Packaging
€ QwikRadio family also includes receivers

MICREL

The Infinite Bandwidth Company™

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

Data In

b

Standby

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

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

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

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

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

www.gwikradio.com

Literature: (800) 401-9572 Factory: 1 (408) 944-0800
Stocking Distributors: Arrow (800) 777-2776¢ Future (800) 388-8731
Newark (800) 463-9275 ® Nu Horizons (888) 747-6046
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A decoder failure is detected by com-
paring the degree of the error locator
polynomial A(x) to the number of errors
found by the Chien Search module. If
the two values are not equal, then a
decoder failure has occurred, the
decoder failure flag is asserted and the
codeword estimate is the received code-
word. The degree of A(x) is the power of
the highest non-zero coefficient of the
polynomial. Note that the decoder fail-
ure detection is not guaranteed to work
if there are more than ¢ errors. Most of
the time, it will detect when more than ¢
errors have occurred, but there will still
be some cases that are not detected.

Error correction

The output of the Chien/Forney
block is the error vector. This vector is
the same size as the codeword. The
vector contains non-zero values in
locations that correspond to errors. All
other locations contain zeros. The
errors in the received codeword are
corrected by adding the received code-
word to the error vector using a Galois
Field adder. Because the error vector

is generated in the reverse order of the
received codeword, a LIFO must be
applied to either the received code-
word or the error vector to match the
order of the bytes in both vectors. The
output of the adder is the decoder’s
estimate of the original codeword.

Conclusions
This article discussed the algorithms
and architectures needed to implement
a Reed-Solomon encoder and decoder in
hardware. The theory of Galois Fields
and Reed-Solomon codes is a vast area,
and the literature listed in the
References section provides a good

starting point.
RF
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Southern Oregon, known for its scenic environment,
recreational opportunities, low crime rate, and excellent schools
is home to Kathrein Inc., Scala Division, a world leader in
antenna and filter technology. The Rogue Valley offers a
relaxed lifestyle in a beautiful location and Kathrein is
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engineering team.
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Send cover letter and resume to:

Kathrein Inc., Scala Division

PO Box 4580

Medford, OR 97501

Fax (541) 779-3991, email: Iteshima@kathrein.com
www.kathrein-scala.com

92 www.rfdesign.com

Engineers
Unwire the world.

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 * iDEN ENGINEERS

* PROJECT MANAGERS * SS7 ENGINEERS

* DATABASE/NETWORK * SYSTEMS PERFORMANCE
ADMINISTRATORS ENGINEERS

* DISPATCH ENGINEERS * PLANNING ENGINEERS

* SOFTWARE DEVELOPERS * MOBILE DATA SYSTEMS

* PROGRAMMER ANALYSTS ENGINEERS & TECHNICIANS

* SWITCH ENGINEERS

Looking to employ your engineering talent with a proven winner?

Go to: www.nexteljobs.com and check out the hundreds of cutting-

edge engineering opportunities currently available with our all-digital

wireless network.

How business gets done.”

www.nexteljobs.com
2000 Nextel Communications, Inc. AAEOE/M/F/DH

July 2001



career opportunities

%eem  RF Design Engineer

Bya” Looking to hire a highly creative &
person 10 join our product devel- THE PUSSIB'['T'ES ARE INFINITE
opment team. Requirements include: MEE or 8 years of

applicable experience. RF design experience (up 102 GHz
range), knowledge of general analog circuit design and
RF simulation tool experience. Send Resume and Salary
Requirements to: Ryan [ntemational Corporation 4800

) =
T . et =
il CUTTING EDGE TECHNOLOGY
885-8307. email: hr@ryan-tcad.com, www.ryan-tcad.com - ' . e &

Fujitsu Compound Semiconductor. Inc. is continuing its quest in designing High
Speed Optoelectronic and Microwave Devices. If you have the talent and want

to be part of cutting edge technology. there's only one place to be. Bring your creative
talent and enthusiasm to one of the following highly visible, rapid advance positions:

* Microwave Marketing Engineer * Lightwave Design Engineers

* MMIC Design Engineering Manager * Sr. Lightwave Module Engineers

* MMIC Design Engineers * Optoelectronic Module Design Engineer

* Sr. MMIC Engineers * Optoelectronic Area Sales Manager (West Coast)
* Device Modeling Manager * Sr. High Speed Circuit Design Engineer

* Lightwave Test Engineers

Please send your resume, indicating position of interest, to: Fujitsu Compound Semiconductor, Inc.,
Attn: Human Resources, 2355 Zanker Road, San Jose, CA 95131-0409; or Fax: (408) 435-0409:
or Email: jobs@fcsi.fujitsu.com. An equal opportunity employer.

ur prospects
invest their

o —
- time... ENGINEERING MANAGERS MANAGEMENT
Wdﬁi bl Direct and coordinate research and develo RECRUITERS®
SIGE EesCapl comrkann: meench anHdialap OF BOULDER, INC.
ment activities of microwave engineers for
broadband wireless technology manufacturer.
e Openings at facilities in Richardson, Texas and

Imking foran South Deerfield, Massachusetts. Submit re- WINDY BRADFIELD

sume and cover letter to Human Resources, RF / MICROWAVE SPECIALIST

eﬁ’e(:tive n‘lal‘keﬁng Telaxis Communications Corporation, 20 In-

dustrial Drive East, South Deerfield, MA

The search and recruiting specialists

2 01373 CONTINENTAL BLDG., SUITE 301
tool? \ L S Iy FY e 1401 WALNUT STREET, P.O. BOX 4657
a[;?ac:t\::;retshg : F ks = 1 BOULDER, COLORADO 80306
v A : - = (303) 447-9900
aglvaesrmlﬁldl Searchmq !or someone to fill an FAX(303) 447-9536
o open position in your company? windy @mrboulder.com
Call toll-free: SN I~
877-763-2303 Advertise in the Career Opportunities

1 section of RF Design! www.rfdesian.com

DISCRETE COMPONENTS

CONSULTANTS/CONSULTANT SERVICES

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

Nofech Electronics L

Consultants Inc.

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

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

Call EDC today with your toughest challenges. low aging 2x10' per day. calibration 1.5
, A . G-sensitivity up to <Ix10°g.
| Design Consult . ppm
R oo L L Holders: HC-36. HC-37. HC-40. HC-43.
Aumsville OR 97325 Nofech Electronics, Ltd.
(503) 749-3444 11 Beith Hadfus St., Jerusalem 95483 Israel
Fax: (503) 749-2654 Tel.: +972-2-6510082 » Fax: +972-2-6510292

Email: marketing @ nofech.co.il

Email: edc@cyberis.net Website: http://www.nofech.co.il

RF Design www.rfdesign.com 93



RF in ernest

Promises,
lies and
realities

by Ernest Worthman
technology editor
eworthman@intertec.com

s most of you who read my column know, I am
1 &.pretty much a skeptic — not only with technology,
but with the implementation of technology as well.
This skepticism comes mostly from my parallel years
of working in the computer industry, especially with
the wireless industry and Microsoft’s innumerable
Windows versions.

Early on, that is, before consumer wireless became
so popular, wireless was confined to those that under-
stood how it worked and what its shortcomings were.
Ditto for the computer industry. That made both tech-
nologies work well under its constraints.

Well, along came Bill Gates, who did a number on
the computer industry by taking it to the masses. And
along came the Motorola, Nokia, et al, who took wire-
less communications to the masses.

Needless to say, the computer is about as flaky as it
gets, and the same goes for consumer wireless. I've dis-
cussed that in many a past column.

I recently came across a story about wireless in a
magazine called The Industry Standard. The article
was pretty bold about the current problems with the
industry, pointing to five hurdles that it faces.

Hurdle #1 — 3G technology will sell itself. OK,
yeah, it would if it worked. One, among a number of
issues, is power. Current battery technology cannot
support 2 Mb/s connection speeds. It would deplete the
present battery footprint in a matter of minutes, and
they would get a tad warm in the process.

Also, in a recent offering by NTT DoComo, trial 3G
handsets were operating at speeds of less than 200
kb/s. Shortly thereafter, NTT DoComo did a recall of
1600 handsets for various problems, one of which was
heat generation.

Hurdle #2 — i-mode is the solution. Well, the i-
mode guys did manage to figure out how to be compati-
ble with hyper-text markup language (HTML). They
also figured out how to generate revenue for content.
But...the consumer is cheap. He isn’t willing to pay a
whole lot for content. So, unless you have a large cus-
tomer base, a couple of bucks a month for content isn’t
going to cover the costs.

Also, the I-mode model depends on all of the revenue
going back to content providers. However, mobile oper-
ators want a piece of the pie as well. We'll see how this
shakes out.

Hurdle #3 — Bluetooth will create a whole new
level of devices that will stimulate even further demand
for wireless connectivity. Hmmm...where have we
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heard that before? Bluetooth has been analyzed to
death, and anyone in the industry knows about issues
such as interference, the lack of infrastructure, com-
patibility issues with 802.11x and integration costs.
Moreover, any high school freshman with a scanner
and some basic software knowledge can crack a
Bluetooth network.

Hurdle #4 — The wireless world is ready, willing
and eager to embrace m-commerce. Whew...whoever
came up with that one has to be smoking some funky
stuff.

There is a ton of fluff about how mobile commerce
will be used to do everything from pay bills, trade
stocks, shop, make dinner and theater reservations,
and pay the baby sitter. Truth is, it’s mostly short mes-
saging service messages (SMS). So far, the promised
Web-like system on all the pundits’ lips has failed to
materialize. And, ditto for the security issues such as
those that plague Bluetooth.

If you go back to hurdles one and two, they have to
be resolved before this one even gets off the runway.

Mambo...er hurdle #5 — This is the proverbial
“Which came first, the chicken or the egg?” argument.
Conventional wisdom says that you’ve gotta have
something there to entice the consumer. This means
building out the infrastructure and offering killer ser-
vices on it.

Companies have just spent $130 billion to buy spec-
trum. This means that there is tremendous pressure to
reduce the debt incurred. But the question “Will they
come if you do build it?” has some merit. Unless the
system is user-friendly, reliable (99% of the time) and
it offers value, there is real concern that all those ser-
vices could go the way of ISDN.

If things don’t get a jump start soon, a lot of players
will be talking to banks (Deutsche Telekom has more
than $50 million in debt burden due to spectrum pur-
chases, and it has almost destroyed its credit rating).
Furthermore, to build the infrastructure will add at
least $100 billion to the 3G bill. Even major players
like Siemens don’t expect more than 15% of Europeans
to be using 3G applications by 2005 (I think this may
be optimistic).

So, all that being said, is the forecast for 3G all
gloom and doom? Of course not. The biggest issue is
whether the technology will do what is promised. If so,
there are big bucks to be made. If not, well, remember
the recent dot-com industry.

There is also a real concern that 3G spectrum will be
used only to carry excess voice traffic — hardly a mon-
eymaker for anyone.

But, as my last word, I just found out that Ericsson
has debuted a Bluetooth pen called the Anoto. It auto-
matically synchronizes everything it writes and can
send the things it registers as an e-mail, short message
or fax — if used on paper with a special pattern print-
ed on it.

For a “70s generation guy, this could be the greatest

thing since Ginkgo biloba.
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SURFACE MOUNT

RF TRANSFORME

-Over 100 off-the-shelf models...
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What makes Mini-Circuits your single source for surface
mount RF transformers? Variety, availability, performance,
and price! From wide band transformers with low droop and
fast risetime capabilities for pulse applications, to a particular
impedance ratio from 1:1 through 1:36 specified for a wide
range of impedance coverage, we will work with you on your
design challenges. Tangible benefits such as very high
dielectric breakdown voltage, excellent amplitude and phase
unbalance for balanced to unbalanced applications, and
easy to use surface mount package styles make Mini-Circuits
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surface mount transformers a great value. Our new ADT
transformers are changing the face of RF transformer design
with patent pending #f ™ Innovative Technology delivering
small size, low cost, and better performance. This same
leading edge transformer expertise can also develop your
custom designs at catalog prices. So, simplify your transformer
search...Big Time! Capitalize on the quality, design know-how,
and off-the-shelf variety from Mini-Circuits. Call today!

Mini-Circuits...we’re redefining what VALUE is all about!
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Low Cost, High Performance

0.5 — 3W DEVICES

For Fixed Wireless Access
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New Medium Power
GaAs & LDMOS FETs

35dBm

* High output power, high linear gain
and high efficiency. Slemn

e Low thermal resistance lets you drive
your designs harder for higher linearity. il

- -[ NE5520279A

New 79A Package —
© Small size: just 4.0 x 4.2 mm
o Large grounding pad for efficient heat dissipation

1GHz 2GHz 3GHz 4GHz
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Pour vs. Frequency
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Typical Performance @ 2.3GHz, V,, = 5V
,/“ Part Number Description Pids (dBm) G, (dB) Rty (°C/W) Freq (GHz)
i 3 NE6510179A GaAs 35 11 5 1.8-3.7
NE5520279A LDMOS 33 10 7 0.4-2.35
NE651R479A GaAs 29 12 30 1.8-3.7
NE552R479A LDMOS 28 11 10 0.4-2.7
*Other devices available, visit our website
* Low voltage operation and miniature 29d8m N\ ccoi70A |
size make these devices ideal for wire-
less modems, wireless LANs, mobile
radios, cordless phones, cellular phones 28iihm NES52R479A |
@ [ |
pagers and other handheld designs. ‘
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California Eastern Laboratories
DISTRIBUTORS: Arrow (800) 525-6666
Mouser Electronics (800) 346-6873

« Santa Clara, California

" 408 988-3500

Reptron Electronics (888) REPTRON
Electro Sonic (800) 567-6642 (CanADA)
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