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Measuring peak power?
Please step around.

N — Sometimes all you want is a simple, basic measurement. Peak power,
e - ®
— for instance. But you end up dealing with a system that’s a lot more
Boome S5 — a B _
EEmom 8 A complicated than the measurement. Now there’s a way to get around

e e ceemeeee—— T Wn,

i i logies EPM-P :
Starting at §3,625" all of that. The Agilent Technologies EPM-P power measurement system

TDMA, CDMA, or W-CDMA, the EPM-P system gives you capability
+ Simultaneous Peak, Average, Peak-Average ratio measurements
» Four simultaneous independent time-gated power measurements

+ 8 pre-defined wireless configurations (GSM, EDGE, NADC, iDEN,
Bluetooth, 1S-95 CDMA, W-CDMA and ¢dma2000)

* View up to 4 measurements or 2 traces at the same time
on our easy to read display

+ 10 save/recall memory settings confidence. As technology changes, you can upgrade the EPM-P series

across the board. In most cases, you can get rid of the hassles of multiple
sensors—with a single 6MHz bandwidth sensor. And pre-defined con-

figurations for common wireless standards let you set up instantly, with

power meter via web or disk downloads. It's even easy to find out more.
Just call us, or go to the web site. Get in, get the measurement, and

u.s. 1-800-452-4844, ext. 7443 ‘
canada 1-877-694-4414, ext. 7390 get out. No hoops, no confusion.

©200% Agiler: Technoiogies ADEP34EGU26/MEBEF . "[L.S. ¥st price.

Enter No (7 at www . mwrf com



e Operating Bands
From 1 - 15 GHz

e Ideal for Wireless
Applications

e 12 VoIt Operation

Optimized Bandwidth/Tuning
Speed Combination

TYPICAL PHASE NOISE AT 2 GHz
(2 MHz Step Size)

N 70
&
o -80
9
MODEL L
3]
Frequency 0 -100
. Z
irequency step size @_q 10
uning range
- g ge g.qgo
Switching speed 100 1K 10K 100K ™

Output power ’ R ' FREQUENCY OFFSET FROM CARRIER (Hz)
_Output power variation
In band spurs

Harmonics

Phase noise See graph i 3 For
Reference 7 lerterrnal or external . % g additional
External reference information,
Frequency 5/10 MHz please contact
couinoutpower oo sl SERER - B ] Stan Eisenmesser at
__ Frequency control - BCDorbinary -~ - . (631) 439-9152 or
DC power requirement +15 or +12 volts, 200 mA : - -
5.2 volts, 500 mA seisenmesser@miteq.com
Operating temperature -10to G
Size 5" x6.5" x 0.6” ‘ A—
| MIT=0L)
100 Davids Drive

* Acquire time depends on step size (low as 25 ps).
Enter No. 244 at www.mwrf.com
: . - Hauppauge, NY 11788
°a L ' TEL.: (631) 436-7400
Eww°m'teq:com FAX: (631) 436-9219/436-7430
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/ emaili ica@jcatech.com ® www.jcatech.com

LIFIERS

for every application

ULTRA BROAD BAND

Model Freq Range Gain  NF 1dB Comp. 3rd Order VSWR DC Curre
Hz dB min dB max Flam‘-ds pt dBmmin  [CPtyp InfOutmax  mA

JCA018-203 0. 5 L e 75 1 20:1 250
JCA018-204 05180 25 4 25 10 20:1 300
JCA218-506  2.0-18.0 : 2h 15 201 400
JCA218-507  2.0-18.0 , & 18 20:1 450
JCA218-407 20-18.0 . 25 2 201 500

MULTI OCTAVE AMPLIFIERS

_. Model Freq Range Gain NF  Gain  1dBComp. 3rdOrder VSWR DCCurre

GHz dBmin dBmax Flat#/-dB pt.dBmmin [CPtyp In/Outmax  mA

i JCAD4-403  05-40 i 1h 21 201 950
I JCA0S-417  05-80 : 15 21 2.0:1 550

JCA28-305  2.0-80 : 10 30 2.0:1 550
JCA212-603  2.0-12.0 : 30 24 201 950
JCAG18-406  6.0-18.0 : 20 35 20:1 600

JCAG18-507  6.0-18.0 . 20 3l 201 800

MEDIUM POWER AMPLIFIERS
Model freq.Range Gain NF  Gain 1dBComp. 3rdOrder VSWR DCCurre
GHz dB min dBmax Flat+-d8 pt.dBmmin  ICPtyp In/Outmax  mA
JCAI12-P01 135185 35 40 10 33 41 201 1000
JCA34-PO2 3135 40 45 10 31 a8 2 200
JCAS6-P01  59-64 30 B0 34 @ 20 o

1
1.

JCAB12-P03 80-120 40 & 1. 33 w20t 1700
2

JCA1218-P02 12.0-180 22 % @ 201 700

Model Freq Range Gam Gain 1dBComp 3rd Order VSWR DC Curre

GHz dB min dB Flat+/-dB pt.dBmmin  ICPtyp  In/Out max mA
JCA12-3001 1020 40 08 1. 10 20 201 200
JCA24-3001 2040 32 12 10 0 200 20
JCA4B-3001 4080 40 1. . 20 2.0:1 200
JCAB12-3001 80120 32 18 1. 20 20:1 200
JCA1218-800 120-180 45 20 0 201 20

BAND LNA'S

Model Freq. Range Gain > Gain 1dBComp. 3rdOrder VSWR DC Curre

. GHz dB min ax Flat+/-dB pt.dBmmin ICPtyp In/Outmax  mA
JCAI2-1000 1.2-16 2 0.5 10 a2 0 80

*JCA23 o2 2223 0.5 10 A4. 20 80

4301 3742 95 18 B o 9
56-401 5459 T T TR
5 & @ o

_ 095 65 8 B o151 )
1910-3001 95-100 65 & B i5 15
112-3000 11.7-122 5 1 B 15 15
13:3001 122127 85 W AN W
4 0 % A 2 m

1819-3001 18]186; 65 & 0 o010
; 5 W W o W

Features: Options:

* Removable SMA Connectors ~ *  Alternate Gain, Noise, Power, VSWR levels if required
*Gompetitive Pricing * Temperature Compensation
o Pomnaet Siza o BainContral




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

Analysis Solutions.
| 1-800-927-2660
Enter No. 270 at www. rf. g .
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New NEC Bipolar Transistors

Higher f;s, Lower 14

NEW

Packages

New, Smaller Packages

* Flat Lead design reduces parasitics and
improves electrical performance

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

Oscillators & Buffer Amps

With the best 7/f performance available, these devices help you achieve the

phase noise your design demands. They’re also available in Twin Transistors.

Part Number Corner Freq* Vee I¢ Package l «ﬂ;'c, %
NEB56M13 3KHz 3V 30mA M13 By
NE685M13 5KHz 3V 5mA M13

*Review Application Note AN1026 on our website for more information
on 1/f noise characteristics and corner frequency calculation. New M13

One sixth the footprint area of a SOT-323
LNAs

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

Part Number Description NF Gain Freq Package
NE687M13 11 GHz fr LNA 1.2 dB 13 dB 1GHz M13
NE661M0O4 25 GHz fr LNA 1.2dB 22 dB 2 GHz Mo4
NE662M04 23 GHz fr LNA 1.1dB 20 dB 2 GHz Mo4

: . : New M04

TW' n TranSIStor Dev' ces Half the footprint area of a SOT-143
Cascode LNAs, cascade LNAs and oscillator/buffer combinations are just three

possible uses of these versatile devices. Matched Die versions pair two adjacent
die from the wafer to help simplify your design, while Mixed Die versions —

an NEC exclusive — let you optimize oscillator performance while achieving

the buffer amp output power you need. 40 different combinations available.

101 1

Part Number Description Q1 Spec Q2 Spec
UPA810TC Matched Die/Cascade LNA NE856 NE856
T T T T UPA8B14TC Matched Die/Cascade LNA NE688 NE688
- Part Number Description Q1 Spec Q2 Spec
BLE UPA826TC  Matched Die/Osc-Buffer Amp NE685  NE685 New TC Twin Transistors
] UPA8B40TC Mixed Die/Osc-Buffer Amp NE685 NE681 Half the footprint area of a SOT-363

Data Sheets and Application Notes are available at WWWw.ce l. com

[98N California Eastern Laboratories NEC

Santa Clara, California = 408 988-3500 = Fax-on-Demand 800-390-3232 (US & CANADA)
DISTRIBUTORS: Arrow (800) 525-6666 Reptron Electronics (888) REPTRON

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

Bs 2. BRE  saees a o



A Penton Publncaﬂon

MARCH 2001 VOL. 40, NO. 3

icrowaves
CRIF s

Antenna

COVER FEATURE

147
Linear Amplifier Powers 2.4-GHz
WLAN Applications

This low-cost chip-scale amplifier IC
provides the bigh linearity and good
spectral purity needed to maintain low e
ervorv rates in WLAN systems.
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Since 1985, Noise Com
has been the technological
leader in providing noise testing
solutions to the world’s most '
demanding customers. Whether
it's noise sources for noise figure
measurements, noise diodes for built-in
testing and dithering, programmable noise
generators for BER measurements, or noise
power ratio testers, we have a world of
solutions for your testing needs.

Let our global experience in noise help you.
Call for complete information about our off-the-shelf
products, custom engineered solutions or just call with

questions about noise and its applications.

Visit our web site at http://www.noisecom.com NOIS%"

E. 64 Midland Avenue, Paramus, NJ 07652 Phone: (201) 261-8797 Fax: (201) 261-8339

Enter No. 246 at www mwrf.com



ACPR : ACPR Versus Power

SeeThe
True Performance

Of Your
Power Amplifier.

ME7840A Power Amplifier Test System (PATS)
©2001 Anritsu Company Sales Offices: United States and Canada, I-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.anritsu.com

Scorpion:..You Only Need One!

Anritsu is proud to introduce PATS, an
amazing turnkey RF Power Amplifier test
like no other on the market. Built upon
the Scorpion Vector Network Measurement
System (VNMS), PATS tames your toughest
measurement requirements with blazing
speed, unparalleled dynamic range and
ultimate accuracy.

With a single connection, see your
Power Amplifier’s:

*ACPR

« IMD & PAE

+ Compression

+ Harmonics

* S-Parameters

The ME7840A is a complete system that
includes the following:

ME7840A Power Amplifier

Test System (PATS)

Scorpion Easy-to-Use

PA Navigator™ | Easy-to-Customize
Software

Scorpion Fast Measurements &
Ultimate Accuracy

PATS Test Set | Single Connection
Flexible Configuration

Whether you're involved with R&D or
manufacturing, you only need one PATS to
increase your throughput. For a demo,
call Anritsu at 1-800-ANRITSU or check
out our website. Then, you too, can see
your Power Amplifier’s true performance.
www.us.anritsu.com/adsmailers/pats.asp

/inritsu



STAY ON THE RIGHT
- WAVELENGTH

You don’t have fo seftle anymore...
performance, reliability and delivery you need
at the price you can afford, only from CTI.

Keep YOUR SYSTEM ahead of the competition.

Our Series PDRO, DRO, DRS and CRO will add
significantly to the performance of your system
with their exceptionally low phase noise, high

WITH CTI PRODUCTS for

BROADBAND COMMUNICATIONS
for Digital Radio, LMDS and SDH/SONET

power and small size.

i

COMMUNI

TECHNIQUES

Al DWEB/) TECHNOLOGIES COMPANY

get the Remember... let our product’s performance
make your system "outperform”. Visit us af
www.cti-inc.com for specifications or call
today to speak fo an applications engineer.
Because, if you're not using these prod-

ucts... you could be leff behind.

108001,

l" Registered “.
K PMG

A 5
o\.. a.
e

,:_{f.-‘-’
.,
.,
'-:::.

The

9 Whippany Rd. » Whlppany, NJ 07981
TEL: 973-884-2580  FAX: 973-887-6245
www.cti-inc.com ¢ e-mail: sales@cti-inc.com

CATION

Enter No. 214 at www.mwrf.com



The Marketing Guy Said No.
The Test People Said No.
The Applications Engineer Said No.
The Designers Said Maybe.

But Shep Said Yes

[t doesn’t always make sense to give customers more than they think they need. Afier all, if testing for
PCS and wireless happens right now at 0.8 to 1.9 GHz, it makes sense to do an amp that tests there. No unwanted
extras. No stress on anyone's budget. At least that's what the experts say.

But here’s wisdom:  things are changing so fast in the wireless world, theve's little logic in manufacturing or buying
anything that meets only immediate needs. Only a brain donor would bank on an amp with a really

narrow band. A more righteous approach gives you room at the top— extra band you're gonna be glad you have
in the test room, where performance counts. And tomorrow, when the rules are rewritten.

Shep knows this. He knew it all along. That's why he insisted AR "S" Series amplifiers each offer
bandwidth from 0.8 to 4.2 GHz and power from 1 to 200 watts, in increments just right for your application.
With low harmonics. And other extras, like IEEE 488 and RS 232 interface for remote operation.

For frequency response to 40 GHz, ask about our other brainchild —"T" Series amplifiers
0.8 to 40 GHz, 15 to 2000 watts.

Don "Shep" Shepherd. Visionaire. President, Amplifier Research.

www.amplifiers.com/@ /mrf-shep

1SO 9001
Certified

Copyright© 2001 Amplifier Research. The orange is Reg. US. Pat. & Tm, Off

»AMPLIFIER®
- RESEARCH

USA 15-723-8181 or 800-933-8181 for an applications engineer. : .
In Europe, call EMV—Munich: 89-614-1710 » London: 01908-566556 * Paris: 1-64-61-63-29 » Amsterdam: 31.172-423-000 The Force Behind The Field.

[ Y Y Y Y




Custom Ceramic Filters, Diplexers and
Resonators for Commercial/Industrial
and Qualified Space and
Military Applications

Today's leading wireless manufacturers rely on Integrated
Microwave’s unique combination of engineering design
expertise and manufacturing efficiency for a wide range
of customized high quality, competitively priced ceramic
filter products.

A Range of Available Frequencies
* Cellular » CATV ¢ GPS * INMARSAT = ISM
* PCS/PSN * LAN * GSM « DECT ¢ PHP * Pagers

High Quality, Customized Solutions

¢ Diplexers * TEM Mode Resonators

« Bandpass/Band Reject Filters

« Chebyshey, Elliptic, Phase Linear

e 2 -12mm, 200-6000 MHz * 50 ohms and 75 ohms

Call today with your filter requirements!

iy| INTEGRATED MICROWAVE®

11353 Sorrento Valley Road, San Diego, CA 92121 USA TEL 858.259.2600 FAX 858.755.8679 www.imcsd.com

Enter No. 225 at www.mwrf.com
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THE POSSIBILITIES ARE INFINITE FU][TSU

2.1GHz

240WATT
Power Devices
for W-CDMA
Applications
And
EVERYTHING
BETWEEN

30GHz
1 WATT

Power Devices
for LMDS :
Applications .

" FMM5803X

www.fesi.fujitsu.com | < :

FUJITSU COMPOUND SEMICONDUCTOR, INC.
2355 ZANKER RD., SAN JOSE, CA 95131
PH: (408) 232-9500 FAX: (408) 428-9111

Products manufactured by Fujitsu Quantum Devices, Ltd.

3903 IAILILAdNOD FHL NIVD



DEFENSE SPENDING
To the editor:

I read and enjoyed the article “De-
fense Spending Choices Force A Bal-
ancing Act” on defense spending for
military electronics (June 2000, p. 29)
by Gene Heftman.

You pointed out a key problem
faced by military contractors. They
want to buy cutting-edge compo-
nents in low volume at commercial
high-volume prices. This is not an
easy challenge to meet.

The commercial-off-the-shelf
(COTS) program has helped to meet
this challenge to some extent, pro-
viding contractors with greater flex-
ibility to seek out components for
their projects. The other factor, hy-
bridization, has probably helped a
great deal too. But I think there is an-
other solution that has been largely
ignored. Programmable components
could provide the military with the
technical edge that they are looking
for without imposing serious price
penalties.

In the digital world, we are start-
ing to see field-programmable gate
arrays (FPGAs) that rival high-per-
formance application-specific inte-
grated circuits (ASICs) in terms of
gate count and speed. Increasingly,
these components carry many
mixed-signal functions. On the ana-
log side, there have been a number of

attempts to build sophisticated pro-
grammable arrays of analog fune- |

tions in order to create more config-
urable designs. However, they have
not really caught on, because they
cost a bit too much and do not seem to
have a market-building application
yet. But their potential for high per-
formance and complex functionality
will only improve over time. I believe

~-that the US military could benefit by |
devoting resources to their develop-
ment as well as the development of

FPGAs. I believe this would give de-
fense contractors an edge toward
creating high-performance equip-
ment that meets the strictest mili-
tary-specification standards.

FEEDBACK

Of course, many believe that the

- commercial electronics industry can

reap the same benefits, but some-
times federally sponsored research
and design are needed to lay the
groundwork first, due to the eco-
nomics that are involved.
In any event, keep up the good
work.
Stan Schurer

Please comment

Microwaves & RF welcomes mail
from its readers. Letters should be
typewritten and must include the
writer’s name and address. The
magazine reserves the right to edit
letters appearing in “Feedback.”
Address letters to:

Jack Browne
Publisher/Editor
Microwaves & RF
Penton Media, Inc.

611 Route 46 West
Hasbrouck Heights, NJ 07604

1,239 580 Filters

Combline & Interdigital

Filters to 18 GHz

Surface Mount
Filters to 3 GHz

Western Regional Sales Office:
11652 W. Olympic Blvd.
Los Angeles, CA 90064

Ph: 800.776.7614 310.478.8224
Fax: 800.473.2791 310.445.2791

E-mail: sis@tte.com

2

v Diplexers and

Multiplexers to 18 GHz

~ Micro-strip
High Pass
Filters to 18 GHz

www.tte.com

Enter No. 436 at www.mwrf.con
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America’s Filter Specialist since 1956

C Filters to
3000 MHz

Micro-strip
Low Pass
Filters to 18 GHz

Eastern Regional Sales Office:
St. Pete Beach, FL

Toll Free: 877.363.0849
Ph: 727.363.0849

Fax: 727.363.7639
E-mail: sis@tte.com




n phones, home appliances,

:you’!l. need a - More than just chipsets, :

se .ico_n uctor vendor thae. delivers quickly. Philips  software, OEM designs and unrivalled support in all stages of developi_heﬁt’.

icondictors is that vendor. Evidence? Already a leader in So if you have Bluetooth capabilities, we provide embedded cores for



system-on-chip design. If you don’t, then you can rely on us for plug-and-play
modules that equal instant Bluetooth functionality. There are countless ways

we link the world without wires. And link your imagination to reality.

To find out more, visit www.semicanductors.philips.com/Bluetooth

*Bluerooth is owned by its proprietor and hcensed ro Philips Sémiconductors.

Enter N 287 at www. mwirf com



. tqcn / Electrénics

reakthrough

ra-miniature FQFP-N
mum board space

egrated designs = better performance
reduced component count

_In wireless design, you face some extreme challenges.
- Our solutions meet those challenges.

For example, consider M/A-COM's newest E/D MESFET-based
GaAs converter chips. No other converters yield better perfarman i_'e |

using less board real estate. That means better linearity pgér rhilj_iWétt
of total DC power dissipation. But don't stop there. We also offer . |

stand-alone switches, mixers, VCOs, LNAs and power amplifiers -
and the most extreme high-performance integrated solutions to

meet your most extreme challenges. p

Go ahead. Turn our guts into your glory.




‘ EDITORIAL }
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CHARTING THE COURSE
OF WIRELESS MARKETS

Change is coming to the industry, per-
haps to all industries. Business has been
so good for so long that financial forecast-
ers are loathe to use words like “slump”
when referring to a current softening of
orders. Certainly, the “R” word (reces-
sion) brings even more discomfort to busi-
ness managers who must now account for
lofty projections and sales budgets based
on the almost automatic rapid growth of
the last several years throughout the elec-
tronics industry, and especially in the
high-frequency portion of the industry
serving wired and wireless communica-
tions applications.

But is everything as bad as it seems? The perception of our economic health
is certainly not good and, unfortunately, perception is everything in the world
of economics. Ironically, many companies are still showing growth in sales for
2001 compared to previous years, just not at the levels they had anticipated.
When the average growth per year for a three-year period is in the area of 40
percent, a growth rate of 10 percent will appear almost lackluster (although
in hard times, that 10 percent may not look so bad). Based on many recent an-
nouncements from large electronic companies, the economic health of the in-
dustry is at least questionable. When daily news reports are filled with an-
nouncements of layoffs by Lucent Technologies, Motorola, Cisco Systems
and, most recently, Intel, it is not surprising to also learn about eroding con-
sumer confidence and a hesitancy on the part of the general public to purchase
that next “electronic toy.”

After all, although the high-frequency industry is rooted in military and
commercial applications, ultimately it is consumer confidence that dictates
the direction of many firms’ efforts. The recent Wireless/Portable Symposium
and Exhibition (San Jose Convention Center, February 12-16, 2000) afforded
the opportunity to take a three-day “snapshot” of opinions on the health of the
industry and those opinions basically reinforced the idea that the high-fre-
quency industry is extremely resilient—it has already faced the loss of a mas-
sive market in military electronics towards the end of the 1980s and survived,
helping to fuel the growth of a large wireless industry.

Opinions at the show were varied, but many seemed to agree that “data”
was one of the keys to future growth. Many were looking at the potential for
markets such as Bluetooth and wireless local-area networks (WLANs). Some
were even pinning their hopes on high-speed digital applications. But perhaps
the greatest number of engineers and marketing professionals at the show
mentioned the fiber-optic market as the place they would go if any part of
their wireless business abandoned them. There is strong logic behind this
opinion, since the manufacturing processes needed to produce microwave
components are very similar to those used for producing fiber-optic compo-
nents. In any case, the business environment may change, even become
shaky, but this industry has shown the fortitude to survive and prosper.

Publisher/Editor

Go to www.mwrf.com and click on the Free Advertiser Information icon.
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Precision

RF-Microwave Gomponents

Immediate Delivery
High Performance

Low Cost

Superior Selection. .
0&8&*’26 . ¥

Power Dividers
Couplers

Switches

Hybrids
Isolators/Circulators
Attenuators
Terminations
Oscillators

Filters

Amoli

2914 1101 *9NI SIIHOLVHOLYT SNOILYIINNININGD SAVMOUIIW

ww.mcli.com

1-800-333-MCLI (6254)
Fax: (727) 381-6116
Microwave
Communications
Laboratories Inc.
7255 30th Avenue North
St. Petersburg, FL 33710
hitp://www.mcli.com

¥G29-€€€-008-1
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that will fit in anywhere.
Designed for super performance and
compact size with Agilent Technologies’
high linearity, high performance RFIC
amplifiers.

In today’s exploding mobile

communications market you need ) ‘ 4 ', 4 : _' Typical Specifications at 5V
more than just any ordinary S « % Part# NF  Gain IP3  Current

e . s . r i (dB)  (dB)  (dBm) (mA)
amplifier in your base station. You , " & | MGASES 19 142 <175 83
need Agilent ‘s high linearity, high : N E. 2 ATk MSA-2543 45 138 +13 12
performance, highly consistent, & e\ 7 MSA-2643 36 159 +219 27
minature RFIC amplifiers. Their 2 W S ; MSA-2743 4 155 +28

compact size and impressive ATES4M 085 174 %

performance allows you to design & | /s coming soon ’

smaller sites that won't ruin the Al . .

scenery. oo 1 ' Q

Agilent Technologies is a T : : For mo ormation ) A

leader in providing semiconductor

solutions for the connected world.

With an in-depth system knowledge

of RF from semiconductor design ) ) .

i www.agilent.com/view/basestations

through production and a lengthy

history of highly reliable semicon-

ductor and amplifier manufacturing,

we can help you design beautifully.
Agilent Technologies
Innovating the HP Way
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ALL NEW WITH

 towmpoweR
High Performance

Need Higher Power? You need
W) Communications’ new AH11 amplifier.

: Power Output (dB Ultra high IP3 is what our new AH11 is all about. Combined with
a very low noise figure, it's the perfect choice for today's multichan-
T g nel wireless systems. Drawing only 600mA, the AH11 delivers
: T 17dBm of linear output power with an IP3 of 50dBm. A great price
s - e B U8 combined with the outstanding linear efficiency makes this versatile
== - o, = — amplifier perfect for multiple sockets, reducing overall part count.

Need Lower Power? Both the AH1 and AM1 offer low noise
Power Output (B figures which, together with their inherent high 1P3, deliver
superior performance at the best price in the industry,

Product | Frequency PIB | NF | Biascurrent For more details, call out toll free number, fax us at 408-577-6620 or
TR SEJM:SOO ‘ (dan;';yp') 1dB1121‘7typ‘) - (GBS‘ t;p) (mgbzmﬁ e-mail us at sales@wj.com. Data sheets are available in PDF down-
M a0 | a1 | o } 29 | load files by visiting our web site at www.wj.com.

whojzam] % | W | | B ] The Communications Edge™

Visi he web
Tvgion " 1-800-WJ1-4401

Distributed In U.S.A. by Nu-Horizons Electronics: 888-747-6846; Richardson Electronics: 800-737-6937.
In Europe call WJ: +44-1252-661761 or your local Distributors: Richardson Electronics-Worldwide: Telephone: (800) 737-8337 Web Site: www.rell.com/gen_sales_locations.asp and
BFI Optilas-Europe: Telephone: (44) 1622 882467 Web Site: www.bfioptilas.avnet.com.
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rimary loop delay filter assemblies
integrate high power cavity delay filters,
couplers and isolators into a single comp
module for performance improvement, space
savings and cost reduction.

econdary loop miniature delay filters utilize a Paten
Pending topology to provide delay equalization.The filter
exhibit excellent delay and phase flatness in a miniature
surface mount package. The 3G model measures a mere;
1.5”L x 0.60”’W x 0.4”’H and can be mounted directly ont
your PWB with pick and place machinery.

Enter No.229 at www.mwrf.com
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= bi‘éakthrough

ra-miniature FQFP-N
imum board space

egrated designs = better performance
and reduced component count

In wireless design, you face some extreme challenges.
Qur solutions meet those challenges.

For example, consider M/A-COM'’s newest E/D MESFET-based

GaAs converter chips. No other converters yield better perfc.r_mahc'e :
using less board real estate. That means better linearity per milljwatt '
of total DC power dissipation. But don't stop there. We alsd‘ offer
stand-alone switches, mixers, VCOs, LNAs and power ampiifiers
“and the most extreme high-performance integrated solutions to

meet your most extreme challenges.

Go ahead. Turn our guts into your glory.
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Wireless Is Still
Strong Across
The Globe

North American
PCB Market Is
Experiencing
Unprecedented
Growth

OYSTER BAY, NY—Despite recent reports concerning the slowdown in wireless
growth, the reality is that wireless is still expanding at a rapid pace. Subscriber numbers
have simply failed to meet the numerous irresponsible, overblown predictions which were
made for the wireless market. Overall, wireless subscribers of every type will continue to
grow, while the deployment of infrastructure supporting narrowband and broadband
wireless applications will also continue to flourish (see figure), according to an Allied Busi-
ness Intelligence, Inc. (ABI) study entitled “Wireless Data Networking 2000.”

Wireless subseribers will ™""""¢]{i;far/pCS data users, world market: 2000 10 2005
continue to climb in every | 400 — .
region of the world as more | 359
spectrum is made available 300
in dozens of nations, as | &
third-generation (3G) sys- |£ 290
tems are rolled out, and as | § 200
wireless technologies are é 150
continually improved. While |$ 0
there will be approximately .

1.3 billion subscribers on 50
second-generation (2G) and 0 1
3G systems by 2005, a grow- 2000 2001 2002 2003 2004 2005

Year

ing share will be held by the
new licensees currently planning the next generation of services. There will be more than
500 million data subseribers using truncated and actual Internet access over 2G and 3G
networks as data services become mainstream throughout the world.

To keep up with these new services and systems, handset shipments will continue to
rise substantially, supporting a replacement rate of more than 60 percent between 2002
and 2006.

In addition to mobile cellular phones, there will be a large upswing in laptop shipments
and use, with over one-third of users with a laptop using true wireless Internet access by
2005. Personal digital assistants (PDAs) will also be used for truncated data services, with
approximately three-quarters of all PDAs in use accessing rewritten Internet content by
2005.

“Wireless Data Networking 2000” forecasts the increase in global and US cell sites and
the number of average subscribers per cell site.

SAN JOSE, CA—Complex applications, increasingly compact electronic compo-
nents, the convergence of voice and data communications, and a booming telecommu-
nications industry are pushing growth in the North American printed-circuit-board
(PCB) market to unprecedented levels. In particular, the automotive industry and the
computer and computer-peripherals industries have allowed producers to continue to
hold high sales stakes in the PCB industry. According to new strategic research by
Frost & Sullivan, North American Rigid and Flexible Printed Circuit Markets, high
profit potential is expected as powerful multilayer boards with high layer counts con-
tinue to meet demands for compact and complex applications. While the overall mar-
ket in 2000 was approximately $10.03 billion in revenues, a Frost & Sullivan industry
analyst forecasts the market to reach revenues of approximately $16.66 billion in 2006.

This analysis also finds that while most single- and double-layer rigid PCB produc-
tion has shifted to the Pacific Rim, North America remains the technological leader in
multilayer rigid PCB initiatives. Innovations, such as high-density interconnects, have
allowed manufacturers the ability to reduce the size and thickness of boards by con-
densing their lines and spaces. Consumer electronics are the major revenue source for
rigid single-/double-sided circuits. It is the telecommunications market that dominates
the flexible single-/double-sided circuit market, driven by cell-phone manufacturers’
desires to reduce the size of their products. Moreover, the growth of the electronies-
manufacturing-service (EMS) industry has altered the electronics landscape.

“The primary customers for printed circuits are changing,” says the analyst. “Since
EMS providers have begun to assemble many of the end products in the electronics
industry, they have become a large customer segment for all types of printed circuits.”
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SDR Forum
Supports FGC’s
Proposed Rules
For Software-
Defined Radio

SETI League
Announces Its
First Technical
Symposium

The First East
Coast 300-mm
Wafer-Chip Plant
Is Slated To Open

WASHINGTON, DC—The Software Defined Radio (SDR) Forum announced its
support for the Federal Communications Commission’s (FCC) decision to propose new
rules to speed the adoption of SDR technology. SDR technology will allow wireless phones
and other mobile-communications devices to be upgraded and reconfigured by download-
ing software over the air. The SDR Forum is in favor of the FCC’s adoption of proposed
rules reflecting a minimal regulatory approach to the certification of software-defined ra-
dio transmitters (Txs).

The FCC’s proposal is particularly important because it clarifies that SDR is permitted
under current rules, and launches a proceeding that is designed to reduce the regulatory
burdens of re-certifying and re-labeling. The ability to modify SDR-enabled products in
the field by software downloads will allow customers to easily upgrade or alter the capa-
bilities of their mobile communieations devices after purchase. It will also make it easier
for wireless communications companies to make fuller use of the spectrum by deploying
radios that are capable of using different parts of the spectrum depending upon the soft-
ware downloaded into them.

LITTLE FERRY, NJ—The SETI League, Inc., a not-for-profit organization in-
volved in the privatized search for extraterrestrial intelligence, will be holding its first
Technical Symposium on the weekend of April 28 and 29, 2001 at the College of New Jer-
sey in Trenton, NJ. SETT League members from around the world will present papers on
radio astronomy, microwave communications, and the hardware, software, and search
strategies being used to seek scientific evidence of other intelligent civilizations in the cos-
mos. A respectable sampling of the SETI League’s 1200 members from 60 countries will
be in attendance, including many of the more than 100 SETI League members building
and operating their own observing stations.

Pre-registration is requested by no later than April 1,2001. The conference registration
fee ($30 US for current SETI League members, and $80 for non-members) includes one
copy of the Conference Proceedings, being published as a service to The SETI League by
the American Radio Relay League.

SETI scientists seek to determine through microwave and optical measurements
whether humankind is alone in the universe. Since Congress terminated NASA’s SETI
funding in 1993, The SETI League and other scientific groups have been attempting to
privatize the research. Experimenters interested in participating in the search for intelli-
gent alien life, or citizens wishing to help support it, can visit The SETI League’s website
at http//www.setileague.org for more information.

RICHMOND, VA—Governor Jim Gilmore of Virginia has announced that Infineon
Technologies will expand its presence in Henrico County by becoming the first semicon-
ductor plant to commercially produce 300-mm wafers on the East Coast. Infineon Tech-
nologies Richmond, formerly known as White Oak Semiconductor, expects to create 1100
new jobs at full build-out as a result of the expansion. Production is due to start in 2002.

“It is gratifying to see that Virgina’s pro-business climate has sparked another major
semiconductor expansion,” says Governor Gilmore. “My administration has positioned
Virginia at the forefront of the latest advances in technology. As one of the first compa-
nies to produce 300-mm wafers in the US, Infineon Technologies is a perfect match for The
Digital Dominion.”

“We decided to expand our operations in Virginia because of the ongoing technology-
and education-infrastructure assistance from the state and Henrico County,” says Henry
Becker, president of Infineon Technologies Richmond. “Because of our recent success, we
were already in the process of hiring 300 new employees. Our partnership with Governor
Gilmore and the Commonwealth of Virginia made the difference in our final decision.”

In order toincrease production capacity for leading-edge communication integrated cir-
cuits (ICs), Infineon Technologies Richmond will equip a new shell building now under con-
struction onits current site. Under the first phase, the company will start to outfit the new
module with 300-mm equipment. Leading-edge memory chips, which are currently
manufactured on the 200-mm line, will move to the 300-mm line, making existing ca-
pacity available for production of communication ICs. Investments for similar facili-
ties throughout the world have ranged from $1 billion to $1.5 billion at full completion.
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Kalmus huilds the Widest Variety of RF Amplifiers

We specialize in amplifiers.

Kalmus gives you a genuine
choice of performance, features and bandwidth for any
application that requires RI power amplifiers. From
radar, MRI, EMC and high energy physics to EW,
communications, broadcast and automotive - Kalmus has
the right amplifier.

Choice means savings. Kalmus has worked closely with
our customers to develop the industry's widest variety of
RE amplifiers. We offer solid-state, cavily and tube
amplifiers in broad-band, narrow-band
or single frequency configurations.
From 10 kHz to 10 GHz and beyond,

from a few watts to several kilowatts, there's an amplifier
in each frequency and power range with just the features
you want. You won't end up buying more than you need.

Built to your specifications. Sometimes there isn't an
existing Kalmus RF (or microwave) amplifier that satis-
fies your particular application. In that case - we'll build
it! Kalmus has been meeting all our customer's needs for
nearly thirty years.

Contact Kalmus. I'or more specific details on our complete
line of RI" and microwave amplifiers, and the name of your
nearest Kalmus represen-
tative, just visit our web site
or call us toll free (US) direct.

The RF Amplifier Gompany
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84 1.87 GHz
45W Average Four Carriers
from$2 y 60 0- 00( 1000-2500 qty?

in wireless networ

Introducing the PMLA1855-465FTC, a multicarrier amplifier tae |

designed for the cost conscious operator. Capable of a four carri- S*rs |

er 45W average output at 27V and 12.8A for an amazing 13% N T 3
efficiency. This performance allows the amplifier to be used in e | ;
tower-mounted applications as well as regular BTS and iee |
repeaters. Using state-of-the-art LDMOS devices, the amplifier %ot N
delivers unequaled performance and all of this within a footprint Mg ze o
of only 300 by 185 mm (11.85 by 7.25"). T REERE I S TR RT
Call today to arrange for a visit from one of our sales representa- 4 cdma carriers (pilot+sync+paging+6 traffic) each
tives to give you a live demonstration of this or any other amplifier as measured after the BTS duplexer.

you might be interested in. You can also visit

www.Amerdmp.com
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When Optimum Performance Counts
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Voice, data, and video all flying through the air.

What could possibly go wrong?

ONILNdWOI ]

ESNUHVJHNHNNDJ!

0301A

Keeping up with exploding technologies while keeping everything working? Stay
current, but out of trouble. Our comprehensive family of test, measurement, and
weney  MONitoring solutions will make sure your inventions — wireless, wired, or whatever —
Tﬁ . perform the miracles you imagine. To check out our complete portfolio of signal, optical,
— protocol, and picture analyzers, call 800-426-2200 x3065 or visit www.tektronix.com/air

'I‘ektron/iw

@Tektronix, Inc. 2001. All rights reserved. TEKTRONIX is a registered trademark, and the Tektronix logo is a trademark of Tektronix, Inc
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Is VME Being
Phased Out?

AIA Urges Bush
Administration To
Take Action On
Aerospace
Issues

Kudos

NATICK, MA—"Year 2000 Worldwide Market for Computer Boards in Embedded
and Real-Time Applications, Volume 1A-Market Analysis Report,” a new market study
by Venture Development Corp. (VDC), indicates that the versa module Europa (VME),
the world’s most widely used bus architecture for these applications, may be nearing the
end of its long reign. Worldwide sales volumes for PCI and CompactPCI boards are pro-
Jjected to exceed those of VME boards in the year 2002. VDC expects that shipments of
VME boards will account for $842.6 million or 28.3 percent of a $2980.6 million market in
2002. The trend is expected to continue; VME merchant-board dollar-volume shipments
are expected to exhibit a negative compound annual-growth rate (CAGR) of —8.2 percent
over the period from 2000 to 2004.

The primary ecompeting architecture of VME is CompactPCI, which was initially de-
veloped for precisely this purpose. Compact PCI has been embraced by the telecom/
datacom industry, largely due to its highly publicized “hot swap” capability. The explosion
of this industry is expected to drive sales of CompactPCI merchant computer boards to a
CAGR of 30 percent through 2004. In the latter year, CompactPCI is likely to represent
40.8 percent of a $3477.1 million market.

However, CompactPCI does not offer significant performance advantages over recent
incarnations of VME. VME’s supporters have demonstrated considerable resilience, im-
plementing new variations and extensions on a regular basis. In addition, the VME com-
munity is championed by a highly proactive industry association (VITA), which has been
accredited as an ANSI standards-development organization.

Although technology-wise, VME appears to be very much alive and well, VDC believes
that the drive toward smaller size and lower costs will cause an increased platform mi-
gration from VME to CompactPCI.

WASHINGTON, DC—The Aerospace Industries Association (ATA) has identified
the industry’s most pressing issues requiring immediate attention by the Bush adminis-
tration in the coming months. AIA has prepared a set of 16 white papers on critical
aerospace issues for the Bush administration, recommending action that would maintain
the health of the US aerospace industry.

ATIA has recommended that the Bush administration prepare a budget supplement re-
quest to the fiscal year 2001 budget that would increase the Defense Department’s
aerospace procurement budget by $4 billion. According to ATA president and CEO John
W. Douglass, post-Cold War reductions in defense spending have resulted in aging
weapons systems with high maintenance costs. “Today’s low production rates for major
weapon systems are threatening the capability and capacity of the US defense industrial
base,” he says. “The US must research and produce at a rate sufficient to maintain a
healthy and responsive defense industrial base,” he adds.

RF Micro Devices, Inc., a provider of proprietary RF integrated circuits (RF ICs)
for wireless communications applications, announced that it has been added to the
Standard & Poor’s MidCap 400 Index...Sprint, a global communications company
which provides Telecommunications Relay Service (TRS) in 27 states to deaf, hard-of-
hearing, deaf-blind, and speech-disabled consumers, as well as to the Federal govern-
ment, has become a Gold Sponsor for Deaf Way II, which will be held next year at Gal-
laudet University and in the Washington, DC area on July 8-13, 2002. Sprint made a
$150,000 contribution to Deaf Way II1..JDS Uniphase Corp. recently announced the
dedication of its new facilities in Ewing Township, NJ. JDS Uniphase is one of the
fastest-growing high-tech firms in New Jersey, according to the New Jersey State
Chamber of Commerce...Decibel Products’ Educational Assistance Program encour-
ages company employees to further their knowledge and expertise by reimbursing 100
percent of the cost of attending an approved or accredited public school or college, pro-
vided that the employee maintains a “B” or above average...Renaissance Electronics
Corp. announced that their multichannel-multipoint-distribution-system (MMDS)
Fixed Wireless Transceiver has been named one of the Top 20 products for the year
2000 by Wireless Design and Development. Chosen from more than 1550 new prod-
ucts, the MMDS Fixed Wireless Transceiver was selected for being technologically
innovative, useful, and unique in design.
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AMPS

CDMA

CDPD
DAMPS

Over 400

EDGE
EW
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GPRS
GPS
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Creating RF and Microwave solutions since 1953.
What can we do for you?

VAR

We Have A Part In Your Future

IS09001 Certified
PRODUCTS Special Integrated Assemblies | Voltage Controlled Oscillators l Double Balanced Mixers [ m

INCLUDE: Power Dividers/Combiners I 1Q Modulators/Demodulators | PROUDLY MADE IN THE USA @™

OUR PLL Synthesizer Modules Wideband RF Transformers Couplers

il:sales @ vari-L.com Contact the Vari-L Sales Department for your special microwave and RF component assembly needs.

Vari-L Company, Inc.
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True strength surpasses mere muscle.

Bulking up a business involves repetition —
repeatedly proving you can handle an incredible
workload with ease. At RFMD, we routinely
master weighty problems like integrated
function, power consumption, limited board

space and complex design.

Our reputation as an industry heavyweight
is built on proven performance, quality

and innovation.

Trust the company you can rely on to deliver the
components you can depend on —

turn to RFMD.
We'll never let you down.

STRENGTH - it sets us apart.

- ))))))))))) ®

MICRO'DEVICES

Proprietary, State-Of-The-Art
RF Integrated Circuitss

7628 Thorndike Road
Greenshoro, NC 27409-9421

Phone 336.664.1233
Fax 336.931.7454

Mention strength when contacting us.

www.rfmd.com

TM & © 2001, RF Micro Devices, Inc.
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National’s New Op Amp
Drives 130 mA With
Unlimited Capacitive Drive

LM8272 Dual Op Amp With
2.7 - 24V Operation in an
MSOP-8 Package

IOU'F: 130 mA

Capacitive Load Capability: 0 to
Wide Voltage Range 2.7 - 24V
GBW 15 MHz @ 12V

Slew Rate 15V/ S

Rail-to-Rail Input and Output
Available in MSOP-8 Package
Supply Current: 0.95 mA/Channel

e o & @ @ @ o 0

Ideal for TFT-LCD Flat Panel Veom Drivers, Panel
Repair Buffers, Headphone Amplifiers, A/D
Converter Buffers, and High Side/Low Side Sensing

For More Information on the LM8272:
www.national.com
1-800-272-9959

Free CD-ROM Data Catalog Available at:
freecd.national.com

poration, 2000, Nations) . i of Netional Comporation, All rights reserved
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Wiveless Show Technology

This show’s technical sessions coveved a multitude of topics
and offeved a wealth of opportunities for designers to keep
up with the latest developments in wiveless innovation.

Symposium Conference Sessions
Mirror Industry’s Expansion

DON KELLER

Senior Editor

IKE a supernova, the wireless industry is expanding at an explosive

rate—dispersing its influence in all directions and spinning off new

sub-industries and technologies. These developments are exciting,

but, for design engineers, technology marketers, and others involved
in the industry, the developments can also be disorienting. To help them
understand and navigate these fast-moving developments, the Ninth Annu-
al Wireless Symposium—held at the San Jose McEnery Convention Center
(San Jose, CA) from February 12-16, 2001—offered dozens of technical
conference sessions covering more than 20 wireless subjects.

The trend at the Symposium has
been to cover more subjects and offer
more sessions each year, mirroring
the industry’s expansion. Last year’s

- show offered 93 technical conference
- sessions covering 17 subjects. This
- year, the show offered 123 sessions
. covering 21 subjects. The Sympo-

Evolution from 2G to 2.5G to 3G
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Agilent Technologies

1. The evolution of 3G will require significant changes in base-station archi-
tecture.

sium’s Conference Advisory Com-
mittee discontinued three existing
subjects: “High Power Design for
Handsets,” “Advanced Techniques,”
and “Systems, Buses, & Architec-
tural Issues,” but expanded three
other subjects by splitting them and
converting them into three pairs of
spinoff subjects. On top of that, the
Committee added four new subjects
to the show’s agenda. The result was
a net increase of four—a total of 21
subjects—covered at this year’s
Symposium.

The three pairs of spinoff subjects
came about by expanding on three
subjects: “Base Stations;” “Anten-
nas;” and “Wireless LAN, Bluetooth,
and Home RF.” “Base Stations” was
split into “Base-Station Amplifiers”
and “Base-Station Architecture.”
“Antennas” was split into “Anten-
nas” and “Indoor Propagation.” And
“Wireless LAN, Bluetooth, and
Home RF” became “Wireless LAN”
and “Bluetooth & Personal-Area
Networks.” The four entirely new
subjects created by the Advisory
Committee for this year’s show are
“Filters,” “Software Radio,” “Wire-
less Internet Technology,” and
“Wireless e-Commerce.”

One of the sessions offered under
the spinoff subject “Base Station
Amplifiers,” introduced a new family
of low-noise, low-cost, small-signal
transistors for base stations. “Low
Noise Enhancement Mode PHEMT
FETs for Low Cost Commercial
Applications,” delivered by Julie
Kessler, Henrik Morkiner, Al Ward,
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impeded by reflection, refraction, and absorption.

Thong-Lin Tan, and Floyd Oshita of

Agilent Technologies, compared dif-
ferent transistor technologies used in

base stations. The authors described

the dominance of depletion-mode,
gallium-arsenide (GaAs) field-effect
transistors (FETSs) in the microwave
and RF industry, and contrasted this
with recent advances in enhance-
ment-mode devices. The digcussion
pointed to four advantages of
enhancement-mode devices: they
don’t require a negative DC supply,
they can be biased using simple resis-
tor networks or adaptive biasing,
they have superior gain, and they are
capable of true power-down using
simple logic control. The family of
enhancement-mode, pseudomorphic,
high-electron-mobility transistors
(PHEMTS) introduced in this session
operates from 450 MHz to 6 GHz with

a gain of 16.5 dB, an OIP3 of +36

dBm, and a noise figure of 0.5 dB.

On the corresponding spinoff sub-

ject, “Base Station Architecture,”
Geoff Nelson, also of Agilent Tech-
nologies, delivered a session titled
“Challenges in Developing and
Deploying 3G Radio Access Net-
works.” In this session, Nelson gave
an overview of third-generation (3G)
radio-access networks (RANs) (Fig.
1) and discussed ways of developing
and testing these networks. Nelson
reviewed the role of 3G standards
and the Third-Generation Partner-

ship Project (3GPP) in the transition,
such as establishing RAN network
elements, which include user equip-

ment (cell phones, personal digital
assistants, and cellular modems),

base-station controllers, the radio-

network controller (RNC), and the

core-network interface. He also

reviewed the 3GPP’s role in develop-

ing RNC and base-station protocols,
ing effect of the human body on

test methods, and verification.
The antenna is a key component in
any wireless system, and “Antennas”

has always been a key subject at the
Wireless Symposium. “Development
Trends in Antennas for Mobile
Phones” was one of several antenna |
- He also covered micro electrome-
In it, Claes Beckman of the KTH ' chanical systems (MEMS) and their
Center for Wireless Systems (Stock-
holm, Sweden) offered an overview
of the trends that currently affect the

sessions offered at this year’s show.

development of antennas for mobile
phones, along with a general
overview of cellular-communications
systems and the evolution of 3G.

Beckman discussed the importance

of terminal antenna gain, efficiency,

and specific absorption rate (SAR), |

tooth and WiFi devices operating simultaneously.

and presented some methods for
measuring these characteristies.
Issues such as terrain path loss, mul-
tipath propagation, and the shadow-

antenna efficiency were discussed.
One of Beckman’s contentions
throughout the discussion was that
antenna performance must be tested
with methods that more closely
approximate “real-life” conditions.

implications for future mobile-phone
systems.

On the related spinoff subject
“Indoor Propagation,” Peter S. Rha
of San Francisco University (San
Francisco, CA) delivered “A Tutorial
on Indoor Propagation.” In this ses-
sion, Rha reviewed the basic con-
cepts and physical theory behind
electromagnetic (EM) waves, espe-

Multicarrier low IF sampling

* Double-conversion radio, multicarrier digitizer.
* High dynamic range requires low IF frequency 5-to-25-MHz

bandwidth centered at <70 MHz

S\

1st IF >200 MHz

QLS

ADC provides
~100-dB dynamic
range

4

IF <70 an/v

SAW 5 to 25 MHz

RAKE —

4. One example of software-radio architecture is multicarrier IF sampling.
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Agilent's high performance
LNAs, the MGA-72543 and the new
MGA-71543, are optimized for
superior PCS band performance.
Combined with our DBTM
downconverter, the HPMX-7102, you
get more system level margin on
critical parameters like Noise Figure,
Gain, Input Intercept Point and
Currentthan ordinary integrated
solutions.

Along with great performance,
our partitioning allows you to place
the RF bandpass filter optimally
between the LNA and mixer to
minimize direct coupling from LNA
output to mixer input.

While others may talk about
their solutions, Agilent
CDMAdvantage components are
available now.

With Agilent you won't have to
settle for a watered down solution.

Optimize performance and layout
flexibility in your handset design with
Agilent’s COMAdvantage LNAs and
downconverters.

Performance Table

Performance of MGA-72543, MGA-71543 and HPMX-
7102 as DBTM receiver chain {assumes 2.5dB of loss
in bandpass filter between LNA and mixer).

Part # Gain NF [IP3  Average
(dB)  (dB) (dBm) lcc* (mA)

COMA-1900MHZ 235 22 -126 13
COMA-S0OMHZ 283 21 -104 13
AMPS %86 23 97 13

* Takes into account that the LNAs are only "on” for
30% of the time

For more information
about Agilent's COMAdvantage
please visit our website.

www.agilent.com/view/cdmadvantage

Agilent Technologies
Innovating the HP Way

Agilent Technologies, Inc  www.agilentcom CDMA2 11/00

Enter No. 201 at www.mwrf.com



cially as they pertain to indoor envi- |
ronments. The session covered topics

such as plane-wave propagation,
polarization, free-space propagation,
power received by an isotropic
antenna, outdoor channel character-
isties, and indoor propagation mecha-
nisms (Fig. 2).

The IEEE 802.11b specification for
wireless local-area networks
(WLANS) that operate in the 2.4-GHz
industrial-scientific-medical (ISM)
band has been very successful, but the
pushis on to extend data capacity. The
current standards support data rates
to 11 Mb/s and provide backward com-

Problem.” The session introduced

where the two systems operate
simultaneously and in close proximi-
ty to each other. To measure the
impact that each system can have on
the other, the session described a test
situation where a laptop was
equipped with Bluetooth and WiFi
(Fig. 3). The test showed that Blue-
tooth caused a significant degrada-
tion of WiFi throughput, and that
WiFi degraded Bluetooth through-
put, though to a lesser extent,

One of the four new subjects added

- analog to digital, more radio-system
the issues of Bluetooth’s co-existence
with WiF1i, focusing on scenarios

functions are implemented using
software rather than hardware.
Thus, “Software Radio” was another
new conference subject added to this
year’s show. In a session titled “Cur-
rent Issues in Software Radio
Design,” authors Scott Behrhorst
and Brad Brannon of Analog Devices
(Greensboro, NC) defined a software
radio as one whose channel-modula-
tion waveforms are defined in soft-
ware. The session explored single-
carrier architectures such as
traditional baseband using analog- or
digital-detection techniques and IF

patibility with older 1- and 2-
Mb/s standards, but pressure
is building to increase data

Evolution of the
design information channel

sampling, and multicarrier
IF-sampling architectures
(Fig. 4). The authors also

rates to 20 Mb/s and beyond.
Carl Andren of Intersil Corp.
delivered a session on this
subject titled “IEEE 802.11b
WLANs: Where Are They
Going?” In this session,
Andren explored the reasons
for the push to higher data
rates, the activities and
progress of the IEEE task

Desktop
applications

Design
data

Design
data

data _( point of

work

B2B
%

presented case studies of
digital AM/FM radios using
software-radio techniques.
One of the hottest new
sub-industries in the wire-
less arena is Wireless e-Com-
merce. One of the sessions
offered on this subject was
“The Webh, Wireless, and the

group involved in this push,
and the modulation candi-

New Business World.” In
this session, author Scott
Bordouin of Autodesk pre-

dates that might be used to
achieve higher data rates.
Some of the reasons for the
push include consumer
demand for multimedia in the home,
business demand for higher band-
width, and the superior range and per-
formance/price ratio of 2.4-GHz tech-
nology versus 5-GHz technology. The
goal of the IEEE high-rate task group,
designated IEEE 802.11 HR (g), is to
accomplish higher rates without
inereasing bandwidth. The candidate

modulation schemes proposed to
achieve this goal, such as codeword
modulation, symbol modulation, multi-

code modulation, low-power quadra-
ture phase-shift keying (QPSK), and
their advantages and disadvantages,
were also discussed.

But what about Bluetooth? It
operates in the same 2.4-GHz band as
IEEE 802.11b LANSs (also called
WiFi). Will they interfere with one

another? This potential conflict was
addressed by Jim Lansford of Mobil- |

ian Corp. in a session titled “WiFi
(802.11b) and Bluetooth Simultane-
ous Operation: Characterizing the

5. With the convergence of Internet and wireless tech-
nologies, information created by designers will be used
to empower a customer’s business.

to this year’s conference agenda

focused on filters. And one of the ses-
sions offered on this subject concerned
the kind of filter that is found in virtu-
ally every handset— the surface-
acoustic-wave (SAW) filter. “Progress
in SAW Filters for Wireless Applica-
tions,” delivered hy Jidong Dai of RF
Monolithies, Inc., reviewed the devel-
opments in SAW technologies from an
applications point of view. The session

identified and discussed three genera-
tions of SAW technology: the high-
loss, bidirectional SAW filters of the |

1960s, the low-loss, unidirectional
SAW filter of the 1970s, and the cou-
pled resonator SAW filters of the
1980s. It also discussed new develop-
ments that have evolved in SAW tech-
nology since the 1990s, including
variations of the single-phase, unidi-
rectional transducers (SPUDTS) in-
troduced in the 1970s,

As communications technology
continues its rapid transition from

sented an overview of the
convergence of Internet and
wireless technologies and
how that convergence affects
business. He also investigated the
ways that this convergence impacts
the marketplace in two major areas—
design innovation and design informa-
tion. The former concerns the ways
that technology affects the design pro-
cess itself. The latter concerns the
ways that information created by
designers is used to empower a cus-
tomer’s business (Fig. 5).

The fourth new subject added to
this year’s conference also pertains to
the Internet—"Wireless Internet
Technology.” Several sessions were
offered, including “M-Commerce:
Reaching the Mobile Customer
through the Wireless Internet.” In
this session, Kayvan Alikhani of Mag-
Netpoint, Inc. (Novato, CA) discussed
the challenges of delivering wireless
Internet to mobile customers and pro-
posed a new, rules-based message-
conversion-and-delivery method that
is independent of the user’s location
or type of device. oe
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Show Products

Manufacturers of communications geav ave devel-
oping products to further the growing partnership
between computing and wiveless connectivity.

Wireless Symposium Heralds
New Era In Communications

GENE HEFTMAN

Senior Editor

0 hear Michael Karasick, CTO of IBM’s Pervasive Computing Divi-
sion tell it, the joining of the computing and connectivity technolo-
gies are being taken for granted, or as the name of his division sug-
gests, pervasive. It is the coming together of wireless communications
and information technology (IT) using devices that are simpler and far
more portable than the desktop personal computer (PC). And it could lead
to an entirely new paradigm in the way people communicate, conduct busi-
ness, and handle many other aspects of modern life. It could put a face on
the hazy wireless term “third generation (3G)” and provide it with the sub-
stance needed to make it a reality. Karasick presented his ideas as the
keynote speaker at the ninth annual Wireless/Portable Symposium & Exhi-
bition which ran from February 12 to 16, 2001 in San Jose, CA. In addi-
tion to thousands of design engineers and engineering managers attending
the event, approximately 400 companies demonstrated the hardware, test
equipment, and software that will power this revolution in the way the
world works. What follows is a sampling of some of the interesting and
innovative products on display at the show.
Any technological revolution

create the ideas and design
its enabling products. Wire-
less product design is be-
coming increasingly difficult
due to factors such as rapid
technological changes, com-
petition that speeds up cycle :
times, fast transitions from - e —"
prototypes to volume pro- '
duction, and high expecta-
tions for quality and
reliability. Particularly i
troublesome for circuit S

designers is the problem of 1. Agilent Technologies’ ValiFire system integrates soft-
determining whether the ware (EDA tools) and hardware (test equipment) to al-
results of computer simula- low RF circuit designers to correlate simulation results

tions match the measure- with actual measurements.

- ments on an actual prototype chip or
begins in the minds of people who | design verification. To aid designers, |

Agilent Technologies (Palo Alto, CA)
developed an electronic-design-
automation (EDA) tool known as
ValiFire for handset power-amplifier
(PA) designs. The system incorpo-
rates  Agilent’s established
Advanced Design System (ADS)
software together with test equip-
ment for making measurements. The
instruments are the E4406A vector
signal analyzer, E4433B RF signal
generator and several 663198 power
supplies built into a system rack (Fig.
1). Proprietary software links the
EDA tools and test gear together.
ValiFire permits the automation of
testing by eliminating the need to
write test code and assembling the
necessary test equipment to make
measurements on a device. It can
handle the key measurements for
next generation advanced wireless
standards such as the Third Genera-
tion Partnership Project (3GPP) and
Enhanced Data Rates for
GSM Evolution (EDGE).
The system software se-
quences measurements in
the design environment and
test equipment and then cor-
relates the results into a sin-
gle display for ease of com-
parison between the virtual
world of EDA simulation
and the real world of a semi-
conductor device.

A different type of EDA
tool has been developed by
Computer Simulation Tech-
nology (CST) of America
(Wellesley, MA). Known as
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the CST Microwave Studio, version
3.0, it is a specialized tool for the solu-
tion of three-dimensional (3D) elec-
tromagnetic (EM) high-frequency
problems. It can simulate high fre-
quency problems on a PC in a Win-
dows environment with applications
such as filters, couplers, integrated-
circuit (IC) packages, antennas, and
connectors. It uses a new perfect-
boundary-approximation (PBA)
technique for precise geometrical
representation together with the
finite-integration (FI) numerical
method to solve complex problems.
An interesting feature is its time-
domain solver which supports specif-
ic-absorption-rate (SAR) calcula-
tions, or the amount of radiation
emitted from a wireless phone into
human tissue. Health and safety
issues associated with phone use
have become a major factor in recent
months, and the simulation of radia-
tion effects can save considerable
time compared to building and test-

ing a prototype. CST Microwave Stu- -
dio is embedded in a larger design

environment produced by the compa-
ny known as CST Design Studio,
which breaks complex systems down

into smaller components, each

described by an S-matrix. All the
matrices are combined and the total
system behavior can be calculated in
a few seconds.

TEST COMBOS

As more types of communications

hardware and standards come to

market, testing requirements in-

crease in complexity, number, and
speed. To deal with this sit-
uation, test-equipment man-
ufacturers must either put
together combinations of
instruments and software or
develop single instruments
that can measure a variety
of different functions.

An example of the former
is the MET840A Power
Amplifier Test System
(PATS) from Anritsu Co.
(Richardson, TX). The com-
pany has upgraded the sys-

tem to perform additional 3. Going a step beyond SiGe, Motorola introduces
measurements, such as adja- SiGe:C, an RF BiCMOS process that offers high speed,
cent-channel power ratio low power consumption, and the ability to integrate a

Show Products

~ gator interface,

ciency (PAE),
intermodulation
distortion (IMD),
compression,
harmonics, and
S-parameters
through only a
single connection.
PATS combines
the Scorpion vee-
tor-network mea-

surement system
(VNMS), the
Scorpion PA navi-

and a testset to

deliver an integrated test solution for
increasing design and production-
testing measurement throughput
(Fig. 2). The testset enables the soft-
ware and hardware to work together
and supports the connection of exter-
nal instruments for ACPR measure-
ments. The VNMS is an S-parameter
analyzer that can perform harmonic
and IMD measurements from 10
MHz to 6 GHz. Pulling these pieces
together is the Navigator interface,

which is the vehicle for setting up

tests, as well as calibrating and ana-
lyzing the measurement results.
Navigator also enables the integra-
tion of an optional power meter, mod-
ulation synthesizer, and analyzer into
the MET840A.

At the other end of the test spec-

. trum is the NetTek base-station field

tool from Tektronix, Inc. (Beaverton,
OR). This compact, modular instru-
ment is intended for field installation

N+ Buried Layer —

(ACPR), power-added effi- variety of passive components on-chip.

2. Software and hardware are combined in Anritsu’s
ME7840A PATS, which can be used in either production
or research and development (R&D) for measuring a
broad range of PA parameters.

gear. It performs the most common
diagnostic tests for onsite base-sta-
tion transmitter (Tx) verification.
Frequency, output power, and modu-
lation quality are included. Options
include automated functions to help
locate interference sources, such as
pager signals and TV, or competing
wireless provider signals. Wireless
standards that can be measured are
the Global System for Mobile Com-
munications (GSM), I1S-136 and
CDMAOne. The NetTek weighs
approximately 5 kg and can run on
battery power.

Tektronix also introduced a pair of
new spectrum analyzers at the show,
the FSU3 and FSUS, which are
aimed at two emerging wireless stan-
dards, wideband code-division multi-
ple access (WCDMA) and EDGE.
Applications run the gamut from
amplifiers and filters to mobile sets

- and base-station modules. The FSU3
and maintenance routines and serves
the purpose of multiple pieces of test !

covers 20 Hz to 3.6 GHz, and the
FSUS spans 20 Hz to 8 GHz.

NEW SEMIS

For wireless communica-
tions and information tech-
nology to deliver the promise
of a new paradigm in connec-
tivity, both technologies will
depend largely on advances
in semiconductors, which are
the backbone of all electron-
ics systems. This year’s
Wireless Symposium intro-
duced some of the devices
that will find their way into
future systems.

From Motorola’s Semicon-
ductor Product Sector
(Phoenix, AZ) comes the
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announcement of the successful
merging of silicon (Si) and ecarbon (C)
(not carbide) in a new process. It is
known as silicon germanium carbon
(5iGe:C) and it will be added to the
company’s 0.35-p. RF bipolar-com-
plementary-metal-oxide-semicon-
ductor (BiCMOS) process family
(Fig. 3). The process is said to be able
to integrate a variety of high-quality
active and passive devices on-chip,
including copper (Cu) inductors and
transformers. SiGe:C transistors will
join heterojunction bipolar transis-
tors (HBTSs) fabricated in RF BiC-
MOS that the company claims has
demonstrated 45-GHz and 90-GHz
performance for f, and £, respec-

tively, at half the current flow of tra- -
ditional SiGe. With the addition of C 3
to the process, Motorola hopes to be

able to integrate sufficient compo-
nents to offer system-on-a-chip
(SOC) devices that will provide addi-
tional phone features and longer bat-
tery life. The first standard product
in SiGe:C, due out in May, will be a
low-noise amplifier (LNA) with
selectable current settings.

Another new wrinkle in semicon-
ductor technology is an enhance-
ment-mode pseudomorphic high-
electron mobility transistor (E-
pHEMT)—said to be first of its
kind—developed by Agilent Tech-
nologies Semiconductor Products
Group (Palo Alto, CA). A gallium-
arsenide (GaAs) device, the ATF-

54143 differs from other GaAs
devices that operate from a positive

4. A new type of GaAs transistor, the E-pHEMT from Ag-
ilent Technologies, offers designers single-supply oper-
ation as opposed to the dual supplies needed to run a

conventional GaAs FET.

supply voltage but need a negative
voltage to switch them on (Fig. 4).
Since the E-pHEMT device requires
only a single positive supply, circuit
designers can conserve valuable
board space, while also sparing them-
selves the additional design effort of
a second power supply. It is intended
for applications in cellular/personal-
communications-services (PCS) base
stations, multichannel multipoint dis-
tribution systems (MMDS), and
other equipment that operates over
the range of 450 MHz to 6 GHz. Spec-
ifications include a maximum noise
figure of 0.9 dB, and an output third-
order intercept point (OIP3) of 36.2
dBm at a frequency of 2 GHz.

The past few months have seen a |

number of direct-conversion radio
chip sets come onto the market as
chip makers attempt to reduce the
component count and cost of wireless
handsets and push the technology
away from conventional super het-

. erodyne radio. Analog Devices (Nor-

wood, MA), which led the way in this
technology a year-and-a-half ago,

introduced its second-generation 3
(2G) direct-conversion radio chip set :
at the Symposium. Known as Othello

One—its predecessor was Othello—
the company says it retains all of the
functionality of the original but offers

designers the ability to further
- into next generation IEEE R02.11b

reduce the total component count.
The figure provided by the company
is a 40-percent reduction in total com-
ponent count and board area com-
pared to the original. Othello One
integrates an RF
transceiver,
multiband frac-
tional-N phase-
locked-loop (PLL)
synthesizer,
LNAs for all three
GSM bands, RF
power control, and

(LDO) voltage
regulators. A ma-

direct-conversion
architectures is
the elimination of
surface-acoustic-
wave (SAW) fil-

low-dropout

jor cost saving of

ters, the most
expensive compo- !

5. Cell Packs from Toshiba are tiny
modules that provide complete
functions, such as amplifiers or os-
cillators, to simplify the design and
reduce the size of handheld wire-
less products.

nents of a super heterodyne radio.

A leader in the field of wireless
local-area-network (WLAN) chip
sets, Intersil Corp. (Palm Bay, FL)
introduced a new version of its
PRISM chip set known as PRISM
2.5. The enhanced set features the
first single-chip baseband processor
(BBP) and media-access controller
(MAC) that integrates the functions
previously done by two ICs. Person-
al Computer Memory Card Interna-
tional Association (PCMCIA) and
Universal Serial Bus (USB) inter-
faces that will allow equipment man-
ufacturers to add a USB interface

wireless networking products for the
home and office are included. By
packing all the ICs, software,
firmware, and voltage-controlled
oscillator (VCO) into a tightly inte-
grated package, IEEE 802.11b capa-
bility will be able to be incorporated
into laptops, personal digital assis-
tants (PDAs), and so-called Web-Pad
Internet appliances that could help
further the concept of pervasive com-
puting mentioned in the keynote
address at the Symposium.

As WLAN systems continue to fill
up the 2.5 GHz band, manufacturers
of these systems are moving to more
spacious territory in the 5-GHz Unli-
censed National Information Infras-
tructure (UNII)z Unlicensed Na-
tional band. Raytheon Company’s
Commercial Electronics division
(Marlborough, MA) is getting aboard
the UNII bandwagon with a radio
chip set designed for IEEE 802.11a,
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operating at a data rate of 54
Mb/s. Known as Tondelayo,
the four-chip set encompass-
es a PA/switch module and
RF, intermediate-interfer-
ence (IF), and baseband
components. It uses a type
of orthogonal frequency-
division multiplexing
(OFDM) known as C-OFDM
as the modulation method.
An interesting aspect of the
set is that it employs multi-
ple semiconductor technolo-
gies: GaAs for the RTPA-
5250 PA/switeh, SiGe for the
RTCV-5500 LNA up/down-
converter and RTIF-5500 IF con-
verter, and 0.18u for the RTRB5500
baseband IC. CardBus and peripher-
al-component-interface (PCI) refer-
ence designs will be available when
the set goes into volume production
later this year.

Packing more functionality into
less real estate is a critical goal in ICs

because light, handheld appliances

Show Products

6. Keeping radiation from affecting the operation of
wireless communications devices is accomplished
with these small EMI gaskets from W.L. Gore. They at-
tach to circuit boards with standard SMT.

- will be a key enabler of the conver-

gence of computers and wireless
technology. To aid product designers

in this effort, Toshiba America Elec-

tronic Components, Inc. (Irvine, CA)
has designed multifunction RF ICs
known as Cell Packs (Fig. 5). The
purpose of the Cell Pack concept is to
eliminate the need for multiple dis-

crete devices to perform functions

such as wideband amplifier,
mixer, switch, ete. A com-
plete function (i.e., wideband
amplifier, switch) is housed
in an ultra compact surface-
mount package—as small as
1.6 X 2.0 X 0.55 mm—that
can fit in a wireless phone,
personal digital assistants
(PDA), and other handheld
devices. In addition to the
wideband amplifier Cell
Pack, a crystal oscillator and
an SPDT switch are avail-
able.

With GSM making a con-
certed effort to gain share in
the US market, more time-division-
multiple-access (TDMA)/GSM ICs
are becoming available to support its
handset market. An example from
the show is the RF2492 dualband
LNA/mixer from RF Micro Devices,
Inc. (Greensboro, NC). The company
claims that it is one of the first ICs to
comply with the GSM/ANSI-136

Interoperability Team (GAIT) speci-

. Do you manufacture
Circulators and Isolators?

Walker Scientific's Conditioning Process eliminates time
consuming trial and error tuning methods by allowing you
to easily set the magnetic field in your device while it is
being tested. This process will dramatically increase your

productivity and consistancy.
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throughput with *
on line test results.

Call today!

CONDITIONING
- FIXTURE

32 = Toll Free: (800) 962-4638
il: info@walkerscientific.com
erscientific.com
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For Microwave i:oint to point radio, I.M[ls,‘
UMTS & Satellite Communications

Quasar has developed a family of microwave
waveguide components for communications
applications where precision, quality and reliability
are paramount.
@ Directional Couplers, Splitters and Combiners
@ Filters and Diplexers

@ Power Combiners

Quasar can combine these products into single
integrated assemblies which are ideally suited to “Hot
stand by" or 1+1 applications this eliminates the need
for flexible waveguide. Designs and prototypes for
specific customer requirements can be made within
weeks from Quasar's high quality factory in the UK.
Whether you are designing the next point to point
radio or a satellite transmitter/receiver Quasar can
help you. Call us today or take a look at our website.

Quasar
Quasar Microwave Technology Limited
Battle Road, Heathfield, Newton Abbot,
Devon TQ12 6XU, England
Tel: +44 (0)1626 834222
Fax: +44 (0)1626 832994
Email: sales@gmtl.com -
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8650A

The fast, easy and accurate 8650A,

because there’ still no substitute for experience.

Download a data sheet at
www.gigatronics.com
or call 1(800)726-GIGA

Crest Factor

Histograms, COF, CCDF

Strip Charts, Peak Hold

WCDMA, CDMA 2000, CDMA, TDMA, and GSM/EDGE ready
1,750 readings/second C\V, 800 readings/second modulated
Patented NIST traceable on-board calibration system
Modulation, CW, Peak and Average Power measurements
Automatic and manual Time Gating with graphical display
90 dB dynamic range in a single sensor

4-line graphic display

100 kHz to 40 GHz

Giga-tronics Incorporated « 4650 Norris Canyon Road San Ramon, California USA 94583 = phone: (925) 328-4650 fax: (925} 328-4700
Enter No. 222 at www.mwrf.com






[ | NEC

You're racing to be first to market.

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

Some choices are obvious. CEL offers

a broad selection of NEC Communications
Semiconductors—plus something few others
can match: Forty years’ experience helping

to bring products like yours to market.

RF. Wireless. Broadband. Fiber Optics. Optoelectronics.

All the Technology. All in one Place. [RVALAVA -1« T1y

Enter No. 284 at www.mwrf.com



NEWS

Show Products

fications which supports TDMA and
GSM/General Packet Radio Service
(GPRS) air-interface standards to a
single device. The RF2492 is a com-
plete receiver (Rx) front end and has
dual IF outputs to interface with two
independent IF SAW filters.

GLUE PARTS

While ICs play the glamour role in
handsets, PDAs, Web appliances,
etc., these products could not be real-
ized without the supporting cast of
passive components, shielding mate-
rials, gaskets, plastics, and numerous
other components.

They may be tiny, but the Gore-
Shield surface-mount-technology
(SMT) electromagnetic-interference
(EMI) gaskets from W.L. Gore &
Associates, Inc. (Newark, DE) are
critical to the EMI performance of all
wireless products based on radio Rxs
(Fig. 6). The pads can be placed along
the ground trace on a printed-circuit

board (PCB) using standard SMT
. for C-RAM GDSS include modifica-

pick-and-place equipment. The pads

form a gasket and act as a con-
formable, conductive interface
between two parts of an EMI enclo-
sure—the ground plane of the PCB
and the metal or metallized plastic
cover of the enclosure. The purpose is
to keep radiating fields from leaving
or entering the enclosure. As an RF
grounding pad or interconnect, Gore-

Shield gaskets conduct current of a

primary RF signal in much the same
way as a connector conducts RF cur-
rents from a PCB to a coaxial cable.
A sample application is when an RF
signal is sent from one board to
another and the two are sandwiched
together. This occurs frequently
where wireless devices connect to
multiple boards or to connect a patch
antenna of a wireless phone or device
toa PCB.

A high-loss Si rubber sheet
absorber is produced by Cuming
Microwave Corp. (Avon, MA) as a
suppressor of surface waves at

microwave frequencies. Applications

tion of antenna patterns, lowering
the quality factor (Q) of a cavity and
acting as a transmission-line attenua-
tor. Since the material is thin and
elastomeric, it conforms to the curva-
ture of the surface it is applied to. It
does not conduct electricity, can
withstand a wide temperature range
(=65 to 400°F) and survive outdoor
exposure.

In anticipation of rapid growth in
areas such as Bluetooth, HomeRF,
IEEE 802.11b, and 2.4-GHz
WLANSs, Murata Electronics of
North America, Ine. (Smyrna, GA) is
preparing to offer a wide range of
passive components to manufactur-
ers who desire to do some one-stop
shopping. Included on the company’s
menu are capacitors, EMT filters,
chip inductors, resistors, piezoelec-
tric products such as ceramic filters,
resonators, SAW filters, and others.
The company will also enter into the
active-device area with units such as
PLL modules, VCOs, and GaAs field-
effect transistors (FETs). ee

- +7dBm

/
— Mixers

+1 dBm Comp. Pt.

online catalog
www, pulsarm:crowave com

Power Dividers

/
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mmW Test Equipment

Vector Network Analysis Systems Use with popular : Scalar Network
Analysis

microwave VNA equipment to achieve millimeter wave
vector/amplitude measurement capability. Can be used

in either the forward direction only (S11 & $21) with one

T/R module and one T module or in the forward and )

reverse direction (S11, 21, S22, $12) with two T/R 5
modules. Systems are available for all waveguide bands

from WR-22 to WR-05.

Scalar Network Analysis (SNA) Systems and
Multiplier Sources Complete SNA systems containing
e ftltevedrmumpﬁers with --50 dBc ! spurs and harmonics. -

Waveguide VNA Calibration Kits for calibration of the
above Vector Network Analysis Systems. Contains all of
the components necessary to achieve any of the popular
calibration methodologies.

WR-05 VNA Calibration Kits

m;uﬁﬂater wave spee%wm analysas. foars are
raﬂ 'wavegusde bands from 18 to 325 GHz.
are available for most modern spectrum
ured conversion loss data supplied with
st modern spectrum analyzers for WR-
10.

Now available free at the OML Web Site is

' the Windows™ compatible, block con-

verter “Spurious Product Prediction 4

Program” illustrated to the left. With this

- program, engineers can examine their
block converter designs for harmful

Spurious responses.

Also contained on the Web Site are com-
plete specifications for all of the above
millimeter wave frequency extension

products as well as technical papers
addressing many of the more common

‘ o millimeter wave testing problems.

pr0v|d|ng continuous coverage ‘ y ; ﬁm‘stamed in these papers are many useful milli-

mixer is equipped with an app

accomphshmg the FCC desir
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InGaP HBT
and MOCVD
Carbon Doping
Provide Some

Real Cool Answers.

The new InGaP HBT broadband
amplifiers from EiC are setting the
industry standard for superior
technology in affordable packages by
delivering the high linearity, high
reliability and low cost plastic packages
that today’s high performance wireless
applications demand.

With EiC’s leading edge specifications,
you get:

B Advanced Indium Gallium
Phosphide Hetero-junction Bipolar
Transistor (InGaP HBT) Technology

High Output OIP3
A High MTTF Value

Low Thermal Resistance

Optimal Performance For
Your Wireless Applications

Call now for more information
and pricing on our revolutionary
new InGaP HBT Gain Blocks and
broadband amplifiers.

Visit us on the web at:
www.eiccorp.com

Check out
our cool

Infrared Thermal Map
of Uncapped, Biased
Broadband InGaP
HBT Amplifier

EiC established a GaAs HBT fab in
Fremont, California, in 1997. We specialize
in high frequency circuits for use in a wide
range of applications,including wireless,
handset, base stations, WLL, CATV and
satellite communications in the RF and
microwave frequency range.

Call today and learn
about our accelerated
life test data.

510-979-8953

EiC - Leading Through Responsiveness

or call your local

PECIFI TION ATRI X o
3 e 3 Avnet Distributor

P/N Gain  Output  Output G ATj BW
P1dB P3

ECGO0T  20dB  12dBm 26dBm  270°C/W  30°C DC-6 GHz

ECGO04 15dB  12dBm 26dBm 280" C/W  35°C DC-6 GHz

ECG002  20dB  15dBm 29dBm 233 (/W 40°C DC-6 GHz

ECGO06 15dB  15dBm 30dBm 278 C/W  50°C DC-6 GHz

Corp.

ECGO03 20dB  23dBm  39dBm  SO'C/W  45°C DC-3 GHz Excellence in Communications

ECGO08 15dB  23dBm 40dBm 55 C/W  55°C DC-3GHz 45738 Northport Loop West

ECC009 19dB  24dBm 41dBm 85 C/W  65°C DC-2 GHz Fremont, CA 94538, USA

Tel: 510.979.8953
Fax: 510.979.8902
E-mail: sales@eiccorp.com

ECGO1T  20dB 8dBm 20dBm 355 C/W  47°C DC-6 GHz

ECG012  14dB  20dBm 36dBm  120°C/W  45°C DC-2.5 CHz

EC-1089 15dB  23.5dBm  >42dBm ~-85'C/W ~65'C DC-2.5 GHz

EC-1019 18.5dB  19dBm 34dBm  120°C/W  40°C DC-3 GHz

EC-1078 19.5dB 21dBm 37dBm  1200C/W  60°C DC-3 GHz

EC-1119 148dB 18.6dBm  36dBm  150'C/W  60°C DC-3 GHz




ARFTG Update

The 56th meeting of ARFTG brought together measuvement
experts on frequency- and time-domain issues, all intevested in
improving the accuracy of their methods.

Measurement Group Tackles
Telecom Testing Accuracy

KATE REMLEY
RF Technology Division, Mail Stop 813.01
National Institute of Standards & Technology, Boulder, CO 80305-3328;
(303) 497-3652, FAX: (303) 497-3970,
E-mail: remley@boulder.nist.gov, Internet: hitp://www.nist.gov.

JACK BROWNE
Publisher/Editor

ETROLOGY is an often unappreciated but vital science in support
of other engineering advancements. For microwave engineers,
the Automatic RF Techniques Group (ARFTG) has long been
instrumental in setting high standards for RF techniques, includ-
ing metrology, computer-aided design (CAD), and modeling. Recently, the
group held its 56th biannual meeting, focusing on the importance of

metrology for telecommunications.

The 56th ARFTG Conference and
Short Course, co-sponsored by the
IEEE Microwave Theory and Tech-
niques Society (MTT-8) and the
National Institute of Standards &
Technology (NIST, Boulder, CO),
took place during two days last fall
(November 30-December 1, 2000).
With a theme of “Metrology and Test
for RF Telecommunications,” the
meeting was held at the Omni Hotel
near Boulder, CO and featured 24
technical presentations covering all
aspects of microwave metrology. The
general conference chairperson was
Dylan Williams of NIST’s REF Tech-
nology Divigion, and technical pro-
gram chairs were Dr. Michael Steer
from North Carolina State Universi-
ty and Dr. Kate Remley also from
NIST’s RF Technology Division.

A presentation by Hyunchul Ku
and associates from the Georgia
Institute of Technology (Atlanta,

GA), “Carrier-to-Interference Ratio
Estimation of Arbitrary Signals Dis-
torted by Nonlinear Devices,”
offered a new method of carrier-to-
interference (C/I) estimation for non-
linear devices. Using the technique,
the C/I ratio versus input power for
any nonlinear device can be deter-
mined for any arbitrary input signal,
provided that the input-signal peak-
to-average power ratio is known.
Measurements involving large
modulated signals were also the con-
cern of Jan Verspecht and co-work-
ers from Agilent Technologies (Brus-
sels, Belgium). Their presentation,
“Network Analysis Beyond S-
parameters: Characterizing and
Modeling Component Behavior
Under Modulated Large-Signal
Operating Conditions,” describes a
large-signal network analysis tech-
nique that can be used for measure-
ments involving higher-power modu-

- lated signals. Measurements were
- performed on a prototype nonlinear

network-measurement system with
a range of 600 MHz to 20 GHz. The
system includes four directional cou-
plers to detect and measure all rele-
vant IM tones of the fundamental
test signal and its harmonies. Har-
monic sampling is used to downcon-
vert the test signals to a 4-MHz-wide
intermediate-frequency (IF) band-
width where they are then digitized
through four precision analog-to-dig-
ital converters (ADCs). A sophisti-
cated calibration technique is used to
correct absolute amplitude errors
and to account for the phase errors of
the harmonic signals relative to the
fundamental test signals.

A 1.9-GHz amplifier was evaluated
to demonstrate the system. A signal
comprised of 29 tones with 50-kHz
symmetrical spacing around a 1.9-
GHz center frequency was used to
emulate a CDMA test signal with a
total bandwidth of 1.4 MHz. Mea-
surement results included dynamic
harmonic distortion and spectral
regrowth through the amplifier.

The second day of the “Metrology
and Test for RF Telecommunica-
tions” session included work from
Olav Andersen and associates from
Ericsson (Gavle, Sweden) and the
University of Gavle (Gavle, Sweden).
They examined the nonlinear behav-
ior of high-frequency components
based on different input signals, and
demonstrated that amplifier AM/AM
and AM/PM distortion changes
depending upon the choice of input
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signal. The presentation, “Nonlinear
Characterization of Multiple-Carrier
Power Amplifiers,” considers Class
AB laterally-diffused-metal-oxide-
semiconductor (LDMOS) and Class
A GaAs FET amplifiers for the 2-
GHz band.

Also in that session, Lowell
Hoover and Alexander MacMullen of
the Technology Service Corp.
(Bloomington, MN and Los Angeles,
CA, respectively) debuted the
microwave-component analyzer
(MCA), a novel instrument for mak-
ing automated signal-to-noise-ratio
(SNR) measurements in continuous-
wave (CW) and pulsed modes. The
analyzer consists of a vector demodu-
lator that converts microwave sig-
nals into in-phase (I) and quadrature
(Q) signal components, which are
then digitized. A rotating phase-ref-
erence technique is used to correct
vector demodulator linear distor-
tions, followed by high-speed digital
signal processing (DSP), supporting
real-time measurements of SNR.

The 56th ARFTG meeting includ-
ed special sessions on “Temporal
Measurements for Microwave Sys-
tems” as well as “Accuracy in
Microwave RF Measurements.” Jim
Andrews of Picosecond Pulse Labo-
ratories (Boulder, CO) and Paul Hale
of NIST’s Optoelectronies Division
815 chaired the temporal measure-
ments session; Raian Kaiser of
NIST's Radio Frequency Technolo-
gy Division 813 chaired the session
on measurement accuracy.

In the temporal measurements
session, Michael Nelson of Tektronix
(Beaverton, OR), in his presentation,
“A New Technique for Low-Jitter
Measurements Using Equivalent-
Time Sampling Oscilloscopes,” pre-
sented a new timebase technology

for equivalent-time sampling oscillo-

scopes. The technology allows low-
Jjitter measurements to be made hun-
dreds of microseconds from the
trigger position, compared to earlier
techniques that required the mea-
surements to be close in time to the

trigger. Since the new technology

provides high accuracy even with
long offsets, it can be effectively used
to observe a complete Synchronous
Optical Network (SONET) frame
without horizontal axis degradation.

Nick Paulter and Don Larson of
NIST (Gaithersburg, MD), in their
presentation, “Improving the Uncer-
tainty Analysis of NIST’s Pulse
Parameter Measurement Service,”
reported on steps being taken to
improve the organization’s measure-
ments of high-speed samplers and
oscilloscopes. The service is based on
the use of commercial 20- and 50-GHz
samplers and 20-GHz pulse genera-
tors. Analysis included measure-
ments of pulse amplitude, transition
duration, overshoot and undershoot,
and the effects of temperature on
measurement accuracy. The results
of the work include a set of equations
that describe the fundamental
dependence of the pulse parameters
on measurement variables, which
will be used with additional measure-
ments to develop a calibration proce-
dure for pulsed measurements.

Sampling techniques were also the
basis for a presentation made by
Kensuke Kobayashi and co-workers
from Teratec Corp. (Tokyo, Japan),
“A  Quasi-Coherent Sampling
Method for Wideband Data Acquisi-

tion.” The quasi-coherent sampling

method, when combined with a new
sampling system with pretrigger
capability and reduced jitter, can
dramatically improve the throughput
of wideband data acquisition (DAQ).

The presentation voted Best Paper

of the conference was given in the

Accuracy in Microwave RF Mea-
surements Session. Nick Ridler and
Martin Salter of the National Physics
Laboratory (Middlesex, England)
described preferred techniques for
analyzing measurement data in
“Evaluating and Expressing Uncer-
tainty in Complex S-Parameter Mea-
surements.” Their recommendations
are described in easily accessible ter-

minology and are based on interna- |

tionally recognized guidelines. They
describe the difficulties in attempt-
ing to apply statistical analysis to
data represented in terms of magni-
tude and phase. They recommend
performing all statistical analysis in
terms of real and imaginary compo-
nents, and reporting final results in
terms of magnitude and phase.

In the general ARFTG session,
Balaji Lakshminaraganan and Tom

- Weller from the University of South

Florida (Tampa, FL), in their presen-
tation “Experimental Results for
Parasitic Coupling and Attenuation
of Coplanar Waveguides on High
Resistivity Silicon,” unveiled a mea-
surement-based estimate for mini-
mum spacing between coplanar-
waveguide (CPW) lines on silicon.

Also in the general ARFTG ses-
sion, Krishna Naishadham of Philips
Broadband Networks (Manlius, NY)
offered a calibration technique to
compensate for the pin- and edge-
connector mismatches from vertical-
ly-mounted printed-circuit boards
(PCBs). In his presentation, “Accu-
rate Probing of RF Amplifiers Using
Vertical Interconnect Boards,” he
notes the increasing use of RF ampli-
fiers mounted on vertical PCBs for
high-speed telecommunications sys-
tems and cable-television (CATV)
systems. While these plug-in circuit
boards can save real estate on a
motherboard, they also introduce
parasitic elements and impedance
mismatches due to the plug-in pins
and edge connectors. The calibration
technique helps to correct for these
parasitic elements and mismatches,
as shown in the evaluation of a high-
gain 1-GHz amplifier.

The ARFTG conference included a
special exhibit celebrating NIST’s
100th anniversary as a federal agen-
cy. The exhibit contained artifacts,
photographs, seminal publications,
and descriptions of important NIST
contributions to RF metrology.
Keynote talks celebrating NIST’s
centennial featured Bob Kamper,
former director of the NIST Boulder
Laboratories, and Dennis Friday,
chief of the NIST Radio Frequency
Technology Division 813. The exhibi-
tion will be repeated at the upcoming
Microwave Theory & Techniques
Symposium (MTT-S) in Phoenix, AZ.

The next (57th) meeting of
ARF'TG, with a theme of “Best Prac-
tices and Strategies for RF Test,” is
scheduled for May 25, 2001 in con-
junction with the MTT-S in Phoenix,
AZ. Conference technical program
chairs are John Barr of Agilent Tech-
nologies (Santa Rosa, CA) and David
Walker of NIST. For more informa-
tion on this conference and on
ARFTG in general, visit the group’s
website at www.arftg.org.
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VNA performs measurements to 40 GHz

he ZVK vector network analyzer (VNA) per- quencies. Through this method, the analyzer achieves a dy-
@ forms S-parameter, intermodulation (IM), and  namic range better than 110 dB. At a measurement band-

mixer measurements at frequencies from 10 to
40 GHz. It performs precise linear and e
nonlinear measurements on active and
passive components in microwave- and
satellite-communication systems. It is
also ideal for measuring frequency-con-
verting devices under test (DUTSs), such #
as generators, mixers, and receiver (Rx)
subassemblies. The analyzer employs a
fundamental mixing concept, whereby
its receive section uses the fundamental =
output of the synthesizer at high fre- :

width of 10 Hz, the sensitivity ranges to
below —110 dBm. Direct access to the
generator and all four test Rxs supports
flexible configuration of external bidi-
' rectional testsets for high-performance
applications. Rohde & Schwarz
GmBH & Co., D-81671 Munchen,
Muhldorfstr. 15; +49 89 4129-
11765, FAX: +49 89 4129-13204, In-
ternet: http:/www.rohde-sch
warz.com.
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Power sensors Sector antennas span 2.4 to 2.5 GHz

measure true RMS wo sector antennas operate in the industrial-scientific-
family of passive, surface- ﬂ" medical (ISM) band from 2.4 to 2.5 GHz for base-sta-

@mount power sensors tion applications. They are ideal for use as transmit/re-
measures true root- ceive (T/R) antennas for multipoint wireless bridges, campus

mean-square (RMS) RF power connections, site links, wireless Internet, and broadband wire-
from +8 dBm (6.3 mW) to +33 dBm  less applications. The model PAWSA24-12 measures 22.0 X 4.7
(2 W), providing them with a dy- X 2.21in. (55.9 X 11.9 X 5.6 cm), weighs 2.6 1b., and features 12-
namic range of 25 dB. When RF  dBi gain. The model PAWSA24-16 measures 60.0 X 4.7 X 2.2
poweris less than +8dBm, thesen-  in. (1562.4 X 11.9 X 5.6 cm), weighs 3.9 1b., and features 16.5-dBi
sors exhibit an initial differential  gain. Both models have a return loss of 12 dB, a horizontal
offset voltage from 0 to 10 mV.  beamwidth of 95 deg., and a vertical beamwidth of 18 deg. The
Once the RF power exceeds +8  rigid, weatherproof antennas are constructed from extruded aluminum (AD
dBm, a differential voltage pro-  and are powder coated and sealed with polytetrafluoroethylene (PTFE) tape.
They can operate at temperatures ranging from -30 to +65°C. Each antenna in-
cludes 50-0) passive feeds with type-N female connectors. Pacific Wireless
Corp., 2844 Mar Vista Dr., Suite 101, Aptos, CA 95003; (831) 684-2474,
FAX: (831) 684-2494, Internet: http:/www.pacwireless.com.
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| Software tests CDPD |
on wireless devices
portional to the power level is E new suite of software tests cellular-digital-packet-data (CDPD)

added to the initial offset voltage. capabilities on wireless handsets and modems. Designed for use
Since the differential voltage out- with the model IFR 2959 advanced multimode testset, the new

put from the sensors is small, it software suite allows users to test the CDPD performance of mobile phones
must be passed through an instru- and mobile modems operating at 19.2 kb/s.
mentation-grade optical amplifier e gragrie Users can test various parameters of their
for useful power measurement. S e devices, including power levels and
The sensors are housed in 0.15%in. . ‘% = blocking rates, as well as the protocol |
(3.81°-mm) packages that are pin- | - e performance of their systems. The soft-
compatible with existing power 4 5 ware augments the 2959 testset, which it-
sensors. They draw 2 to 8 mA from self contains a full set of troubleshooting
a +5-VDC source. Barry Indus- features for Advanced Mobile Phone Service

tries, Inc., 60 Walton St., At- (AMPS) and time-division-multiple-access (TDMA) cellular-handset and
tleboro, MA 02703; (508) 226- wireless-modem testing. Its CDPD cellular modem tests include Gaussian
3350, FAX: (508) 226-3317, minimum-shift-keying (GMSK) modulation and burst power measure-
Internet: http:/www.bar ments. IFR, Inc., 10200 West York St., Wichita, KS 67215-8999;
ryind.com. (316) 522-4981, Internet: http://www.ifrsys.com.
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PE4122 PCS/3G
Receive Mixer

n 7
LO Power (dBm)

[ clear communications ICs :]

Extend the reach of your base stations with our high
linearity integrated receive mixers. Their remarkable
input IP, performance of >30 dBm will pick distant
signals out of the haze. Their integrated matching
RF and LO networks eliminate the need for bulky
mixer modules or external RF baluns. The tiny
TSSOP package is a real space saver, too. It's all
made possible by our Sapphire CMOS technology.
For details, visit our web site or call 858-455-0660.

Di ibuted by Richar orlg Electronics

ﬁmiff;ondn ot and the [6go are registered trademarks of Peregrine Semiconductor €

Actual size:
3mm x 6.4mm

Available for PCS,
3G, cellular, GSM800
and DC51800

PEREGRINE

SEMICONDUCTOR

www.peregrine-semi.com




FINANCIAL NEWS

Glohal Malaise Infects Telecom

the US are rippling around the

globe as the already-stressed
communications industry continues
to feel the ill effects of last year’s
slowdown (see “Turbulence Muddies
The Telecom Waters,” Microwaves &
RF, December 2000, p. 29). On the
same day, early last month, when

Fears of an economic recession in

networking-equipment leader Cisco
Systems reported disappointing
earnings, France Telecom had to
scale back the offering price of shares
in its Orange wireless business and

Matsushita Communication Indus-

trial Co. Ltd.—Japan’s largest cell-
phone manufacturer—projected

. poor earnings for the year ahead.

Actual Size ¢ @ &

\Y I K @ & | B DN\ Voltronics
STABILITY E

The J Series delivers unexcelled stability for
demanding applications, from wireless base
stations to CATV amplifiers, cordless phones to
pagers, heart monitors to wireless microphones.

To get all of the details, visit our web site at
www.voltronicscorp.com.

The Trimmer Capacitor Company

il
Voltronics =
INTERNATIONAL CORPORATION —
100 Ford Road = Denville, NJ 07834
973.586.8585 = FAX : 973.586.3404

e-mail: info@voltronicscorp.com

Series
Chip
Trimmer

— Gapacitors

Any model,
Lg) to
50,000 pieces...
Stock to 4
weeks!

¢ Stability of +/-1%
* Usable to over 1 GHz

* Designed for reliable
vacuum pickup

* Capacitance ranges
from 0.4 - to 40 pF
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Cisco’s well-documented problems
of 2000 stemmed from large cutbacks
in capital spending by big telecom-
munications players, such as AT&T,
WorldCom, BellSouth, and others. In
February’s earnings announcement,
Cisco also forecast slower informa-
tion-technology (IT) sales to its en-
terprise customers in manufacturing
aside from telecommunications. Ana-
lysts believe that this weakness,
showing up early in the year, could
last well into the second quarter and
beyond, assuming that the US does
not go into a recession. As occurred
earlier with the telecommunications
cutbacks, Cisco’s woes spread to its
semiconductor suppliers such as
PMC-Sierra, which saw its share
price tumble from a high of $96 a few
weeks ago to below $64. Cisco itself
closed at just over $31, a 19-percent
drop this year and approximately
two-thirds less than its 52-week high.

The huge debt problems of Euro-
pean telecommunications manufac-
turers are another sore point in the
telecommunications business, which
are now creating negative investor
sentiment. France Telecom bought
the Orange wireless unit less than a
year ago from Vodafone and hoped to
sell shares in it to the public for ap-
proximately 14 billion euros ($13.02
billion) to finance the deal. But the
public is not biting and the company
had to slash the pending offering
price to approximately half (6.5 bil-
lion euros, $6.04 billion) to attract in-
vestors. And it is not a sure thing that
investors will buy at this lower price. A
concern circulating in Europe about
wirelessis that it is experiencing a gen-
eral slowdown in new customers, and
that new mobile services for generat-
ing fresh revenue, such as Internet
connections, could be delayed.

High-technology and telecommuni-
cations worries linked to the slowing
US economy are making Japanese in-
vestors skittish. Matsushita’s poor
earnings forecast is causing many in-
vestors to reduce their exposure to the
telecommunications sector. The slump
in high-technology shares has spread
to the broader market with the Nikkei
stock index falling to a 28 month low in
early February.ee




You design VCOs...

is your phase noise on target?

rely on Harmonica

Are you confident that your VCO will meet its phase noise requirement? Will it
deliver sufficient power over the tuning range with the right amount of harmonic

suppression? Will it perform like the circuit you simulated?

Successful oscillator designs require powerful design utilities, rigorous non-linear
analysis, and comprehensive optimization. That's why many engineers are
turning to Harmonica, the most powerful high-frequency circuit design solution
available for the PC desktop. With physics-based distributed models and a robust
Harmonic Balance engine, Harmonica delivers superior speed, accuracy, power
and functionality. And as a part 0 n Ta r et
of Ansoft's Serenade Design g
Environment, Harmonica
offers seamless links to
layout, system simulation,
electromagnetics, and third-

party tools.
Get your designs on target.

Discover the difference Harmonica
makes in the design of amplifiers,
mixers, oscillators, filters, matching
networks and other components

in your wireless design

For your free evaluation copy of
Harmonica or any of the tools in A%{:}F?

high performance EDA

Ansoft's Serenade Design

i j‘i Environment call 412-261-3200 or send
;f! / e-mail to info@ansoft.com. www.ansoft.com
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Contracts

EMCORE Corp.—Announced the receipt of an addi-
tional $12 million order from Space Systems/Loral
(SS/L), based in Palo Alto, CA, for high-efficiency, triple-
junction solar cells. The solar cells will be used by SS/L to
provide power in space for advanced communications
satellites.

Andrew Corp.—Will supply WildBlue Communica-
tions, Inc, with turnkey services for twelve Ka-band
gateway systems to be deployed in WildBlue's broadband
service network across the US. The value of the contract
with WildBlue is more than $20 million. The first six Wild-
Blue gateways are scheduled for completion by the end of
2001.

ITT Industries, Avionics Division—Has been
awarded a $20.7 million low-rate-initial-production
(LRIP) contract for the CV-22 survivability suite by
Bell-Boeing.

Endwave Corp.—Has signed a three-year, multimil-
lion-dollar agreement with Allgon Microwave, a business
area of Allgon AB and a manufacturer of wireless prod-
ucts for telephony and data communications. Under the
terms of the agreement, Endwave will supply Allgon Mi-
crowave with RF transceivers for deployment in second-
and third-generation (2G and 3G) cellular networks
throughout Europe, North America, Latin America,
Asia, and Australia.

Surrey Satellite Technology Ltd. (SSTL)—Has

been awarded a further $120,000 by NASA to contribute

to SSTL’s Magnetogpheric Multiscale (MMS) mission
study—a constellation of small spacecraft to investigate
the Earth’s magnetosphere. SSTL/’s latest contract from
NASA follows on from the earlier Phase A study, suc-
cessfully completed by SSTL for NASA in September
2000, which investigated the range of suitable concepts
for an initial five-spacecraft mission. The new study
awarded to SSTL is to conduct an in-depth concept in-
vestigation of four MMS spacecraft flying in a tetrahedral
configuration to study the Earth’s magnetosphere and in-
teraction with solar radiation.

Fresh Starts

Libertel-Vodafone—Has chosen Data Distilleries’
Analytical CRM software to better manage customer re-
lations. Data Distilleries software will constitute an inte-
gral part of Libertel-Vodafone’s CRM infrastructure.

Renaissance Electronics Corp.—Announced the
signing of a manufacturer’s representative agreement
with Axel Representations Ltd. of Athens, Greece. Un-
der the terms of the agreement, Axel will market Re-
naissance’s products in Greece.

matthews/mark—Was named agency of record by
JABRA Corp., a provider of hands-free communication
products in the mobile consumer market. The agency was
hired to develop a national branding program that in-
cludes advertising, public relations, trade-show promo-
tions, and media-planning services.

Waterloo Maple, Inc. (WMI) and ENGINEER-
ING.com, Inc.—Have jointly announced the availabil-

ity of Maple-enabled solutions on ENGINEERING.com.
These solutions allow engineers, as well as students, ar-
chitects, robotics designers, and other non-engineers, to
perform complex calculations interactively using only a
browser. No additional software or plug-ins are needed to
get at the results.

Monitor Products Co., Inc.—Has signed a letter of
intent to acquire the operations of Quartztek, Inc. of
Phoenix, AZ. Terms of the transaction are not being
disclosed.

RF Micro Devices, Inc.—Announced that it intends
to develop and manufacture integrated circuits (ICs) us-
ing indium phosphide (InP), a next-generation semicon-
ductor-process technology. InP is widely viewed by in-
dustry experts as having performance characteristies
that are superior to those of existing process
technologies.

Xpedion Design Systems, Inc.—Has established a
worldwide network for sales and support of its Golden-
Gate family of RF simulation and modeling tools. The
Xpedion sales and support network consists of 11 direct
and distributor representatives in North America, Eu-
rope, Japan, Taiwan, Korea, Singapore, and India.

Symmetricom—Announced that it is providing Tele-

- phone Electronic Corp. (TEC) with synchronization for

Voice over ATM (VoATM) services. TEC offers local and
long-distance services and is the nation’s largest pri-
vately held telecom company.

Accelerated Technology, Inc. (ATI)—Announced

- that its Nucleus PLUS real-time kernel has been chosen
- by Honeywell for the Enhanced Ground Proximity Warn-
- ing System (EGPWS)—a new system that alerts pilots of

dangerous terrain. The EGPWS compares the airplane’s

location to an internal data base of the world’s terrain and
provides a display of nearby terrain features.

Merrimac Industries, Inc.—Announced the forma-
tion of a business-to-business (B2B) initiative that will al-
low all of the company’s domestic and international facil-
ities to be networked with each other and its customers
and suppliers worldwide. The initiative enables design
engineers to share data, designs, simulated performance,
design data bases, and product outlines securely with cus-
tomers through the Internet.

Avnet Asia—Launched its new Asia Regional Pro-
gramming Center in Singapore—the company’s first
center of this kind in Asia. The Avnet Regional Pro-
gramming Center will provide chip and component-pro-
gramming services to major original equipment manufac-
turers (OEMs) in Singapore and the region, where
memory devices for products such as cellular phones,
computers, and palmtops can be programmed.

Mimix Broadband—Has acquired Tadiran Mi-
crowave Network’s Australian Degign subsidiary at an
undisclosed amount. This acquisition significantly ex-
pands Mimix Broadband’s capabilities to design and de-
velop gallium-arsenide (GaAs) monolithic microwave in-
tegrated circuits (MMICs) and modules for
broadband-wireless-access applications that meet cus-

- tomer requirements.
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Industry’'s most integrated
RF transceiver/transmitter ICs.

S oo % 3% = 24
T 83 & E e« £ 82 B Single-chip solution with direct
ekl ko dion) digital synthesizer supports
LNA_GND ' rv?ﬁ"”:"hrm — DEM-VeC wide-band applications with
e . TR fixed or frequency hopping
— - = spread spectrum

- FMJFSK DEM_TANK

LNA_GND __

|_. RsSi_ouT

PAVEC __ W Integrated voltage controlled

on aur o L AMP_IN oscillator, phase-locked loop
- P Cap and adjustable power amplifier
PA_GND __ decreases board space
PLL_GND __ { . AMP_OUT
POSET — SulcAP W TRFE900 contains integrated
| DATA_OUT mixer, demodulator, data slicer

PD_OUTZ

and Received-Signal-Strength
Indicator for interface with a
microcontroller or DSP

| DATA
| cLock

PD_OUT1
LOCKDET

PLL VCC __ |__. STROBE

GND .
xosc1 L4
xoscz ||

| | I | l}

£ 2 28 g¢8s5 ¢ 3 W Operates in Europe/U.S.

FE g8 Taoge ISM-band at 850 MHz to

g g =& = 950 MHz

Current DDS Lock Time
Part Function | Consumption Output | Transmit Sr by Stardh Package | Price’ W 30-us frequency hops
Number — Power andby  Standb

Standby Active Torec” Toxmi

TRF4900 | Transmitter | 0.5pA 22mA | 7dBm | FM/FSK | N/A  500ps | 24-pin TSSOP | $1.92 B SW programmable frequency
TRF6900A | Transceiver | 0.5pA 21 mA | 45dBm | FM/FSK | 600us 500 s | 48-pin POFP | $4.55 settings

"Price is per device in quantities of 1,000.

The ISM-band TRFB900 transceiver and the TRF43900 transmitter from Texas Instruments utilize cutting-edge B 22-Vto 3.6-V operation ensures
technology to bring you the integration and low-power operation that your RF designs require. The TRF6900 and low power consumption

the TRF4900 include a fully programmable direct digital synthesizer (DDS) for fast, accurate frequency hopping.
The small size, low power consumption and fast standby to transmit operation (500 ps) make these RF compo-
nents ideal for battery-powered applications. From security systems and toys to utility metering devices and
home automation, TI's integrated RF transceiver and RF transmitter ICs are the perfect fit.

B No external adjustments required

Contact us to request:

% | doveliht www.tl.com/sc/nowire
| application notes
A0 pin PO e | MSP-TAEG900 data sheets +44 - 1604 - 66 33 99

shown actual size ;
evaluation
module product brochure
* Pawer amplifier at 20 dB attenuation. The red/black banner is a trademark of Texas Instruments. 1621-11P MSDS10584E P
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ANTENNAS!

Interchangeable
Prime Focus
Antenna Feeds

Seavey Engineering
ANTENNA DEVELOPMENT
& MANUFACTURING

offers:
* Wide Standard Product Line
Catalog (Available Online!)
* Design/Development
* Antenna Testing Services
¢ Manufacturing
* Consulting Services
Products Available For:
* AN *PCN/PCS
* Mobile Satellite e Satellite Audio
e Cellular

¢ Military Satcom
e Surveillance ¢ Inmarsat
* Satellite Uplinks ¢ Navigation

g
Seavey Engineering Associates, Inc.
S S—
28 Riverside Drive
Pembroke, MA 02359
Phone (781) 829-4740
Fax (781) 829-4590

E-Mail: info@seaveyantenna.com

Visit our Web site
www.seaveyantenna.com

CONTACT US FOR
YOUR SPECIAL
ANTENNA
REQUIREMENTS
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PEOPLE

Barry Industries, Inc.—Ronald
H. Sehmidt to vice president of engi-

neering and technology; formerly

principal engineer at M/A-COM.

dover, MA; formerly a partner and
president of I Squared, Inc.

GOMRICK

HAYES

VertexRSI—Richard D. (Rich)
Gomrick to director for Southeast re-
gion national accounts for the Group
Sales organization; formerly respon-
sible for national product sales at An-
drew Corp.

SaRonix—Pat Lawlor to CFO;
formerly senior financial manager at
Aerojet Fine Chemicals.

Telelogic AB—Cris Kobryn to
chief technologist for its Product De-
velopment Division; formerly chief
technologist for EDS’s E.solutions.

Motorola, Inc. and Cisco Sys-

tems, Inc.—Yuval Bloch of Motoro-
la to president and general manager
of Invisix™, a joint venture between
Motorola and Cisco; formerly presi-
dent and general manager for the

Telecom Carrier Solutions Group in

Israel.

Schema Ltd.—Shai Farkash to
vice president of research and devel-
opment (R&D); formerly director of
product development for TTI-
Telecom.

Hansen to CEQO; formerly president
and COO. Also, Jay R. Grove to vice

president and general manager for

EMS Space & Technology Group—
Atlanta; formerly director of Mobile
SATCOM Systems for ViaSat, Inc.

Falarion Technologies—Dr.
Andrew (Andy) Viterbi to the board
- turing; formerly director of manufac-
. turing engineering.

of directors; formerly vice chairman
of Qualcomm, Inc.

w-Technologies—Frank Zam-
mataro to chief marketing officer;
formerly first vice president of e-In-

- vestments and e-Alliances in Merrill

American Microsystems, Inc.
(AMI)—Steve Hayes as director of
Eastern area sales, located in An- |
- merly manufacturing manager for

Lynch’s Private Client Group.
CMC Wireless—Gabriel Carras-
co to vice president of operations; for-

the aluminum-nitride (AIN) product

_ line.

Kathrein, Inc., Scala Divi-

~ sion—Danette (Daniela) Hovland to

the customer service department;
formerly employed in the Ashland,
OR school district. Also, Harry
Ekelund to marketing manager; for-
merly marketing manager at
Richard Hirschmann of America.

Vitesse Semiconductor
Corp.—Chris Gardner to vice presi-
dent and COQ; formerly vice presi-
dent and general manager of the
Telecom Division.

Agilent Technologies—Peter
Sahjani to product manager of galli-
um-arsenide (GaAs) products in the
RF Business Unit, Wireless Semi-
conductor Division; formerly direc-
tor of internal sales and marketing
for the Filtronic Solid State Group.

SAHJANI

GAFFNEY

ITT Industries, Avionics Divi-
sion—Steven F. Gaffney to presi-
dent and general manager; formerly
vice president and director of

. programs.
EMS Technologies—Alfred G.

Integration Associates—Jan
Nilsson to vice president of market-
ing; formerly director of marketing
for Vishay Intertechnology, Inc.’s
Siliconix power integrated-circuit

- (IC) and Telefunken infrared (IR)
 data-communications business units.

RF Monolithics, Inc.—Jon S.
Prokop to vice president of manufac-
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The IFR 2029 Vector Modulator tests
systems in a variety of wireless formats
including 2G, 2.5G and 3G, WCDMA,
EDGE, GSM and 1S95.

web: www.ifrsys.com

fde -can do.

Introducing the 2029 vector modulator from IFR

Now, any analog source can generate a digitally modulated carrier. Just add the 2029.
Instantly, you’ll have a cost-effective, production-ready solution for testing wireless

tems. Your investment in analog sources is alive and well, and you compromise
nothing. Understanding your needs and meeting those needs — that’s the idea
behind all TFR signal sources. IFR’s portfolio of signal sources covers frequencies
ranging from 9 kHz to 5.4 GHz. Plus, each and every IFR signal source features

excellent phase-noise and exceptionally high output power. Get to know IFR. Call us

or visit www.ifrsys.com/kit to get your free IFR Signal Sources brochure, a 2029

data sheet and application note. IFR — Advancing Wireless Test

Enter No. 224 at www.mwrf.com

email: sales@ifrsys.com voice: (888) IFR-TEST I



ONE STC

SHOPPING

. for all your

including

Iti-layer & Hybrid Circuit
Boards

1SO-9002 CERTIFIED

MODULAR COMPONENTS
NATIONAL, INC.
2302 Industry Court, PO Box 453,
Forest Hill, MD 21050
978/ 879-6553 Fax: 410/ 838-7629
E-mail: sales@mcn-mmpce.com
WwWwwancn.com

MARYLAND MPC L1.C
81 Old Ferry Road, Lowell, MA 01854
978/ 452-9061 Fax: 978/ 441-0004
E-mail: sales@mcn-mmpc.com

www. mcn.com

EDUCATIONAL MEETINGS

Short Courses

Migrating to High-Performance
LANs

April 3-6 (Washington, DC)

Learning Tree International

1805 Library St.

Reston, VA 20190-5630

(800) 843-8733, FAX: (800) 709-6405

Internet: http://www.learningtree.com

IP Over Wireless Broadband

April 4-6 (Boston, MA)

Global Knowledge

9000 Regency Pkwy., Suite 500

Cary, NC 27511

(800) Courses, FAX: (919) 461-8646

Internet: http://am.globalknowledge.com

Phase-Locked Loop (PLL) Systems

April 5-7 (San Francisco Airport, San
Francisco, CA)

University of California-Berkeley

Continuing Education in Engineering

Berkeley, CA 94720

(510)642-4111, FAX: (510) 642-0374

Internet: http:/www.unex.
berkeley.edw/enroll.

Planning and Implementing Point-to-
Point Microwave Radio Systems

April 9-11 (Orlando, FL)

Dept. of Engineering Professional
Development

University of Wisconsin-Madison

Madison, WI 53706

(800) 462-0876, FAX: (608) 263-3160

e-mail: custserv@epd.engr.wisc.edu

Internet: http://epd.engr.wisc.edu

Understanding Wireless
Technologies for Non-Engineers

April 10-11 (McLean, VA)

TeleStrategies, Inc.

P.O. Box 4109

McLean, VA 22103

(703) 734-2600, FAX: (703) 556-3959

Introductory RF and Microwaves

RF Power Amplifiers, Classes A
through S

April 19-20 (Baltimore, MD)

R.A. Wood Associates

1001 Broad St.

Suite 450

Utica, NY 13501

(315) 735-4328, FAX: (315) 735-4217

e-mail: RAWood@rawood.com

Internet: http://www.rawood.com.

Meetings

Embedded Systems Conference—San
Francisco

April 9-13 (Moscone Center, San Francisco,
CA)

CMP Media, Inc.

(415) 278-5260, FAX: (415) 278-5390

e-mail: esc@cmp.com

IMAPS Advanced Technology
Workshop on Thermal
Management for High-Performance
Computing and Wireless
Applications

April 20-21 (Sheraton Palo Alto Hotel, Palo
Alto, CA)

International Microelectronics and
Packaging Society (IMAPS)

General Chair: Dave Saums

Power Devices, Inc.

Newburyport, MA

(978) 499-4990

e-mail: dsaums@msn.com

Telecom Middle East 2001

April 24-28 (Beirut, Lebanon)

International Fairs & Promotions

Beirut, Lebanon

961-1-263421/2, FAX: 961-1-261212

e-mail: ifp@ifp.com.lb

Internet: http://www.ifp.com.lb

Military Electronics Show

April 25-27 (Baltimore Marriott Waterfront
Hotel, Baltimore, MD)

Penton Media, Inc.

Hashrouck Heights, NJ 07604

(888) 947-3734, FAX: (201) 393-6297

e-mail: lwilezynski@penton.com

Internet: http:/military
electronicsshow.com

2001 International Reliability
Physics Symposium

April 30-May 3 (Wyndham Palace Resort at
Disneyworld, Orlando, FL)

Institute of Electrical and Electronics
Engineers (IEEE)

Anthony S. Oates, General Chair

Lucent Technologies

Orlando, F'L 32819

(407) 371-7536, FAX: (407) 371-7639

e-mail: AOATES@Lucent.com

2001 IEEE Radar Conference

May 1-3 (Westin Hotel Perimeter, Atlanta,
GA)

IEEE, Aerospace and Electronic Systems
Society (AESS) and the IEEE Atlanta
Section

Dr. Mark Richards, Conference Chair

(770) 528-T758

Internet: http://www.atlaessgrss.
org/radarcon2001

Call for Papers
2001 IEEE GaAs IC Symposium
October 21-24 (Baltimore, MD)
Institute of Electrical and Electronics

Engineers (IEEE)

Mitch Shifrin, Publications Chair
Hittite Microwave Corp.
Chelmsford, MA 01824
(978) 250-3343, FAX: (978) 250-3373
e-mail: mitchs@hittite.com
Internet: http://www.hittite.com
Deadline for abstracts: April 18
Mary Clemente
2001 IEEE GaAs IC Symposium
445 Hoes Lane

. Piscataway, NJ 08855
- (732) 562-5350, FAX: (732) 981-1203
. e-mail: m.e.clemente@ieee.org
51st Annual Broadcast Symposium

Date and place to be announced
IEEE Broadcast Technology Society

- Mary Clemente
IEEE Travel & Conference Management

Services
Piscataway, NJ 08855-1331

- (732) 562-5350, FAX: (732) 981-1203

e-mail: m.e.clemente@ieee.org
Deadline for abstracts: May 1
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The future for high performance frequency control products
for the communications industry just got brighter.

Introducing Corning Frequency Control.

As a catalyst for innovation for almost 150 years, Corning knows a
good thing when it sees one.

In Oak Frequency Control, Corning found a world leader in the
manufacture of crystal-based frequency control products for the data

communications and telecommunications industries, including
OCXOs, TCXOs, and VCXOs.

Together they have formed Corning Frequency Control,

And together they will fuel the flame of discovery with curiosity,
inspiration and imagination.

CORNING

corningfrequency.com Discovering Beyond Imagination

©2000 Corning Freque
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" The world leader Ly
in VCO and PLL technology.

Patented high-performance, low-noise CLV VCOs.

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

Part
Number

Maximum Minimum
Start Freq. Stop Freq.

(MHz)

(MHz)

Tuning
Voltage
(vdc)

Tuning

Sensitivity

(MHz/V)

Phase Noise

@10 kHz
{dBc/Hz)

Harmonic
Suppression
(dBc)

Supply
Voltage
{Vdc, nom.)

Supply
Current
(mA, typ.)

CLVO815E
CLVO9S50E
CLVO915A
CLV1085E
CLV1385E
CLV1550E
CLV2465E

806

865

902
1050
1370
1500
2436

824
1035
928
1086
1400
1600
2496

0.5-4.5
1-10
0-4
0.5-4.5
0.5-4.5
0.5-5.0
1-4

K
27
17
21
18
44
26

-113
-114
-108
=112
-110
-106
-107

-35
-11
-30
=20
-20
-35
-20

5.0
5.0
3.0
5.0
5.0
5.0
5.0

11

MINI - 0.5"x0.5"x0.22"

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

Part
Number

Maximum Minimum
Start Freq. Stop Freq.

(MH2z)

(MHz)

Tuning
Voltage
(vdc)

Tuning

Sensitivity

(MHz/V)

Phase Noise

@10 kHz
(dBc/Hz)

Harmeonic
Suppression
(dBc)

Supply
Voltage
(Vde, nom.)

Supply
Current
{mA, typ.)

SMVO162A
SMV1570L
SMV2165A
SMV2390L
SMV2660L

125
1540
2118
2290
2620

200
1600
2218
2485
2700

0.7-8.3

0.5-2.5
0-3
0-4

0.5-4.5

12
128
148
116

90

-100
-90
-91
-90
-91

-6
-15
-10
=11
-17

5.0
2.7
3.3
5.0
5.0

36

9
16
16
21

Another first - the world’'s smallest VCO!

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

Part
Number

Maximum  Minimum
Start Freq. Stop Freq.
(MHz2) (MHz)

2300 2360

Phase Noise
@10 kHz
(dBc/Hz)

-83

Power
Qutput
(dBm)

0+3

Tuning
Voltage
(vdo)

0.5-2.5

Harmaonic
Suppression
(dBc)

-15

Supply Supply
Voltage Current

(Vdc, nom.) (mA, typ.)
2.7 8

USSP2330

Higher integration PLL solutions.

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

Part
Number

Start Freq. Stop Freq.

(MHz)

(MHz)

Step Size
(kHz)

Int. Phase Phase Noise

Noise
('RMS)

at 10kHz
(dBc/Hz)

Qutput
Power
(dBm)

Supply
Voltage
(vde)

Supply
Current

PLLO210A
PLLO930A
PLLT260A
PLLT456A
PLL2710A

200
900
1230
1420
2670

230
960
1290
1490
2740

100
100
1000
1000
1000

0.50
0.75
0.75
0.75
1.25

-105
-101
-102
-103

-98

3.5%2.5
3+2
142
1+2
1+4

+5
+5
+5
+5
+5

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

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

F

Z~Communications, Inc.

9939 Via Pasar « San Diego CA 92126
Telephone: 858-621-2700 « Fax: 858-621-2722

www.zcomm.com ¢ sales@zcomm.com
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Boosting

bandwidth
and gain of
gyro-TWTs

Creating an
accurate picture
of near-field
radiation
patierns

Analyze a
compact patch
antenna with
C-shaped slot

Gyro-traveling-wave tubes (gyro-TWTSs) are vacuum-electronic devices capable of
high output-power levels at millimeter-wave frequencies. Work performed by Mukul
Agrawal, G. Singh, P.K. Jain, and B N. Basu at the Centre of Research in Microwave
Tubes, Dept. of Electronics Engineering, Institute of Technology, Banaras Hindu Uni-
versity (Varanasi, India) has focused on optimizing the beam and background mag-
netie-field parameters of these devices through vane loading. The researchers consid-
ered two schemes for two-section vane loading of a gyro-TWT, using twoidentical vane
depths at different vane angles, as well as using different vane depths. For the ap-
proach with different lengths, one of the vane sections is slightly “detuned” from syn-
chronism so that the beam-mode dispersion line intersects the waveguide-mode dis-
persion curve at two different points. This results in a gain-frequency response for the
vane section with two peaks corresponding to the two intersecting points. By similarly
tuning the second section and controlling the lengths of the sections, the gains of the
individual sections can be controlled. The gains of the individual sections are added to
create a wideband device with high gain, compared to a single-stage device. See “Two-
Stage Vane Loading of Gyro-TWTs for High Gains and Bandwidths,” Microwave and
Optical Technology Letters, November 5, 2000, Vol. 27, No. 3, p. 210.

Mathematical representations are commonly used to analyze and predict antenna
near-field radiation patterns. But attempts to visualize the physical radiation patterns
and energy flow around an antenna often fall short due to the difficulty of associating
physical phenomena with mathematical formulas. However, work performed by E.K.
Miller and F.J. Deadrick of Santa Fe, NM attempts to clarify the physical picture of
radiation around a dipole and to provide a more interpretable perspective of the radi-
ation process. Their work involves the use of computer graphics to display the dipole
field quantities in enough detail that an observer can relate a mathematical descrip-
tion of the phenomena to physical behavior. The researchers present near-field plots
of Poynting’s vector and electric- and magnetic-field intensities, all computed for a
half-wavelength thin wire which is excited as a radiator or scatterer. The field distri-
butions were computed from a method-of-moments (MoM) solution for time-harmonic
excitations, and are displayed as a function of time to show the ebb and flow of the
fields near the wire. Within their article, the presenters (who can be reached by e-mail
at emiller@ieee.org or fdeadrick@home.com) offer a Macintosh computer disc of pro-
grams that display various field solutions. See “Visualizing Near-Field Energy Flow
and Radiation,” IEEE Antennas and Propagation Magazine, December 2000, Vol. 42,
No. 6, p. 46.

Microstrip patch antennas are attractive due to their good performance, small size, and
light weight. They can be made to conform to a variety of shapes, and are well-suited for
personal-communications-services (PCS) handsets. Jun-Hai Cui, Shun-Shi Zhong, and
Chun Yu from the Dept. of Communications Engineering of Shanghai University (Chang-
hai, China) recently reported on their analysis of a microstrip patch antenna with a C-
shaped slot using the finite-difference-time-domain (FDTD) method. The antenna stud-
ied was etched on a substrate with a relative dielectric constant of 2.2 and thickness of
1.575 mm. The patch antenna had length of 22 mm and width of 1.5 mm, fed by a coaxial
probe with a radius of 0.5 mm. The rectangular-mesh and the conformal FDTD methods
were used to study the characteristic impedance of the coaxial transmission-line probe
used with the antenna, and the rectangular-mesh approach was used for the study of the
antenna. The analysis of the antenna, based on a study of return loss, showed a resonant
frequency of approximately 1.48 GHz, with a bandwidth of 2.2 percent based on an anal-
ysis of the 10-dB return loss. A similar-sized antenna without the C-shaped slot yielded
aresonant frequency that was considerably higher, at approximately 4.3 GHz. The length
of a conventional microstrip antenna operating at 1.48 GHz would be approximately 66.8
mm, with a bandwidth of approximately 1.4 percent based on its 10-dB return loss. These
studies show that the patch antenna with a C-shaped slot is approximately 67 percent
smaller than a conventional microstrip antenna at the same frequency. See “FDTD Anal-
ysis of a Compact Microstrip Antenna with a C-Shaped Slot,” Microwave and Optical
Technology Letters, November 5, 2000, Vol. 27, No. 3, p. 210.
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AFS3-01000200-15-TC-6
AFS2-02000400-15-TC-6
AF83-02000400-15-TC-6
AFS2-04000800-20-TC-2
AFS3-04000800-18-TC-4
AFS82-02000800-40-TC-2
AFS3-02000800-30-TC-4
AFS2-08001200-30-TC-2
AFS3-08001200-22-TC-4
AFS4-12001800-30-TC-8
AFS4-06001800-35-TC-6
AFS6-06001800-35-TC-8
AFS4-02001800-45-TC-5

Note: All specifications guaranteed -54 to +85°C.
Many other frequencies, noise figures and gain windows are available.

AFS4-00050100-25-25P-6
AFS83-00100100-23-25P-6
AFS3-00100200-25-27P-6
AFS3-00100300-25-23P-6
AFS3-00100400-26-20P-4
AFS84-00100600-25-20P-4
AFS4-00100800-28-20P-4
AFS4-00101200-40-20P-4
AFS4-00501800-60-20P-6
AFS5-00102000-60-18P-6
AFS3-01000200-20-27P-6
AFS3-02000400-30-25P-6
AFS3-04000800-40-20P-4
AFS4-08001200-50-20P-4
AFS6-12001800-40-20P-6
AFS6-06001800-50-20P-6
AFS4-02001800-60-20P-6

8-12
8-12
12-18
6-18
6-18
2-18

WA~ N

- b o OV

IS

.16
.1-8
1-12
.5-18
120
-2
2-4
4--8
8-12
12-18
6-18
2-18

36-40
22-26
22-26
18-22
26-30
14-19
22-27
12-16
24-28
22-26
22-26
30-34
18-24

1.00
1.00
1.00
1.00
1.00
1.50
1.50
1.00
1.00
1.00
1.00
1.00
1.50

1.50
2.00
1.50
1.50
1.50
1.50
1.50
1.50
2.75
3.00
1.50
1.50
1.00
1.25
2.00
2.00
2.50

“Noise figure degrades below 100 MHz. Please consult factory for details.

Note: Noise figures increase below 500 MHz in bands wider than .1-10 GHz.

2.0:1
2.0:1
2.0:1
2.0:1
2.0:1
2.0:1
2.0:1
221

2.0:11
2.5:1
2.01
2.01
2.0:1

2.011
2.0:11
2.51
2.5:1
2.0:1
2.01
2.0:1
2.0:1
2.0:1
2.0:1
2.5

2.5:1
2.5:1
2.5:1
2.5:1
2.0:01

2.0:1
2.0:1
2.5:1
2.5:1
2.0:1
2.0:1
2.0:1
2.0:1
2.0:1
2.0:1
2.0.1

+5

+5
+5
+8
+5

+25
+25
+27
+23
+20
+20
+20
+20
+20
+18
+27
+25
+20
+20
+20
+20
+20

125
125
125
100
150
100
150
100
150
250
250
400
175

325
280
300
300
250
300
300
300
350
360
350
250
200
200
375
365
350

This is only a small sample of our extensive list of standard catalog items.
Please contact Dave Krautheimer at (631) 439-9413 or e-mail dkrautheimer@miteq.com
for additional information or to discuss your custom requirements.

100 Davids Drive, Hauppauge, NY 11788
TEL.: (631) 436-7400 « FAX: (631) 436-7430

v T=cy

www.miteg.com



Frequency  Gain Gain Noise VSWR VSWR Output Power Nom.

Model Range (Min.) Flatness Figure Input  Output @ 1dB Comp. DC Power
Number (GHz) (dB) (+dB) (dB, Max.) (Max.) (Max.) (dBm, Min.) (+15V, mA)

MODERATE BAND AMPLIFIERS

AFS2-00700080-05-10P-4 7-8 30 0.50 0.45 1561 1.6:1 +10 90
AFS2-00800100-05-10P-4 8-1 30 0.50 0.45 1.5:1 1.5:1 +10 90
AFS3-01200160-05-13P-6  1.2-1.6 40 0.50 0.45 1.61 1.6:1 +13 150
AFS3-01400170-05-13P-6  1.4-1.7 40 0.50 0.45 1.5 1.5:1 +13 150
AFS3-01500180-04-13P-6  1.5-1.8 40 0.50 0.40 1.6:1 1.5:1 +13 150
AFS3-01500250-06-13P-6  1.5-2.5 36 0.50 0.60 2.0:1 2.0:1 +13 150
AFS3-01700190-04-13P-6  1.7-1.9 36 0.50 0.40 1.5:1 1.5:1 +13 150
AFS3-01800220-05-13P-6  1.8-2.2 36 0.50 0.50 1.5:1 1.5:1 +13 150
AFS3-02200230-04-13P-6  2.2-2.3 36 0.50 0.40 1.6:1 1.5:1 +13 150
AFS3-02300270-05-13P-6  2.3-2.7 34 0.50 0.45 1.5:1 1.6:1 +13 150
AFS3-02700290-05-13P-6 2.7-2.9 32 0.50 0.50 1.56:1 1.5:1 +13 150
AFS3-02900310-05-13P-6  2.9-3.1 32 0.50 0.45 1.5:1 1.5:1 +13 150
AFS83-03100350-06-10P-4  3.1-3.5 29 0.50 0.6 1.5:1 1.5:1 +10 150
AFS4-03400420-06-13P-6  3.4-4.2 40 0.50 0.60 1.51 1.51 +13 225
AFS3-04400510-07-5P-4 4.4-5.1 30 0.50 0.70 1.5:1 1.5:1 +5 100
AFS§3-04500480-07-5P-4 45-4.8 30 0.50 0.70 1.6:1 1.5:1 +5 100
AFS83-05200600-07-5P-4 5.2-6 30 0.50 0.70 1.5:1 1.5:1 +5 100
AFS3-05400590-07-5P-4 5.4-5.9 30 0.50 0.70 1.5:1 1.5:1 +5 100
AFS83-05800670-07-5P-4 5.8-6.7 30 0.50 0.70 1.5:1 1.5:1 +5 100
AFS3-07250775-06-5P-4  7.25-7.75 30 0.50 0.60 1.6:1 1.5:1 +5 100
AFS3-07900840-07-5P-4 7.9-84 30 0.50 0.70 1.611 1.5:1 +5 100
AFS4-08500960-08-5P-4 8.5-9.6 32 0.75 0.80 1.5:1 1.5:1 +5 125
AFS3-09001100-09-5P-4 9-11 26 0.50 0.90 1.5:1 1.5:1 +5 100
AFS4-09001100-09-5P-4 9-11 32 0.75 0.90 1.5:1 1.5:1 +5 125
AFS4-10951175-09-5P-4  10.95-11.75 32 0.75 0.0 1.5:1 1.5:1 +5 125
AFS4-11701220-09-5P-4 1.7-12.2 32 0.75 0.90 1.51 1.51 +5 125
AFS2-12201280-10-8P-4  12.2-12.8 14 0.75 1.00 1.5:1 1.5:1 +8 80
AFS4-12201280-10-12P-4  12.2-12.8 27 0.75 1.00 1.5:1 1.5:1 +12 200
AFS4-12701330-13-10P-4  12.7-13.3 27 0.756 1.30 1.56:1 1.5:1 +10 175
AFS4-13201400-14-10P-4  13.2-14 24 0.75 1.40 1.5:1 1.51 +10 175
AFS54-14001450-14-10P-4 14-14.5 24 0.75 1.40 1.5:1 1.5:1 +10 175
AFS4-20202120-20-8P-4  20.2-21.2 20 1.00 2.00 1.5:1 1.5:1 +8 175
AFS4-21202400-22-10P-4  21.2-24 18 1.00 22 2.0:1 2.0:1 +10 100

OCTAVE BAND AMPLIFIERS

AFS3-00120025-09-10P-4 38 0.50 0.9 2.0:1
AFS3-00250050-08-10P-4 .25-.5 38 0.50 0.8 2.01 2.0:1 +10 125

AFS3-00500100-05-10P-6  .5-1 38 0.75 05 2.0:1 2.0:1 +10 150
AFS3-01000200-05-10P-6  1-2 38 1.00 05 2.0:1 2.0:1 +10 150
AFS3-01200240-05-10P-6 1.2-2.4 34 1.00 05 2.0:1 2.0:1 +10 175
AFS3-02000400-06-10P-4  2—4 30 1.00 06 2,001 2.0:1 +10 125
AFS3-02600520-10-10P-4 2.6-5.2 28 1.00 1.0 2.0:1 2.0:1 +10 150
AFS3-04000800-07-10P-4  4-8 30 1.00 0.7 2.0:1 2.0:1 +10 125
AFS3-08001200-09-10P-4  8-12 26 1.00 0.9 2.0:1 2.0:1 +10 125
AFS3-08001600-15-8P-4 8-16 26 1.00 1.5 2.0:1 2.0:1 +8 80
AFS4-12002400-25-10P-4  12-24 20 2.00 25 2.0:1 2.0:1 +10 85
AFS4-12001800-18-10P-4  12-18 26 1.00 1.8 2.0:1 2.0:1 +10 125
AFS4-18002650-28-8P-4  18-26.5 18 1.75 28 251 2.2:1 +8 150
MULTIOCTAVE BAND AMPLIFIERS

AFS1-00040200-12-10P-4 .04-2 15 1.50 1.2 251 2.0:1 +10 75
AFS3-00300140-08-10P-4  .3-1.4 33 1.00 08 2.0:1 2,01 +10 150
AFS2-00400350-12-10P-4  .4-3.5 22 1.50 1.2 2.0:1 2.0:1 +10 80
AFS$3-00500200-08-15P-4  .5-2 38 1.00 0.8 2.0:1 2.0:1 +15 125
AFS3-01000400-09-10P-4  1-4 30 1.50 0.9 2.0:1 2.0:1 +10 125
AFS3-02000800-09-10P-4  2-8 26 1.00 0.9 2.0:1 2.0:1 +10 125

; AFS4-02001800-23-10P-4  2-18 25 2.00 23 2011 201 +10 175
g ) AFS4-06001800-22-10P-4  6-18 24 2.00 22 2.0:1 2.0:1 +10 150
MGULELIRER | AFS4-08001800-22-10P-4  8-18 26 2.00 22 2.0 52000 +10 150
i AFS3-00100100-09-10P-4  .1-1 38 1.00 0.9 2.0:1 2.0:1 +10 150
= .| AFS3-00100200-10-15P-4 .1-2 38 1.00 1.0 2.01 2.0:1 +15 150
NUOH| AFS3-00100300-11-10P-4  .1-3 32 1.00 1.1 201 2.0:1 +10 150
1S0 9001 | AFS3-00100400-13-10P-4  .1-4 28 1.00 1.3 2.0:1 2.0:1 +10 150
mesmwewess ||| AFS3-00100600-13-10P-4 .1-6 28 1.25 1.3 2.0:1 2.0 +10 125
AFS3-00100800-14-10P-4  .1-8 25 1.50 1.4 2.0:1 2.0:1 +10 125
AFS4-00101200-22-10P-4  .1-12 28 1.50 22 2.0:1 2.0:1 +10 175
AFS4-00101400-23-10P-4  .1-14 24 2.00 23 2.5:1 2.5:1 +10 200
AFS4-00101800-25-10P-4  .1-18 25 2.00 25 2511 25:1 +10 175
AFS54-00102000-30-10P-4  .1-20 20 2.50 3.0 2511 2.5:1 +10 175
AFS4-00102650-40-8P-4  .1-26.5 8 2.50 40 25:1 2.5:1 +8 175

\\Note: Noise figure increases below 500 MHz in bands greater than 0.1-10 GHz. j
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DESIGN FEATURE

GPS Capability

Adding GPS To CDMA
Mobile-Telephone
Hand se‘s Technology advances, such as compact semi-

conductor-based filters, make it possible to
compactly and cost-effectively add GPS
location capability to CDMA mobile units.

Raymond J. Hasler IRELESS telephones provide a convenient and reliable method
Senior Member of communication. But they can also provide a lifeline during
of the Technical Staff times of emergency. A mobile telephone, when equipped with

Global-Positioning-System (GPS) capability, can serve as an
invaluable tool as part of the enhanced-911 (E-911) emergency service in
the US. Adapting existing code-division-multiple-access (CDMA) handset
architectures to also provide GPS is a matter of intelligent design and

Wireless Semiconductor Div.,
Agilent Technologies, Inc.,
Bridge House, 5 Brants Bridge,
Bracknell Berkshire RGI129BG,

United Kingdom; (44) 1344 479112,
e-mail: ray_hasler@agilent.com,
Internet: http://www.agilent.com/
view/rf.

applying available advances in filter technology.

In 1999, the number of 911 emer-
gency calls placed from mobile tele-
phones in the US numbered 118,627 a
day.! All 911 emergency calls are
routed to a public-safety answering
point (PSAP), where the operator
dispatches the appropriate service

nications Commission (FCC) rules
have been widely implemented and,
as a result, PSAP operators immedi-
ately know the location of a private
wire-line call.

1. By switching off the SA feature in GPS, a high level of accuracy is now

available to civilian users.

However, PSAPs can only deter-
mine the most general location of a
wireless caller—such as the cell site
or cell-sector area. Thus, PSAP dis-
patchers need to question all wireless
callers to determine their exact loca-

- tion before any help can be sent.
amongst those closest to the incident.
For wire-line calls, Federal Commu- |

Approximately 60 to 70 percent of
all fatal car crashes occur in rural
areas which take emergency services
longer to reach.? In a comment to the
FCC, it was stated that, “It is esti-
mated that 25 percent of wireless 911
callers are unsure of where they
are.”” Such problems are greatly

160 i | [ | | compounded when a county’s 911

120 Horizontal error (m) — ~ System can include 18 PSAPs, 42 fire

e 80 i Vertical error (m) |  districts, and 27 police departments.3

I In order to address these public-

B 40 safety location issues, the FCC

w 0 e el ¥te=. | released a new revision of the rules

8 _40 covering E-911 services on October

g | U 6, 1999." Within the rules document,

£ -80 | the use of GPS technologies is specif-
= -120 SPS CEP after transition: 2.8 m ™~ | : ically mentioned. .

160 SPS SEP after transition: 4.6 m— | “Recent developments in GPS ser-

_ou | | | ' | ) - vice have made the use of GPS more

0 1 2 3 4 5 6 7 8 g 7p] attractive _for incorporation into

Time of day—h (UTC) fl.ltU.I‘“e- mobl_le handsets. The most

- significant improvement was the

. switching off of sglective availability
. (SA)in May 2000.” SA was controlled
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GPS Capability

by varying the navigation-message
orbit-data parameter (epsilon) and/or
dithering the satellite clock frequen-
cy. By switching off SA| civilian users
have access to greater accuracy.
Another GPS improvement,
announced by former Vice President
Al Gore,® was the future addition of a
second coarse/acquisition (C/A) code
signal at 1227.60 MHz for civilian
users. The second C/A code signal
provides greater flexibility for
mobile-telephone designers to imple-
ment GPS circuits over a wider range
of user frequencies. While the FCC
rules support “handset” or “net-
work™ location technologies, this arti-
cle mainly considers handsets, and
primarily those employing

will dominate Rx errors. Tonospher-
ic errors contribute between 9.8 and
19.6 m” user-equivalent range error
(UERE). If measurements are made
using dual-frequency L1/L2 Rxs, the
ionospheric-error contribution can be
reduced to approximately 4.5 m.?
Typical L1 C/A code Rxs will now
provide two-dimensional (2D) posi-
tion solutions of approximately 10 m
95 percent of the time.

Figure 1 shows the accuracy
improvement for a civil standard-
positioning-service (SPS) Rx as time
transitioned through the SA switch
off.” [Note that CEP refers to circu-
lar error probable, since a circle’s
radius contains 50 percent of the

the CDMA telecommunication sys-
tem. Since both systems operate in
the CDMA mode (all GPS satellites
transmit on the same frequency but
with a different Gold code assigned to
each satellite), it is clear that no com-
pletely new engineering concepts
need to be added to the mobile
modem DSP in order to decode GPS ‘
spread-spectrum signals. Manufac-
turers of the modem/DSP chips have
indicated that future chips will sup-
port GPS.

Figure 3 shows the first stages of
the RF-to-intermediate-frequency
(IF) downconverter. One of the most
expensive parts is the surface-acous-
tic-wave (SAW) IF filter. For GPS,

the C/A code RF signal is

CDMA technology—the

o " . |Antenna RF-to-IF

ﬂt?;rtf;:gldly growing air | < l_-——> converier
CDMA networks employ Duplexer

dynamic transmitter (Tx)  PA | 'F"“'H:
power control, which re- apcanverter *_l
duces a mobile unit’s trans- ~ User- :
mitted power when close to interface e Mobile modem | DSP
a base station. This can keypad, etc.
reduce a mobile unit’s trans-

Loudspeaker

Microphone

spread over a 2.046-MHz
bandwidth null-to-null.” GPS
Rxs typically use a 2-MHz IF
filter to preserve the down-
converted code bandwidth. ‘
To add an additional 2-MHz-
wide IF filter and a switch (if
using the existing downcon-
verter) means adding sever- ‘
al extra parts, all of which

mitted power to the point
where it can only be re-
ceived by the closest base
station. Many network-based loca-
tion systems use triangulation meth-
ods, and must receive the mobile
unit’s signal at more than one station.
For this reason, CDMA position loca-
tion has been considered challenging.
But due to improvements in GPS
positioning accuracy, and because
GPS is also a CDMA system, the
inclusion of GPS as an alternative
location system in CDMA handsets is
gaining support.

For handset-based technologies
(e.g., GPS in a CDMA telephone) to
meet the location accuracy require-
ments of the FCC rules, it is neces-
sary to locate 67 percent of mobile
911 calls to within a radius of 50 m
(164 ft.) and 95 percent of 911 calls to
within 150 m (492 ft.). For the
remaining 5 percent, a location esti-
mate must be provided to the PSAP.*

Prior to May 2, 2000, GPS (with SA
“on”) would provide precision of at

least 156 m in three dimensions 95

percent of the time.® With selective
availability turned off, single-channel
C/A code ionospheric delay effects

2. This block diagram shows a typical CDMA mobile-
telephone architecture.

points in a horizontal scatter plot.
The term SEP refers to spherical
error probable, due to a sphere’s
radius containing 50 percent of the
points in a three-dimensional (3D)
scatter plot.]

CDMA MOBILE UNITS
Figure 2 shows a typical block dia-
gram of a CDMA mobile unit. The
mobile unit’'s modem contains a digi-
tal-signal-processing (DSP) section
that decodes the CDMA signals. In a
CDMA telephone, which conforms to

published Telecommunications |
Industry Association (TIA) CDMA
standards, the DSP section will |

decode or generate the orthogonal
Walsh codes used in the system
spread-spectrum signaling. Walsh
codes are used in the telecommunica-
tions system, while orthogonal Gold
codes are used by GPS satellites to
create the GPS spread-spectrum sig-
nals. The GPS C/A Gold codes can be
generated by two 10-stage shift reg-
isters,'” which are simpler than the
Walsh 42-b long codes required by

consume valuable printed-
circuit-board (PCB) space.
PCB space will be at a pre-
mium in future mobile telephones,
especially as the telephone manufac-
turers would like to incorporate
many other features, such as Inter-
net browsing, Bluetooth communica-
tions, and stereo MPEG audio-play-
back capability.

Working on the principle of using
as many of the existing CDMA
resources as possible leads to the
question of whether the existing
CDMA TF filter can be used for GPS.
Examination of the GPS spectrum
shows that the majority of the code
power is within a 1-MHz bandwidth.
A simple first-order estimate of code-
power loss, incurred by using the
CDMA filter, is provided by relating
both bandwidths. For example,

Loss (dB) = |(10log(1.23/2.046)| =
2.2dB

This loss is small compared to that
found in some commercial, low-cost,
GPS multiplex Rxs. In a GPS single-
channel multiplex Rx, data are sam-
pled by switching between the satel-
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lites being tracked, typically at a 50-
Hz rate. This architecture leads to a
loss of recovered carrier-to-noise
ratio (CNR), for any satellite being
tracked, of 10log(n), where n = the
number of satellites being tracked.
Since four satellites must be tracked
for a 3D solution and user-clock cor-
rections, this Rx has a built-in carri-
er-to-noise degradation of 6 dB."
However, many of these early types
of GPS Rxs performed well in the
field. Modern CDMA telephones use
multiple correlator systems referred

to as “rake Rxs.” GPS support can be
expected to use “n” digital correla-
tors rather than the lossy multiplex

system described before.

Furthermore, GPS Block 1 satel-
lites were designed in the 1970s, and
the corresponding Rx front-end
noise figures at 1.575 GHz were much
higher compared to what is possible
with modern gallium-arsenide
(GaAs) active devices. The signifi-
cant improvement in achievable
front-end noise figure acts to mini-
mize the impact of the 2.2-dB band-
width losses, with respect to the
noise figures expected by the GPS
system designers. For example,
pseudomorphic-high-electron-mobil-
ity-transistor (PHEMT) devices
(such as models ATF-37143 and
ATF-38143) from Agilent Technolo-
gies (San Jose, CA) are low-cost plas-
tic-packaged GaAs components that
provide noise figures of less than 1
dB at 1.575 GHz. For other discrete
components suitable for GPS, see ref.
17.

While reducing the GPS band-
width to 1.23 MHz has a small nega-
tive effect on the received code
power, there is a positive side.
Despite being a spread-spectrum
system, GPS can be vulnerable to
interference. Several instances of
interference have been document-
ed.'’ If one considers continuous-
wave (CW) interference then, by
using the existing 1.23-MHz band-
width CDMA IF filter, the band-
width is reduced to 60 percent of

2.046 MHz. With this bandwidth
reduction, there is a lesser probabili- -

ty of E-911 services being jammed.
Given that it is possible to use the

existing telecommunications 1.23-
MHz channel-select SAW IF filter

Existing RF-to-IF converter
CDMA Tx/Rx SAW
antenna . IF filter
~ e
—{ > |} B .
Antenna LNA RF Bandwidth =
duplexer bandpass 1.23 MHz
filter
Tx from PA LO

the expensive SAW filter.

for GPS, and that the digital DSP
section of a CDMA telephone will
support the decoding of GPS signals,
it is possible to consider a minimum
- of additional parts that must be
added to support GPS operation. By
using the existing CDMA downcon-

GPS gain stage so that it provides
comparable levels to the mixer as the
present CDMA front-end lineup, it is
possible to create a GPS signal path
from the antenna to DSP. The mini-
mum blocks required to do this are
shown (with a dashed outline) in Fig.
4. Gain variations and signal-level
calibration at the analog-to-digital
converters (ADCs), are accommodat-
ed by the existing IF automatic-gain-
control (AGC) mechanism that is
used for CDMA operation (not shown
in Figs. 3 or 4).

One disadvantage of the scheme
shown in Fig. 4 is that the switch
inevitably has losses in the CDMA
RF band. These losses will add
directly to the mixer noise figure and
reduce the Rx sensitivity. While the

version mixer (Fig. 3) and setting the
. in the telecommunications CDMA

3. The first stages of the RF-to-IF downconverter in a CDMA mobile unit include

sensitivity problem of these losses
can be overcome by increasing the
CDMA low-noise-amplifier (LNA)
gain, any gain increase results in a
reduction of the input third-order
intercept point (ITP3) for the CDMA
section. The balance between opti-
mizing sensitivity and IIP3 is critical

system due to large (in-band RF) sig-
nals that occur in normal operation.
Additionally, intermodulation (IM)
problems are further complicated by
the cross-modulation caused by
transmit-power leakage through the
duplexer.

An alternative to the scheme
shown in Fig. 4 is to carry out
CDMA/GPS selection on the IF side
of the first mixer (Fig. 5). This still
uses the existing CDMA IF filter.
Again, the additional GPS-related
components are shown enclosed by a
dashed line. In this arrangement, the
switch losses are reduced because
the switch now operates at approxi-
mately 210 MHz rather than 1.9 GHz,
or 8 MHz instead of 890 MHz,

e e e e I
GPS Rx
: antenna GPS |
i v i
COMA Tx/Rx e - :
antenna : ~ > =~ :
SEaireaeameye IF filter
] 1 \ BW=1.23 MHz
X ~ 1 i % ~
=] w R
CDMA i i
d CDMA I
uplexer INA === I
Tx from PA LO

mixer are comparable.

4. This CDMA/GPS plan makes use of the existing CDMA downconversion
mixer, setting the GPS gain stage so that CDMA and GPS levels to the front-end
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CDMA Tx/Rx
antenna

CDMA
duplexer

IF filter
BW= 1.23 MHz

5. In this CDMA/GPS scheme, the CDMA section mixer and LNA are switched
into standby mode while the lower current GPS mixer and LNA are activated.

depending on which of the two cur-
rent CDMA systems is incorporating
GPS. It might appear that adding
two blocks is a high price to pay for
simply lowering the GPS/CDMA RF
path-selector-switch operating fre-
quency. Strict management of bat-
tery loading in receive functions (a
telephone spends more time listening
than transmitting) might lead to a
preference for the scheme of Fig. 5. A

and LNAs use high currents to meet
the necessary high-linearity require-
ments. With GPS, the linearity
requirement is not as high, particu-
larly if good RF filtering is imple-
mented—there is not a mass of other
licensed Txs in the same band. For
GPS operation, the CDMA section
mixer and LNA can now be switched
into standby mode while the lower-
current GPS mixer and LNA are
activated.

gy, such as the semiconductor thin-
film bulk acoustic resonator (FBAR)
from Agilent Technologies, however,
will aid designers to incorporate RF
functions such as GPS without the

personal-communications-services
(PCS) 1900-MHz duplexer avail-
able." The same device technology
can be used to manufacture the GPS

more than 2.5 W, using these devices

in a receive-only application will not

only offer small size but high reliabil-
ity.
A particular problem with GPS

front-end design is rejecting trans-
missions from mobile satellite sys-

tems (MSS) which operate on fre-
quencies adjacent to those for GPS.
The MSS frequencies are designated

- for specific use by the International
reason for this is that CDMA mixers
- and the FCC. The L1 frequency

Telecommunications Union (ITU)

(1575.42 MHz) used by GPS is within
an allocated frequency band of 1559
to 1610 MHz, while MSS is assigned
the frequency bands on both sides of
this allocation—1525 to 1559 MHz

and 1610 to 1660.5 MHz. Difficulties

can also be experienced with the

1626.5-t0-1660.5-MHz band. For GPS

- L1 frequencies, the worst-case fre-

As systems add more user fune-
tions, component space becomes crit-
ical if one is to maintain small-form
factors. Advances in filter technolo-

quency separation is only 51 MHz, or

3.2 percent of the GPS filter center
- SAW IF filter (210.38 MHz) for the
- PCS 1900-MHz system. By using a
- received right-hand-circularly-polar- |
- ized (RHCP) GPS signal is -160 dABW
- with a receive-antenna (linear-polar-
ized dipole) gain of 2.15 dB.'
- Inmarsat standard “C” terminals,
penalty of greatly increasing size.
These devices have already been = dBW RHCP at 5-deg. elevation
used to manufacture the smallest
- antenna. This type of antenna-radia-
- tion pattern is used to prevent loss of
- communications under pitch and roll
- conditions.'® For co-located antennas
RF filters shown in Figs. 4 and 5.
Since an FBAR duplexer will handle

frequency.
At a 5-deg. elevation angle, the

used on Marine vessels, radiate +14-

angles from an omnidirectional

this represents a level difference of
174 dB. A similar problem occurs if a

- to the sheer

personal-communications-services
(PCS) CDMA telephone is required to
transmit while receiving GPS. In this
case, the frequency separation is
approximately 276 MHz and the level
difference [PCS (Class III) to GPS]is

- 160 dB. Even if the PCS transmit is

“off,” the filtering needs to protect
GPS operations from any other nearby
PCS users. Many E-911 calls are likely

. to be made from ports or marinas

where Inmarsat terminals could also

~ be operating. Other frequency alloca-
- tions in different regions are also

potential interference sources [e.g., the
personal-digital-communications
(PDC) transmit band of 1501 to 1513
MHz in Japan].

Filters using FBAR technology
can be constructed with additional
“placed” poles of attenuation. A GPS
FBAR filter with two additional
attenuation poles will occupy less
than 0.5 X 0.5 mm, including all
input/output (I/0) pads. Existing
FBAR products use a package with a

- 1.5-mm height profile. FBAR tech-

nology enables the integrated mod-
ule shown in Fig. 5.

Since FBAR is a semiconductor
process, it is expected that price
trends will follow a similar down-
ward slope with high-volume produc-
tion, as seen in other semiconductor
devices. This cost reduction will be
important to service providers, who
supply mobile-telephone handsets to

. the end user, since a large part of the
Inmarsat satellite communications
services, which transmit in the

costs for adding GPS is the recurring
cost of GPS parts in the mobile, due
number of units
involved.

Figure 6 shows a frequency plan
based on a readily available CDMA

local oscillator (LO) set to “high” for
GPS when operating with the PCS
system, the additional LO frequency
range required is trivial, less than 7.5
MHz. Switches SW1 and SW2 are
shown in the “GPS” operating posi-
tion and both switches change over
for PCS operation.

For future systems, where the C/A
code is available on the GPS L2 chan-
nel, one can expect that similar mini-
mum voltage-controlled-oscillator
(VCO) range frequency plans will be
developed—all aimed at minimizing
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components and cost. Using the
CDMA SAW IF filter for GPS oper-

ations can provide an additional 40-

nals after the first downconversion.
Providing GPS support and the
lowest handset cost means that the
service providers must add facilities
at the network end. Before SA was
turned off, wireless carriers would
have been forced to apply differential
GPS (DGPS) corrections to guaran-
tee meeting the accuracy demanded
by FCC regulations. (See ref. 8 for
DGPS concepts and implementation

methods.) With SA disabled, the

infrastructure and network overhead
is no longer required to meet the
FCC accuracy requirements. Only
those service providers offering the
best-accuracy location services will
need to implement DGPS differential
corrections.

However, due to the large number
of base stations involved, GPS E-911
support still represents a huge
amount of work and investment for
the network operators. To reduce the
processing and memory require-

well-known methods that have been
investigated under US military-
funded programs in the early 1980s.
One method is to decode the GPS sig-
nals and derive pseudo-range and

pseudo-delta-range data for the num-

ber of satellites required. These data
are then transmitted over the air to a
central processor where the position
and velocity calculations are per-
formed.” In this case, the GPS sec-
tion of the mobile station acts as a

pseudorange sensor. This saves a sig-

nificant amount of random-access

i memory (RAM) and read-only mem-
to-45-dB rejection of Inmarsat sig-

ory (ROM), and reduces the amount
of mobile processing time required.
An alternative method is for the
mobile unit to receive the GPS sig-
nals (all on the same frequency and in
the same bandwidth), translate them
to the base-station frequency, and
retransmit these signals. At the base
station, a special GPS Rx tracks all
the satellites contained in the trans-
lated signal, processes all GPS data,
and calculates the mobile unit’s posi-
tion. This type of system has been
tested using .1 C/A code for real-
time missile tracking.'

The translated GPS system is a
minimum component solution for the
mobile unit, no GPS baseband-pro-
cessing support is required. Howev-
er, it does add complexity and, hence,
additional costs at the base station.

There is additional overhead that a
network base station must absorb. In
the case of a “roaming subscriber”
(e.g., one who flies into a city and acti-

- vates the mobile telephone at a loca-
ments in the handset, there are two

tion that might be hundreds of miles
from the last point used), the Rx
memory will contain valid GPS data
(satellite-orbit information) for the
last-used location but not the current
location. In this situation, the GPS

Rx will not be able to produce posi-
-~ which is used to control the CDMA

tion data rapidly, because it will be
searching for satellites visible at the
last location rather than those avail-
able at the new location. To overcome
this problem, new GPS satellite data,
for satellites visible from the new cell

GPSRx

1900-CDMA Rx band

11575.42 MHz
1. Z1MHz
SAW center frequency

210.38 MHz
~

o \ol_E

1931.25 to 1988.75 MHz

A~
w2
A S Filter

BW =1.23 MHz

1900-CDMA LO
1720.87 to 1778.37 MHz

/\: GPSLO !

1785.80 MHz

i
-

6. A frequency plan based on a readily available CDOMA SAW IF filter (210.38
MHz) for the PCS 1900-MHz system is shown here.

site, must be downloaded to the Rx
memory. This will then greatly
improve the time taken to track the
necessary satellites. In the case
where the tracking sequence is pri-
marily determined in the mobile unit,
it would only be necessary to provide
a set of satellite numbers for the con-
stellation now in view.

The telecommunication CDMA
system uses GPS time to synchronize
stations, by the use of a GPS Rx at
the base station. Dual-channel de-
rivations of ionospheric corrections
may also be forwarded to the mobile
Rx to further improve accuracy, |
since ionospheric errors are the
largest error source with SA dis-
abled. Where DGPS has been imple-
mented, as part of the network facili-
ties, it will provide local-area
corrections for ionospheric and tro-
posphere delays, along with
ephemeris (orbit) errors and satel-
lite-clock errors.

Additional forms of aid include
clock aiding and two-satellite-aided
fixes. A stand-alone GPS Rx needs to
track four satellites to produce a 3D
position fix and clock correction. This
“clock correction” compensates for
any offset between the precise GPS
atomic clocks and the Rx’s low-cost
crystal clock. CDMA base stations
and mobile units are synchronized by
data sent from the base station,

mobile system oscillator, a voltage-
controlled crystal oscillator (VCXO).
Thus, the system can assume that the
Rx clock is “precise” (since it is syn-
chronized to a GPS reference clock)
and compute a 3D fix from only three
satellites. If this method is used, then
the accuracy of position derived from
the range measurements will be
related to any errors in the clock-

~ aided time.®

Under normal usage there will be

instances where the GPS antenna
- does not have a clear field of view

(e.g., when obscured by skyscrapers
in cities) [often referred to as the
“urban canyon”]. In these instances,
the tracking of even three satellites
may not be possible.

GPS operates with a defined Earth
Centered Earth Fixed (ECEF) coor-

_ dinate system—the World Geodetic
- Survey of 1984 (WGS-84).” If altitude
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data are available in the form of a
downloaded mean altitude for the cell
sector for example, then altitude can
be added to the Earth’s radius to pro-
vide a range measurement to an
imaginary satellite positioned at the
earth’s center.®'® By using “altitude”
and “clock” aiding, it is possible to
provide 2D position fixes using only
two visible satellites.

Adding GPS to a CDMA mobile
unit may not necessarily involve high
additional component costs or great-
ly increase the size of the mobile unit.
The availability of new semiconduc-
tor filter technology will act to
reduce size and costs when it is inte-
grated into miniature RF modules or
integrated circuits (ICs) for use in
the mobile station. This integration

Prémium microwave components
since 1961

Ozens oF st
m' stock, "

Enter No. 428 at www.mwrf.com
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will provide lower assembly costs,
fewer soldered joints, and semicon-
ductor-type reliability.

To minimize the mobile handset
cost, much of the “load” is likely to be
transferred to the service-provider
network and the networks interface
to the PSAPs. If a “pseudorange-sen-
sor” system is implemented, then the
mobile unit must support baseband
decoding of GPS signals. However,
location with GPS is possible using
only RF support in the mobile unit—
given that the appropriate system is
adopted by the service-provider net-
work. Implementing this infrastruc-
ture, in a standard form, will most
likely be the greatest barrier to rapid
deployment of GPS E-911 services.

During the final draft stage of this
article, Qualcomm (San Diego, CA)
announced the release of devices (the
3300 series) which incorporate GPS
and CDMA functions for mobile hand-
sets. Details can be found at http:/
www.qualcomm.conm/cdmate chnolo-
gies/. The FCC produced a Forth
Memorandum Opinion and Order,
FCC 00-326 concerning E-911 rules,
released on September 8, 2000, ee
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Soren Laursen

RISC Group, Ph.D. candidate
Aalborg University, Niels Jernes Vej
12, 9220 Aalborg, Denmark; phone:
+4596 3598 22, FAX: +4598 15 67
40, e-mail: slau@kom.auc.dk

IRECT-CONVERSION receivers (Rxs) are highly integrated and
capable of multiband and multistandard operation. They also have
the potential for low power consumption. So it is not surprising that
the introduction of direct-conversion Rx chip sets for the Global Sys-
tem for Mobile Communications (GSM) market' has sparked an immense
interest in the GSM industry. But suppressing the spurious detection of
interfering amplitude-modulated (AM) signals is a major problem in

direct-conversion Rx design.

In this article, the GSM Rx’s air-
interface requirements for AM sup-
pression are translated into a second-
order intercept point (IIPy)
requirement. The IIP, is directly
usable for RF design and can be mea-
sured with familiar two-tone tests.

Figure 1 shows a simplified block
diagram of a single-band, direct-con-
version Rx. In this Rx, the incoming
signal is downconverted directly
from RF to baseband without any
intermediate-frequency (IF) stages.
But the level of the baseband signal
at the output of the quadrature (Q)
downconverter is low. To maintain an
acceptable carrier-to-interference
ratio (C/I), all spurious baseband sig-

Quadrature dcgnccmverler

—=—

~

1
Q

i’
R R
mim

90 deg.
I =

-

1. This is a simplified block diagram of a single-band
direct-conversion Rx.

nals generated in the  downcon-
verter must also be small.

Spurious baseband signals origi-
nate mainly from second-order dis-
tortion. Consider a general mod-
ulated signal described by its
time-varying envelope a(t) and its
instantaneous phase O(1):

x(t) = a(t)cos[2m f.t + 6(1)] (1)

This signal is input to a system
with second-order distortion. This
system has:

y(1) = x*(1) (2)

The output signals are:

y(1) = x*(1) = éagm +

éaz (t)cos[4m f.t + 20(t)]  (3)

The output of this system is the
sum of a high-frequency component,
which is removed by filtering, and a
baseband signal, which is the square
of the signal envelope. Due to the
similarity of this process to AM
detection, this spurious baseband

- signal is here referred to as the AM-
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AM Suppression

detected signal.

The GSM standard® incor-
porates two tests that chal-
lenge the second-order dis-
tortion rejection of the Rx.
The first test is the blocking

rately extracted from link
simulations. This can be per-

“W———

test, whose main parame-
ters are listed in Table 1.

In the blocking test, a
strong continuous-wave
(CW) signal is applied to the
Rx. Since this signal has a
constant envelope, the AM
detector converts it to DC.

(o)

(d)

o) m MP Mﬁ :

M

formed quite conveniently,
since the complex baseband
representation of the inter-
fering signal is only a step
signal delayed with respect
to the start of the desired
burst.

In this discussion, a pro-

B e

L prietary C-coded GSM link
simulator is used to perform
the link simulations (Fig. 3).
Some assumptions have
been made. The Rx’s noise

This DC is cancelled by the
DC-offset-removal circuit-

figure is assumed to be 10

ry, which is present in all
direct-conversion Rxs. Even
if the signal’s amplitude is
high, it is cancelled and does
not degrade the Rx’s bit-
error rate (BER).

The AM-suppression test is the .

more difficult test to pass. Table 2
lists the main parameters of this test.

In the AM-suppression test, a
strong modulated interferer togeth-
er with a small desired signal is pre-
sented to the Rx. The interferer is
active in the same time slot as the
desired signal, but delayed by
approximately half a burst period.
Since the Gaussian minimum-shift-
keying (GMSK) modulation used in
GSM has a constant envelope, the
AM-detected signal alternates
between two states. It is zero when
the interferer is off and it rises to
some other value when the interferer
is on. Figure 2 shows the time-

domain waveforms for this test. The
AM-detected signal appears as a

2. This time-domain plot of signals in the GSM AM
suppression test shows: (a) the desired signal, (b) the
interferer, (c) the downconverted in-phase signal, and (d)
the AM-detected signal that is caused by second-order
distortion.

square wave.

In the AM-suppression test, the
desired signal is 3 dB higher than the
reference sensitivity level. Thus, the
Rx s able to withstand some amount of
AM detection before the BER require-
ments are compromised. In the follow-
ing discussion, the ratio of the power of
the desired baseband signal to the
power of the undesired interfering
baseband signal is denoted C/I. The
required value of C/I, (C/Dyeqy 1s the
minimum value of C/I required to
ensure an acceptable BER and frame
erasure rate (FER). This number must
be known before the IIP, require-
ments can be calculated.

LINK SIMULATOR

The required (C/I),, is most accu- .

dB, which is rather high for
today’s equipment. Imple-
menting a better Rx noise
figure would improve the
production margin. The
channel-filter bandwidth is
200 kHz. The AM-detected signal is
distributed equally between the in-
phase (I) and Q-phase branches, but
this does not seem to matter much.
The calculation of (C/Dyq demands a
BER that is lower than 2.0 percent
and an FER of lower than 0.1 per-
cent. This is for a near-optimum
Viterbi data demodulator. A total of
three million bursts were processed
to yield an accurate FER.

Figure 4 shows the results of the
simulations. At a time offset of 74 bit
times, there is a peak for which
(C/Dyeq is 5 dB. At this time offset,
the interferer starts in the middle of
the midamble of the desired burst.

Simple graphical analysis yields
the following expression for the
required Rx I1P,:

5.5 ! ! ! ! !
- : ! ! ; :
Channel g Aliforeoces Gt e ey P T
encoder Modulator é : : . H :
Gaussian noise e e SR ena e T
Em ' ' ' ' |
B L N
e e N
E® : ; .
85° ! i
L e ey of : -
i 4 : ; ;
Interfering signal 'S ' : ' :
g 3_0 -------- L FREge e mns T e o
o : : i ; :
Channel e 60 5:5 7:0 7:5 8:0 8;5
l«<—{ D
decoder emodulator Interferer offset in bit times

4. This graph shows the required C/I ratio, (C/l),eq, versus

3. This is a block diagram of the simulator. time offset in bit times.
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DESIGN FEATURE

AM Suppression

1Py = (C/ 1)10y = (Pyesivea) +
25 (Pyyergorer) = 5 dBm +
(=99)dBm + 2 X (=29 dBm) =

46 dBm (4)

There are two principal sources of
second-order distortion:

®Device nonlinearity.

*RF-to-local-oscillator (LO) leak-
age in the downconverters.

An example of device nonlinearity
is the quadratic response of a field-

effect transistor (FET). Device non- :
linearity is most effectively mitigat- -

ed through careful balancing of the
circuit. Chip-set designers must pay
close attention to device matching®
and maintain high levels of common-
mode rejection.

RF-to-LO leakage in the downcon-
verters refers to the fact that if a sig-
nal leaks from the RF to the LO port
of the downconverters, it multiplies
with itself inside the downconvert-
ers. This creates some second-order
distortion that cannot be separated
from the distortion caused by device
nonlinearity.

An approximate relationship
among RF-to-LO isolation, LO
power, and IIP, is:

1P, = Isolation + Py (5)

This equation shows that the RF cir-
cuit-board designer must pay careful
attention to the RF-to-LO isolation

of the board. Also, the LO power |

should be reasonably high. This is
also important for another reason:
hard switching of the mixer core
helps prevent second-order distor-
tion generated in the mixer input
stage from reaching the output.
Recent research” indicates that
the RF-to-LOisolation of the Rx chip

itself can be very high. The obtain-

Table 1: Blocking test

rferer modulation

Table 2: AM
suppression test

signal power

er modulation

time offset

able isolation is probably limited by
the packaging technology.

BASEBAND SOLUTIONS

All direct-conversion chip sets must
be able to cope with large DC offsets,
since a large gain is obtained at base-
band. Therefore, they invariably incor-
porate some sort of dynamic DC-offset
compensation. The details can vary,
but the effect of dynamie DC-offset
compensation is highpass filtering of
the received data. A fast offset com-
pensation implies a high cut-off fre-
quency of the highpass filter. This may
compromise performance due to phase
and amplitude distortion of the desired
signal.

In general, DC-offset compensation

ismost effective against the AM detec-

tion of interferers that have a constant
envelope during the duration of the
burst. Its protection against non-con-
stant-envelope interference is more
limited, and it is possible to imagine
scenarios where the DC-offset com-
pensation scheme does more harm
than good. DC-offset compensation is
really not a substitute for a good ITP,.

A direct-conversion Rx for GSM
must comply with the AM suppres-
sion test. The best way to do this is to
ensure that the Rx has an IIP, of at
least +46 dBm. ee
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open structure formulation and its flexibility and capability in modeling 3D and planar structures of
general shape. The implementation of enclosure will make the IE3D more flexible in the modeling of
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Micro Lambda, Inc. a leader in the devel-
opment of next-generation YIG devices
introduces the second generation of YIG-
Based Frequency Synthesizers covering
the 2-12 GHz frequency range. Designed
specifically for Digital Radio ODU’s and
harsh commercial environments, these
latest synthesizers offer dual RF outputs
and/or Internal Crystal reference oscilla-
tors yielding excellent integrated phase
noise characteristics over carrier offset
frequencies from 10 kHz to 10 MHz.

Tunable bandwidths of either 2 GHz

or 3 GHz are available as standard
products. This results in fewer numbers
of synthesized sources required for a
variety of Digital Radio frequency plans.
Millimeter-Wave frequencies can easily be
obtained using frequency multipliers to
obtain output frequencies between 24
GHz through 44 GHz.

Applications include QAM and QPSK
modulated Digital Radio’s and a multi-
tude of general purpose applications.

FEATURES

Dual RF Output, Internal Reference .%o co
YIG-Based Synthesizers """
for Digital Radlios

3-Line Serial Interface

Internal Crystal Reference

500 kHz Step Size

Internal Memory

(last frequency programmed - recall)

MLSL-SERIES SYNTHESIZERS

These series of synthesizers utilize an
internal 10 MHz crystal reference oscillator
to generate tunable frequencies covering the
2-12 GHz range. Dual RF output power lev-
els of +8 dBm to +10 dBm are offered de-
pending on frequency, with a standard tun-
ing step size of 500 kHz. Input tuning com-
mands are via 3-Line Serial interface. The
size of these compact units is 2.5" x 2.5" x
1.0" without mounting plate and consume
less than 6 watts of prime power. The units
have an internal memory capability which
“recalls” the fast frequency programmed
when the prime power is removed and reap-
plied. Standard models include 2-4 GHz,
4-6 GHz, 5-7 GHz, 7-9 GHz and 9-11 GHz.

“Look to the leader in YIG-Technology” Specialized frequency ranges are easily im-
plemented utilizing the versatile synthesizer

= architecture.
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Probing Diodes

This novel approach uses hovizontal
coplanar-waveguide probes to

minimize pavasitics and maintain
accurate RF measuvements.

Scott Wartenherg

and Chris Mohr

Agilent Technologies,

39201 Cherry St.,

Newark, CA 94560;

(510) 505-5585, (510) 505-5476,
FAX: (510) 505-5560,

e-mail: scott_wartenberg @
agilent.com, chris_mohr@agilent.com

C processing of nonplanar discrete diodes, such as Schottky and PIN
diodes, places the cathode on the top and the anode on the bottom of
the wafer (Fig. 1). But in traditional on-wafer RF probing, the probes
contact either the top or the bottom surface—not both. This poses a
physical problem for performing RF measurements on these devices. A
common solution to this problem is mounting a single die to a connector-
ized test fixture. But test fixtures are more susceptible to parasitics than
on-wafer test methods, and these parasitics can cloud the test results.

This article describes a technique
for measuring the RF characteristics
of nonplanar diodes using horizontal
coplanar-waveguide (CPW) RF
probes. This method retains all of the
advantages of conventional RF on-
wafer characterization while provid-
ing faster design-turnaround time
and better model accuracy than the
test-fixture approach. The success of
the method described here depends
on three important techniques:

ground isolation, calibration, and de-
embedding.

SYSTEM DESCRIPTION

The new test system centers on an
Electroglas probe station, shown in
Fig. 2. Figure 3 shows the CPW
probe making contact with two diode
dice. These diodes are side by side on
the wafer surface, aligning with the
probe pitch. The ground probe con-
tacts one diode and the signal probe

(Top view)
Cathode

* ﬁ (Side view)
Anode

1. This figure shows a typical diode wafer and the vertical nature of the die.
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Probing Diodes

contacts the diode under test. The
signal and ground probes are DC-iso-
lated from lab ground. The RF path
contains two connectorized DC-
blocking capacitors. One blocks DC
from the vector-network-analyzer
(VNA) signal path and the other
blocks DC from the VNA ground
path. This arrangement permits
independent biasing of the signal and
ground probes.

The voltage on the signal probe is

the ground probe is designated V,
(Fig. 3). Both power supplies connect
to a bias tee mounted inline between
the blocking capacitorsg and the diode
under test. A third bias, V., is sup-
plied to the chuck. Applying a chuck
potential keeps leakage current from
flowing to the wafer’s backside. The
chuck itself is DC- and AC-isolated
from the lab ground. Force and sense
lines run to opposite sides of the
chuck. HP 4142B programmable
power supplies provide the three

biases. Plugging equipment into iso-
- reveals the pad capacitance and any
- residual chuck capacitance. Isolating
- ground from the system lowers the

lation transformers rather than the
wall outlet further isolates them
from all grounds. The general-pur-
pose interface bus (GPIB) connects
to each instrument through opto-iso-
lators. (Without the opto-isolators,
ground sneaks in through the GPIB.)
The net result of these connections is
full DC ground isolation to the diode
under test. The AC ground arrives to
the diode under test through a single
path: the RF cable shield.

- low-capacitance
designated as V, and the voltage on

Calibration de-
embeds the blocking
capacitors, the hias
tee, and other sys-
tem effects. An
alumina substrate
contains precision
impedance stan-
dards for on-wafer
calibration. Schot-
tky diodes require

testing, but parasitic
capacitance that ig
associated with the
gold (Au) contact
pads can swamp the
diode’s junction
capacitance. To
quantify the para-
sitic capacitance,
one can fabricate a
dummy wafer with
the same pitch and pads as the diode-
under-test wafer. This dummy wafer
contains contact pads and no active
devices underneath. Measuring it

parasitie capacitance of the system.
De-embedding the ground diode
from the measurement should yield
the diode under test. One can assume
that adjacent diodes are similar.
Biasing them identically should yield
two diodes with nearly the same
characteristics. Another way to de-
embed the ground diode is to fully

A TECHNIQUE FOR
MEASURING THE RF
CHARACTERISTICS OF
NONPLANAR DIODES
USING HORIZONTAL
COPLANAR-WAVEGUIDE
(CPW) RF PROBES IS

DESCRIBED. THE SUC-
CESS OF THE METHOD
DEPENDS ON GROUND
ISOLATION,
CALIBRATION, AND
DE-EMBEDDING.

forward-bias it.
This creates a small
resistance from the
ground probe to the
backside of the
wafer. De-embed-
ding the S-parame-
ters shifts the refer-
ence plane from the
ground probe to the
back of the wafer.
Since the two di-
odes are biased
independently,
locating a problem
with either diode
becomes simpler. A
virtual ground to
the wafer backside,
along with ground
isolation, enables
RF probing of non-
planar devices.

MEASURED RESULTS

Two diode figures of merit are car-
rier lifetime 7 and series resistance

- R,. High-volume production requires

these characteristics to be automati-

- cally tested on each wafer. Assem-
- bling an RF on-wafer test system to

the specifications mentioned met this
need. Use Caverly’s method* to cal-
culate 7 and R, with S-parameters. A
software routine written in IC-CAP,
Agilent’s device-characterization
program, enables quick calculation of
Tand R..

Calibrating the DC path is

station

software

(Top view)

(Side view)

Power
supplies

o)

vy

~— connector

RF

Veh

L

2. This photograph shows the RF probe system used to
test PIN and Schottky diodes on-wafer.

3. The voltage assignments for biasing through the

coplanar probes are shown above.
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i{SIGN FEATURE
Probing Diodes

straightforward. Measur-
ing a precision resistor with
the CPW probes deter-
mines the cable voltage
drop. Precision resistors
and other standards are
found on Cascade Micro-
tech’s impedance-standard
substrate (ISS). It can also
be used to calibrate the RF
path. This sets the refer-
ence plane at the coplanar
probes. The next step is to
move the ground-reference
plane to the back of the

$TEEPEISTECITTLTECES
i raunNageRNBUILNSG

HEINE B

®
H
8

i 8
ig
3=

Bo 0
- . B )
wafer. Fully biasing both =33
diodes results in a small
resistance and reactance epl

e
28 <Rg<320

between the signal and
ground probes. Model the
diode under test as two

identical diodes connected 4. This is a map of the wafer containing the PIN diodes.

ues fell to within 15 percent
of those measured using
conventional time-domain
techniques.”

The next phase in the
development of this system
will involve the measure-
ment of Schottky diodes,
which have small junction
capacitances. To accurately
and repeatably measure
them, one must de-embed
the system capacitance
down to the fempto-Farad

level. oe
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Waveguide Ivregularities

Waveguide Irregularities
Impair VNA Millimeter-Wave

Measurements

Mechanical imperfections of milli-
meter-wave waveguides prevent veli-

able vector-network-analyzer calibra-
tion and measuvement above 90 GHz.
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. | WRD6 waveguide spec.
¢ | Width = 0.0650+0.0002 in.

- | Corner radius = 0.0650 in. max

ULL-BAND automatic vector network analysis is currently available
up to 220 GHz and will, in the near future, go up to 325 GHz. To per-
form these high-frequency measurements however, special VNA cali-
bration kits for the waveguide bands WR-08 through WR-03 (90 to
325 GHz) are required. Waveguide and waveguide-flange performance is
very important because the tendency of waveguide at these frequencies is
to be oversize, causing the incorrect entry of the wavegunide’s cutoff fre-

quency during VNA calibration.

A lack of repeatability—or insta-
bility—of VNA calibrations above 90
GHz led to the investigation of not
only calibration kits, but military

- specifications that define the size,
- flange alignment, tolerances, for-
¢ ward reflection, and other character-
isties of these waveguides (MIL-F-
- 3922/67B-xxx and MIL-W-85/3-xxx).
- In addition to oversize waveguides,
| significant waveguide misalignment

is possible under current military-
specification tolerances, and there is
no widely accepted technique for pre-
cise alignment. Moreover, common
waveguide irregularities occur due
- to inadequately developed manufac-
- turing and assembly processes, and
- these are so small that they can be
detected only with microscopic

examination.
The state of the art in waveguide
manufacturing is

Note:

Height = 0.0325+0.0002 in.

Waveguide spec
Maximum opening
Fc =90.41 GHz] [Fc =91.19 GHz

limited by the tol-
erances attainable
during the process
of drawing waveg-
uide and cost-

Waveguide spec
Minimum opening

Actual part

effective geomet-

0.03955
0.03500

B

\/ ric techniques for
identifying the
“true center” of
the waveguide to

0.02860 locate the flange-
R0.02860 max hole pattern and

| associated locator

= g pins. ‘Much work

I 0.06755 — ! remains in
0.07130 __Nl advanced manu-

facturing methods

1. A dimensional drawing of WR-06 wav3Juide
- illustrates the manufacturing defect card “dog ears” at

. each corner of the guide.

for waveguide and
flanged compo-
nents.




Today’s problem is that practition- -
ers of high millimeter-wave technolo-
gy have significant inventories of
WR-08 and higher-frequency waveg-
uide components that do not meet
any reliable specification. Much of the
90-GHz and above waveguide cur-
rently in laboratories is left over from
previous programs. It is likely that
these components have not been
mechanically or electrically charac-
terized. New waveguide is similarly
suspect. The published specifications
for WR-08 and above under MIL-W-
85/3-xxx are not being adhered to.
For WR-06 and above raw wave-
guide, only one vendor exists and
that company does not guarantee
that its product will meet the military
specification. In general, there are
two manufacturing problems. First,
waveguide in the aforementioned
bands is usually oversize, more sig-
nificantly as the frequency increases.
Second, a deviation from the specifi-
cation known as “dog ears” in the
waveguide corners violates the cor-
ner-radius specification. This article |
will show the impact of the latter
through analysis and test data.

THE FLANGE PROBLEM

The waveguide flange presents a
distinet set of problems. The only

Waveguide Irvegularities

0.88 deg.

¥
e e f
Broad wall offset =

Narrow wall offset =0
‘Rotation = 0.88 deg.

Maximum rotation
about center

a=0.0340

E oo
do

Maximum offset in
narrow wall dimension

4 _
b=0.0170 [] I
Pl oot

Maximum offset in
broad wall dimension

g 0.0030

e

—»l i« n.ansa—r

Maximum offset in
diagonal dimension

3. The maximum offset from true alignment for a WR-03 standard waveguide
flange is shown here for different misalignments: broad wall, narrow wall,

diagonal, and rotated.

agency specification covering waveg-
uide flanges for WR-08 and above is
MIL-F-3922/74-00x (74), commonly
known as the “mini-flange.” The 74
flange is reasonably accurate for use in
WR-08 and WR-06, but lacks accuracy

- when applied to WR-05 and above.
- Many manufacturers sell a commonly
~available MIL-1.-3922-67B-(67B)

flange that is adapted to WR-08 and

above, but there are no “agency”
- addressed the 67B-flange locator

specifications cov-

Theaoretical and observed cutoff frequencies

ering such an
adaptation of this

| Data meet _._
"0 dB"atFc :

for WR06 wayeguide

WR-10. The manu-

flange. The 67B

covers through

L
(=]

L1

sponse to cus-
tomer
have applied WR-

Attenuation—dB/0.2 in,
|
)
s

1|\ Min size std
: _<- Center of standard

g g

- Oversize and ears
-4 Oversize
-4 Max size std

67B flange. The
locating pin toler-

the 67B, when

and above, support

g VTN

R 89 W 9
Operating Irequ_f“:v it 91 92

waveguide-inter-

ing from \/25 at 90

specification only

facturers, in re- |
. standard 67B flanges.
demand, !

applied to WR-08

2. These curves compare the cutos frequencies of WR-
06 under various mechanical conqions such a\
oversize, oversize with dog ears, a4 5 guide that s
within specification.

GHz to approxi-

understood and waveguide vendors
indicate that the 67B flange has out-
sold the 74 flange by up to 10:1 over the
last five years.

One reason for the popularity of
the 67B flange is that it is much easi-
er to accomplish an interface for it in
a “block”-type component (i.e., mix-
ers, multipliers, phase shifters, etc.).
Four manufacturers of waveguide
VNA calibration kits have

pin-tolerance issue by tightening
up the locator pin tolerances and
adding two additional alignment pins
that have even tighter tolerances.
The use of these additional alignment
pins is optional, allowing these “ re-
cision” 67B flanges to interface with

The “finish” of the waveguide

~ flange is also a potential problem. The
08 and above tothe

flange face is normally “lapped” to

~achieve flatness and finish quality.
. Cases were observed where the lead-
ances specified for

@ng edges of the waveguide aperture
in the flange face have become eroded.
This is caused by the lapping media

welling up into the waveguide open-
- ing as the flange is lapped. The action
| face offsets rang-

of this excess media is to wear down

. the leading edges, causing them to be
- round. This rounding of the waveg-
mately A/8 at 325
GHz. This problem = have little impact on waveguide inter-
is not generally

uide aperture leading edge appears to

faces at WR-10 and below. The impact
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Waveguide Ivvegularities

of these rounded edges on waveguide
interfaces WR-08 and above was ana-
lyzed and tested.

“DOG EARS”

During the development of waveg- -

uide calibration kits for WR-08 and
above, the impact of the waveguide’s
dimensional accuracy versus its cut-
off frequency was encountered. More

than 50 samples of waveguide cover-

ing WR-08 through WR-03 were
examined using a toolmaker’s micro-
scope with an accuracy of 0.0001 in.

(0.000254 ¢m) and a VNA system

with WR-15, WR-10, WR-08, and
WR-05 capabilities. A definite pat-
tern of waveguide being increasingly
oversize as frequency increased was
discovered. To help define the source
of this pattern, the potential differ-
ences that are possible in the waveg-

uide cutoff frequency as permitted

by the MIL-W-85/3 waveguide speci-
fications were calculated.
Waveguide for these frequencies is
manufactured by drawing round
tube into shape around a rectangular
mandrel. Removal of the mandrel

from the waveguide is difficult due to

the small components involved. Some

additional clearance is allowed by the

manufacturer to expedite this
removal process. Additionally, the
thin wall of the waveguide can easily
overreact to the formulation. The
placement of the drawing rollers
allows “ears” to be formed that pro-
ject outward from the corners of the
waveguide. These are commonly
referred to as “dog ears.” The work
tolerances applied to, and elasticity
of the waveguide material, yield the
oversize dimension and deformation
observed (Fig. 1). This illustrates the
dimensional property observed in a
randomly selected sample of new
WR-06.

Figure 1 shows the maximum and
minimum dimensions specified for
WR-06 waveguide. The measured
oversize dimensions and “dog ears”
are illustrated. The performance of
this section of waveguide was simu-
lated using the Ansoft High Fre-
quency Structure Simulator (HFSS)
software and plotted versus the per-
formance of a waveguide in “specifi-
cation” and one which was oversize

0.88 deg.
¥
e t
Broad wall offset = 0

Narrow wall offset =0
Rotation = 0.88 deg.

Maximum rotation
about center

[(——»1 a=0.0340
E —_-{0.0025
=

Maximum offset in
narrow wall dimension

h=0.g17l] (] et
P o T

Maximum offset in
broad wall dimension

= _ pooos
—4\«0.00137_

Maximum offset in
diagonal dimension

4. The maximum offsets shown here are for the same misalignments in Fig.
3, but the WR-03 flange is a precision rather than standard part.

without the “dog ears” (Fig. 2).
The calculations presented are

based on a theoretical lossless

waveguide that is 0.20 in. (0.51 e¢m)
long. The military-specified toler-
ances support a difference of 0.5

GHz in cutoff frequency. The over-

size characteristic resulted in a calcu-

~lated 3.5-GHz lower cutoff frequen-
cy. When adding the effects of the

“dog ears” to the oversize wave-
guide, the simulation shows a

5-GHz lower cutoff-frequency
characteristic.

: components manufactured with these

processes are cost, inability to easily
support convoluted shapes, and the
limited length that can be achieved for
longer section of waveguide—6 to 8 in.
(15.24 to 20.32 em) maximum for split-
block machining and 1 to 2 in. (2.54 to
5.08 em.) for electroforming.

PIN TOLERANCES

The alignment of waveguide sec-
tions depends on the proper position-
ing of the flange-alignment pins,

Machining of
waveguide, using

Broad wall offset = 0.0043 in.

- split-block tech- 0
niques, and the 10
electroforming of
waveguide are -20
inherently more
accurate in all | = -3p
dimensional | |
parameters for | & -40
the bands above 398
90 GHz. Waveg- =50 x_ RS 3T TN
uide components 60 X. T %, 2
manufactured X "% X
with these two | -70 X i

processes are the
basis of all of the
“precision” cali-

0.800.84 0.88 0.92 0.96 1.00 1.04 1.08 1.12 1.16 1.20

FIFO

bration kits avail-
able in the mar-
ketplace. The
three major disad-
vantages affecting

5. Design-automation software was used to simulate the
S;1 performance of various types of waveguide flanges
under different types of misalignment. These curves
represent the response of standard 67B flange under
broad-wall misalignment.
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Broad wall offset = 0.0025 in.
0
=10
—&— WR03
-20
@ -3 —#— WR05
I
& 40 —A— WRO8
S ek I N —3¢— WR10
“ ! % E
-60 P9 ~ 0
% T'x X | ---3-- WR10
=70 — Through
0.800.84 0.88 0.92 0.96 1.00 1.04 1.08 1.12 1.16 1.20
F/FO

6. These curves show the same plots and parameters as those of Fig. 5, but
with a precision 67B flange in place of a standard flange.

based on the true center of the
waveguide aperture within the
flange. In the 67B specification, the
position of the alignment pins and
holes have specified tolerances.
Proper placement of these pins
depends on how accurately the true
center of the waveguide aperture can
be determined and the translation of
that point to the getup of the comput-
er-controlled machine used for
drilling the holes. Touch-off edge
finding has been found to be barely
possible for WR-08 and not practical

for WR-06 and above. Most wave- -

guide manufacturers use

tions which could be readily modeled.
The absolute magnitude of misalign-
ments (offsets) is the same for all
waveguide bands, WR08 through
WR-03, based on the 67B-flange
specification. The magnitude shown
in each case is the algebraic worst-
case sum of each of the tolerances
(i.e., the tolerance of the placement of
the hole circle for the alignment pins
and holes around the true center of
the waveguide aperture, the toler-
ance-allowed error in rotational posi-
tion for the alignment pins and align-
ment holes, and the permitted

tolerance on the diameter of the
alignment pins and alignment holes).
The offset from true alignment for
the 67B flange used for WR-03 is
illustrated in Fig 3. The offset from
true alignment for the “precision”
67B flange used for WR-03 is illus-
trated in Fig. 4. The true alignment is
improved by more than 50 percent
through the use of the precision
flange.

HFSS simulations of S;; were run
on all four of the aforementioned mis-
alignment positions. However, only
curves for the broad-wall (horizontal)
offset are provided in this article
(Figs. 5 and 6). For reference, a sim-
ulation of a “perfect” WR-10 waveg-
uide section is shown in each figure.
Thesge figures illustrate the S,
degradation from perfect alignment
for the broad-wall offset of the stan-
dard 67B flange [0.0043-in. (0.0109-
c¢m) offset] and the precision 67B
flange [0.0025-in. (0.0064-cm) offset]
for various waveguide bands.

Unfortunately, there are no reli-
able methods for achieving any of the
offsets on a repeatable basis. To
understand the potential effect of off-
sets, the effect of the horizontal offset
is plotted in percent of wavelength
versus frequency for the standard
and precision 67B flanges (Fig. 7).

An extensive search was conduct-
ed for specifications for the finish
quality of the 67B and 74

precision drill jigs or preci-
sion centering with a cen-
ter-finding microscope

Maximum flange alignment error as
_. percentage wavelength vs. frequency

mounted in their drilling
machining or a combination

REREEY ER1 RIERRNERSS

flanges. No military speci-
fication could be identified.
References were found in
National Bureau of Stan-

RARRSNERRIRERS RERN EREABERARS]
——S$tandard flange, 0.0043-in. maximum offsel

dards (NBS) [now known

of both. After numerous =

- = - Precision flange, 0.0025-in. maximum nﬁsgt :

as the National Institute

discussions with waveg-

for Standards and Technol-

uide manufacturers, it was

ogy] studies of the perfor-

decided that the center-

mance of various waveg-

finding process and its pos-

uide finishes in WR-15,

sible errors would not be

which apparently did not

addressed in this investiga-

result in specifications.

Wavelength—percenta:

tion; only the errors per-

Massachusetts Institute of

mitted by the 67B toler-

Technology (MIT) Lincoln

- -
QN W RUIO~y WO

ances are examined.

R AR =

Labs did publish specifica-

3

™

The deviations from true
alignment were calculated
for four misaligned posi-

0 40 60 80 1001201

Frequency—GHz

40160 180 200 220 240 260280 300 320340

tions for the finish of the
waveguide flange face for
their projects. While the

tions—horizontal, vertical, 7. A comparison of a standard 67B flange and a precision
flange illustrates the maximum alignment error as a

These four positions repre- percentage of wavelength versus frequency. These plots
are for the broad-wall misalignment cases of Figs. 5 and 6.

diagonal, and rotated.

sent the major axial devia-

MIT specifications have
not been adopted into any
military specification, the
flange-face finish of 16 pin.
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SiGe IC Replaces High-Component-Count Discrete Designs and
Eliminates the Cellular Band VCO Module
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divider, the cellular-band VCO module can be eliminated.
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DESIGN FEATURE

Waveguide Ivvegularities

has been used by many commercial
waveguide component vendors. Fol-
lowing through the application of this

specification, it can be assumed thata

perfectly sharp leading edge on the
waveguide aperture of the flange
face is inherent. What is the defini-
tion of a perfectly sharp corner?

A problem in one of the company’s

first WR-05 VNA calibration kits

that led to this effort was rounded
leading edges in the 67B flange-face
waveguide aperture of a 1/4\ waveg-
uide calibration shim. A reliable cali-
bration could not be achieved. Upon
inspection, it was discovered that sig-
nificant rounding of the waveguide
leading edge had occurred. The com-
ponent was re-made and the problem
was solved. Figure 8 is an illustration
of the rounding which was found on
all four edges. The author’s experi-
ments and consultations with several
waveguide component vendors led to
the conclusion that this rounding

resulted from erosion of the edge

material caused by excess lapping
media welling up into the waveguide
aperture.

The degree of rounding encoun-
tered should not have caused the
degree of calibration problem that
was observed. It is probable that the

rounded leading edge exacerbated :
the effects of one of the flange-mis-

alignment possibilities to a degree
that was destructive to the calibra-
tion process. The simulation plots of
the rounded edge are illustrated in
Fig. 9.

MEASUREMENTS

S, measurements were accom-
plished using a one-path reflection
calibration with a current-model
automated VNA and frequency
extensions for WR-10, WR-08, and

WR-05. The waveguide cutoff fre- |

quency was made using S,; measure-
ments with the same equipment, but
using a one path, two-port 8-term cal-

ibration. The techniques employed -

included: full waveguide-band fre-
quency response, time (distance)-
domain response of the waveguide
component string, time domain with

gating around the discontinuity of :

interest, and frequency domain with
gating based on the previous time

4

0.001~0.002 rad

8. Manufacturing imperfections
result in the condition called
leading-edge rounding as shown
here. This rounding of a 67B flange
can lead to misalignment and an
improperly calibrated VNA
calibration kit.

domain.

The definition of cutoff frequency
is that frequency (\.) for a desired
mode, below which the wave is inca-
pable of being propagated in the

dynamic range of the measurement
system, the frequency at which abso-
lute attenuation of the wave occurred
could not be measured. For purposes
of this effort, cutoff frequency is
being defined as the frequency at
which the wave is attenuated 40 dB
in a 2-in. waveguide section. This
level was chosen because it was
above the noise floor and thus was
very repeatable and easily identified.
The measurements were then con-
servative in that

- 03 waveguide—173.28 GHz. The 40-
- dB cutoff frequency displayed at

Marker 2is at 163.1 GHz. A VNA cal-
ibration made using this waveguide
as the calibration port and the theo-
retical frequency entered as the cali-

. bration cutoff frequency constant

would have a significant error in its
calibration matrix. More than 12 sec-
tions of new WR-03 waveguide
showed this same oversize induced

- error. Marker 3 shows the S,; dynam-
- ic range achieved after the one-path,

two-port eight-term calibration was
completed.

To measure potential misalign-
ment errors that can be suffered
when 67B specifications are applied
to WR-08 waveguide and above, an
assembly of three new, 2-in. (5.08-cm)
long, standard 67B WR-05 waveg-
uide sections was created. As a com-
parison, a similar assembly of two
new, 1.00-in. (2.54-cm) long, precision

- 67B WR-05 waveguide sections were

likewise created. A time-domain
analysis of the three standard 67B
section assembly is shown in Fig, 11.

- The markers identify the following:
waveguide. Due to the limited |

* The interface of the test-set out-
put flange (the point of calibration)
and the first 2-in. (5.08-cm) 67B
waveguide section.

* The interface of the first and sec-
ond 67B waveguide section.

* The interface of the second and
third 67B waveguide section.

® The interface of the third 67B
waveguide section and the precision
load.

® The reflection of the load element
within the precision load.

the cutoff was 0

even lower in fre- 10 —&- WRO5
quency than the

model selected. | 20

Dozens of waveg- 'T‘ -30 [ —a— WR10
uide sections in | = gploade A

various bands ¥ 50 2N TAAY

were measured. . N 8idY% ==x=-WR10
WR-03 was chosen ':g X *{ ¥, o ‘~x‘ ‘;?31 Through
for illustration as 080 088 09 104 112 120

being the most F/FO

problematical. In
Fig. 10, Marker 1
is placed at the

frequency for WR-

9. A simulation of S, in a leading-edge rounded flange
for WR-05 and WR-10 waveguide is illustrated. The

- theoretical cutoff bottom curves illustrates a “perfect” W-10 waveguide
for comparison purposes.
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DESIGN FEATURE

Waveguide Irvegularities

Note that at Markers 2
and 3 there are double

Log magnitude

»REF=0dB 15 dB/Div.

traces. These were inten-
tionally created by record-
ing the first result and then
randomly loosening, mov-
ing, and re-tightening the
waveguide interface for the
most significant displace-
ment of the measurement.
Approximately 10 dB of
degradation was achieved.
At Marker 3, the interface
was taken apart, rotated 180
deg., and reassembled. This

821 forward transmission
i, Marker 1 &REF
i 173.20 GHz
Marker to max
i Marker to min
cal2
4...10.10 GHz
41.721dB
ia1-3
21.10 GHz i
81.217dB ........ .

resulted in an approximate
improvement of 4 dB.

GHz 220

will be introduced. But if the
irregular section is used as
the “test-port adapter,” and
is left in place as the test port
after calibration with a preci-
sion set of components, a dif-
ferent set of effects will
occur. There are even
impacts using an irregular
waveguide section as a con-
venient interconnection to,
or as part of the device under
test (DUT). Due to the mag-
nitude of errors that can be
introduced into the VNA cal-
ibration by these irregulari-
ties, the entire measurement

OVERSIZE PROBLEMS

10. This VNA plot shows the S,, response of an oversize

WR-03 waveguide to determine its cutoff frequency.
The impacts of various Marker 1 shows the theoretical cutoff frequency, while
types of waveguide irregu-
larities depend on the type of
device being tuned or ana-
lyzed. The position the irregular
waveguide occupies in the test setup
will also have specific effects. If the

operation for a 2-in. (5.08-cm) section of waveguide.

nent or all of the components in a cali-

- bration standards kit, one set of errors = rect.

Marker 2 is the 40-dB cutoff point or the practical limit of

~ irregular waveguide forms a compo- - VNA dispersion correction and the
- waveguide-loss model to be incor-

setup should be well thought
out before even beginning
calibration.

An oversize waveguide,
when used as a component of
a calibration kit, will cause

This is a problem if the waveg-

Now entering our fourth decade,
JFW Industries is a proven leader
in the design and production of
innovative RF solutions. Whether
your project calls for fixed attenu-
ators and terminations, manually
and electronically controlled
attenuators, RF switches, power
dividers or programmable RF test
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E-mail- sales@jfwindustries.com
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RF Components
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'DESIGN FEATURE

Waveguide Irvegularvities

uide theoretical

cutoff frequency Log magnitude » REF = 0 dB 10 dB/Div

(rather than its 2 4.9850cm  Sqq forward reflection

actual cutoff fre- o S —35.373 aB .. i5 15.7400 cm .
» Marker 1 ‘ 5

quency) is entered
during calibration
data entry. It will
cause the test data
to have phase and
magnitude errors,
as well as time-
domain errors.
The use of an
oversize waveg-
uide section as a

-60.658 dB
151100 cm ¢

3 10,0250 o —33.001 4B

test-port adapter

attached to the 11. Atime-domain analysis of a five-section assembly of
VNA RF-head standard WR-05 is used to determine misalignment

test port will cre- error when the 67B specifications are applied. The five
ate errors that are markers on the VNA screen represent measurement
similar to trying taken at various interfaces between the sections.

to calibrate a SMA

coaxial system with a 3.5-mm calibra-
tion kit. These same types of SMA
versus 3.5-mm problems will be
encountered in system measure-
ments where waveguides of different
internal dimensions are intermixed
(i.e., precision and standard, etc.).

An offset, such as those that are
supported by 67B-specification tol-
erances between waveguide inter-
faces during calibration, will intro-
duce an unexpected ripple
component in the test data that will
Impact the quality of measurements,
particularly in the high return-loss
measurements made in metrology. A
standard flange section of waveguide
could induce destructive ripple when
looking across return losses of 30 dB
or more. The lack of repeatability
supported by the 67B tolerances can
be very disruptive to an orderly cali-
bration organization.

The presence of a rounded leading
edge in the waveguide flange can
affect the precision and standard 67B
flanges—WR-08 and smaller. The
effects would most likely exacerbate
the degradation that is caused by any
offset in the flange interfaces. The
ability to predict the relative offset of
the two flanges in a 67B interface,
coupled with the possibility of lead-
ing-edge rounding, has potential
impact for any meaningful VNA
measurements that are above 90

(GHz, with the possible exception of
low return-loss characterization such
as wafer probing.

Before use in any rigorous testing
program, all of the waveguide should
be fully characterized for its electri-
cal properties and mechanical com-
patibility. It is recommended that as
many waveguide-flange interfaces as
possible be eliminated. The use of a
specifically designed single-piece
waveguide run that includes all of the
necessary twists, bends,and other
convolutions is highly recommended.

VNA measurements have shown

- that the anomalies of the waveguide

itself, which can be handled in the
process of calibration data entry, are
less destructive than the imperfec-
tions inherent in the alignment
uncertainty of the flange interface.
The use of dedicated waveguide
test setups, which are not tampered
with once they are assembled, should
be considered mandatory. It is even
more important for prudent techni-
cians to fully understand and qualify
their test sets when they work at
these frequencies. ®®
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INDUSTRY’S SMALLEST 2.4GHz LNA
INCREASES BLUETOOTH RECEIVER
SENSITIVITY TO -90dBm
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Load Tolevence

Consider Load Tolerance
In Amplifiers For Immunity/

Susceptibility

The concept of maximum available
power can be useful when comparing
the performance of Class A and
Class AB amplifiers.

Pat Malloy

Applications Engineer

Amplifier Research, 160 School House
Rd., Souderton, PA 18964-9990; (215)
723-8181, FAX: (215) 723-5688, e-
mail: info@ar-amps.com, Internet:
http://www.ar-amps.com.

OWER AMPLIFIERS (PAs) are characterized by a set of well-known
and generally accepted specifications. The list includes gain, fre-
quency response, and output power. But some less-understood spec-
ifications, including noise figure, gain stability, and distortion, must
also be considered when comparing the performance of PAs. Of these “sec-
ondary” performance specifications, load tolerance may be one of the most
overlooked parameters. Depending upon the application, the ability to pro-
vide power to loads that vary from an ideal 50 () can be crucial. These vari-
ations in load impedance are commonplace, especially in electromagnetic
(EM) immunity and susceptibility testing applications. In applications of
this nature, the load tolerance ultimately determines the effectiveness of
the PA.

This article addresses the use of
RF PAs in applications characterized
by mismatched loads. VSWR varia-
tions encountered in immunity test-
ing are discussed in relation to ampli-
fier design. The concept of minimum

available power (MAP) is introduced
as a quantitative measure of an ampli-
fier’s capability to supply power into
load with poor VSWR.

Real-life applications rarely
- involve driving an ideal 50-Q load.

More likely, the
0 -~ :
kRated output ? P~0.5 at 2:1 load VSWR

load varies with
power
Po~-3 dB at 3:1
load VSWR

frequency over a
wide range of
impedances. A
case in point is EM
immunity testing.
This application is
plagued by widely
varying load
impedances due to
\ variations  in
antenna charac-
\ teristics, room
reflections and
resonances,
imperfect cables
and connectors,
and reflections
from the device
under test (DUT).
Specifically, start-

b

&

Output-power foldback—dB
|
=

I
1
I
I
1
1
1
1
1
1
1
T
1
1
1
1

2.0:1
Load VSWR

1. In a typical Class AB PA, the output power decreases or
“folds back” as the VSWR of the load increases.
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ing with a typieal antenna VSWR of
2.50:1 and factoring in room and sig-
nal-path effects, it is not uncommon to
experience a VSWR in excess of 5.0:1.
The problem simply stated is that
most RF PAs are not capable of pro-
viding full rated power to loads that
vary considerably from an ideal 50-
Qimpedance. Engineers working in

the area of electromagnetic-compati-

bility (EMC) testing have had to deal
with the problem of delivering power
into significant mismatches on a reg-
ular basis and, as a result, a line of
amplifiers has been developed at
Amplifier Research (Souderton, PA)
with characteristics that particularly
lend themselves to this difficult appli-
cation.

There are two major types of RF
PAs used for susceptibility testing—
Class A and Class AB amplifiers.
Class A amplifiers exhibit character-
istics that are well-suited to applica-
tions requiring good load tolerance.
By specializing in Class A linear
amplifiers especially designed to be
load tolerant, Amplifier Research has
developed a line of products capable
of handling applications involving

varying load impedances. While Class
A amplifiers are generally larger and

more expensive than
Class AB amplifiers,
the electrical perfor-
mance advantages of
Class A amplifiers out-
weigh all other consid-
erations. To under-
stand why Class A
amplifiers are superior
to Class AB amplifiers
for EM immunity and
susceptibility testing,
it is necessary to con-
sider the inherent dif-
ferences, which lead to
their respective
strengths and weak-
nesses.

In Class A operation, the active
devices are biased to ensure that col-
lector or plate current flows for 360
electrical deg. of the input waveform.
When operating below the 1-dB com-
pression point, the RF input and out-
put waveforms will vary uniformly
about the DC quiescent point, and lie
within the linear region of the charac-
teristic curves for the active device.
As aresult, a Class A biasing scheme
provides excellent linearity and low
distortion.

A properly designed Class A ampli-

fier dissipates max-

IN A CLASS A AMPLIFIER, B CRuRE
ADDITIONAL ATTENTION
MUST BE PAID TO HEAT

SINKS, COOLING CONSID-
ERATIONS, AND SELEC-

TION OF RUGGED COMPO-

NENTS THAT CAN ENDURE
A REALTIVELY HOSTILE

LR ) ) share total heat dis-

quiescent state.

Thus, it must be
designed for high-
power dissipation.
In contrast to a
Class AB amplifier,
a Class A amplifier
of necessity re-
quires larger active
devices and often a
larger number of
active devices in to

sipation. In a Class
A amplifier, addi-
tional attention must be paid to heat
sinks, cooling considerations, and
selection of rugged components that
can endure a relatively hostile ther-
mal environment. Once an input sig-
nal is applied to a Class A amplifier
and RF power is dissipated into a
load, the RF devices actually run
cooler than in the quiescent state.
Since these devices are running
below their normal operating temper-

~ature, power reflections resulting

from into high levels of VSWR are

not a problem. While its design is
inherently superior to a Class AB

110
100 W 1000 B
100 100 [~ N
o 90 90
£ o \ 2 Specified load tolerance | S 80 \%’ N, A
o 2. of 100 percent = 2 \0
<, @ ~ ‘k
@ 70 2 e 70 o 7005
P G 3 1 %,
s 60 2, [ 60 % S
2 50 2 £ 50 \
— =2
Ea0 \ 5 40 :
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& 20 \ s \
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0 ¥ l T ] | 0 i I I | | l
: ] i 1 i
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2. This plot of Class A and Class AB amplifiers shows that

the former maintains its rated output power or minimum
available power with all levels of reflected power while the
latter fails to deliver rated output levels except with ideal
50-() loads.

3. The minimum available power concept supports the
comparison of two 100-W amplifiers, with the Class AB
unit maintaining rated levels even for loads as severe as a
6.0:1 VSWR.
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amplifier in regards to its
ability to dissipate power, a
Class A amplifier will
undoubtedly be larger, heav-
ier, cost more, and be less
efficient with respect to its
use of primary power.

The active devices in a
Class AB amplifier are
biased to produce output cur-
rent for somewhere less than
360 deg. and more than 180
deg. of the input signal. A
Class AB design consumes
less power in its quiescent
state than when an input sig-
nal is applied. Since it con-
sumes less power and is thus

1000-W
AR Class A 3.01
amplifier load
1000-W forward power ——> Pawer absorhed
by the load
<«—— 250-W reverse power 750 W
1000-W
Class AB* 3.0:1
amplifier A over shenthu
_ ower absorbe
500-W forward power —> by the load
<«—— 125-W reverse power 375 W

*Also representative of less capable Class A amplifiers

4. In a comparison of Class A and Class AB 1-kW
amplifiers, the Class A amplifier will dissipate more power
in the load while maintaining its rated output level. The
Class AB amplifier employs foldback protection to limit its

more efficient than a Class A output with a less-than-ideal load.

curve shows an alarming
inability of the RF devices
to sink even a minimal
amount of reflected power.
The amplifier must imple-
ment “foldback” of the avail-
able RF output power in an
effort to protect its output
stages. Specifically, the
curve clearly shows that a
100-W amplifier can not sus-
tain 100 W into a load with
VSWR of 2.0:1 (a typical
antenna VSWR), but folds
back to 89 W. With as little
as 11 percent of the output
power reflected, the for-
ward power drops to 89 W.
When the load VSWR

amplifier (efficiency is equal

to the RF output power divided by
the primary input power), fewer tran-

sistors are required for a particular
output-power level and the amount of
power/heat that must be dissipated is

Class A design, supporting the use of
smaller-area silicon (Si) devices. Less
heat sinking is required in a Class AB

amplifier compared to a Class A

design, and the cooling schemes for a
Class AB design tend to be less elab-
orate than those used in Class A
amplifiers. Accordingly, the ability of

a Class AB broadband amplifier to

absorb reflected power is severely
compromised when compared to the
capability of a Class A amplifier.

An example may be useful in
demonstrating a comparison of the
two amplifier types when handling
reflected power. As an example, con-
sider a Class A amplifier that
requires 1000 W of primary power to
achieve a rated output-power level of
100 W. With no signal input, this
amplifier must be capable of dissipat-
ing 1000 W. When a signal is applied,

the amplifier dissipates 900 W while

delivering 100 W to the load.

In contrast, a typical broadband
Class AB 100-W amplifier dissipates
considerably less than 100 W with no
input signal applied. When an input
signal is applied, the internal dissipa-
tion may rise in excess of 500 W.

This example assumes a perfect 50-
Q load in both cases. How well do
these amplifiers fare with real-life

loads encountered in typical suscepti- |

bility testing situations or applica-

tions where impedances may vary
widely? As the load varies from an
ideal impedance of 50 (), output pow-

~er is reflected back into the output
less in a Class AB design than in a

stage. Since the Class A amplifier is
designed to dissipate at least 1000 W,
power reflected back into the output
stage of the amplifier does not pre-

sent a reliability or performance |

problem (Fig. 2). Even if the output
port were shorted or operated in an
open condition, the resulting total
reflection of 100 W would not
adversely affect the amplifier. Since
the additional 100 W of reflected pow-
er does not increase the device dissi-
pation above design value, the ampli-
fier would continue to supply forward
power of 100 W without overheating,
regardless of the load.

In contrast, the Class AB amplifier

will have serious problems dealing

- with load variations, since it is
designed for use with nearly ideal °

loads and the slight-
est amount of re-
flected power could
cause severe dam-
age to its output
stages. Accordingly,
Class AB amplifiers
employ a protection
scheme to limit the
amount of reflected
power. Figure 1
shows a typiecal
curve of Class AB
output power versus
output VSWR. The

IN CONTRAST, THE CLASS
AB AMPLIFIER WILL HAVE
SERIOUS PROBLEMS
DEALING WITH LOAD
VARIATIONS, SINCE IT IS
DESIGNED FOR USE WITH
NEARLY IDEAL LOADS.

increases only modestly to a
value of 3.0:1, with only 25 percent of
the output power reflected back, the
forward power of the Class AB ampli-
fier is cut back to 50 W. This lack of
power can adversely affect the per-
formance of an EM susceptibility test
system that must maintain pre-
scribed electrie- and magnetie-field
levels despite VSWR variations.

Since PAs are specified according

- to required power levels delivered to

a load, what is needed in comparing
PAs for susceptibility testing is a con-
venient and reliable method of deter-
mining the load tolerance and, thus,
its suitability when working with a
particular type of load. A parameter
known as minimum available power
(MAP) can be quite useful in compar-
ing the expected output power of dif-
ferent amplifiers under a particular
set of load conditions. The typical

- curve of Class AB output power in

Fig. 11is vague due to the plots of two
nonlinear quantities. A much clearer
picture of actual
amplifier perfor-
mance can be
obtained by plotting
the percentage of
output power (for-
ward power) versus
the percentage of
reflected power.
The resulting graph
presents a clear and
unambiguous pre-
diction of an amplifi-
er’'s MAP.

By using the
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MAP parameter, the performance of
the model 100W1000B PA from
Amplifier Research (Souderton, PA)
can be readily compared to the typi-
cally Class AB amplifier performance
from Fig. 1. The curves show that the
Class A model 100W1000B provides
100 percent of its rated power regard-
less of the load VSWR (Fig. 2). These
characteristics, in fact, apply to all of
the company’s “W” series amplifiers
rated for less than 500-W output pow-
er. Higher-power “W” series ampli-
fiers (to 3 kW) exhibit the MAP per-
formance shown in Fig. 3. This MAP
is characteristic of an amplifier with a
load tolerance equal to 50 percent of
rated output power at infinite
VSWR. The Class AB MAP curve
generally applies to all amplifiers of a
particular classification regardless of
output power and can be determined
from the simple relationship:

Load tolerance (percent) = [(For-
ward power at 100-percent reflec-
tion)/(Rated power of amplifier)] X
100 percent

In conclusion, the MAP concept can
be applied to a wide range of PAs
when comparing different architec-
tures, suich as Class A and Class AB

THE MAP CONCEPT CAN BE
APPLIED TO A WIDE RANGE
OF PAs WHEN COMPARING
DIFFERENT ARCHITEC-
TURES, SUCH AS CLASS A

AND CLASS AB UNITS,
ESPECIALLY WHEN AN
APPLICATION INVOLVES
TIME-VARYING LOADS.

units. When an application involves
time-varying loads, such as those typ-
ically encountered in susceptibility

- testing, load tolerance is of para-
. mount importance. Selection of load-

DESIGN FEATURE

Load Tolevence

tolerance amplifiers can avoid the dis-
appointment of an underpowered
application, especially when ampli-
fiers are specified with load tolerance
expressed in percentage of rated
power (Fig. 4). It should be noted that
the concept of MAP refers to the
maximum available forward power
and not the power dissipated in the
load. For example, in the extreme
case of infinite VSWR (a short or
open), no power is dissipated in the
load. The MAP concept makes it eas-
ier to visualize the effects of load
VSWR on output power. Other
amplifier characteristics such as low
power-line voltage, temperature,
input/output VSWR, ete., may affect
available output power. ee

For more information
on this topic,

visit us at
www.mwrf.com
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Range-Doppler Radar Imaging and Motion Compensation

Jae Sok Son, Gabriel Thomas, and
Benjamin C. Flores

Radar systems rely on RF energy
for illuminating a target, but there is
much more signal processing
involved in these systems once radar
returns have been captured. Range-
Doppler Radar Imaging and Motion
Compensation is a reference guide
featuring the latest processing tech-
niques for focusing radar images. It
introduces engineers to some of the
advanced methods used to analyze
and synthesize the echo-transfer
functions of inverse-synthetic-aper-
ture-radar (ISAR) targets.

Range-Doppler Radar Imaging
and Motion Compensation features
14 chapters, more than 100 illustra-
tions, and approximately 300 equa-
tions that combine to present an inte-
grated approach for generating
focused radar images of multiple
moving targets that are illuminated
by a radar beam.

The opening chapter provides a
brief background on ISAR systems
and introduces the concept of rota-
tional-motion compensation. Chapter
2 describes basic concepts of ISAR.
Chapter 3 formalizes the burst
derivative concept, a motion-com-
pensation technique that is not com-
putationally demanding. Chapter 4
introduces the phase-difference
method for estimating the transla-
tional motion parameters of a target,
while Chapter 5 covers least-squares
motion-parameter estimation.

Chapter 6 details complex analysis
of ISAR signatures, while Chapter 7
highlights Cramer-Reo bounds for
motion estimates. Chapter 8
describes weighted least-squares
motion-parameter estimation, and
Chapter 9 covers signal analysis and
synthesis using short-time Fourier
transforms, a 2D linear transforma-
tion that conveys information in time
and frequency through a sliding anal-

ysis window. Chapter 10 reviews a
selective motion-compensation
methods, and Chapter 11 explains
imaging-enhancement techniques.

Chapter 12 offers an introduction
to rotational motion compensation,
while Chapter 13 reviews interpola-
tion methods for rotational-motion
compensation. Finally, Chapter 14
details image-enhancement tech-
niques using sidelobe apodization.

Range-Doppler Radar Imaging
and Motion Compensation is
shipped with a 3.5-in. (8.89-cm) flop-
py disk containing MATLAB-based
software. The software allows the
user to simulate the different tech-
niques that are presented in the
book. (2000, 238 pp., hardcover,
ISBN: 1-58053-102-4, $93.00.)
Artech House, Inc., 685 Canton
St., Norwood, MA 02062; (781)
769-9750, FAX: (781) 769-6334,
Internet: http: //www. artech-
house.com.
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Understanding Single-Ended
And Mixed-Mode

S-Parameters

S-Parameters,
Part 1

The growing use of diffevential
civcuitry in high-speed analog and

digital civeuitry vequives a new
look at traditional S-pavameters.

Garth Sundbery

Member of the Technical Staff
Maxim Integrated Products,
120 San Gabriel Dr.,
Sunnyvale, CA 94086;

(408) 737-7600,

FAX: (408) 737-7194,

Internet: http://www.maxim-ic.com.

IFFERENTIAL circuits provide noise-free signal transmission in
communications. In the past, these circuits have been associated
with low-frequency systems. At relatively low frequencies, these cir-
cuits can be designed and analyzed using lumped-element models

- and techniques. But when differential circuits are applied to systems oper-

ating beyond 1 GHz (and equivalently 1 Gb/s in digital communications sys-
tems), this lumped-element approach is no longer valid.

To deal with the inability to use
lumped-element techniques, dis-
tributed models and analysis tech-
niques are used. Scattering parame-
ters (S-parameters) have been
developed for this." These S-parame-
ters are defined for single-ended net-
works. S-parameters can be used to
describe differential networks, but a

- strict definition was not developed

until Bockelman et al. addressed the
issue.” Bockelman’s work also includ-
ed a study on how to adapt single-
ended S-parameters for use with dif-
ferential circuits.” This adaptation
(known as mixed-mode S-parame-
ters) reports on differential and com-
mon-mode operation, as well as con-
version between the two modes of
operation. This opening installment
of a four-part article series will exam-

ine the use of single-ended S-param-
eters, mixed-mode S-parameters,
and the importance of a proper cali-
bration when making network-ana-
lyzer measurements.

The term “S-parameters” refers to
how the parameters represent a scat-
tering, or separation, of a signal by a
device under test (DUT). These scat-
tered signals are the reflected and
transmitted waves that are produced
when a device is struck with an inci-
dent wave. S-parameters become
important when the operating fre-
quencies are high enough so that cir-
cuit elements become a significant
fraction of a wavelength (approxi-
mately one-tenth of a wavelength)
and a lumped-element approach
must be discarded in favor of a dis-
tributed model.

Also, at microwave fre-

quencies, it is difficult to

bz measure voltages and cur-

b nn rents (as required for

General 2 impedance measurements).

P1 two-port P2 To overcome this problem, a
network <V | ratio of the incident and out-

going wave is used (see Fig.
1and Eq. 1):

1. A typical two-port network exhibits forward and
reverse transmitted and reflected waves.
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S-Parameters

S{; = (b: /a_j) /CIA =0fork#j (])
In matrix form, Eq. 1 becomes:

(6] = [S]la] (2)

Sy, it is necessary to energize port j
and measure the response on port i.
It is important to note that all ports,
except the stimulus port, must be
terminated with that port’s charac-
teristic impedance. For example, to
caleulate parameter S, for the net-
work in Fig. 1,it is necessary to ener-
gize port 1, take the power out of port

2 and divide it by the power incident

on port 1 when there are no incident

this, it is necessary to terminate port
2 with its characteristic impedance
[typically 50 Q in high-frequency,
high-speed systems and 75 Q} in
cable-television (CATV) gystems].

In eq. 2 [b] is an n X 1 column
matrix, [a]is an n X 1 column matrix
and [S]is an n X n matrix where:

n = the number of ports in the net-
work (i.e.,, n =2in.) [Fig. 1].

The power waves are related to

the voltages and currents by the fol-
lowing equations:

v, +i

w, — S (3)
2\/Re(2,)
v, —iZ

b n n—n (4)

" 2[Rz,

In Egs. 3 and 4:
v, = the total voltage at port n,
i, = the total current at port n, and

7, = the characteristic impedance

at port n.
S-parameters are used in many
ways to characterize a device or

transmission line. In the (S) matrix,

the diagonal elements (S;;) are the
reflection coefficients if, and only if,
all other ports are terminated with
their characteristic impedance. From
this, the VSWR, return loss (in deci-
bels), and other parameters can be
calculated. The S;; terms are the
transmission coefficients. From this
quantity, gain of an active device,
loss in a passive device, insertion

loss, group delay, and other related

. parameters can be
- found.

concept
Equation 1 states that to measure

. ted wave would be
voltages on port 2. To accomplish

- eters for this sin- +

An analogy to
optics and reflect-
ed light is helpful
in explaining the
of S-
parameters. For

Side 1 (Port 1)

Incident wave (a{)

Side 2 (Port 2)

Lens

example, a ray-of-
light incident on a

piece of clear glass
(Fig. 2) can be
thought of as the
equivalent of a, of
Fig. 1. The reflect-
ed wave would be
the equivalent of
by, the transmit-

bs, and the charac-

A\ Transmitted wave (bg)

Reflected wave (bq)

_ Reflected (b1)
Incident (a1)

Sp1= Trans_mmed (bg)
Incident (a1)

teristic impedance
would be that of
free space (ap-

proximately 377 Q). As a result, the
transmitted wave can be thought of
-~ is gathered to construct the 4 x 4 S-
- parameter matrix. With the four-

as Sg; and the reflected wave can be
thought of as S,,.
Once S-parameters for single-

ended networks are fully understood, -
it is possible to extend the concept to
characterize differential circuits. To
begin the understanding of differen-

tial S-parameters, a differential
amplifier will be studied. An exam-
ple of a differential amplifier is pro-
vided in Fig. 3.

To characterize the differential
amplifier of Fig. 3, each lead can be
identified as a port and the differen-
tial circuit can be labeled as a four-

port network. This approach treats

the amplifier as a

2. It is possible to visualize S-parameters through light
incident on a lens.

measurement process continues in
this fashion until enough information

port S-parameters measured, the
DUT is accurately characterized
(assuming there is a good calibration)
for single-ended performance. Since
the sample amplifier is designed for
differential operation, these S-
parameters do not provide much
insight to the amplifier’s differential

-~ (or common-mode) operation since

each port contains the differential

~ and common-mode responses.

To overcome this problem, a sys-
tem similar to that used to describe
the four transfer gains (A.., Aqq, Acas

single-ended

device. To mea-
sure the S-param- h

gle-ended h P1

approach using a
two-port vector =
network analyzer
(VNA), it is neces-
sary to terminate
the two unused >

ports with 50-Q | vp * P2
terminations and -
measure the two-

P3 V3

Differential
amplifier

P4

port S-parameters
for the two unter-

minated ports. 3. This example of a differential amplifier shows how
The termination/ balanced lines are used for noise suppression.
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DESIGN FEATURE

S-Parameters

lg1 lg2
d1 a2
+ + VNA
Vi1 Ports 1 and 2 Ports 3 and 4 Vdz
I— I - Port 1 Port 2
div a1 ; 2 d2
Linear
two-port O O
differential
network
o1 ot 2 2 Balun_ _
+ b (0deg.
Ve Ports 1 and 2 Ports 3 and 4 Ve2 | " bitterentiall
. = Eo ! ‘| our
et ke 2 @ 1180 deg, '
4. In a mixed-mode representation of a circuit, the

differential and common-mode signals are separated. In
reality, both types of signals appear at common ports.

and A,.) introduced by Middlebrook
in ref. 3 is used. This system of S-
parameters (known as mixed-mode
S-parameters) was introduced by
Bockelman ef al. in ref. 2. It begins by
grouping ports one and two together
(to form a differential port one) and
grouping ports three and four
together (to form a differential port
two).

The network shown in Fig. 4 is only
a tool to help visualize the operation
of a differential circuit. In reality,
there are only two differential ports

with each port having differential

and common-mode signals.”

Comparing the single-ended volt-
ages and currents in Fig. 3 with the
differential voltages and currents in

Fig. 4, the differential and common-
mode voltages and currents can be
defined as:

Var =V — V2

v, + v,
V. = % (5}
. 1/ — 1.3
g1 5
f‘.; —If+i7 (6)
Va2 = V3 —Vy
V; + v
Vep = = (7)

With this conversion between sin-

ages and currents, a way to convert

from single-ended S-parameters to

mixed-mode S-parameters can be
found.
given, a review of what has been
done in the past to measure circuits
differentially will be presented.

In the past, if differential measure-
ments were desired, then a balun (or
hybrid coupler) would be needed as
seen in Fig. 5. The problems associat-

ed with this method are magnitude
. and phase imbalance of the baluns, no
- way to measure mode conversion
- (i.e., from differential to common
- mode), no rigorous definition of
mixed-mode S-parameters, and cali-
brating the system with the baluns is
not well-defined. Due to these prob-
- lems, a carefully developed system is
needed to describe the device differ-
entially.

With the need for mixed-mode S-
parameters to be presented, it is now
convenient to define the mixed-mode
S-parameters. Using the definition
for the incident and returning waves
- provided in Eqgs. 3 and 4, a differen-
tial and common-mode incident and
returning power wave can be defined
as:

_ VYan + i(ln Z[[n (9)

gy = 5 ;‘Re(zﬂln)

gle-ended voltages and currents to

differential (an(l[com;non-mode) volt-
. Iyl

ly2 =

2
I_‘_):I¢+I_l

(8)

_ Van — lan 7’4/”

hzn -
! 2\ Re(Z,,)

(10)

Before the conversion is .

5. In this sample test setup, baluns are employed to
measure differential S-parameters.

D 4
acn — ‘[N I(H _lli (1])
2 RC’(Z(,” )
— Ven — ’('HZ(’H (]2)

b [Re(Z,,,)

In Eqgs. 9 through 12:

V4, = the differential voltage at
portn,

Ve, = the common-mode voltage at

port n,

14, = the differential current at port
n,

i., = the common-mode current at
port n,

Z4y = the differential-mode charac-
teristic impedance at port n (7, for a
coupled-line system), and

Z.., = the common-mode charac-
teristic impedance at port n (7, for a
coupled-line system).

To calculate Z,, it should be
remembered that Z = V/I, so in order
to find Z, it is necessary to take vy,
(from Eq. 5) and divide it by I, (from
Eq. 6). A similar method is needed to
calculate Z.. Following these steps
yields:

Z(]' = ZZm
Z = % (13)

With the definition of the power
waves in Eqs. 9 through 12, the
mixed-mode S-parameters can be
defined as:
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Imagine the possibilities.
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DESIGN FEATURE

S-Parameters

VNA
Port 1 Port 2
% Y
SRR

Calibration reference plane
]

MAX 3950 EV kit

6. This measurement setup is
designed to evaluate the return loss
of a 10-Gb/s deserializer circuit.

bar = Saa1q1 + Saa2%az
FSger19cr F Sacr29c2
byy = Squ21%a1 * Sga22942 +
Sdc219%1 F Sac220c2
bey = Scari@ar + Scarz@az +
Scel 1% T See126c2
bey = Sca2iq1 + Sca22842
FSapey F 822005 (14)
where:

Sgh[[ = S((mijinr mud[')

(15)

(input mode)(output port)(input port)

which can be represented as:

b(“ (Su'd][ S(f(“Zj
bys _ Saazi Saaz2
bei Sedi Sedi2
bes Scazi Sca2z
|:Sdc‘11 Sic12 ay;
Sge2r Sgen2 ]| | a
2 12
‘ (16)
S('(‘ 11 SL‘('/Z ey
S('( 21 S(‘(‘ZE Ae2
where:

Sgq = the differential S-parame-
ters,

See = the common-mode S-parame-
ters,

S4c = the mode conversion that
occurs when the device is excited
with the common-mode signal and
the differential signal is measured,
and

S.q = the mode conversion that
occurs when the device is excited
with a differential-mode signal and
the common-mode response is mea-
sured.

This mode conversion is unavoid-
able because (whether intentionally
or not) there is a common ground to
the entire circuit or there is device
mismatch and imbalance.

To make a conversion from single-

~ ended S-parameters to mixed-mode
. S-parameters, an assumption is made
- that the DUT is being fed from dif-
~ ferential input lines and that Z,, =
- Zioo) = 2. The assumption of differen-

tial input lines is not limiting, as one

- can define the length of the lines tobe
- arbitrarily small. The assumption of
- Zige = Ly, = Lo implies that the differ-
- ential input lines are not coupled.

This is also a valid assumption as the
lines of the VNA are coaxial and not
coupled.

Taking the definitions of vy, v, ig,
and i, from Eqgs. 5 through 8 and plug-
ging them into Egs. 9 through 12, and
taking Z4 to be 2Z, (from Eq. 13),
vields the following equations:

dqp = al:ﬁaz aeyp =
by = bIJEbZ
b, = b’jgbz (18)
0 = (13‘\};4
a,, = “—*g’“ (19)
by = bj\/%m
b = ’%%ﬂ (20)

A convenient matrix representa-
tion of Eqgs. 17 through 20 is:

ayg 1

<
<
~

gz /

N B
a. 0o 0 1 I

Aeg

a;

as
: (21)

az

0
_5_

MCallculaled I
= Measured
-10 1 . Single ended

~15

A
v

4

-20

Lo

-25

74

| Sgg11l —dB

=30

-35

/ /"\{; AN/

-25
-30 I
0 1 2 3

Frequency—GHz

4 5

a0 |
: 0 1

Frequency—GHz

7. The single-ended S,, response of the 10-Gb/s
deserializer was measured with a commercial VNA.

8. The differential S, response of the 10-Gb/s
deserializer was measured with a commercial VNA.
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S-Parameters

b(” / -1 0 0
b lo o0 1 -1
by | 2|1 1 0 0
bes o o0 1 I
b,
b2
22
by (22)
by

More compactly, it can be repre-
sented as:

o™ = Mu.wd pmm Mbs!d (23)

In Eq. 23, the superseript “mm”

represents mixed mode and “std”

represents the standard parameters
and “M” is provided by:

-1 0 0

]
M= — 24
V2 1 (24)
0 1 1

S ~ D~
[

Applgring the conversion from a**¢

and b™ to 2™ and b™" provided in
Eq. 23) to the definition for single-
ended S-parameters shown in Eq. 2
yields:

Sﬂiﬂl

= MS"™ pm! (25)

It is important to follow the

85033D 3.5-mm calibration kit from
Agilent Technologies. The calibra-

tion moves the measurement refer- |

ence plane to the end of the cables
(Fig. 6). Since no calibration kit was
built to measure the device on its cir-
cuit board, all S-parameters present-
ed include the effects of the trans-
mission line and SMA connectors to
get from the VNA to the MAX3950.
As a result, the actual return loss of
the device will be better than that
which is presented here. As a com-
parison, the single-ended return loss
is presented in Fig. 7.

To obtain a true differential return
loss, apply Eq. 25 to the measured
data. This result is given in Fig. 8. To
validate the conversion, the differen-
tial return loss of the MAX3950 on
the MAX3950 EV kit was measured
using the ATN-4000 series differen-
tial network-analyzer system from
ATN Microwave (North Billerica,
MA). The results of the differential
network analyzer are also presented
in Fig. 8.

The actual differential return loss
is different than the single-ended
return loss. Since the DUT is a dif-
ferential part, the most accurate way
to characterize the part is through
the use of differential return loss.

The choice of calibration stan-
dards depends on the measurement
setup. Some possible calibration

standards are the SOLT standards
provided in the 3.5-mm calibration
kit with a VNA or an impedance-
standard substrate (ISS) [i.e., as pro-
vided by Cascade Microtech (Hills-
dale, OR) with their wafer probes]
when making on-wafer probe-station
measurements. Another option is to
define a custom set of standards
using a SOLT, through-reflect-line
(TRL), line-reflect-match (LRM), or
other calibration method.

In a typical VNA measurement
system, cables connect the VNA to
the DUT (through SMA connectors;
a wafer-probe station; or other types
of connectors, such as K connectors).
The cable and connector combination
has a significant effect on the mea-
sured data, since it adds its own
insertion loss, return loss, and other
electrical characteristics to the test
system. Without a calibration, the
electrical effects of the cables and
connectors are added to the respons-
es of the DUT. To remove the cable
and connector effects, a calibration is
needed.

With a calibration (for example
SOLT), one is defining a position on
the Smith Chart. The open defines
the right edge of the Smith Chart,
the short defines the left edge of the
Smith Chart, and the load defines the
center of the Smith Chart (Fig. 9).
The through standard identifies the

delay and loss introduced by

port-numbers scheme provided
in Fig. 3. If the four ports are
not numbered in this fashion,
then Eq. 24 for “M” will not be
correct. It must be arran§ed in
order for Eq. 25 to work.

To demonstrate this tech-
nique, the return loss of the
model MAX3950 10-Gb/s dese-

Short

Load

rializer from Maxim Integrated
Products (Sunnyvale, CA) was
measured using a model 8753D
VNA from Agilent Technolo-
gies (Santa Rosa, CA). Since
this network analyzer only
operates to 6 GHz, only these
data are presented. The mea-
surement test setup is provid-
ed in Fig. 6.

Dpen'

Y/

the cables and connectors.

Parameters S;; and S, can
be thought of as light reflected
by a lens, while parameters
Soq and Sy can be thought of
as light transmitted through a
lens. A good calibration can be
compared with cleaning a cam-
era lens before taking a photo-
graph. Next month, Part 2 of
this article series will continue
with a closer look at mixed-
mode S-parameters. ee
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Site Reveals Design Of
Sigma-Delta Synthesizer

Visitors to this site will find an
excellent 130-page tutorial article
on the design of a frequency-
discriminator-based synthesizer.

ALAN (“PETE”) CONRAD

Special Projects Editor

|
‘ requency synthesizer design of-
| fers many challenges due to its
complexity. Fortunately, a web-
site sponsored by the Depart-
ment of Electronics of Carleton
University (Ottawa, Ontario,
Canada) contains an excellent tutor-
ial article on the design of a fre-
quency-discriminator-based fre-
quency synthesizer. The article also
happens to be the Master of Engi-
neering thesis submitted to the Uni-

versity by Walter T. Bax and made |

available on the school’s website at
www. doe.carleton.ca/~wbax/doc/
MENG.pdf.

The synthesizer design is well-
suited for digital mobile radio appli-
cations. In fact, the article notes that
with the growing use of digital modu-
lation in modern communications

| systems, digital frequency synthesiz-

ers support better channel utilization

¢ and noise suppression than analog

+ + +
e d_/ e +‘d_/ oka 7 + b l;\ e
clk

—D D 5D o

2-1 z—1 2—1.

. This block diagram shows the third-order comb filter designed for the

» 8 sigma-delta frequency synthesizer.

MICROWAVES & RF » MARCH 2001

signal-generation techniques.

The architecture has several ad-
vantages over conventional high-res-
| olution fractional-N synthesizers
| currently used in communications
products. The design is based on an
oversampled sigma-delta (sum-dif-
ference) frequency discriminator
that directly converts frequencies
from a voltage-controlled oscillator
(VCO) to digital form. Additional sig-
nal processing can then be per-
formed digitally to eliminate many of

| the analog noise sources present in

| conventional fractional-N frequency
| synthesizers. By processing signals

in the digital domain, for example,
near-ideal finite-impulse-response
(FIR) digital filters can be used to re-
move unwanted signal artifacts with-
out adding the group-delay distor-
tion associated with analog bandpass
filter designs.

In creating the frequency synthe-
sizer, simulation models were devel-
oped to explore the effects of various
parameters on the synthesizer phase
noise and transient response. A dis-
| crete version of the synthesizer was

then realized, and experimental test-
ing was used to validate the accuracy
of the simulation models. Measured
results show that the performance of
this frequency-synthesizer architec-
ture rivals that of conventional frac-
tional-N synthesizers while being
more suitable for implementation as
» 2 very-large-scale-integration
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.. fref=10 MHz _ |

(VLSI) circuit. | same comb filter.
The article found on the Carleton | The two figures
University Web Site contains a total | are typical of com-
of 72 figures with design information | plementary pairs A R A A
and test results. For example, Fig. 1 | of block diagrams 57 IS W 1A N 17 S U ¥ A
shows a block diagram of the third- | and analysis plots [ S 1 N S £ S SR £ B
order comb filter used in the design | of the circuits in- 510 15 20 25 30 35 40 4550
of the synthesizer, while Fig. 2 dis- | volved in synthe- Frequency—MHz
plays the frequency response of the ¢ sizer design.

Magnitude—dB

. The frequency response of the

third-order comb filter was
plotted for a reference frequency of
10 MHz and an integer N value of 10.
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More power equals
more freedom.

Introducing the SXT-289. A new
wideband GaAsHBT power amplifier.

Stanford Microdevices introduces the SXT-289 — the
perfect driver amplifier for today’s and tomorrow’s
advanced communication infrastructure equipment.

With power to spare, giving you freedom from
design constraints, this amplifier was designed and
manufactured using state-of-the-art Gallium Arsenide
heterojunction bipolar transistor (GaAs HBT)
process technology. These devices are ideal for use as a
driver stage for power amplifiers installed in cellular PCS
infrastructure equipment and conform to TDMA,
CDMA and PCS 1900 modulation standards. The SXT-289
operates from a single 5VDC supply and offers exceptional

linearity performance in a small form-factor plastic SOT-89
with backside ground.

For more information on the SXT-289 or any of our
other products, visit our website today and experience
RF Innovation from Stanford Microdevices.
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Lark Engineering’s “Internet Catalog” and Interactive Filter Design Program is now or
line and waiting to serve you at

www.lurkengsineering, com

This is the source for the most comprehenswe selection of RF / Mlcrowave Filters. Within the
Lark Engineering product line you will find a complete filter product selection that covers the
RF/Microwave spectrum from 100 kHz to 18 GHz. These products are realized utilizing the
most cost effective filter structure required to meet our customers requirements. The filtel
structures utilized in our broad product line include: Lumped Constant; Tubular; Ceramic
Interdigital; Combline and Cavity. Mechanical packaging available includes Leadless Surface
Mount and connectorized units with solder pins to Type N Connectors.

Let our state of the art Interactive Filter 1
Design software guide you to the
optimum filter for your application, and
supply you with performance plots,
specifications sheets, outline drawings
and a part number INSTANTLY.

INJOUT

[

.50

. 1 . .
7 ., Whether its the latest up to the minute
/ zzf information on RF and Microwave
w0 filtering technology, or the newest in filte:
= design and synthesis, when you neec
N answers fast, you’ll find them on line a
970.59Mhz 1000Mhz 102 :E'ihzmss Lark‘

Lark Engineering, an ISO 9001 certified company, is a leading supplier of RF and Microwave
filters. The company’s goal is to design and manufacture quality products that satisfy the need:s
and requirements of our customers. Today, with an ever changing industry, Lark continues tc
be the leader in the supply of RF and Microwave filters. The product mix of the company is onc
of the most extensive in the industry with filters from 100 Khz to 18 Ghz. These products are
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Webhsite Surveys

MathCAD Applications

Fans of the popular mathematical
processing program MathCAD will
find more than 200 application files

on this bountiful British site.

ALAN (“PETE”) CONRAD |

Special Projects Editor

ATHEMATICS can solve
many engineering prob-
lems. But rather than
working out problems on
paper, many engineers
over the years have turned to the
powerful MathCAD software pro-
gram for quick answers. The popular
program from Mathsoft Engineering
| and Education, Inc. (Cambridge,
MA) can be used for everything from
antenna design to waveguide analy- |
sis. And recently, many ready-to-use L

application files have been developed
by a variety of sources for use with
Mathcad. Just by visiting the British
| website of Mathcad @ Adept Scien-
tific, at www.mathcad.adaptscience.
co.uk, MathCAD users can add more
than 200 of these “plug-in” applica-
tion files to their collections.
MathCAD, of course, is a personal-
computer (PC) based software pro-
gram that simplifies the visualization

and functions. The software uses a

Mathcad

Welcome to Mathcad @ Adept Scientific
The Ultimate Technical Design Solution

s Mathcad 2001 Premium &9 | Mathcad 2001 Professional W
Mathcad 2001 Professional - the latest version of the world's
No.1 calculation and documentation software for scientific,

engineering and technical projects. It's the complete desktop
solution for all technical users.

« Mathcad Add-ons
about Ubraries, Extension Packs, Treasuries and Electronic Books.
« Mathcad Professional 2000 {(Licence Managed)
o Electronic Books
© Extension Packs

Communication System Design Pack =&
Sis ing Ex n P i L
Yed Diehl's DSP Extension Pack (Mathcad v.7)

o Libraries

o Treasuries

'I"he MathCAD @ Adept Science site at www.mathcad.adeptscience.co.uk
provides hundreds of ready-made applications files for use with the
¢ MathCAD mathematics program.
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and calculation of complex equations |

patented technology to combine rich
and interactive content with power-
ful tools for learning, communicat-
ing, and applying mathematics in
real-world technical applications.
The application files span numerous
versions of MathCAD, although the
older versions of these files will
seamlessly integrate with newer
versions. Full deseriptions of each
application file are provided on the
Mathcad @ Adept Scientific site (see
figure), along with file sizes.
Applications at the site include
astronomy, chemical engineering,
chemistry, electrical engineering,
industrial engineering, mathematies,
navigation, operations research, and
physics. Mathematics and statistics
files include electromagnetic (EM)
scattering of a plane wave by a con-
ducting sphere; two-dimensional
(2D) scattering of a plane wave by an
infinite, perfect electrical conducting
wedge; elliptical integrals; and frac-
tional-order Bessel functions. Other
topics include random binary trees
through the Galton-Watson branch-
ing process, Gauss-Newton nonlin-
ear regression, and Hofstadter’s

| sequence.

Electrical engineering topics

| include Fourier analysis of ampli-

tude modulation (AM), neural net-
works, design parameter calculation
for an operational amplifier, as well
as the analysis of noise from tape
recorders. =



Other files include calculation and |
Bode plots of transfer functions, the |
reconstruction of an object from its
projections, and plotting the time
response directly from a Laplace
transfer function, using inverse Fast
Fourier transforms (FFTs).

Astronomy and navigation files
include calculations for the orbits of
Jupiter's moons, equatorial to hori-
zon transformation, cosmological
look-back time, and the calculation of
times of solstices and equinoxes.
Physics files include propagation of a
Gaussian beam through two lenses
using the FFT transform for data
reduction in thermal diffusivity mea-
surement, determination of the
thickness and refractive index of
non-absorbing films using null-ellip-
sometry, background subtraction in
X-ray photoelectron spectroscopy,
and thermal lens effects in diode-
pumped laser crystals.

Chemistry and chemical engineer- |
ing files include calculations of vapor

06000060

laws, calculation of flame tempera-

tures, and simulation of chemical re- |

actions by randomly selecting pairs
of molecules. Industrial engineering
and operations research topics in-
clude modeling drift in a gene pool,
analyzing water-pumping test data
from unconfined aquifers, finite-dif-
ference representation of the advec-
tion-dispersion equation, and a nu-
merical solution for the advection-
dispersion equation with a tridiago-
nal matrix.

Civil and mechanical engineering

topics include wind loads using |

American Society of Civil Engineers
(ASCE) Standard 7-95, solid and hol-
low shafts in torsion, elastic bending
in a beam, and the design of a stair-

case. Business and economics files |

include annual percentage rate, net
present value of an investment,
home mortgage calculations, and
Black-Scholes option pricing.
Technical support files include 2D
spline interpolation, X-Y plotting,

pressure and boiling points from gas e surface, contour and parametric

plots, decimal to binary number
conversion, data exchange between
MathCAD and Excel, and examples
of using FFTs. Other topics include
least squares fitting, polynomial fit-
ting, linear and spline interpolation,
linear-regression analysis, and bidi-
rectional conversion between matri-
ces and arrays.

MathCAD users number over 1 mil-
lion worldwide, with wide-ranging
interests. Mathsoft’ own website at
www.mathead.com features an addi-
tional 350 application files for down-
load, includng files for chemistry,
chemical engineering, civil engineer-
ing, electrical engineering, and phys-
ics. Files in the electrical-engineer-
ing section cover the Fourier an-
alysis of amplitude modulation, yagi
antenna design equations, design-
parameter calculations for an opamp,
and analysis of a small-signal, com-
mon-emitter RF amplifier. ®

For more information on MathCAD @
Adept Scientific, visit the website at
www.mathcad.adaptscience.co.uk.
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In a modern era one company has been tryst Stabilized Sources
at the forefront of advanced electronics
systems for the defense, aerospace,
~ and communications industries: Zeta. : Frequency Multipliers

Doing business for over 30 years!

When your system caﬁls for éilayei of
performance that’s b«éymd prevailing
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you need a soluﬁon. ;

Synthesizers
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fomb Generators
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subsystems spaofﬁcaj’ly designed for use
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equipment, radar, satellite communica-
tions, data links and other demanding
applications. Our customers include
United States government agencies,
foreign governments, as well as major
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military and commercial contractors.

So, when you are called on to perform,
place your trust in a name you know . . .

Zeta.
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Website Hosts EMC
Application Notes

Visitors to this test-oriented site will find
information about and applications for
high-power amplifiers operating from DC
to 40 GHz at power levels to 50 kW.

Special Projects Editor

mplifiers are widely
used in electromag-
netic-compatibility
(EMC) testing, and
Amplifier Research
(Souderton, PA) has long
been a leader in supplying
high-performance ampli-
fiers for EMC testing and
other applications. The firm
supports its product lines
with a well-populated web-
site at www.ar-amps.com,
complete with specifica-
tions, technical articles, and
application notes.
The firm manufactures a
wide range of power ampli-

Performane
de to 40 GHz. I to 50,000 watts.

ce And Service That Qutclass The Competition.

are sold in Europe since the
EMC directive adopted by
the European Union (EU)
requires that, for the first
time, manufacturers test
their product for intrinsic
EM immunity.

The site features a con-
ducted immunity testing
overview that reviews the
concept of EM immunity
testing through injecting cur-
rent into the input and output
cables of a system under test.
The document for these mea-
surements is the IEC 1000-4-
6 specification titled
“Immunity to Conducted

; fiers (PAs), from moder-
| ately powered solid-state
units to massive tube-pow-

The Ampilifier Research website at http://www.ar-
amps.com offers a wide range of application notes on
high-power ampilifiers and EMC testing.

Disturbances Induced By Ra-
dio-Frequency Fields.”
An additional application

ered behemoths. The web-
site lists brochures and data sheets
for broadband amplifiers operating
from 1 to 2000 MHz at power levels
up to 2 kW, as well as amplifiers oper-
ating from DC to 1 GHz at power lev-
els as high as 50 kW. The company
also produces amplifiers with power
levels from 400 W to 10 kW at fre-
quencies from 10 kHz to 400 MHz,
transient generators, and matched
antennas.

The website (see figure) also

EMC testing. The application notes
include amplifier and antenna combi-

L

strength levels of 20, 100, and 200
V/m at frequencies from 10 kHz to 1
GHz. The test equipment features
setups for generating fields inside a
transverse-electromagnetic (TEM)
cell, as well as in a shielded chamber
at a distance of 1 m from either an
electric-field generator or a cali-
brated antenna operating from 10
kHz to 1 GHz.

Application notes provide equip-

- ment selection criteria for Interna-
boasts numerous application notes on
' sion (IEC) IEC 801-3 and IEC

tional Electromechanical Commis-

1000-4-3 testing. This testing is par-

A T AT T Y A v v v e . b v w——

note addresses the use of
RF PAsin applications characterized
by mismatched loads (see p. 111).
The effects of variations in VSWR on
immunity testing are covered in the
note, and the concept of minimum
available power (MAP)is introduced
as a quantitative measure of an am-
plifier’s capability to supply power
into a poor load VSWR. @

For more information, contact:
Amplifier Research, 160 Schoolhouse
Rd., Souderton, PA 18964, (800) 933-
8181, (215) 723-8181, FAX: (215) 723-
5688.

Internet:

» nations for measurements at field- o ticularly relevant for products that o http//www.ar-amps.com.
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mprehensive

|IC Information

Visitors to the information warehouse at
www.maxim-ic.com can find ICs for commercial
and military use, as well as application notes and
tutorial arficles.

Special Projects Editor

igh-frequency designs often
consist of analog, digital, and
even fiber-optic components.
Rather than search across the
wide expanse of the Internet for

‘ these parts, engineers can find infor-

mation on all three types at the web-

| site hosted by Maxim Integrated

' Products (Sunnyvale, CA) at www.

maxim-ic.com. The ite features 15 dif-
ferent product categories, including
amplifiers, analog-to-digital convert-
ers (ADCs), components for wireless
and video circuits, digital-to-analog
converters (DACs), fiber-optic compo-
nents, filters, and sampling circuits.
Each product category on the Maxim
website (see figure) expands to a relat-
ed product tree and parametric search
page. Most of these pages contain links
to specific design guides and applica-
tion notes, available as PDF files. For «

example, the parametric search pages |

for ADCs contain access to a 494-kb
PDF-format ADC design guide; a
1446-kb PDF-format, high-speed
ADC and DAC design guide; and links
to 12 additional application notes.

The analog filter product tree and
| parametric page offers a choice of anti-

aliasing and post-DAC filters with |

operating frequencies to 300 kHz. The
page includes a 136-kb PDF-format
analog filter-design guide, as well as
links to nine additional applica-
tion notes and 20 tutorial articles.
The fiber-optic and cable-communi-
cations product tree and parametric
search page directs visitors to a vari-
ety of components for network hubs
and bridges, as well as telecommunica-
tions switches for private-branch-
exchange (PBX) and central-switch-
» ing offices. Additional components are

MAXIMN

]
Lhwe. - ] \
[Chaose Product Family =] Go]
NiAEsT DATASHERTS
BHEwPRORUCTS

SEARCH: WORDS, PART NUMBERS

SEAR&-(. [
Imuﬁum. i

ANALDG, MIXED-SIGNAL, RF, AND FIBER ICs FROM DC TO GHz

issiM DISTRIBUTION WORLOWRE

Mo B icn DRB eones MHEST o S coumaer 9 samen

What are you designing today?
FARTICLES AND ARP NOTE!

MAXIN
SOLUTIONS

he Maxim Integrated Products website at hitp://www.maxim-ic.com

features a selection of design guides

» digital, and fiber-optic ICs.

and application notes for analog,

MATITTDODOMAWIIAYVL'O C DD o MM ADAOLY O

suitable for bridges and routers, trans-
port nodes, access nodes, add-drop
multiplexers, and digital cross con-
nects. This section of the website
includes links for 20 fiber-optic appli-
cation notes, as well as a 726-kb-long
PDF-format fiber-optic design guide.

The design and application product
tree branch includes links to design
guides, technical articles, tutorial arti-
cles, application notes by part number,
and application notes by category. A
total of 29 component application cate-
gories covers everything from analog
modems and automotive sensors to
high-frequency application-specific in-
tegrated circuits (ASICs) and cable
modems.

Application notes by category in-
clude ADC and DAC converters and
sampling circuits, amplifier cireuits,
analog filter circuits, battery-charger
and bias-supply circuits, and protec-
tion circuits. Other categories include
fiber optics, wireless circuits, signal
generation, and video circuits.

The site currently lists more than
2694 choices when searching through
total applications, although searches
can be simplified by the proper choice
of keyword or words. ®

For more information, contact Max-
wm Integrated Products, Inc., 120 San
Gabriel Dr., Sunnyvale, CA 94086, (800)
998-8800, (4,08) 737-7600, FAX: (408) 737-
7194.

Internet:

o http://www.maxim-ic.com.
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[Test and Measurement Equipment]

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

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

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

Convenient, reliable and fast. With complete specs,
product comparisons and timely delivery—24/7, you
save time and money with TestMart.

........ Easy to Use

What You Get...

[Real Expertise. Real Answers.]
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Site Hosts System-Design
Applications And Examples

Registered visitors can gain access to an
evaluation disk, a family of 24 example files,
and more than 25 application notes for a
versatile system-design software tool

Special Projects Editor

ystem designers have special
software needs. For them, a
software tool, such as Sys-
temView from Elanix (Westlake
Village, CA) provides the high-
level analysis and synthesis needed to
create and optimize systems for com-
mercial and military applications. The

shift-keying (QPSK) modulation,
quadrature amplitude modulation
(QAM), and frequency-shift-keying
(FSK) modulation.

The website also features exam-
ples on signal-processing systems,
communications systems, and con-
trol systems, including analog, digi- |

Fourier transform (FF'T) techniques,
as well as a comparison of two direct-
sequence, spread-spectrum (DSSS)
| systems where the first system uses
| QPSK for a WLAN and the second
system uses two separate carriers
with a transmitted reference signal.
Modeling and circuit application

firm’s website at www.elanix.com pro-
vides generous support of the software
tool through a wide range of design ex-
amples and application notes.

SystemView is a Windows-based de-
sign, simulation, and analysis program
for advanced communications, digital-
signal-processing (DSP), RF, digital,
and analog system designs. The soft-
ware is well-suited for the design and
development of end-to-end communi-
cations systems, bit-true DSP sys-
tems, distortion-true RF systems, and
signal-processing systems.

The company’s website (see figure)
offers a wide range of design examples
that can be used to model most wire-
less communications systems, such as

cations (GSM),
code-division-mul-
tiple-access
(CDMA) cellular

| ital converters (ADCs), sampling

| information on simulating a feedfor-

Global Systems for Mobile Communi- ® trum analysis using

notes include baseband simulation of
communications systems, baseband
pulse shaping for improved spectral
efficiency, a methodology for combin-
ing system-level and circuit-level
simulators to examine trade-offs,
second-order effects for wireless de-
signs, and Bluetooth system simula-
tion. Application notes also highlight
an interpolating delay line, a GSM
receiver (Rx) simulation, QPSK
transmitter (Tx) and Rx system sim-
ulations with baseband processing
using real-world components, and
QPSK Tx and Rx system simulation
with baseband processing using ideal
components and the design of a resis-
tive-capacitve (RC) charge pump. ®
For more information, visit
am the website at:
Elanix, Inc., 5655
M Lindero Canyon
d Rd., Westlake Vil-

tal, and mixed-mode systems. Exam-
ples include phase-locked loops
(PLLs), frequency-locked loops,
modulation, demodulation, channel
models, DSP systems, analog-to-dig-

systems including delta-sigma data |
converters, as well as in-phase (I) |
and quadrature (Q) systems. Sample
categories include Bluetooth,
CDMA, communications, digital ra-
dios, and wireless local-area net-
works (WLANSs).

The example section also provides

ward amplifier that cancels second-
and third-order output distortion, cal-
culation of cascaded noise figure, spec-
digital Fast ®

DSP » RF

/Analoy System Design

SISO ARl Communications » lage, CA 91362,
i:;;lir}ngll\;i{))lséﬁs: rampany Produrtx Appliratinnz Partnars Hawe/FCuants NDowninadx Suppnit ;;:ii;;) (;19;)-1?;?1
lar systems, high— Mo Xeaml Kb M 1427.

| speed modems, "Jhe Elanix website at www.elanix.com features a wide range of design Internet:

| and systems using B examples and application notes in support of its popular system-level http://www.elan

o quadrature-phase- simulation program, SystemView. ix.com.
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Since its inception 21 years ago, Metelics
has supplied microwave diodes for a vast
array of commercial, military, and high-
reliability applications. Today, Mefelics is in
the forefront of technology, with diodes that
ride on commercial telecommunications
satellites, the space shuttle, and a wide range
of fixed and mobile wireless systems and
test applications.

Schottky Diodes

Metelics manufactures a broad range of
Schottky diodes for RF and microwave mixers,
sampling bridges, fimiters, and fast switches.

High-reliability devices can be provided
up through S-level. These devices feature
low Rd, very low
capacitances, high
uniformity, and are
100% tested and
visually inspected.
Diodes are available
in rings, bridges,
series T, antiparallel pairs, and singles.
Surface mount packages are available in
SOT 23, 0805, and epoxy-coated lead
packages. Ceramic packages also available.

Pin Diode Chips and Beam Leads
for Switch and
Attenuator
Applications
Metelics provides a
wide selection of PIN
diodes, SRDs, and
varactors in chip, beam

C/R O W AV E

lead, and packaged configurations for RF
and microwave requirements. Products range
from very low-capacitance, high-speed switch
devices to long-lifetime, high-power switch
and aftenuafor types.

SRD (Step Recovery Diodes) and
Tuning Varactors

Compared fo packaged or chip devices,
Metelics” silicon mesa beam lead step
recovery diodes provide low-capacitance,
very fast fransition fimes, and low induclance,
along with low parasitic capacitance. Tuning
varactors are available from .5 to 20 pF
(Cj4) in chips or packages.

RF/Microwave Components and
Subassemblies

Metelics” years of
experience in micro-
wave diode beam lead
and chip assembly
are reflected in our
enhanced perfor-
mance, lower cost,
and highly reliable state-of-the-arf assemblies.
Metelics” multi-device components include:

 swilches

* defeciors: Schottky, tunnel

e limiters

¢ sampling phase detecfors

¢ funnel diodes

* drop-in, boli-down microstrip designs

See us at the MTT Show
Booth #2025

Enter No 220 at www mwrf com

C O MP O NENTS

Capacitors

MIS (Metal-Insu-
lating Layer-Silicon)
chip capacitors have
very high Q and small
size for use in micro-
wave hybrid circuit
applications. Large bonding pads are supplied
on most chips; the contact periphery is
typically 2 mils from the edge, allowing wire
or ribbon bonding near the edge for the lowest
practical inductance. Beam lead MIS caps
are also available.

Metelics” capaci-
tors provide better
performance than
other types of ceramic
capacitors, with low
loss in supply decoup-
ling circuits and GaAs
FET transistor source
bypass (providing more gain per stage).
They can also be used as tuning elements
in filters and maiching networks.

-
L metelics

| S | CORPORATION

An MCE Company

@75 Stewart Drive
Sunnyvale, CA 94086
pr 408.737.8181

rx 408.733.7645
www.metelics.com
sales@metelics.com
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APPLICATION NOTES

#

Use junction
temperature to
figure MMIC
reliability

What is all this
FBAR technology
ahout?

Reliability predictions for all semiconductors depend on how much power is dissi-
pated in the device and how much the heat generated raises it junction temperature.
To calculate junction temperature (Tj), a designer must know the ambient tempera-
ture, the power dissipation, and the device’s thermal resistance from its junction to
case (8;0). Knowing T; enables a field effect transistor’s (FET’s) maximum channel
temperature to be determined, which should not be exceeded to permit reliable oper-
ation and long life of the device. Ambient temperature and power can be measured,
but thermal resistance must be supplied by the manufacturer since it is a function of
a monolithic microwave integrated circuit’s (MMIC’s) material, size, spacing between
the chip’s gates, and other factors.

A one-page application note from Alpha Industries entitled “MMIC Thermal Resis-
tance” is mistitled but useful for providing the theory and equations to calculate the
T, of gallium-arsenide (GaAs) FETs used in MMICs. The reason that the note is mist-
itled is because it uses what is known as Cooke’s method for calculating thermal re-
sistance, but only refers to its derivation in a footnote. The note’s main purpose is to
show designers how to make rough and precise calculations of T;. Alpha publishes 6,¢
values for all of its microwave and millimeter-wave MMICs on its data sheets based
on Cooke’s method, and these are used to determine T;. According to the note, they
have been found to correlate within 10°C of the maximum channel temperature.

Purists who wish to dig a little deeper into the details of a FET’s thermal resistance
can find Harry F. Cooke’s original article entitled “Precise Technique Finds FET
Thermal Resistance” in the August 1986 issue of Microwaves & RF, p. 85. An inter-
esting aspect of the theory is that it treats heat flow in a multigate FET as analogous
to the capacitances of multiple, coupled transmission lines. A copy of the note can be
downloaded from the company’s website. Alpha Industries, Inc., 20 Sylvan Rd.,
Woburn, MA 01801; (781) 935-5150, FAX: (617) 824-4579, e-mail: sales@al
phaind.com, Internet: http://www.alphaind.com.

Enter No. 194 at www.mwrf.com

Approximately a year-and-a-half ago, Agilent Technologies (Santa Clara, CA) in-
troduced film-bulk-acoustic-resonator (FBAR) technology which is similar to, but
with major differences from, another acoustic technology—surface acoustic wave
(SAW). To provide designers with the basic facts of FBAR, the company recently pub-
lished a six-page application note entitled “A Brief Overview of FBAR Technology.”
FBAR has important applications in wireless communications, such as filters, duplex-
ers, and resonators for oscillators. Indeed, the company’s first product will be a du-
plexer intended for wireless handsets that use the personal-communications-services
(PCS) code-division-multiple-access (CDMA) air-interface standard.

As the note’s name implies, it begins simply with an explanation of each term that
makes up the acronym FBAR. In the following section entitled “Performance,” the
note compares FBAR with the technologies that it hopes to replace—SAW and ce-
ramic resonators. With respect to ceramic devices, FBAR elements are many times
smaller. For example, in the aforementioned PCS duplexer, a ceramic type would mea-
sure 675 mm®, while the FBAR equivalent is only 98 mm®. The note predicts it will be
even smaller, only 46 mm®, once the process is perfected. Obviously, reducing compo-
nent dimensions has major implications on the cost and size of a handset.

One area where the ceramie devices have an edge on FBAR is in performance, but
FBAR is coming on quickly and with its significant size and volume advantage over
ceramic, it is capable of eventually replacing it. Compared with a SAW duplexer,
FBAR offers size and performance advantages. A clear win for FBAR over ceramic
and SAW technology is its compatibility with silicon (Si) and gallium-arsenide (GaAs)
processing. The note projects that this ability will lead to integrated solutions that pro-
vide active elements and filtering on a single chip.

A copy of the note can be downloaded from the company’s website. Agilent Tech-
nologies, Inc., Semiconductor Products Group, 3175 Bowers Ave., Santa
Clara, CA 95054; Internet: http:/ftp.agilent.com/pub/semiconductor/mor
pheus/docs/FBARoverview.pdf.

Enter No. 195 at www.mwrf.com
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MATCH
THIS

Filtronic offers a good match for your amplifier requirements. With both
packaged and discrete PHEMTs, Filtronic provides you with superior linearity,
low noise performance and exceptional PAE.

Packaged PHEMTs for Superior Linearity
Model N.F. Gain P1 dB IP3

LP75050T789 0.7 dB 14 dB 25 dBm 40 dBm
LP150080789 0.8 dB 16 dB 28 dBm 42 dBm
LP3000SOT89 1.0 dB 15 dB 30 dBm 44 dBm
*with optimum IP3 biasing, associated gain @1.8 GHz

FET Chips for Low Noise Amplifier Applications
Model IDSS Gain N.F.

LPD200 60 mA 14 dB 1.1 dB
LP7512 35 mA 9.5 dB 0.7 dB
*optimized for noise

FET Chips for Medium Power Amplifier Applications
Model P1 dB Gain PAE

LP6836 25 dBm 12 dB 55%
LP750 28 dBm 12 dB 55%
LP1500 31.5 dBm 10 dB 50%
*associated gain @ 1 dB compression

Filtronic

Quality runs through everything we do.

FSS « Santa Clara Semiconductor Operations
3257 Olcott Street, Santa Clara, CA 95054 » 408.988.1331 » www filss.com * sales@filss.com
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COVER FEATUR

Linear Amplifier Powers
2.4-GHz WLAN Applications

This robust yet low-cost chip-scale amplifier 1C provides

the high linearity and good spectral puvity needed
to maintain low evvor vates in WLAN systems.

Frank Li
Senior Scientist
Waliter Lau
Business Manager
Wireless Data Products, Maxim Integrated Products, 120 San Gabriel Dr., Sunnyvale, CA 94086; (408) 737-
7600, FAX: (408) 737-7194, Internet: http://www.maxim-ic.com.

#

IRELESS local-area networks (WLANs) offer a flexible alternative to
conventional wired LANs. But to promote the acceptance of WLANs
among users comfortable with more traditional networks, low-cost,
high-performance components are needed. The MAX2242 linear power-
amplifier (PA) integrated circuit (IC) from Maxim Integrated Products (Sun-
nyvale, CA) is this type of component. With +22.5-dBm output power at 2.4 GHz,
the amplifier provides the linear performance needed to maintain good spectral

purity in and out of band.

WLANS have come a long way
in the past three years since the
IEEE 802.11 standard was offi-
cially adopted in 1997. Since then,
WLAN data rates have risen from
1to 2 Mb/s to the current standard
(for IEEE 802.11b) of 11 Mb/s at
2.4 GHz. In the near future, this
speed will increase to 22 Mb/s at
2.4 GHz and 54 Mb/s at 5.0 GHz
(for IEEE 802.11a). Meanwhile,

Tx
o—

upward, as the performance and
flexibility of WLAN systems are
embraced for offices, homes, and
public places, such as airports,
hotels, and convention centers.
Home networking is expected to
play a major role in driving the
demand for WLAN cards. Simul-
taneously sharing a broadband
Internet connection via a cable
modem or a digital subscriber line

Antenna

the price of a 2.4-GHz 802.11
WLAN personal-computer (PC)
card has dropped from the initially
high $600 to $800 range to the cur-
rent price of $129, available from suppliers on the
Internet. With multiple vendors offering Wi-Fi-certi-
fied (802.11b-compliant) WLAN cards and interoper-
ability established among these vendors, the price of
a WLAN card is projected to drop below $100 by the
end of 2001, heading towards $50 in the not-too-dis-
tant future.

The WLAN market is forecast by several market-
research firms to exceed $2 billion in annual revenues
by the year 2003. These forecasts will likely be revised

1. This front-end architecture is
typical of those used in DSSS WLAN
communications systems.

(DSL), printing to a common
printer, and sharing files among
family members are truly com-
pelling applications for an in-home
WLAN.

As WLAN applications continue to expand into
portable devices, the pressure increases on equipment
manufacturers to make WLAN radios that are more
compact and less expensive. Next-generation WLAN
radios will have to fit on a printed-circuit board (PCB)
the size of a compact flash-memory card, approxi-
mately 1.7 X 1.4 in. (4.32 X 3.56 cm). This small size
makes it possible to integrate WLAN functionality in
portable devices such as personal digital assistants
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Bias current control through the DAC

2. This evaluation board was designed and tested for
use with the MAX2242 WLAN PA IC.

(PDAs), digital cameras, MP3 players,
webpads, and Internet Protocol (IP)
cordless telephones.

Two major WLAN technologies are
currently used in the 2.4-GHz industri-
al-scientific-medical (ISM) band: direct
sequence, spread spectrum (DSSS)
and frequency hopping, spread spec-
trum (FHSS) techniques. To ensure
high security and good rejection of
interference, DSSS radios generate a
redundant hit pattern for each bit to be
transmitted. This bit pattern is called a
chip (or chipping code). The longer the

chip is, the greater the probability is

that the original data can be recovered,
but at the cost of requiring more band-

inear output
power !

(dBm) higie (MA)  Ipc (MA)

+22 279 303

. +20 180 213

+18 134 165

+16 94 ; 128

+14 81 L 105

+12 i 61 83

+10 41 63

+6 21 i 40

0 18 L oy

width. FHSS | less for the US, 100 mW or less for

radios use a nar-

- rowband carrier that changes frequen-

¢y or hops in a pattern that is known to
the transmitter (Tx) as well as the
receiver (Rx).

The widespread acceptance of
WLANS depends on industry stan-
dardization to ensure product compat-
ibility and reliability among the vari-
ous manufacturers. The IEEE
recently ratified the 802.11b standard
(also known as 802.11 high rate) which

extends the raw data rate to 11 Mb/s

using the 2.4-GHz DSSS system.
According to the 802.11b standard and

Federal Communications Commission

(FCC) rules, the maximum transmit-
ted power must be 1000 mW (1 W) or
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2.2nH

Q00
W O 0.1uF «
47K
SHON | Vg2 Detout <L
8.06K ;
“a O
8.06k | S 5
Bias 0.1uF 0.1 uF
clrcmt Detector

o = 51
10nH &S
t:t:1
o 7u s 350 160 mits 0:1 #F
0 160mis 77

RF out
1.8 pF

RF in

GND1
N

GND2
N

GND3
N/

<

3. This is a typical application circuit using the MAX2242 WLAN amplifier

and its evaluation board.

Europe, and 10 mW/MHz or less for

- Japan. The IEEE 802.11b standard

also requires the transmission mask to
meet the following conditions: the
transmitted spectral products should

- be less than -30 dBr [dB relative to the

SIN(x)/(x) peak] in the first sidelobes
(f.-22 MHz < f<f,—11 MHz and £, +
11 MHz < f < f, + 22 MHz, where:

f. = the channel center frequency),

- =50 dBr in the second sidelobes (f < f, -

22 MHz and f > f, + 22 MHz).

The MAX2242 is a low-cost silicon
(Si) linear PA designed specifically for
802.11b WLAN applications. It deliv-
ers +22.5-dBm linear output power
with an adjacent channel power rejec-
tion (ACPR) of less than -33 dBein the
first sidelobe and less than —56 dBec in

- the second sidelobe, providing a mar-
- gin of 3 and 6 dB, respectively, com-

pared to the 802.11b standard. The
+22.5-dBm output power overcomes

. any insertion loss of the WLAN trans-

mit/receive (T/R) switch and bandpass
filter, which typically totals 2.5 dB. As
a result, the MAX2242 can be used to
deliver an output-power level of +20
dBm at the antenna. Figure 1 shows
the block diagram for a typical WLAN
transceiver front end.

To demonstrate the performance of

- the PA, an evaluation board was creat-
- ed and tested. This evaluation board is

made from low-cost FR4 circuit-board

- material, consisting of four metal lay-
- ers stacked with dielectric thicknesses
. of 6,46, and 6 mils. No micro viaholes
- were used in order to ensure simplicity
- of the board-level design. Figure 2
- shows a photograph of the evaluation

board with the PA and all of the neces-
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emand for high linearity in communication
ystems is accelerating.

-oss the finish line first with the new SPA GaAs HBT
MIC amplifiers with exceptional linearity, long life and
1-chip active bias circuitry keeping performance flat
ver process and temperature variation. Operating at
50 MHz, 1950 MHz and 2150 MHz, the SPAs are
arfect for driving power amplifiers in cellular, PCS,
LL, UMTS, CDMA and W-CDMA infrastructure
Juipment.

e SPAs, powered with a single positive supply
sitage to reduce part count, offer typical output
iird-order intercept points of +48 dBm. These
tegrated circuits provide intermodulation
erformance previously achieved only through costly
screte assemblies.

. Freq Gain ~ PidB 1P3  Voltage Current
N i dB, typ.) (dBm, typ.) (dBm,typ.) (VDC) (ImA)

www.stanfordmicro.com

'High Performance Drivers

L, @

M

New SPA series is available in plastic SO-8
packages with backside metallization for
improved thermal path.

Drive your design performance to higher
levels with the new high linearity SPA
amplifiers from Stanford Microdevices. For
more information, call our toll free number or
Email us at info@stanfordmicro.com

Stanford Microdevices Inc. (SMDI), with design
centers throughout the U.S. and Canada, is a leading
supplier of RF components for the communication

equipment industry.

* STHNIURO
MICRODEVICES

Delivering RF Innovation

1-800-764-6642
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sary passive components installed, = ACPR for the MAX2242 at an output- = complementary-code-keying (CCK)
while Fig. 3 shows a typical application = power level of +22.5 dBm. The plot was - modulation and a data rate of 11 Mb/s.
circuit used on the evaluation board.  made at 2.45 GHz by using an IEEE = The PA consumes approximately 310-

Figure 4 shows a spectral plot of = 802.11b-compatible signal source with mA DC current at its maximum linear

ATTEN 10 dB Marker =33 dB Ch2 $21 Log 0.2 dB/REF 29.33dB 2:29.291 dB 2.450 MHz
RL 0 dBm 10 dB/ 13.42 MHz
Ch 2 markers
X Sca&ez dB/div ; 42“9 532 i
. - z
e 3:29.119 dB
._ﬂ‘ 2.50 GHz

s / \\
i Woi B
m \,N'— \1 [{1' _‘\

Center 2.45067 GHz Span 50 MHz
*RBW 100 kHz *VBW 100 kHz *SWP3s

Start 2 400 MHz Stop 2 500 MHz

4. The output spectrum of the MAX2242 amplifier IC was 5. The frequency response of the MAX2242 amplifier IC
measured at 2.45 GHz. was measured across the WLAN ISM 2.4-GHz band.
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output power. Most PA
drivers available today can
only provide approximately
—4-dBm output power,
requiring a high-gain PA to
follow. MAX2242 cascades
three amplifier stages to pro-
vide at least 26.5dB gain and
ensure an output of +22.5

pact Flash card form factors.
Figure 6 shows the detailed
dimensions of UCSP package.
The UCSP packaging tech-
nology allows the IC to be
attached facedown to the
PCB (in the manner of flip-
chip mounting), with the IC’s
pads connecting to the PCB’s
pads through individual balls

dBm. Figure 5is a plot of gain
over frequency. The PA pro-
vides a flat gain response over
the entire 2.4-to-2.5-GHz ISM
band.

The PA has a power detector cou-
pled to the output port, providing at
least 20 dB of dynamic range with +0.8-
dB accuracy at maximum linear out-
put-power level. An accurate automat-
ic-level-control (ALC) function can be
easily implemented using the detector
circuit. With this detector integrated,
the traditional directional coupler and
discrete detector are eliminated,
greatly reducing overall PCB area and
size.

The PA also features an external
bias-control pin. Through the use of an
external digital-to-analog converter
(DACQ), the current can be throttled
back at lower output-power levels
while maintaining sufficient ACPR
performance. As a result, the highest
possible efficiency is maintained at all
power levels. The table shows the lin-
ear output power versus idle current
and supply current (Ip) with -33 dBe
ACPR (unchanged). It can be seen
from this table that bias current can be
significantly reduced or power efficien-
cy can be mostly maintained by using
the external DAC.

The PA has simple input and output
impedance-matching requirements.
The input-matching circuitry is simply
a series capacitor and a shunt inductor,
while the output-matching circuitry
consists of two capacitors. This “mini-
malist” approach to matching circuitry
further helps to shrink the size of the
WLAN PCB.

Most Personal Computer Memory
Card International Association (PCM-
CIA) or PC cards only provide a +3.3-
VDC power supply. The MAX2242 PA
has been designed to operate from a
single supply line from +2.7 to +3.6
VDC. Since time-division duplexing
(TDD) is commonly used in WLAN
applications which requires that the

here.

6. The dimensions (in inches) of the 3 X 4 UCSP
package used with the MAX2242 amplifier IC are shown

PA be shut off separately to maximize
battery life during receive mode, the
MAX2242 is also equipped with an on-
chip shutdown feature. In the shut-
down mode, the operating current is
reduced to a mere 0.5 pA without the
need for any external supply switch.
The MAX2242 PA is available in an
ultra chip scale package (UCSP) that
measures only 1.5 X 2.0 mm, virtually
the same size as a 0805 resistor. The
small size makes it ideal for WLAN
radios built in small PC-card and Com-

of solder.

Although it is tiny, the
MAX2242 amplifier provides
the performance needed to
maintain reliable data communica-
tions in current and next-generation
WLAN systems. The amplifier com-
bines the benefits of low-cost Si IC
technology, high output power, an on-
chip detector, and external bias con-
trolin a compact UCSP housing. P&A:
stock. Maxim Integrated Prod-
ucts, 120 San Gabriel Dr., Sunny-
vale, CA 94086; (408) 737-7600,
FAX: (408) 737-7194, Internet:
http://www. maxim-ic.com.
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Fox Rocks! With standard oscillators from
1.00 to 125.000 MHz. And standard crystals

¥ Standard oscillators from 1.00 to 125.000 MHz
B Crystals from 32.768 kHz to 200 MHz

¥ TCXOs and VCXOs to 40 MHz

¥ Crystal filters to 90 MHz

And if that's not enough, our patented JITO-2®
Just-In-Time Oscillator® line provides any
custom or standard frequency oscillator from
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from the industry’s broadest range of standard, production quantities in less than 10 days.
off-the-shelf crystals and oscillators, including: When you can’t wait for your crystals or
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Call or visit us on the Web now.

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

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

Transceiver Chip Set Integrates
Triband GSM Functions

This transceiver provides a complete RF front end for dual- and
triple-band GSM digital cellular handsets, while its universal
baseband can be used with any supplier’s baseband subsystem.

PETER STAVENICK
Managing Editor

ELLULAR technology has come a long way in 10 years, especially in
support of Global System for Mobile Communications (GSM) voice
and data terminals. The Aero™ GSM transceiver chip set from Sili-
con Laboratories, Inc.(Austin, TX) is one example of this advanced
technology—it provides a complete RF front end for dual- and triple-band
GSM digital cellular handsets. This chip set eliminates the intermediate-
frequency (IF) surface-acoustic-wave (SAW) filter, external low-noise am-
plifiers (LNAs) for three bands, and provides transmit and RF voltage-con-
trolled oscillators (VCOs) along with the elimination of more than 60
other discrete components found in conventional GSM handset designs.

In addition to the transceiver elim- | area of other designs, with 80 per-
inating so many components, it takes = cent fewer components. The addi-

up less than 66 percent of the board : tional benefit is a lower-cost phone.

One other benefit is that solutions to-
day use bipolar complementary
metal-oxide semiconductor (BiC-
MOS) or bipolar technologies, but the
Aero transceiver is the first cellular
transceiver to be designed in CMOS.
The transceiver also meets General-
Packet-Radio-Service (GPRS) class
12 requirements.

A cellular handset has two pri-
mary subsystems—RF and base-
band. The Aero transceiver’s receive
section includes the LNA in a digital
low IF architecture and provides a
universal analog baseband interface.
The digital low IF Rx consists of a

dual- or triple-band LNA, an image-
rejection downconverter,

and a high-performance
analog-to-digital con-

PCS (optional) [~ ] . _
» ~— i : =
e = DAC |1
DCS |~ —*' . | Channel e
acdy P fitter | —
~I> > pac [0
~— ' g
Toxo [
/0
<
I
0

Baseband

verter (ADC). The trans-
mit section of the
transceiver is a complete
upconversion path from
the baseband subsystem
to the power amplifier
(PA) using an offset
phase-locked loop (PLL)
with a fully integrated
transmit VCO. The offset
PLL transmitter features
a high-precision in-
phase/quadrature (I/Q)
upconverter and an inte-
grated transmit VCO. The
frequency-synthesizer
function of the transceiver
is performed using the
company’s technology—

Rx

Tx

including integrated RF
and IF VCOs.

The Si4200 transceiver consists of three LNAs, two ADCs, and five mixers.

Helping to form a com-
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Transceiver Chip Set

plete RF front-end solution when it
is coupled with an external PA and
switch, the transceiver has a VCO
that needs to be carefully designed.
The Si4200 transceiver also consists
of three LNAs, two ADCs, and five
mixers (see figure). The Si4201 base-
band interface consists of two mix-
ers, a channel filter, and two digital-
to-analog converters (DACs), while
the Si4133T RF synthesizer includes
an RF PLL and an IF PLL. Operat-
ing from +2.7 to +3.3 VDC, the
Si433T RF synthesizer measures 5
X 5 mm and uses the
company’s RF syn-
thesizer technology.
As of mid-February,
it offers the indus-
try’s fastest settling
times at 140 ps by
using a stable inte-
ger-N architecture.
The Rx portion of
the transceiver en-
compasses the top
portion of the
transceiver along
with the baseband
interface. Where di-
rect-conversion Rxs
provide reduced performance due to
local oscillator (LLO) self mixing, sec-
ond-order distortion of blockers, and
with DC offsets and 1/f noise, the
Aero digital low-IF Rx is a better fit.

The low-IF Rx avoids direct-conver- °
- transceiver for their GSM/GPRS

sion problems in that there are re-
laxed requirements on difficult-to-
implement RF blocks including the
LNA, mixer, and PLL. The Rx is also
easy to design, use, and manufacture.
With its digital IF downconverter,
channel filter, and pin-grid array
(PGA), the Rx is smaller and more
robust than analog implementation.
The Aero transceiver measures 5
X 5 mm and integrates the entire
transmit path—from the antenna to
the baseband subsystems, including
the LNA and transmit VCO. The
universal baseband interface itself is

designed to work with any supplier’s -
baseband subsystem. Usually, a dif-

ferent manufacturer supplies each
subsystem, requiring the handset de-
signer to choose an RF front end that
is compatible with the preferred
baseband subsystem. Silicon Labg’
universal baseband, however, is pro-

THE AERO TRANSCEIVER
MEASURES 5 >< 5 mm
AND INTEGRATES THE

ENTIRE TRANSMIT
PATH—FROM THE

ANTENNA TO THE BASE-
BAND SUBSYSTEMS,
INCLUDING THE
TRANSMIT VCO.

- (CDMA), time-division multiple ac-

grammable through simple software
commands, enabling it to operate
with any baseband solution. Measur-
ing 4 X 4 mm, the baseband interface
enables the handset designer to use
the Aero transceiver without re-
designing the baseband portion of
the phone.

All of the company’s products (in-
cluding the transceiver) are imple-
mented in cost-effective CMOS tech-
nology. Although it is challenging to
implement complicated RF designs
in CMOS, it provides a significant
cost advantage to
customers. World-
wide, the manufac-
turing capability for
CMOS 1is higher
than that for any
other process—en-
suring that the com-
pany can meet cus-
tomers’ growing
product demands.

Applications for
the transceiver in-
clude many cellular
applications, includ-
ing code-division
multiple access

cess (TDMA), third generation (3G),
and other low-cost dual-mode multi-
standard designs. Many cellular-
phone manufacturers are looking to
use and evaluate the Aero

handsets.

The Aero transceiver includes the
32-lead micro-leadframe-package
(MLP) Si4200 transceiver, 20-lead
MLP Si4201 baseband interface, and
the 28-lead MLP Si4133T RF synthe-
sizer. Production is scheduled for the
fourth quarter this year. P&A: $8.62
(10,000 qty.); samples available now.
Silicon Laboratories, Inc., 4635
Boston Lane, Austin, TX 78735;
(877) 444-3032, e-mail: RFinfo@
silabs.com, Internet: http://
www.silabs.com
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Leading the way in

transmission line solutions.

There’s only one name to
remember for your most
demanding spaceflight
applications: Micro-Coax.

Let’s face it. When you're designing for
space, someone’ life may often depend
on the high reliability and performance
of your product.

No one

understands

that better

than Micro- e

Coax. We've g~ :

been creat- ,ﬁ;ﬂ“’

ing com-

plete solu-

tions to your most demanding satellite
designs for over three decades. Our
space-certified products include UTIFLEX®
Flexible Microwave cables, Semi-Rigid
cable and assemblies, Cable Integrated
Components... and more. We also have the
unique ability to combine technologies,
manufacturing a Semi-Rigid or UTiFLEX
cable with filters, for example, to deliver
the flexibility you need in any situation.

Space qualified and NASA
certified products.

+ Multipaction Resistant—standard and
custom connectors proven to withstand
multipaction

* Low Weight—cable designed with
Dupont’s Aracon® metal-clad conductive
yarn offering 35% weight reduction with
no performance degradation

* Qutgassing—cable assemblies are
manufactured with materials with a
maximum TML of 1% or CVCM of 0.1%

+ Class 100 clean rooms

+ Radiation Resistant—cable designs
proven to resist 160 Mrads of radiation

» Prototype samples upon request

Micro-Coax. Make us part of your
launch plans. Talk to one of our
specialists today at 1-800-223-2629.

WWW.MiCro-coax.com
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RF Connectors * Cable Assemblies * Resistive Products

As a leader in the microwave industry, our
RF Connector, Cable Assembly and Resistive
Products Division has over 40 years of proven
high-quality performance. We design and
manufacture RF coaxial connectors, cable
assemblies, attenuators and terminations.
From custom designs to standard off-the-shelf
products, we can meet the most demanding
requirements of the aerospace, defense
electronics, satellite and wireless communication
markets. Call us at 561-840-1800.

sV MICRowAVE

Commercial Products Group

Our Commercial Products Group specializes
in "high-volume, custom-designed” passive
microwave components for the wireless and
broadband markets. Our competitively priced
products include mixers, 1Q modulators and
demodulators, directional couplers, power
splitters, phase shifters, attenuators, hybrids
and transformers. Let our experienced team of
engineers fulfill all your component design
requirements. Call us at 727-541-5800.

www.svmicrowave.com
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Radio IC Cuts Gosts 0f
Building 2.4-GHz WLANS

This highly integrated device includes a receiver,
transmitter, oscillators, and filters in a cost-effective
solution that supporvts data vates to 11 Mb/s.

Craig Conkling
Applications Engineer
Philips Semiconductors, 811 E. Arques Ave, Sunnyvale, CA 94088;
(800) 447-3762, (408) 991-2000, FAX: (408) 991-2311,
Internet: hrtp:/fwww.semiconductors.phillips.com.

HANGES to the IEEE’s 802.11 standard for wireless local-area net-

works (WLANs) have been fast and furious in recent years. Origi-

nally developed for data rates of 1 to 2 Mb/s at 2.4 GHz, the stan-

dard has been revamped (to IEEE 802.11b) for improved data
performance of 11 Mb/s at 2.4 GHz. Still, cost is an important considera-
tion in the selling of WLANSs, and the SA2400 WLAN integrated circuit
(IC) from Philips Semiconductors (Sunnyvale, CA) represents a giant step
in making 11-Mb/s WLANs affordable. Using a zero-intermediate-fre-
quency (zero-IF) architecture, the radio chip integrates all of the func-
tions needed for operation: receiver (Rx), transmitter (Tx), synthesizer,
voltage-controlled oscillator (VCO), crystal oscillator, and on-chip channel
filtering, with only a few external components required to complete the ra-
dio bill of materials (BOM). The SA2400 makes a WLAN radio BOM possi-
ble that is less than one-half the cost of most competitive solutions.

The SA2400 radio IC (see figure) is
backwards compatible with the ear-
lier version of IEEE 802.11 for 1- and
2-Mb/s WLAN systems. The IEEE
802.11 standard was designed to pro-
vide the wireless equivalent of wired
Ethernet LANs, the IEEE’s 802.3
standard. From a user’s standpoint, a
wired or wireless solution is merely a
link or physical transmission medium
to send data to a network interface
card (or client) from an access point
(AP), and vice-versa. The protocol
that enables the wired to wireless
seamless operation is the IEEE
802.2 logical-link-control (LLC) sub-
layer.

The IEEE 802.11 standard also de-
fines a medium-access-control

(MAC) sublayer, a MAC manage-
ment and services protocol, and the
physical layer (PHY). The MAC is

)
P

. *

L

The SA2400 radio IC includes a Rx,
Tx, signal sources, and filters in a
cost-effective solution that
supports data rates to 11 Mb/s.

the brain of the operation—it man-
ages the data flow between the
transmission interface and upper lay-
ers. The management and services
are further requirements of opera-
tion embedded in the MAC. The
PHY is the physical hardware that
either prepares data (information)
for transmission or extracts the real
data from the received bit stream.
Three types of PHYs exist in the
IEEE 802.11 standard: infrared (IR),
frequency hopping, spread spectrum
(FHSS); and direct sequence, spread
spectrum (DSSS). IEEE 802.11b
standard specifies two PHYs: com-
plementary code (shift) keying
(CCK) and packet binary convolu-
tional coding (PBCC).

The firm’s first generation of
WLAN ICs supported the DSSS

- modulation scheme. The radio is part

of the PHY description of the hard-
ware. The PHY can be generically di-
vided into three parts: radio, modem,
and MAC. In modern implementa-
tions, the MAC is primarily software
and, hence, resides in memory. The
first-generation radio solution con-
sists of the SA2420 2.4-GHz front-
end transceiver, the SA1630 350-
MHz IF transceiver and frequency
synthesizer, and the UMA1021 2.2-
GHz integer synthesizer.

The SA2400 features a zero-IF ar-
chitecture, which makes it possible to
eliminate many of the external com-
ponents needed in first-generation
WLAN radio designs. The SA2400
integrates a complete receiver and
transmitter, complete channel filter-
ing in the Rx, spectrum conditioning
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filtering in the Tx, a 1.25-GHz frac-
tional-N synthesizer, a fully inte-
grated VCO and doubler, a predriver
amplifier with +5-dBm output
power, and calibration loops that re-
duce the LO leakage in the transmit-
ter that set the gain in the Rx.

Both TEEE 802.11 and IEEE
802.11b use three 22-MHz-wide
channels in the 2.40-t0-2.45-GHz in-
dustrial-scientific-medical (ISM)
band. These channels are centered at
2.412, 2,437, and 2.462 GHz. There-
fore, channel 1 uses the frequency
range from 2.401 GHz to 2.423 GHz,
channel 6 uses the frequency range
from 2.426 GHz to 2.448 GHz, and

channel 11 uses the frequency range

from 2.451 GHz to 2.473 GHz. For ex-
ample, when an antenna receives a
signal on channel 1, it passes to the
receiver through a transmit/receive
(T/R) switch, is filtered by a dielec-
trie bandpass filter, and enters the
SA2400 via a matching network to
the on-chip front-end low-noise am-
plifier (LNA).

The SA2400’s LNA has differen-
tial input ports (for reduced line
noise), so a balun is needed for single-
ended applications. The LNA has
two gain states, set internally
through digital commands from the
automatic-gain-control (AGC) cir-
cuitry or manually through a stan-
dard three-wire bus or special high-
speed serial bus.

Signals boosted by the LNA are
downconverted to zero IF in the
front-end mixers. By using two
tightly matched mixers and driving
them with in-phase (I) and quadra-

ture (Q) signals, image suppression is |
- ADC appears within its operational

typically better than 30 dB.

This approach supports the use of
dielectric bandpass filters instead of
more costly surface-acoustic-wave
(SAW) filters. The signal then pro-
ceeds through the on-chip channel fil-
ters and a variable gain amplifier
(VGA) before leaving the SA2400’s
receiver circuitry and connecting

with baseband analog-to-digital con-

verters (ADCs).

The I and Q lowpass filters are
fully integrated active filters with a
bandwidth of 7 MHz. They are de-
signed with high compression points
and are tunable to eliminate process
spread. A highpass characteristic is

integrated into these filters for re-
ducing DC offsets generated by LO
leakage to the LNA or mixer inputs
or by device mismatches. Since the
corner frequency is selectable, it is
possible to accelerate the cancella-
tion process without losing too much
signal energy needed for the AGC
circuitry. Both DC cancellation and
AGC are controlled either by a com-
plex algorithm (implemented on-
chip) or externally controlled by the
serial interfaces. The AGC settling
takes less than 8 us, and after an-
other 5 ps, the offset is completely
removed.

As the received signal passes
through the AGC, the AGC_RESET

- command must be provided to the
- SA2400 by a baseband IC to set the

gain based on the actual signal plus
noise power level at the Rx input.

The on-chip 85-dB gain-adjust-range

digital AGC control loop settles to
the final output signal level (within
+3-dB dynamic error) in 8-ps after an
AGC_RESET command. The AGC
controls the LN A gain, active filter
gain, and VGA gain, and has an on-
chip digital control loop which is
frozen at the end of the 8 ps AGC set-
tling time in the receive mode. As
previously mentioned, the AGC gain
can be manually adjusted by setting
the SA2400 into the RXMGC mode
through the three-wire bus. The gain
setting is determined by the value of
the corresponding register word.
The AGC cycle involves a coarse
reduction of gain in steps of 30 dB,
starting from the maximum value.
Gain stepping stops if the signal level
at the output of an internal flash

window, after which the gain is ad-

justed in finer steps until the signal

reaches a set point. The set point is
determined from a received signal
strength indicator (RSSI) signal that
is coming from a lowpass filter, which
itself is driven by an IF signal. This
signal reflects the amplitude of the
instantaneous-modulated RF signal

(envelope) on a log-scale. At the end
- the RSSI may show higher than {MI-
AGC_SET digital indication is pro- -
vided. Ordinarily, the AGC begins
- from the highest gain and may ini-

tially saturate the Rx if a strong sig-
- 54 dB in steps of 1 dB through the

of the AGC settling time, the

nal is present, but at the end of the 8-

s AGC settling time, the Rx will
also be settled into its linear opera-
tional region.

. The DC cancellation occurs simul-
taneously during the time the AGC is
active and reduces a maximum allow-
able DC offset of 20 to +50 dBe rela-
tive to a —76-dBm antenna input sig-
nal, for instance, by 8 s after the
AGC_RESET command. The entire
DC cancellation process consists of
three steps, consistent with the pro-
grammed lower cutoff frequency of
the AC coupling filter. This filter is
programmed for 1-MHz lower cutoff

- frequency during the AGC settling

phase (maximum 8-ps duration), and
then is configured for 100 kHz for 5
us before switching to a final 10-kHz
cutoff frequency. The low value of 10
kHz is required for minimizing the
signal distortion created by a high-
pass function at zero frequency.

- Whenever there is a frequency

change in the DC cancellation AC
coupling, the DC offset can change
from a very low value to approxi-
mately 50 percent (1-MHz 5 100-
kHz step) or 10 percent (100 kHz &
10-kHz step) of the peak signal level.

- This DC offset then decays according

to the highpass response of the (in-
ternal) AC coupling.

Measuring the receive signal
strength is a necessity in setting the
correct AGC level. The SA2400’s
RSSI circuitry has a -20- to +10-dBm
operational range relative to the
nominal signal level that the AGC
tries to set at the I and Q outputs.
Since the RSSI acts on the modu-
lated RF signal envelope extracted
from the I and Q signals, which in-
cludes DC offsets, it will therefore
show transient decaying errors when
the highpass cutoff frequency is
changed.

The SA2400 Rx is designed to pro-
vide at least -10-dBm RSSI at maxi-
mum gain when there is no signal
present (i.e., with only thermal
noise). However, due to process
spreads (e.g., gain, noise figure, I and
Q lowpass filter bandwidths, ete.),

NUS}10 dBm. In case a calibration is

. required for setting this noise power
. to-10 dBe, the AGC’s maximum gain

can be changed in the range of 85 to
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three-wire programming. The pro-
grammed value of maximum gain is
never altered by the AGC settling or
by forcing the AGC circuitry to max-
imum gain. Only the SA2400’s
RXMGC mode can set the AGC gain
to higher values than the prepro-
grammed maximum gain (in case the
maximum gain was reduced by pro-
gramming). The RXMGC mode does
not change the value of the prepro-
grammed maximum gain. As the
RSSI signal passes a certain thresh-
old of the baseband I1C’s Flash ADC
(“sniffer”), the MAC “wakes up” and
begins to determine if the signal is in-
tended for its reception or not (and if
not, it discards it).

There are times when the receive
signal is in the presence of interfer-
ers and needs to have some level of
blocking immunity. The receiver is
designed to exceed the IEEE 802.11
specification for the blocking and in-
termodulation (IM). It can accept
continuous or randomly pulsed inter-
fering single-tone or multi-tone sig-
nals that are more than 35 dB
stronger than the desired signal and
up to -10 dBm of interference level.
The spurious I and Q outputs are
held to less than —20 dBec of the de-
sired signal level. Once the I and Q
signals enter the baseband proces-
sor, they pass through the ADC, are
despread (if DSSS) or decoded (if
CCK), demodulated, and finally de-
serambled.

The local oscillator (LO) is common
to the Tx and Rx. The RF VCO isa
differential 1.25-GHz oscillator with

all the frequency-determining com-

ponents internal to the IC. The VCO
is connected internally through a fre-
quency doubler and a phase shifter to
the I and Q upconverters and down-
converters. The VCO is internally
connected to the synthesizer which
can be programmed in steps of 1
MHz to the desired LO frequency.
The SA2400 can also accept an exter-
nal 2.45-GHz LO signal when low-
phase-noise performance is required,

IEEE 802.11 systems are de-
signed for half-duplex operation (i.e.,
it is either receiving or transmitting).
Therefore, the same channel used for
receiving is also used for transmit-
ting data. The signal is generated in
the baseband modem circuit by

scrambling the data, spreading (if
DSSS) or coding (if CCK) it over a
22-MHz channel, modulating it, and
passing the data in the form of T and
Q signals through digital-to-analog

converters (DACs). These I and Q

signals passing into the SA2400 are
therefore analog in form. The
SA2400 has a digital mode, but re-
quires that digital signals be (pre)fil-
tered in the baseband processor.

The wideband I and Q upconverter

includes spectral-shaping recon-
struction filters that are driven from

the baseband DAC current-source
outputs. On the RF side, the SA2400
has two different outputs: a 0-dBm
single-ended output level and an
AGC level that can be varied from -9
to + 5 dBm. At the second output, +5-
dBm maximum output power is
available and the out-of-band spuri-
ous signal power (in bands desig-
nated as forbidden by the Federal
Communications Commission) is less
than -70 dBc in a 1-MHz or greater
resolution bandwidth for the 11-
MSymbols/s CCK modulation, taking
into account the internal reconstruc-
tion filters (which are fourth-order
lowpass Butterworth filters with 3-
dB upper cutoff frequency of 10.5
MHz). This implies that the spectral
regrowth is dominated by any exter-
nal power amplifier (PA) that may be

level. It is also assumed that the in-
put I and Q signals are pulse shaped
(e.g., sinusoidal 1-0 or 0-1 transitions)
and additionally filtered by a second-
order lowpass filter (with 3-dB upper
cutoff frequency of 10.5 MHz). To op-
erate in the linear region, the com-
bined Tx chain should have between
1-to-3-dB output backoff from the 1-
dB compression point in order to
limit spectral regrowth.

For digital-mode operation, the I
and Q signals are driven directly by
two binary data streams, which are
chosen by selecting the digital trans-
mit (T) input mode in register 0x04,
In this case, the data stream for
channel ‘I’ is to be applied to
TX_IN_I_P/TX_DATA_I pin, pin
36, the stream for ‘Q" to
TX_IN_I_M/TX_DATA_Q pin, pin
35. Two on-chip finite-impulse-re-
sponse (FIR) DACs convert the digi-
tal signal into an analog signal and

- 3-dB backoff. An

feed it into the analog signal path.

The Tx carrier leakage can be re-
duced to levels far less than required
by using the on-chip calibration loop.
An on-chip RF power meter detects
the LO level, converts it into a digital
signal, and a state machine calculates
the compensation values which are
then fed through a DAC directly to
the I and Q inputs. The I and Q gain
and phase imbalance, reconstruction
filter rolloff, and in-channel noise
produce an error vector magnitude
(EVM) of less than 15 percent for
quadrature-phase-shift-keying
(QPSK) modulation at a rate of 11
MSymbols/s. As mentioned earlier,
the transmitter has two switched
outputs, one with 0-dBm output
power and 1-dB backoff, and the
other with +5-dBm output power and
input line,
TX_OUT_SEL, selects between the
two RF output ports.

When switching out of the trans-
mit mode (either into receive mode
by transition on TXRX pin, or into
another mode by three-wire pro-
gramming), the reference clock input
(pins XTAL_1and XTAL_2) must be
active since a digital timer is being
used. The SA2400 switches from
transmit to receive mode and vice-
versa is far less than 5 s, thus meet-

- ing the IEEE 802.11 requirements.
used to boost the transmission power |

The signal then passes through an
external discrete or IC PA.

Typical Rx performance includes
90-dB gain , 6-dB noise figure, —4-
dBm third-order intercept point in
the high-gain state, —-10-dBe I/Q out-
put DC error, less than 8-ps AGC
settling time, and less than 5-us DC
cancellation time. The typical trans-
mitter system-level performance in-
cludes an output-power range of —15
to +5 dBm that is adjustable in 1-dB
gain steps, a carrier leakage of better
than typically —40-dBe, sideband re-
jection of approximately 30 dB, in-
band common-mode rejection of 35
dB, and receive-to-transmit and
transmit-to-receive switching times
of less than 5 ps. Philips Semicon-
ductors, 811 E. Arques Ave,
Sunnyvale, CA 94088; (800) 447-
3762, (408) 991-2000, FAX: (408)
991-2311, Internet: http://www.
semiconductors.phillips.com.

Enter No. 54 at www.mwrf.com

MICROWAVES & RF = MARCH 2001
160




FJPLL/FJPLH Series

For additional information,

‘MLIRIE TR AN
| -y =
- Wi AR EwA N

Phone: (973) 881-8800 Fax (973) 88! 836*
E- ma:l sales@synergymwave com:

I CROWAVECORPORKTIONS




Embedded Internet
Wireless Internet
You’ve got to build it.
Find out how at:

BUILDER

Creating Intelligent Appliances for a Networked World

SANTA CLARA CONVENTION CENTER, SANTA CLARA, CA
CONFERENCE: MAY 14-16 ¢ SHOWCASE: MAY 15-16 .

9

For today’s EOEM hardware and software innovators, technical
entrepreneurs and industry thought leaders, the real action is where
the code hits the silicon. Internet Device Builder is the premier event
for engineers and engineering managers, embedded developers and
project managers, OEM executives and others on the front lines of
the connected revolution.

In the conference sessions, the product exhibition and at the networking
functions, you'll find the contacts and resources that will put you
ahead of a fast-moving pack.

See the latest in hardware, software, test and quality-control solutions
from industry-leading companies.

Attend the comprehensive three-day conference featuring:
Bluetooth # Wireless Networking # The Wireless Internet ® Java & Jini
Solutions # Windows Solutions # Interface Design ® Advanced

Networking Technologies # Real-Time Operating Systems ¢ and more.

| Co-located with the Applied
Computing Conference

Over 150 exhibitors.

| Thousands of attendees.

' Combined, it's the largest
embedded systems event
in Silicon Valley in 2001.

CONFERENCE

Early Registration Gets You A

Deep Discount!
Call 1-888-947-3734 for information on
exhibiting, speaking, or attending.

@ Or log on to www.iDeviceBuilder.com

MRFS11D



PRODUCT TECHNOLOGY

WLAN Chips

Radio Chip Set Arms 5-GHz,
54-Mhb/s Wireless Networks

This four-chip solution brings WLANs to the
unlicensed 5-GHz range with enough bandwidth
for Internet and video applications.

JACK BROWNE
Publishev/Editor

ETWORKS cry for speed and bandwidth, especially when they are
required to pass large amounts of data. Until recently, wireless lo-
cal-area networks (WLANs) have been limited to data rates of ap-
proximately 11 Mb/s. But with the advent of the IEEE 802.11a
standard for high-speed WLANS, speeds increase up to 54 Mb/s for wire-
less networking are obtainable. And thanks to Raytheon Co. (Lexington,
MA), a complete chip set is now available for implementing high-speed
WLANS according to the IEEE 802.11a standard. The four-chip set, known
as Tondelayo, includes a power-amplifier (PA)/switch module, a baseband
integrated circuit (IC), an intermediate-frequency (IF) IC, and a fre-
quency—converter/low-nmse-ampllﬁer (LNA) IC.

Film buffs will no doubt recognize = WLANS, the Tondelayo chips are de-
the Tondelayo reference to Holly- = signed for use in the 5-GHz Unli-
wood actress Hedy Lamarr, who | censed National Information Infras-
played a character by that name in = tructure (UNII) bands. The three
the 1942 film White Cargo. Lamarr = 100-MHz-wide UNII bands are 5.15
was also instrumental in the concep- | to 5.25 GHz, 5.25 0 5.35
tualization and development of GHz, and 5.725 to
spread-spectrum technol- 5.825 GHz.
ogy (and is credited as The Tondelayo
one of the original patent & device set (Fig.
holders). Raytheon’s ver-: 1) includes the

sion of Tondelayo is a we model RTCV-
matched chip set that is 5500  fre-
supported by pe- quency con-
ripheral-com- verter/LNA,

i model
" RTIF 5500 IF proces-

% r module, and the model
RTB-5500 baseband IC. The

% set also includes the model
\ RTPA-5250 PA switch mod-
ule, which was introduced late last

ence designs and?
a suite of software!
drivers. Rather
than operating in t

congested 2.4- year (see Mi-
GHz  band 1.The RTCV-5500 frequency converter/LNA crowaves &
specified for and the RTPA-5250 PA/switch module are RF, October
IEEE 802.11b two of the four devices in the Tondelayo 2000, p. 154).
and Bluetooth IEEE 802.11a 5-GHz, 54-Mb/s WLAN chip set. The RTPA-

5250, which is fabricated with the
company’s high-performance 0.5-{L.C
MU}m gallium-arsenide (GaAs)
pseudomorphic-high-electron-mobil-
ity-transistor (PHEMT) process, of-
fers small-signal gain of 38 dB from
5150 to 5825 MHz with +16.5-dBm
linear output power. The RTPA-
5250’s two inline switches exhibit in-
sertion-loss performance of 1.5 dB
for the pair, which helps to preserve
system noise figure. As much as 30-
dB typical isolation is available per
switch. The PA/switch module is
housed in a compact, low-loss low-
temperature-cofired-ceramic
(LTCC) package.

The RTCV-5500 frequency con-
verter/LNA and the RTIF-5500 IF
converter ICs provide the low-noise
performance needed for high re-
ceiver (Rx) sensitivity. Both devices
are fabricated with a high-efficiency
silicon-germanium (SiGe) process in
order to minimize power consump-

- tion. The frequency-conversion cir-

cuitry in these two ICs enable the
use of off-chip frequency synthesis,
which reduces risk and supports a
variety of intermediate-frequency
choices. Raytheon’s reference design
will support a 465-MHz IF, although
different frequencies may be used.

IF PROCESSOR

The RTIF-5500 IF processor con-
sists of frequency-upconversion/
downconversion circuitry, IF and
baseband amplification, and a pro-
grammable attenuator. The unit,
which is designed for operation from
a single +3.3-VDC supply, is pack-
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aged in a com-
pact flip-chip as-
sembly. In re-
ceive mode, the
RTIF-5500
draws 110-mA
current typical,
while in trans-
mit mode, the

1 : RF module

t

-

current draw is
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2. The four-chip 5-GHz WLAN
collection consists of a PA/switch, a
frequency converter/LNA, an IF
processor, and a baseband
processor.

typically 70 mA. Input and output
ports are matched on-chip for simple
integration to outboard filters, analog-
to-digital converters (ADCs), and dig-
ital-to-analog converters (DACs). The
device’s electrical performance can be
characterized in terms of its transmit-
path performance, receive-path IF
performance, and receive-path base-
band performance.

The transmit path begins with a
60-MHz baseband signal at an aver-
age level of -25.5 dBm typical, pro-
vided by a DAC internal to the RTB-
5500 baseband processor. The
RTIF-5500 provides 18.5-dB small-
signal transmit-path gain typical
with +0.5-dB gain variations with
temperature (0 to +50°C) and volt-
age. The transmit spectral regrowth,
which is defined as the unwanted sig-
nal levels within +156.25 kHz of the
60-MHz carrier, is =52 dBc or better.
The RTIF-5500 provides a transmit
IF output signal of 380 MHz and typ-
ically =7 dBm with spurious levels of
better than —25 dBe.

The RTIF-5500s IF receive path
starts with a 465-MHz signal at lev-
els as low as -65.6 dBm (and as high
as =40 dBm), and boosts these signal
levels through 58.6-dB typical small-
signal gain. The built-in attenuator
provides 44-dB gain control in 2-dB
steps to support precise tuning of the
received signal level prior to digita-
tion and baseband processing. The
attenuator is surprisingly “clean” in
terms of noise figure—it contributes
only 0.5 dB to the gystem noise figure
when used in conjunction with the
RTCV-5500 at the system’s front end.

The IF signal path results in 60-
MHz IF output signals which can then
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be processed by the baseband receive- = software drivers for a wide range of ~ sent a careful selection of process tech-
path section. The baseband section = operating systems. The RTB-55001s  nologies (GaAs, SiGe, and Si CMOS),
handles input signals of at least -20 = built with a 0.18-pum complementary- = each chosen for optimum perfor-
dBm, and provides 25-dB typical metal-oxide-semiconductor (CMOS) = mance. Raytheon Commercial
small-signal gain with +1-dB varia- process and housed in a 180-pin ball- = Electronics, 1001 Boston Post
tions in gain. The spectral regrowth, = grid-array (BGA) package. Rd., Mail Stop 1-1-1172, Marl-
measured as unwanted signal levels Together, these chips and modules = borough, MA 01752; (508) 490-
generated within +156.25 kHz of 60 | represent the first complete solutions = 1552, FAX: (508) 490-3007, Inter-
MHz, is -52 dBc or better. Harmoni- | for IEEE 802.11a 5-GHz WLAN de- net: http:/www.tondelayo.com.
cally-related spurious signals are no . velopment (Fig. 2). The devices repre- Enter No. 56 at www.mwrf.com
worse than -38 dBe within +20 MHz of
60 MHz, while nonharmonically-re-
lated spurious content is no worse
than -51 dBe within +20 MHz of 60
MHz. The RTIF-5500 provides high
receive gain and the means to control
signal level through its AGC attenua-
tor circuitry, resulting in a baseband
signal that is optimal for low bit-error-
rate (BER) data reception.

The RTCV-5500 frequency con-
verter/LNA receives signals from
5180 to 5320 MHz and from 5745 to
5805 MHz with better than -74-dBm
sensitivity. The LNA stage includes
a pair of in-series 8-dB attenuators to
adjust signal levels. Without attenu-
ation, the LN A stage noise figure is
typically 3.1 dB. With the full 16-dB
attenuation, the LNA stage noise fig-
ure is typically 3.9 dB. The small-sig-
nal gain without attenuation is typi-
cally 28 dB. LNA gain variations are
+1 dB typical, while spectral re-
growth (as defined earlier) is typi-
cally -52 dBe. In addition to the
LNA, the coupled downconverter
stage adds 6 dB of small-signal gain.

The RTCV-5500 operates with lo-
cal-oscillator (LO) signals from 4715
to 4875 MHz and from 5300 to 5360
MHz at a level of =5 dBm typical.
The device features a unique L0O/4
output port that provides scaled-
down versions of the LO input signal
for use with inexpensive, low-fre-
quency phase-locked loops (PLLs).

Finally, the RTB-5500 baseband
IC contains the modem and the me-
dia-access controller (MAC). It also | | ~ fAccuracy .
contains a high-resolution DAC, ' e Oscillator
ARMTTDMI microprocessor core, Brochure today!
digital-signal-processing (DSP) core,

and PCI/cardbus interface. This mod- h::‘ rom m G E N E R A I_ M I C ROW AV E
ule also includes custom-designed cells t J%egple o/ herley)cormpany
that perform decoding, automatic gain frust... Eete 2 Mol e raomatian

control (AGC), and other functions re- 425 Smith Street ® Farmingdale, NY 11735-1106

quired by the IEEE 802.11a stan- TEL: 631-630-2000  FAX: 631-630-2066
dards. The IC, which enables full 54- http://generalmicrowave.com

Mb/s operation, is supported by

Enter No. 419 at www.mwrf.com
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Phase-Locked Synthesizers

Synthesizers Shave Noise In
Receivers And Test Equipment

These YI1G-based PLL sources can be specified
in wideband and navvowband configurations

for carviev frequencies through 18 GHz.

Scott Wettenkamp
Director of Engineering
Micro Lambda, Inc., 48041 Fremont Bivd., Fremont, CA 94538:
(510) 770-9221, FAX: (510) 770-9213, e-mail: mcrolambda@aol.com,
Internet: http:/fwww.micro-lambda.com.

IGNAL generation is critical to all modern communications systems,
with good source performance marked by signal purity and stability.
Since modern systems often employ an advanced form of phase mod-
ulation (PM), source signal purity is often judged by phase noise.
And when low phase noise is important, many system integrators specify
yttrium-iron-garnet (YIG)-based sources. For those in the market for YIG-

based frequency synthesizers, Micro Lambda, Inc. (Fremont, CA) has just

launched a line of phase-locked synthesizers with noise floors dropping be-
low —150 dBc/Hz for carrier freqencies through 18 GHz.
Micro Lambda’s MLSx series of They achieve 1-Hz frequency resolu-

low-phase-noise frequency synthe-

sizers (F'ig. 1) is suitable as the main
local oscillators (LOs) in receiving
systems, as well as in test equipment.

tion in narrowband models covering
any 2-GHz portion of the 2-to-18-
GHz frequency band or in wideband

- models such as the MLSW synthe-

sizer, which tunes from 2 to 10 GHz
(see table). The sources uniformly

- deliver more than +10-dBm output

power with maximum output-power
variations as a function of tempera-
ture and frequency falling within a
3-dB window.

Building upon the company’s heri-
tage of low-noise YIG-based oscilla-
tors, these synthesizers add phase-

- locked-loop (PLL) eircuitry that

stabilizes the internal YIG oscillator
to the phase of an internal 100-MHz
crystal-reference oscillator. This in-
ternal voltage-controlled erystal os-
cillator (VCXO) can also be locked to
an external crystal-reference oscilla-

- tor in the range of 1 to 50 MHz (and

nominal level of 0 dBm) for improved
stability. For those applications re-
quiring extremely low phase noise

30
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1. The MLSx series of high-performance YiG-based

1.0 10 100
Ofiset from carrier—kHz

1000 10,000

frequency synthesizers can be specified as wideband or
narrowband units with more than +10-dBm power over a
total frequency range of 2 to 18 GHz.

2. The measured phase noise of a 5-GHz MLSx series
frequency synthesizer drops rapidly for offsets of 1 kHz
and further out from the carrier.
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The MLSW-xxxx frequency
synthesizer at a glance

|ng step size

Dutput power

—60 dBc

O‘ffset 1 kHz
Oﬁset 10 kHz
Oﬁsat 100 kHz
Offset 1 MHz

07 dBc/Hz
110 dBc/Hz
40 dBc/Hz

and good stability, the firm can also
provide the MLSx series synthesiz-
ers with an internal, high-perfor-
mance 10-MHz oven-controlled crys-
tal-reference oscillator.

In addition to the frequency-gen-
eration circuitry, the MLSx series
synthesizers incorporate a low-
power microcontroller which helps to
simplify the user interface, coordi-
nates temperature compensation,
and provides the calculations that
are needed by the various synthe-
sizer subsections, such as the loop-fil-
ter circuitry. Operators can com-
mand the microcontroller (and the
synthesizer) through a standard
four-wire serial bus. Frequency com-
mands can be in the form of a straight
binary interface with the least-signif-
icant bit (LSB) representing 1 Hz, or
through a binary-coded-decimal
(BCD) format where the user simply
sends the desired frequency in mega-
hertz as an American Standard Code
for Information Interchange
(ASCII) character string. With the
inclusion of the microcontroller, the
synthesizer can report on its own in-
ternal temperature, and whether it is
maintaining phase lock.

Besides simplifying and improving
the performance of the MLSx fre-
quency synthesizers, the internal mi-
crocontroller adds a certain amount

PRODUCT TECHNOLOGY

Phase-Locked Synthesizers

of operating flexibility to the sources.
For example, the microcontroller is
equipped with enough nonvolatile
memory to store up to 400 synthe-
sizer frequency configurations,
should a user need to rapidly step
through a sequence of frequencies.
Although it employs signal-genera-
tion technology (YIG sources and
PLLs) not normally associated with

fast switching speed, the frequency
synthesizers are designed to minimize
delays between frequency steps, with
switching speed of better than 500 ps
+ 1 ms/GHz. So, for a tuning step of 5
to 7 GHz, the switching speed is ap-
proximately 2.5 ms. As might be ex-
pected from a multioctave source, the
harmonic levels are moderately con-
trolled, at =12 to =15 dBe. Yet it is in

90 AND 180
l)IE(EI!lEIE HYBRID (:()lJl’LJEI!Eﬁ_
0.5 20 GHz :

*STANDARD ?BEQUENCY BANDWIDTHS (GHz)

5 7 2-8 1-144

4-124

2-18 1-18 6-20

*STANDARD COUPLING VALUE

1350

AMPLITUD
£0.3 £035

23 T

MUM VSWR
141

£10

161 W71

+04 +05

412

*Depénding on model and frequency selected

KRYTAR is a volume producerof ‘g
Directional Couplers, Directional Detectors, Y
: Detectors {Zero Bias Schottky and
Planar Doped Barrier), 90 and 180 degree Hybrids,
Coaxial Terminations, MLDD Power Dividers, and low

DELIVERY ( Small Quantities) Stock to 3 weeks

'
-
‘;!

KRYTAR

1292 Anvilwood Ct. * Sunnyvale, CA 94089

Toll Free 1 (877) 734°5999 + Fax (408) 734-3017 -* rytar.com

www.krytar.com Lists complete specifications and application ideas for all products
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the areas of spurious and phase noise
that these synthesizers excel. The spu-
rious levels are generally at 60 dBc or
better for all frequency offsets. The
single-sideband (SSB) phase noise
(Fig. 2) is approximately —-80 dBe¢/Hz
for a 100-Hz offset from the carrier,
dropping to -107 dBe/Hz for a 100-kHz
offset from the carrier, and continuing
downward to a noise floor below —150

PRODUCT TECHNOLOGY

Phase-Locked Synthesizers

dBc/Hz at offset frequencies beyond 1
MHz from the carrier.

These YIG-based frequency syn-
thesizers can be ordered with an op-
tional L-band synthesizer based on an
inexpensive inductive-capacitive (LC)
oscillator. Useful as a second LO in re-
ceiving subsystems, the L-band syn-
thesizer can be specified for any suboc-
tave range from 500 to 2500 MHz.

' temperature
-1 7 Coaxaal cables

ce with the most recent
revisions to ensure a quality
arbour's “M17". coax cables
il~spec. attenuagn andig.
uirements, a rbour s
bles should be chosen for
the most.demanding RF systems.
Harbour Industries’ SPECIALTY
e AEROSPACE Coax :
~ "™Cystom engineered high performance
coa)d Jes provide solutions fc

4744 Shelburne Road

P.O. Box 188

Shelburne, Vermont 05482
802-985-3311
www.harbourind.com

Flexible Coax

HPF flexible coaxial cable

twist, and snake their way

hard to reach spots that

cables just can't touch. VS nd
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Communications, Person
Communications System

Antenna Systems.

require’d'."- r
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Harbour
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Typical frequency resolution is 10 to 50
kHz, although other values are
available.

The MLSx frequency synthesizers
are supplied in a compact package
measuring 5 X 7 X 11in. (12.70 x
17.78 X 2.54 em) with female SMA
connectors for RF output. A 20-pin
connector is also included for power
supply, clock input, data input, lock
status, narrowband and wideband
frequency modulation (FM), as well
as ground connections. Standard
models are equipped with a single
RF output port, although units can
be supplied with a wideband power
splitter when dual RF output ports
are required. The frequency synthe-
sizers are designed to operate into
maximum load VSWR of 1.50:1 and

THE MLSx SERIES SYNTHE-
SIZERS INCORPORATE A
LOW-POWER MICROCON-
TROLLER WHICH HELPS TO
SIMPLIFY THE USER INTER-

FACE AND PROVIDES THE

CALCULATIONS THAT ARE

NEEDED BY THE VARIOUS
SYNTHESIZER
SUBSECTIONS.

handle operating temperatures from
-20 to +70°C. Power-supply require-
ments are 1.5 A at +15 VDC and 0.7
A at +5 VDC.

The company’s sources are widely
used in instruments such as signal
generators and spectrum analyzers.
In addition to the synthesizer line, the
firm offers a wide range of YIG-tuned
fundamental-frequency oscillators
from 0.5 to 30 GHz, YIG-tuned multi-
pliers through 20 GHz, and YIG-tuned
bandpass filters from 0.5 to 46 GHz.
Micro Lambda, Inc., 48041 Fre-
mont Blvd., Fremont, CA 94538;
(510) 770-9221, FAX: (510) 770-
9213, e-mail: merolambda@
aol.com, Internet: http://www.
micro-lambda.com.

Enter No. 57 at www.mwrf.com

Enter No. 421 at www.mwrf.com




hen you need Glarity and Power

Stanford Microdevices is the clear choice.

When clarity and power matter most,
Stanford Microdevices delivers.

Stanford Microdevices, Inc. (SMI) is a leading supplier of RF
integrated circuits for the wireless and wired telecommunications
markets and a supplier of choice of OEMs worldwide. Stanford
Microdevices continues to be on the industry’s leading edge
because of our superior quality, outstanding value and innovative
technological advances. SMI provides the tools to create wireless
communications equipment that is smaller, lighter, more powerful
at market leading prices.

Our SGA 6000 series of silicon germanium MMIC amplifiers
offers the high intercept point, high efficiency and high integration
level at high output power desired, while providing the low noise
figure and low power consumption needed for all wireless
applications.

SGA-6386 has 1dB compressed output power of +20dBm,
output third-order intercept point of +36dBm and 15.5dB

of gain at 900MHz. Pricing on the SGA-6386 is $1.21 in quantities
of 10,000 pieces with availability from stock to eight weeks.

www.stanfordmicro.com
Make us your home page!

SPECIFICATION MATRIX

SGA-6286 SGA-6386 SGA-6486

SGA-6289 SGA-6389 SGA-6489
Frequency (GHz) DC-3.5 DC-3.0 DC-1.8
Gain (dB) 13.8 15.4 19.7
TOIP (dBm) 34.0 36.0 34.0
P1dB (dBm) 20.0 20.0 20.0
N.F. (dB) 3.9 3.8 2.9
Supply Voltage (Vdc) 4.2 5.0 5.2
Supply Current (mA) 75 80 75

All data measured at 1GHz and is typical. MTTF @ 150C T/ = 1 million hrs. Ry = 97C/W typ)

SiGe HBT MMIC | t ) 50789 package
features include:

M Cascadable 50Q M +20dBm 1dB Compression Point
M Single voltage supply M Low current draw

M High output intercept M Low noise figure f?
/) 86 package

* STANFORDO
MICRODEVICES 1-800-764-6642 u.s. roil-free

We Deliver RF innovation  1-408-616-5400 outside u.s.

©2000 Stanford Microdevices. All company and/or product names are trademarks and/or
registered trademarks of their respective owners.
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CALL FOR SPEAKERS

Santa Clara Convention Center
Santa Clara, CA

EaA: o

You're invited to take a position as a leader in a
revolutionary forum. Expert presenters are sought for

this first-of-its-kind conference which will offer design
engineers the technical information and guidance on tool
selection they need to not only keep them afloat, but highly

Conference: September 24-26, 2001

competitive as well in the rapidly changing EDA industry.
The objective of the EDA conference is to provide designers with a
clear-cut understanding of how to accomplish specific real-world

engineering tasks, as well as show them how to improve the quality

of their designs using existing approaches and technology.
Your expertise will help facilitate the growth of this industry.

O

About the EDA: Front-to-Back
Conference

Today there is a lack of any quick,
easily accessible, and affordable
means for designers to keep on top
of the rapidly changing EDA industry.
Penton Media and Electronic Design
are proud to present a unique
solution to this problem: A three-day
event called EDA: Front-to-Back that
will provide design engineers an
educational/ interactive/ hands-on
forum. For the design engineer

that means offering the technical
information and guidance on tool
selection they need to not only

keep them afloat, but highly
competitive as well.

Acceptance Guidelines

Papers, workshops, and mini-tutorials
are selected based on content
originality and timeliness. We do

not imitate programs found at other
conferences. If you are planning to
present the same topic within the next
18 months, please indicate where

so your program can be adjusted
appropriately. We do not accept
canned topics or overtly commercial
content. Each presentation must be
one-of-a-kind and intended to inform,
not sell attendees. All submitted
material becomes the property

of Penton Media, Inc.

About the Sponsors

EDA: Front-to-Back is managed

and produced by Penton Media, Inc.,
publishers of Electronic Design,
Netronics, Microwaves & RF,

EE Product News, and Wireless
Systems Design.

Submission Guidelines (@)

To be considered as a speaker for
the conference, submit the following
information:

1. Your name, title, company or
organization, address, phone,
fax and email address.

2. A short professional biography
(50 words maximum).

3. Proposed presentation title and
50-word abstract. This material must
be included or your submission
will not be considered.

4. If you will be speaking elsewhere
within the next twelve months,
please indicate where.

Submit your session proposal by

April 6, 2001 to Betsy Tapp, Conference
Manager, via fax 201-393-6297,

or e-mail btapp@penton.com.
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Waveform Generator

Waveform Generator Greates
Complex Modulation Formats

This simple-to-use function/waveform genevator provides
enough bandwidth and control to emulate the phase-based
modulation formats of next-genevation wiveless systems.

JACK BROWNE
Publishev/Editor

ODULATION is eritical to modern communications. As demands

for information bandwidths increase, modulation formats grow

more complex, using phase and amplitude to convey ever-growing

amounts of data over relatively narrow communications chan-
nels. The model 9302 dual-channel synthesized function/arbitrary wave-
form generator from Protek (Allendale, NJ) allows engineers to emulate
these complex modulation formats—in the laboratory and in the field—to
evaluate the performance of communications systems and their compo-
nents. The 9302 (which is also available as a single-channel model) offers
a wide range of waveforms from 0.01 pHz to 31 MHz.

The 9302 can be used as a stand-
alone instrument or under the control
of an external personal computer (PC).
Waveforms can be defined by front-
panel data-entry buttons, or down-
loaded as a file from the PC. The 9302’s
internal memory supports waveforms
comprised of as many as 16,384 data
points. A wide range of waveforms is
available as a result of the 9302’s 40-
MSamples/s sampling rate and 12-b
amplitude resolution. The generator
can produce sine and square waves
from 0.01 wHz to 31 MHz with 0.01-
pwHz resolution, as well as ramp and
triangle waveforms from 0.01 wHz to 2
MHz with 0.01-pHz resolution. The in-
strument can also function as a noise
generator with a maximum bandwidth
of 10 MHz.

For all of these waveforms, the in-
strument yields output levels of 50 mV
to +10 VDC peak-to-peak into a 50-(
load. DC offsets can be set over arange
of 0to +5 VDC into a 50-(2 load.

The 9302 offers high accuracy in all
of its formats. For example, for sine

- waves through 20 MHz, the accuracy

for all amplitude levels (at a 0-VDC off-
set) is better than +0.5 dB, with an ac-
curacy of +0.9 dB for all amplitude lev-
els through 31 MHz. For all amplitude
levels, the square-wave accuracy is +5
percent for frequencies through 100

cies approaching 20 MHz, and +16 per-
cent for square-wave frequencies from
20 to 31 MHz. The accuracy for trian-
gle, ramp, and arbitrary waveforms is
better than +9 percent for all levels
and frequencies through 2 MHz.

The spectral purity of sine waves
generated with the 9302 is better than
-50 dBe/Hz when measured in a 30-
kHz band. Spurious levels are better
than —50 dBe while subharmonic levels
are also better than 50 dBe. Harmonic
levels are better than -55 dBe from DC
to 100 kHz, better than —45 dBe from
0.1 to 1 MHz, better than -35 dBc from
1to 10 MHz, and better than -25 dBe
from 10 to 31 MHz.

The 9302 can be used to generate
~ phase resolution over a range of

© +9999.99 deg. with 0.01-deg. resolu-

tion; phase modulation (PM) can be
generated at rates from 0.001 Hz to 10
kHz. Similarly, amplitude modulation
(AM) and frequency modulation (FM)
are available at rates from 0.001 Hz to
10 kHz using the internal source. The
AM is available at depths to 100 per-
cent, while the FM can be applied to
spans as wide as 31 MHz. The 9302 can
also perform frequency sweeps across
the full 31-MHz span (depending on
the type of modulation applied). The
9302 includes a trigger generator with
TTL-level outputs.

Data entry is fairly routine using the
front-panel controls, with operating
parameters clearly visible on a two-
line, backlit, liquid-crystal-display
(LCD) screen. The controls are intelli-
gently grouped, largely on the right-

. hand side of the front panel. Functions,
kHz, +8 percent or better for frequen- |

such as sine wave, square wave, or
noise, can be selected by pushing incre-
ment or decrement buttons. A large
keypad on the righthand side simpli-
fies numerical entry, with a choice of
hertz, kilohertz, and megahertz for ter-
minating frequency entries and choice
of decibels per meter, voltage root
mean square (RMS), and voltage peak-
to-peak for terminating amplitude en-
tries. For those who may have trouble
understanding the 9302’s straightfor-
ward user interface, the instrument is
shipped with an easy-to-follow 52-page
operator’s manual. Protek Test &
Measurement, 40 Boroline Rd.,
Allendale, NJ 07401; (201) 760-
9898, FAX: (201) 760-9888, Inter-
net: http//www.protektest.com.
Enter No. 58 at www.mwrf.com
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KEEP YOUR WIRELESS CONNECTIONS @JL

o % . WITH SPECEE=¥E WIRELESS COMPONENTS

Your designs are creating a world with no boundaries and

complete connectivity. To help make your designs a reality, turn to SPECWave
inductors, capacitors, filters and antennas. The SPECWave family of wireless

components deliver high performance in ever smaller sizes . . . exactly what

INTRODUCING. .. you need for evolving applications like telematics, bluetooth and

"\_ cellular communications.
Speclink

And now we've added some new tools to our website with SpecLink -
instant online information.

Go to www.spectrumcontrol.com instant product information, DesignDirect — an online design system, and

and enter the Speslisk number. .
our new OnLine Catalog - a way to build your own part number.

INDUCTORS CAPACITORS
C ¥y

—
Speclink #0381 Speclink #C0382

To see how we can help Keep Your Wireless Connections Clear, check us

N
out @ www.spectrumcontrol.com SPEELINK #C0380 or call 814-474-1571.

FITERS & PATCH ANTENNA
DUPLEXERS ELEMENTS

B W\w Ww‘” SPECTRUM CONTROL INC.

A Control Products and Systems Company
Speclink #Co383 Speclink #0385

Signal Products Group

www.spectrumcontrol.com
Phone: 814-474-1571 « FAX: 814-474-3110
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Interconnects span
10 MHz to 1 GHz

The MIT/MIS series of matched-
impedance microinterfaces on 0.025-
in. (0.635-mm) pitch features 38, 76,
114, 152, 190, 228, and 266 input/out-

puts (I/0s). A discrete ground plane

with through-hole leads on 0.100-in.
(2.54-mm) pitch can be used in order
to replace more expensive alterna-
tives without the need for board-
relay outs. These high-speed inter-
connects are fully tested for 50- and
75-() systems for impedance, VSWR,
attenuation, crosstalk, propagation
delay, as well as rise time at frequen-
cies ranging from 10 MHz to 1 GHz.
They provide a range of spacings of

0.197 in. (5 mm), 0.315 in. (8 mm), and

0.433 in. (11 mm) between boards.
Edge-mount, elevated, as well as
cable versions are available.
Samtec, Inc., P.O. Box 1147,
New Albany, IN 47151; (800)
SAMTEC-9, (812) 944-6733, FAX:

;. +0.5 mV, 5-

www.samtec.com.

Supplies boast
+ 2-percent accuracy

remotely programmable control by
external voltage and resistance. Fea-

puts, +0.2-percent accuracy, three-
digit light-emitting displays (LEDs),
and rear-panel manual operation.
Specifications include typical con-

load regulation, + 10-mA typical con-
stant current-load regulation, and
+ 3-mA line regulation. Three
selectable line voltages of 100, 120,
220, and 230 VAC are offered. Pro-
tek, 40 Boroline Rd., Allendale,

NJ 07401; (201) 760-9898, FAX:
(201) 760-9888, e-mail: hcpro-

- tek@hcprotek.com, Internet:
(812) 948-5047, e-mail: info@
samtec.com, Internet: http:/ |

http://www.protektest.com.

NEW PRODUCTS
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tures include isolated inputs and out-
- with all transceivers meeting indus-

stant voltage, ripple and noise of
mV constant voltage-

Enter No. 80 at www.mwrf.com !

Transformers cover
-40 to +85°C
Models S558-5999-T5 and SH5H8-

- 5999-U5 are surface-mount magnetic
. transformer modules that boast an

The RPGM series of high-perfor-
mance power supplies features

extended temperature range of —40
to +85°C. The modules are said to
provide an isolation voltage of +1500-
VDC root mean square (RMS). The
components are designed to interface

trial Ethernet temperature specifica-
tions. The modules facilitate fast

. Ethernet transmission over UTP-5

cabling, though the S558-5999-U5
affords maximum electromagnetic-
interference (EMI) noise suppres-
sion because it features an additional
auto transformer to support termina-
tion of the unused twisted pair. Bel
Fuse, Inc., 198 Van Vorst St.,
Jersey City, NJ 07302; (800)
BEL-FUSE, FAX: (201) 432-9542,
e-mail: belfuse@belfuse.com,
Internet: http:/www.belfuse.
com.
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BASE STATION FILTERS
AMPS, DCS, GSM, PCS, UMTS

BANDPASS

DIPLEXERS

MULTIPLEXERS

HIGHPASS

# g

LOWPASS

DUAL BAND

BANDSTOP

VOLTAGE
= TUNED

Please contact us for
our full catalog of
capabilities. Let us
look at your current
filters rquirements our
experienced sales
force will direct you to
the best solution.

LF, RF and MW Filters, 100 KHz to 18GHz designed
to your specifications.

E-Mail: sales@ana-tech.com

Web site: www.ana-tech.com

= ANATECH
| ELECTRONICS

70 Outwater Lane, Garfield, NJ 07026  Tel: 873-772-4242  Fax: 973-772-4646
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Single Layer Chip Capacitor

with Border

» Border helps prevent shorts
. Optimal for Automatic Assembly

. Readily available in Tight Toler

. Dimension of sizes from 10 x 10 mlls "and up™
o Extensive uses for commercial & space programs

. Range of values starting at 0.1 pF

(WWW.TECDIA.

.COM )
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Transceiver integrates
into industrial systems
The model PKLR 200-mW

transceiver is designed for integra-

tion into industrial systems. Employ-
ing frequency-hopping, spread-spec-

trum (FHSS) technology, the device

is said to provide interference-resis-
tant communication even in RF hos-
tile environments. To facilitate inte-

NEW PRODUCTS

gration, the package measures 1.65 X
2.65 in. (4.19 X 6.73 ¢m). The device
contains software for implementing a
variety of network configurations
(point-to-point, point-to-multipoint,
multiple-collocated non-interfering
networks). The unit ships completely
assembled and connection is

achieved using an RS-232 or TTL-

level serial interface. Aerocomm,

...The Next

uixzcnﬂml &’ ‘
o COUPLER o0y W

o B

-

-
399 State St. - Franklin, IN 46131

Components for Tomorrow's

Applications are here Today. ..

1-888-736-8837 - 317-736-8833 - Fax 317-736-8382
www.mwdevices.com - email: microdev@in.net

Enter No. 429 at www.mwrf.com
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13256 W. 98th St., Lenexa, KS
66215; (800) 492-2320, FAX: (913)
492-1243, Internet: http:/www.
aerocomm.com.
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Ceramic targets
applications to 1100°F

The Aremcolox™ 502-600 is an
machinable glass-ceramic developed
for electrical, electronie, and high-
temperature applications to 1100°F
(5693°C). Compressive strength is
32,000 psi, flexural strength is 14,000

psi, dielectric strength is 380 V/mil,
dielectric constant is 6.8 at 1 MHz,
and thermal conductivity is 4.08
BTU-in./hr-ft*-°F. Applications
include connector housings, instru-
ment and appliance insulators, coil
forms and bobbins, resistor supports,
capacitor insulators, and arc barri-
ers. Aremco Products, Inc., P.O.
Box 517 707-B Executive Blvd.,
Valley Cottage, NY 10989; (914)
268-0039, FAX: (914) 268-0041, e-
mail: aremco@aremco.com,
Internet: http:/www.aremco.
com.
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Power-conversion
architecture delivers 75 W

Powerstick™ ig a power-conver-
sion architecture designed for low-
profile, high-density board-mounted
DC-to-DC converters. The unit
delivers up to 75 W per module and
up to 900 W in fault-tolerant arrays.
The device’s through-the-board
mounting results in a power-conver-
sion density of 188 W/in. * Vicor
Corp., 25 Frontage Rd., An-
dover, MA 01810; (978) 470-2900,
FAX: (978) 475-6715, Internet:
http://www.vier.com.
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Connectors offer
push-on mating

The BMA series of blind-mate con-
nectors is qualified to MIL-PRF-
31031 with the interface in accor-
dance with MIL-STD-348. The
devices offer the advantage of push-
on mating and provide miniaturiza-
tion through modular design by e-

assemblies. Configurations include
semirigid and flexible cable connec-
tors, hermetic versions and adapters,
fixed and floating versions, low-pro-
file styles, high-power versions,
along with stripline and microstrip
launchers. Adapters between series
and terminations are other configu-
rations. SV Microwave, Inc., 3301
Electronics Way, Suite D, West
Palm Beach, FL 33407; (561)
840-1800, FAX: (561) 844-8551,
Internet: http:/www.svmicro
wave.com,
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Kit speeds
products to market
The KH series basic evaluation/
development kit includes tools for
the integration of KH modules into
an end product. The KH modules
combine an optimized RF link with
an onboard decoder or encoder. A
pair of modules is capable of trans-
ferring the status of up to eight par-
allel inputs and 3'° addresses over
distances in excess of 300 ft. The
module development system fea-
tures fully assembled evaluation
boards, supporting visual and audible
testing of the KH module’s perfor-
mance in various environments. An
onboard prototyping area is also pro-
vided to support rapid product devel-
opment. Antennas, extra KH mod-
ules, and full documentation are
included. Linx Technologies, 575
SE Ashley Pl., Grants Pass, OR
97526; (541) 471-6256, FAX: (541)
471-6251, Internet: http://www.
linxtechnologies.com.
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Cable resists
chemical erosion

The GX series subgrouping fiber-
optic cable is double jacketed for
chemical resistance in industrial

_environments. The cable will not

degrade with continuous long-term
exposure to most volatile chemicals,
such as fuels, oils, liquids, cleaning
agents, and acids. The cable consists
of an inner cable jacket of PVC and
an outer fluoropolymer cable jacket
in order to provide the chemical

- resistance. The fiber count for the
liminating cumbersome cable

cable can range from 2 to 144 optical

NEW PRODUC I‘

fibers within a single cable jacket.
The cable can mix multimode and sin-
gle-mode optical fibers within a sin-
gle cable. Optical Cable Corp.,
5290 Concourse Dr., Roanoke,
VA 24019; (800) 622-7711, (540)
265-0690, FAX: (540) 265-0724,
Internet: http://www.occfiber.
com.
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PRECISION ADAPTERS

In-Series and Between-Series

Maury Microwave's PRECISION IN-SERIES and BETWEEN-SERIES ADAPTERS are low
VSWR and low loss devices that operate from DC up to 50 GHz. Offered in all combinations
of connector type and sex, these adapters are ideal for precision measurement applications.
They are phase matched, minimum length, and feature a square flange for ease in connecting.
These adapters won't roll
off the test bench.

2.4mm
7921A
Vs

Easily removed and
replaced at a relatively
low cost, these adapters
are highly popular as
VNA Test Port Savers
which protect the high
cost test ports of your
vector network analyzer
from the wear-and-tear of
frequent connection and
disconnection.

2.92mm
8714A1

8714B1 8714C1

3.5mm
8021A2

Bulkhead and panel
mount adapters are also
available.

8021C2

802182

4

Contact our Sales Staff
for details, or visit us on
the World Wide Web at
http://www.maurymw.com.

Model Adapts From Adapts To | Frequency Range and Maximum VSWR
8021A2  3.5mm female 3.5mm female DC - 18.0 GHz, 1.05
8021B2  3.5mm male 3.5mm male 18.0 - 26,5 GHz, 1.08
8021C2  3.5mm female 3.5mm male 26.5 - 34.0 GHz, 1.12
7926A 2.4mm female 2.92mm (K) female

79268 2.4mm female 2.92mm (K) male E% - ag'g g:; 183
7926C 2.4mm male | 2.92mm (K) female | 500 - 40.0 GHZ, 112
7926D  2.4mm male | 2.92mm (K) male i ' N
7927A 2.4mm female 3.5mm female

79278 | 2.4mm female 3.5mm male S B 0+
7927C 2.4mm male 3.5mm female 265 - 340 GHz 112
7927D 2.4mm male 3.5mm male i ' ’ o )
7921A 2.4mm female 2.4mm female DC - 26.5 GHz, 1.06
7921B 2.4mm male 2.4mm male 26.5 - 40.0 GHz, 1.10
7921C  2.4mm female 2.4mm male L 40.0 - 50.0 GHz, 1.15
8714A1  2.92mm (K) female 2.92mm (K) female DC - 4.0 GHz, 105
8714B1  2.92mm (K) male ~ 2.92mm (K) male 40 - 20.0 GHz, 1.08
8714C1  2.92mm (K) female 2.92mm (K) male 20.0 - 40.0 GHz, 1.12

MAURY MICROWAVE

CcC O R P O R A T 1 ON
2900 Inland Empire Blvd., Ontario, CA 91764 = TEL: (909) 987-4715 » FAX: (909) 987-1112

EMAIL: maury @ maurymw.com
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Generator boasts
jitter of <1-ps RMS

The model SCG 450 is a syn-
chronous clock generator used in var-
ious telecommunications and data-
communications applications where
designs must conform to a Stratum
synchronization or Synchronous
Optical Network (SONET) architec-
ture. The device is a digital phase-

NEW PRODUC

~ locked loop (PLL) that generates
155.56-MHz low-voltage-positive-
emitter-coupled-logic (LVPECL)
outputs from a low-jitter voltage-
controlled crystal oscillator (VCXO0)
with two 8-kHz inputs. Features
include two selectable references,
switching capability between refer-
ences without introducing a phase

transient, disable capability on

WEINSCHEL QUALITY COMPONENTS & SUBSYSTEMS

Products
That Make
a Werld of
Difference

Whether it's standard off-the-shelf
coaxial components or custom designs to
meet your requirements,
contact Weinschel for -
high quality products
that make a world of 4
difference in your m
wireless applicafions.

Variable & Step
Attenvators =
« (ontinuously Variable, dc-4.2

* Manual Step, dc-26.5 GHz
 Connector Choice: SMA, N, 2.92mm

Programmable Attenuators

 RF Wireless, & Microwave Models
(de-1,1.2, 2, 3,4, 18, 26.5 GHz)

© New Solid-Stafe Designs (PIN & GaAs FET)

* 75 €2 & Phase Compensated Designs

Phase Shifters

 dc-18 GHz

© Internal Self Locking Mechanism

Power Splitters & Dividers

® Resistive Models to 40 GHz

o Connector Choice: SMA, 2.92m, N

® 2 & 4 Way Designs

Fixed Attenuators

* Models from dc-40 GHz

 High Power Models up to 1,000 W

* MIL & Space Qualified Models

* Low Intermodulation Design Options

© Connector Choice: SMA, 2.4mm, 2.92m, 3.5mm, N, 7/16, BNC

Precision Adapters & Connectors

* Blind-mate Connector Systems

 PLaar CRown® Connector System

Directional Couplers

® dc-4 GHz ¢ Octove & Broadband

Weinschel

CORPORATION
An MCE Company
5305 Spectrum Drive, Frederick, Maryland 21703-7362

=

800-638-2048 o Tel: 301-846-9222  Fax: 301-846-9116

e-mail: sales@weinschel.com © Web: www.weinschel.com

Components
Subsystems
* Plug & Go Programmable
* Attenuators and Relay Drivers
 |EEE-488 & Standard Serial
Interfaces/Conirollers

® Bus Controlled Programmable
Attenuator Units

* (ustom Subsystem Design for
Specialized Applications

Terminations & Louds

© Models from dc-40 GHz

o High Power Models up o 1,000 W
® Low Intermodulation Design Options
« Conneclor Choice: SMA, 2.4mm,
2.92m, 3.5mm, N, 7/16

[ "' ]
‘; 4 GEATIFIED
m 1ISO 8
b

(ER,

- R o s = e, "

Certificate No. 94-289C

7

LVPECL outputs, jitter <1-ps root
mean square (RMS) in the 12-kHz-to-
20-MHz band, and low jitter-clock
source for high OC-N framers. P&A:
$463.05 each; 4 to 6 wks. Conner-
Winfield Corp., 2111 Compre-
hensive Dr., Aurora, IL 60505;
(630) 851-4722, FAX: (630) 851-
5040, e-mail: info@conwin,
Internet: http://www.conwin.
com.
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Oscillators operate
between 1 and 133 MHz

The models CFPP-72 and CFPP-
73 are a range of one-time factory
programmable oscillators available
in any frequency between 1 and 133
MHz. The CFPP-72 series operates
from a +5-VDC supply and covers
the entire 1-to-133-MHz frequency
range, while the CFPP-73 series
takes a +3.3-VDC supply and offers
frequencies up to 100 MHz. Both

variants can be specified for operat-
ing temperature ranges from 0 to
+70°C or from —40 to +85°C, with fre-
quency stabilities down to =50 PPM
in each case. All devices operate in
tri-state mode and provide high-
speed-complementary-metal-oxide-
semiconductor (HCMOS) output,
while the CFPP-72 series also offers
TTL output. Applications include
telecommunications transmission
systems and process equipment.
P&A: $4.10 (depending on quantity).
C-MAC MicroTechnology, 4222
Emperor Blvd., Suite 300,
Durham, NC 27703; (919) 941-
0430, FAX: (919) 941-0530, Inter-
net: http://www.cmac.com.
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Suppressor offers 1-GHz
shielding effectiveness

A nylon outer case with a pair of
ferrite halves clamps over flat-ribbon
cables in order to provide electro-
magnetic/RF-interference (EMI/
RFI) suppression. The device offers
shielding effectiveness up to 1 GHz,
while allowing data signals to pass
unimpeded. Four sizes accommodate

cables with up to 64 conductors.
Assembly options include direct
clamping of the cable, as well as adhe-
sive and hardware mounting. Fer-
riShield, Inc., 350 Fifth Ave.,
Suite 7310, New York, NY 10118;
(212) 268-4020, FAX: (212) 268-
4023, e-mail: info@ferrishield.
com, Internet: http://www.fer-
rishield.com.
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Relay spans
DC to 8 GHz
The coaxial RF 1P2T pulse-latch-
ing “RDT” relay series features
design-enhanced surface-mount
technology (SMT) and provides a
low-cost option from DC to 8 GHz.
These coaxial SMT devices boast 50-
() impedance with pulse-latching
actuation, and are available with
standard operating voltages of +12,
+24, and +28 VDC. The relays are
intended for high-volume, high-per-
formance commercial wireless and
industrial applications requiring
small size with typical insertion loss
of 0.07 dB at 900 MHz and 0.12 dB at
1900 MHz. This series of relays
boasts typical isolation of 85 dB at
900 MHz and 75 dB at 1900 MHz.
P&A: stock to 6 wks. RelComm
Technologies, Inc., 610 Beam
St., Salisbury, MD 21801; (410)
749-4488, FAX: (410) 860-2327, e-
mail: sales@relcomm tech.cor.
Enter No. 91 at www.mwrf.com

Doublers
Multipliers
Converters

005 to 40 GHz

Need a
Mixer?
Tired of
Waiting?

Web5|te Mark1M1crowave com
Phone: (408) 778-4200 Fax: (408) 778-4300

Email: Mixers@MarkiMicrowave.com
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C'I“l' Wireless is delivering!

H 900 MHz - 80W
N 1.9 GHz - 80W

N 2.5-2.7 GHz - 40W
M Designs For:

TDMA « GSM
CDMA e WCDMA

c’”/”f {A ff Visit our wb site: in.com

s?
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Via fills achieve 2°C/W
thermal resistance

With cireuit designers achieving
thermal resistance as low as 2°C/W,a
series of solid, copper-plated via fills
is used in the fabrication of metal- ;
lized ceramic substrates, chip carri-
ers, and packages. Along with their
high thermal conductivity, solid via ‘
plugs have an electrical resistance as

low as 0.38 m{). By combining this
thermal management with thin-film
circuitry, multilayer patterns, inte-
grated resistors, capacitors and

. Inductors, designers can increase the

age. Remtec, Inc., 100 Morse St.,

Norwood, MA 02062; (781) 762-

9191, FAX: (781) 762-9777, e-
mail: sales@remtec.com, Inter-

& Cale~of-the-art
Quality Crafted,

Full Service —

Cable
Manufacturing

A.) HCMC manufactures and stocks
fully tested standard straight semi-rig

and flexible assemblies which can be

hand formed. We also provide cable
assemblies to customer specification

B.) HCMC has design and engineerin
capabilities to produce custom delay

lines to meet specific packaging and

performance requirements.

C.) Utilizing our manufactured

cable HCMC is providing miniature
interconnect components to meet
customer specified requirements for

surface mount applications on printed

circuits and microwave substrates.

Haverhill Cable and Manufacturing Corp.

=LY

id

g

Semi-Rigid Coaxial Cable Specialists

TEL (978) 372-6386

P O. BOX 8222, Haverhill, MA 01835
www. haverhillcable.com

FAX (978) 373-8024
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Retainer targets

- SMT applications
performance in a miniaturized pack-

A low-profile coin-cell retainer has
been designed for high-density sur-
face-mount-technology (SMT) appli-
cations and features a flow-hole sol-
dertail that increases joint strength.
Dual-spring contacts ensure low-con-
tact resistance and are designed to
hold the cell securely to withstand
shock and vibration. With polarity
being clearly marked, the retainer is
balanced and lightweight for reliable
pick up and placement. Keystone
Electronics Corp., 31-07 20th
Rd., Astoria, NY 11105; (800)
221-5510, FAX: (718) 956-9040, e-
mail: kec@ keyelco.com, Inter-
net: http:// www.keyelco.com.
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Service handles
variable passive loads

A custom-built load offers service
for power supply, telecommunica-
tion, industrial-equipment manufac-
turers, and other companies that
require passive loads. The service
specializes in designing and manufac-
turing variable passive loads based
on customer specifications. OHM
LOADS, Inc., 313 Evans Ave.,
Etobicoke, Ontario, Canada
MB8Z 1K2; (416) 503-0123, FAX:
(416) 503-1546, Internet: http:/
www.ohmloads.com.
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Heat sink cools
1.5-GHz processor

The model TS-12088-AA is
designed to cool the Intel “William-
ette” processor up to 1.5 GHz. The
unit is driven by a +12-VDC high-
speed fan that generates 24 CFM.
The 5000-RPM ball-bearing fans sits
atop an extruded aluminum (Al) heat
sink. The device is equipped with an
attachment clip and factory-applied
interface material. Thermshield,
P.O. Box 1641, Laconia, NH
03247; (603) 524-3714, FAX: (603)
524-6602, e-mail: info@therm
shield. com, Internet: http://
www.therm shield.com.
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Coupler spans
1 to 18 GHz

Model 4010180 is a double-arrow-
designed 180-deg. hybrid four-port
coupler with dual-input and output
ports. Signals supplied to the differ-
ence ports provide signals that are
180 deg. out of phase. The unit oper-
ates over the entire frequency range
of 1 to 18 GHz. With 3-dB coupling,
amplitude imbalance is +0.6 dB max-
imum and phase imbalance is =12

deg. maximum. Isolation is 15 dB
minimum while maximum VSWR is
1.7:1. Insertion loss is 2.9 dB maxi-
mum and maximum power ratings
are 20 W average and 3 kW peak.
Krytar, 1292 Anvilwood Ct.,
Sunnyvale, CA 94089; (408) 734-
5999, FAX: (408) 734-2017, Inter-
net: http//www.krytar.com.
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Switch works
from 3 to 24 GHz

The model MSN-6DR-06-standard
option No. 1524, B02, AL is an ultra-
broadband reflective single-pole, six-
throw (SP6T) solid-state switch. The
device operates from 3 to 24 GHz
with an insertion loss of < 1.8 dB at 3
GHz to <4.5 dB at 24 GHz. Switching
speed is <45 ns on and <35 ns off.
Video transient is <225 mV peak-to-
peak at 20-MHz bandwidth with an
isolation of 50 dB minimum, VSWR is
2.2:1 typical. Power supplies are +5
VDC at 180-mA current as well as
-15 VDC at 40-mA current. Ameri-
can Microwave Corp., 7311-G
Grove Rd., Frederick, MD
21704; (301) 662-4700, FAX: (301)
662-4938, e-mail: amcpmi@
aol.com, Internet: http:/www.
amwave.com.
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Antenna turret feed
covers three bands

Model 0009-800 is a three-band
turret-style feed system. The unit
features a rack-panel controller to
remotely select polarization and fre-
quency band. The panel also indicates
feed status. The dual-polarized S-
band frequency range is 2.2 to 2.8

GHz, while the linear- rotatable C- |

‘ W PRODU lf

' band frequency range is 3.4 to 4.2

GHz. The linear-rotatable Ka-band
frequency range is 18 to 21 GHz.
Seavey Engineering Associates,
Inc., 28 Riverside Dr., Pem-
broke, MA 02359; (781) 829-4740,
FAX: (781) 829-4590, Internet:
http:/www.seaveyantenna.
com.
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Introduocing

Ever since the boom in the consumer communica-
tions markets, you've been on the road looking for
cutting-edge military/aerospace electronics at
various wireless, microwave, and other consumer
events. COTS events are helpful in finding various
components, but a modified consumer IC isn’t close
to the complete solution needed to meet the high
standards, bandwidth capacity, or life cycle of
today’s military systems. But now there's a com-
prehensive event specifically designed for you.

The Military Electronics Show is a full-scale
conference and showcase dedicated to Electronics
OEM engineers and designers who are developing
products for the military/aerospace industry, and
the military leaders influencing these products.

April 26 -27 2001
Baltimore Marriott
Waterfront Hotel
Baltimore, MD

See a comprehensive assembly of hardware,
software, quality control, and test equipment that

is specific to the military/aerospace market. Learn
about the technologies critical to your success from
a selection of more than 50 technical sessions in
component and system design, software simulation,
and test techniques. Topics will include avionics,
electronic-countermeasures (ECM), electronic
warfare (EW) radar, satellite-communications,
surveillance, and more.

And most importantly, it will be a military
community. Component, test, and QC
manufacturers, OEMs, and military personnel

will all come together on the showcase floor,

in the conference sessions, and at the networking
functions with one common objective: advancing
the military electronics marketplace.

Welcome home.

Log-on to www.militaryelectronicsshow.com
or contact Jack Browne at jbrowne@penton.com

Please contact btapp@penton.com

Log-on to www.militaryelectronicsshow.com
or e-mail lwilczynski@penton.com

Sponsored by:

Produced by:

[enton

MRFF1M




RF calibration
A brochure describes a company’s
RF and microwave calibration ser-
vices. The brochure discusses the cal-
ibration of dipole-like antennas, cali-
brations of microwave antennas and
probes, calibrations of power-flux
density probes, and field-strength
sensors, microwave power sensors,
attenuators, and signal generators.
Other services include characteriza-
tion of electromagnetic (EM) materi-
als, vector-network analysis, as well
as the measurement of noise sources,
phase noise, and amplifier-noise
parameters. National Physical
Laboratory; 020 8943 6880, FAX:
020 89,3 658.
Enter No. 63 at www.mwrf.com

Attenuators/switches
A 22-page product catalog pre-
sents data sheets for microwave inte-
grated components. In-phase/ quad-
rature (I/Q) vector modulators,
quadrature-phase-shift-keying
(QPSK) modulators, phase shifters,
and attenuators are covered. Specifi-
cations include frequency range, DC
power consumption, attenuation,
insertion loss, and switching speed.
G.T. Microwave, Inc.; (973) 361-
5700, FAX: (973) 361-5722, e-mail:
gtmicrowav@aol.com, Internet:
hitp:/] www.GTmicrowave.com.
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Fixed attenuators
A brochure focuses on a company’s
capabilities. The brochure contains
five pull-out sections that are dedi-
cated to the company’s manufactur-
ing subsidiaries in the coaxial isolator
and circulator, coaxial-fixed-attenua-
tor, power resistor and termination,
base-station, military-diode and
capacitor, and programmable step-
attenuator markets. A deseription of
the company’s facilities and brief dis-
cussions of its products and services,
are included. MCE Companies,
Inc.; (734) 426-1230, FAX: (734) 426-
1510, e-mail: info@meecompanies.
com, Internet: hitp:// www.mcecom
panies.com.
Enter No. 65 at www.mwrf.com

Laser diodes
Fiber-optics and optical instru-
mentation are the subject of a 314-

page catalog. Lenses, beamsplitters,
filters, waveplates, mounts, plates,
stages, apertures, laser diodes and
pointers, illuminators, targets, objec-
tives, and measuring devices are
specified. A series of application
notes is included. Edmund Indus-
trial Optics; (800) 363-1992, FAX:
(856) 573-6295, Internet: http:/www.
edmundoptics.cont.
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Temperature monitoring
Data-logging instruments are fea-
tured in a 15-page catalog. Tempera-
ture and humidity data loggers and
indicators, remote monitoring sys-
tems, temperature- and pressure-
chart recorders, moisture indicators,
universal input recorders, along with
temperature- and humidity-chart
recorders are offered. Specifications
include velocity range, volume range,
accuracy, ambient operating condi-
tions, measurement ranges, weight,
and power supply. Dickson; (800)
323-2448, FAX: (800) 676-0498,
Internet: http:/fwww.dicksonweb.
com.
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Production testing
Solutions for optoelectronic-com-
ponent production testing are cov-
ered in an eight-page brochure. An
industrial solution for laser-diode
testing, high-speed programmable
laser drivers, light-intensity mea-
surement solutions, temperature
control, photodetector characteriza-
tion, along with switching and data
acquisition (DAQ) are presented.
Application information is provided.
Keithley Instruments, Inc.; (888)
KEITHLEY, (440) 248-0400, FAX:
(440) 24,8-6168, Internet: http://
www.keithley.com.
Enter No. 68 at www.mwrf.com

Relays and switching

A 26-page brochure (No. 1307764)
focuses on connectors, relays, switch-
es, printed-circuit boards (PCBs),
terminal blocks, circuit protection,
electronic modules, battery packs,
wires, cables, and touchscreens. The
telecommunications, automotive,
wireless, tooling and fiber-optics
industries are covered. Application
information is provided. Tyco Elec-

NEW LITERATURE

| tronics; (800) 522-6752, e-mail:

newproducts@tycoelectronics.com,
Internet: http:/fwww.tyco electron
1CS.COMN.
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Suppression filters
A 15-page brochure discusses sup-
pression-filter systems. Integrated-
suppression-bus technology™, prod-
uct testing, surge-current capacities,
and product features are covered.
Filter systems for low-, medium-,
medium-to-low-, and high-exposure
applications are offered. Product
specifications, such as filtering atten-
uation frequencies, surge-current
capacities, operating voltage, and
clamping-voltage data are included.
Current Technology; (800) 238-
5000, FAX: (972) 252-7705, Internet:
hitp:/hwww.currenttechnology.com.
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Transceiver ICs
A 26-page cross-reference brochure
is designed to assist engineers in
selecting local-area-network (LAN)
igolation transformers for optimizing
the performance of transceiver inte-
grated circuits (ICs). The catalog
focuses on magnetics which interface
with chip sets for HomeLAN, Gigabit
Ethernet, 10/100 Base-Tx, and
10Base-T applications. More than 450
part numbers, cross-referenced to
over 180 transceiver chip sets are
offered. Bel Fuse, Inc.; (800) BEL-
FUSE, FAX: (201) 432-9542, e-mail:
belfuse@belfuse.com, Interent: hitp://
www.belfuse. com.
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EMI shielding
A 42-page design guide covers
electromagnetic-interference (EMI)
shielding theory, standards, and
application data. The guide offers
approaches to solving EM-compati-
bility (EMC) problems and assists in
the selection of EMI shielding prod-
ucts for particular solutions. Flow
charts that guide the user from a per-
ceived EMC problem to a solution
with EMI material recommendations
are included. Tecknit; (908) 272-
5500, FAX: (908) 272-2741, e-mail:
tecknit@tecknit.com, Internet: http://
tecknit.com.
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TEGAM Proudly Announces a
New Line of Instruments
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llill'lﬂlllﬂ
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Enter No. 417 at www.mwrf.com

Your Chemical
Milling Experts

Precision Photo-Fab is your quality
solution for high precision, metal parts
and components produced with the
chemical milling process

» Cost saving alternative
to stamping

« Fast turnaround
— prototypes/quotes

= Superior quality
— tolerances to within
+10% metal thickness

* Expertise — engineering
and CAD design assistance

Custom
RF Shields
800-875-1093 :
Fax: (716) 821-9399 i 7

E-mail: sales@precisionphotofab.com

+ Complete capabilities
— forming, painting,
subassembly, etc.

Call for a free
sample kit

Website: precisionpliotofab.coms

Enter No. 414 at www.mwrf.com
MICROWAVES & RF « MARCH 2001

W LITERATURE

Test probes
A catalog and sourcebook focuses
on spring-contact probes. In-circuit
test probes, high-current probes, and
semiconductor probes are discussed.
The sourcebook section is designed
to help customers specify and order
the correct probe for their applica-
tion. Guidance on coaxial fixturing
and battery-contacting mounting is
also covered. Interconnect De-
vices, Inc.; (913) 342-55,,, FAX:
(913) 342-7043, e-mail: info@idi
net.com, Internet: hittp://www.idi
net.com.
Enter No. 73 at www.mwrf.com

LED lamps
Direct incandescent replacement
light-emitting-diode (LED) lamps
are the focus of a 32-page catalog
(datasheet log UT005). The product
offerings are organized by base type
and subdivided by LED color. Me-
chanieal specifications and applica-
tion information are included. A ref-
erence chart shows the available
LED hues, wavelengths, forward
voltages, intensities, viewing angles,
as well as dye materials. A cross-ref-
erence table for incandescent lamps
is provided to accompany each LED
lamp listing. LEDtronics, Inc.;
(800) 579-4875, (310) 534-1505, FAX:
(310) 534-1424, Internet: http:/hwww.
led tronics.com.
Enter No. 74 at www.mwrf.com

Interconnect solutions
A 100-page source book is de-
signed in order to expose product
designers and engineers to many
proven interconnect concepts. The
book is divided into five sections—
multicycle test connectors, product
connectors, board-to-board connec-
tors and interfaces, high-perfor-
mance test sockets, and source book.
The sections include deseriptions of
customer challenges, detailed
descriptions of solutions, and a
review of the results. Technical
drawings for each interconnect solu-
tion are included. Synergetix; (913)
342-0404, FAX: (913) 3}2-6623, e-
mail: info@synergetie net.com,
Internet: http:/fwww.synergetiznet.
com.
Enter No. 75 at www.mwrf.com




UP TO 40 GHz

_LOW COST

NO TUNING
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BROADBAND

DC Blocks & Bias Tees

These new broadband components from Inmet are ideal for high data rate optical network applications.
The 8535 series of DC Blocks operate from 30 kHz to 50 GHz and pass RF signals with nominal atten-
uation. The 8810 family of Bias Tees operate from 100 kHz to 50 GHz and handle up to 250mA of bias
current with a DC-RF isolation better than 30 dB across the frequency band.

CORPORATION
An MCE Company
Manufacturer of Attenuators * Adapters *DC Blocks * Equalizers * Terminations
300 Dino Drive « Ann Arbor, MI 48103 USA + Phone 888-244-6638 or 734-426-5553 » FAX 734-426-5557

Visit us on the Web at www.inmetcorp.com

Enter No. 409 at www.mwrf.com

Cellular — Satellite — Mobile
Communications...Hitachi

Metals Has The Solution!

The world’s gone mobile. Your design demands top performance.
Specify Hitachi Metal’s microwave components and get your design moving today.

The international mobile marketplace demands
high performance. Your design requires
microwave components with low losses,
superior response characteristics, and
minimum volume. You need components
from Hitachi Metals.

Need to save circuit board area and package
volume? Designed with our superior
“Multi-Layered” technology, Hitachi
components require minimal volume and
circuit board area. Specify Hitachi.

Specify Hitachi, a major international
supplier of electronic components.

Hitachi, setting the highest quality and
reliability standards in the world.

RF TRANSFORMERS

CIRCULATORS, ISOLATORS

COMBINERS AND SPLITTERS

COUPLERS

DOUBLE AND SINGLE BALANCED MIXERS
LOW PASS FILTER, BAND PASS FILTER
ANTENNA SWITCHES, DIPLEXER

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

Arlington Heights, IL 60005

Tel: (847) 346-7200 Fax; (847) 364-7279
www.hitachimetals.com

Enter No. 408 at www.mwrf.com
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Data conversion
A product-selection guide focuses
on analog signal conditioning and
data-conversion components. Prod-
uct offerings include analog-to-digi-
tal converters (ADCs), digital-to-
analog converters (DACs), video-line
drivers, track-and-hold amplifiers,
and comparators. Specifications such
as resolution, sample rate, power dis-
sipation, linearity, and pack informa-
tion are included. Signal Process-
ing Technologies; (800) 643-
3778, FAX: (719) 528-2370, e-mail:
sales@spt.com, Internet: http:/fwww.
spt.com.
Enter No. 76 at www.mwrf.com

Logic analyzers
Test equipment is available from
an 18-page catalog. Pulse generators,
logic analyzers, plotters, TV and
video devices, meters, RF signal gen-
erators, inductance-capacitance-
resistance (LCR) analyzers, spec-
trum analyzers, precision sources,
and oscilloscopes are specified. Fre-
quency counters, RF measurement
equipment, impedance analyzers,
network analyzers, power supplies,
audio analyzers, semiconductors, sig-
nal generators, and data-acquisition
(DAQ) equipment are offered. Test
Equipment Connection Corp.;
(800) 615-8378, (407) 804-1780, FAX:
(800) 819-TEST, (407) 804-1277,
Internet: http://www.TestE quip-
mentConnection.com.
Enter No. 77 at www.mwrf.com

Magnet-wire terminations
A six-page brochure (No. 1308516)
highlights the AMP-application tool-
ing equipment available for machine-
applied open-barrel through-splice
terminals, AMPLIVAR pigtail
splices, and direct-connect terminals,
as well as MAG-MATE insulation-
displacement contact termination of
copper (Cu) and aluminum (Al) mag-
net wire. The brochure guides the
reader through the appropriate
application equipment for low-vol-
ume, intermediate-volume, high-vol-
ume, and maximum-volume produc-
tion of magnet-wire terminations and
splices. Tyco Electronics; (800)
522-6752 option 3, FAX: (717) 986-
3611, Internet: hitp:/wuww.amp. com.
Enter No. 78 at www.mwrf.com’




MICROWAVES & RF DIRECT CONNECTION ADS

TO ADVERTISE CALL JOANNE REPPAS

(201) 666-6698

*Precision CPW to pStrip Adapter Substrales »
*Ci ion Calibration sub and

sAgcurate Electrical Data to Frequencies greater than 50 GHze

« 5,10,& 15 mil thickness »
»Compatible with 40GHz+ probes »

{503 614-5509
B03) 5310328 [FAX]

o microTechnology
ﬁ"’m s microtechnolagy.com

Test Tooling for the Untestable

0.5 TO 26.5 GHz
SIGNAL GENERATORS

Seven compact,
programmable
models cover

0.5 to 26.5 GHz
with 1 MHz

resolution.

Prices start at

$3,750

April Instrument
Sunnyvale, CA
Web site:
http://www.aprilinstrument.com

Tel: (650) 964-8379 « Fax: (650) 965-3711

DUAL WAVEGUIDE & COAXIAL
SWITCH SPECIALIS

/ | e

Highest reliability for non-redundant locations
in the majority of ground stations woridwide.
Request your ‘R-F Switch Siide Guide® today!

999 Grand Blvd. Deer Park, NY 11729
(516) 242-2300 » Fax: (516) 242-8158
www.sectormicrowave.com

Portland, OF 57229
J MICROTECHNOLOGY  Enter No. 550 at www.mwr{.com

APRIL INSTRUMENTS Enter No. 551 at www.mwrd.com

l L Band Matrices

f (850-2150MHz)

L Band Distribution
Equipment

Low Cost Carrier
Monitoring

ETL SYSTEMS
Unit 4, Foley Trading Estate
Hereford. HR1 2SF
ENGLAND
Tel: +44 (0)1432 370078
Fax: +44 (0) 1432 278833
Email mab@etlsystems.com
www.etlsystems.com

ETL SYSTEMS Enter Me. 653 at www.mwri.com

To 40 GH

Filters, Multiplexers & MIC’s

Suspended Substrate MIC
Switched Filter Banks
Image Reject Mixers
Quadrature IF Mixers
PIN Switches

Variable PIN Attenuators
Bias Tee’s

ES MICROWAVE, LLC.

8031 Cessna Ave., Gaithersburg, MD 20879
301-519-9407 « Fax: 301-519-9418
E-mail: esmlic@aol.com
Website: esmicrowave.com

BORON
NITRIDE

Lowest dielectric/highest ther-
mal_conductivity combination
available in any material, for
hot, high-power requirements
and MW transparency. Easiliy
machinable into complex
waveguide shapes.

Carborundum Boron Nitride
Amherst, NY 14228

Phone: (716) 691-2052
URL: www.carbobn.com

ES MICROWAVE LLC Enter No. 554 at www.mwrl.com

YOUR
AD

HERE

Black and White?

or Full Color?
Now the choice is yours.
Simply send us your copy, consisting of 54

Circuit Board Library for RF
Components
Save development time and $$
evaluating supplier components

GP? Proto Boards is developing

a Library of Printed Circuit Boards for

off the shelf delivery. Offering PCB’s

with:

® Industry standard footprints

@ Single, dual, cascade and mixed
component layout

@ Flexible layout for prototype

JKTS,

mm—rm
ELEC’:TEDNH:S

| "Where your dreams turn into reality.” |

¢ Std. 5 and 10 MHz OCXO

* TCXO VCXO TC-VCXO

+ WIDE BAND VCXO +/- 5000 ppm pull

* Customized crystal and L/C filters

o std. 10.7/21.4/45/70 MHz two pole arystal filters

characters per line X 10 lines Max., plus a assembly _ * Phase noise measurement services
black and white glossy, color print, slide, or | @ Consistent PCB size and /O Call/ fax for the quote.
transparency and a two-line headline, max. locations Colloe F . "
30 characters per line. We'll do the rest. Or | e Custom layouts available or fax your requirements.
you can do it all and send us your complete 2 GP2 Proto Boards 16406 N. Cave Creek Rd. #5
3/16"w X 3"d negatives (B/W ?i’ 4/c). info@ gp2protoboards.com Phoenix, AZ 85032-2919
For more information or to advertise call 1-800-856-3227 phoneffax Ph: (602) 971-3301 Fax: (602) 867-7250
Joanne Reppas (201) 666-6698. www.gp2protoboards.com Visit our website www. ksel icS.com
GP2 PROTO BOARDS Enter No. 557 at www.mwr{.com KS ELECTRONICS Enter No. 558 at www.mwrf.com
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MICROWAVES & RF DIRECT CONNECTION ADS

TO ADVERTISE CALL JOANNE REPPAS

WAVEGUIDE
SWITCH SPECIALISTS

Think SECTOR MICHOWAVE.
for your switch requirements.
Request your “R-F Switch Slide Guide”
SECTOR MICROWAVE
INDUSTRIES, INC.

999 Grand Bivd., Deer Park, New York 11729
(631) 242-2300 « FAX: (631) 242-8158
www.sectormicrowave.com

SECTOR MICROWAVE

Enter No. 580at www.mwrf.com

Microelectronic Packaging Solutions

g New catalog shows
microelectronic  design-
ers how to reduce pack-
age size, increase circuit
density and improve
thermal and electrical
performance at lower
cost.  Using  Plated

e 5 Copper on Thick Film
n!l——--—-—h ™

'/ " (PCTF)™ technology,
“ mrenric designers can develop an
efficient ceramic package with exceptional thermal
management and high current handling capacity,
assuring high assembly yields. General design
guidelines included.

REMTEC INC.

100 Morse Street, Norwood, MA 02062
Phone: 781-762-9191 ® Fax: 781-762-9777
sales@ remtec.com ® www.remtec.com
REMTEC Enter No. 559 at www.mwrf.com

30 fo 500 Mz
100 Wit ANPLIFER

Available as
Small, High Ffficiency
28VDC Module or
as Full Economical

Rack Mount System
(1207220 VAC)

LCr
r ENTERPRISES

RF POWER  AMPLIFIERS

Blding A, 570 West Clearwater Loop
Post Falls, Idaho 83854 USA
208-457-0292 « Fax 208-457-0296
www.Icfamps.com
E-mail: info@Icfamps.com

LCF ENTERPRISES Enter No. 561 at www.mwef.com

(201) 666-6698

Filters to 50 GHz

® Waveguide

® Stripline/Microstrip

® Transmission Line

* Miniature/Subminiature
® Lumped Constant.

For more information, ask for
our RF Catalog.

MICROWAVE FILTER COMPANY
6743 KINNE STREET, E. SYRACUSE, NY 13057
315-438-4700 * 800-448-1666 * FAX: 315-463-1467
E-MAIL: mfcsales@microwavefilter.com
http://www.microwavefilter.com

MICROWAVE FILTER CO.  Enter No. 562 at www.mwr{.com

Cast Components

*Fast
stock items in
under 3 days

*Economical
just try us

*High Spec.
satisfied
customers

E & 1S0%001

accredition

speaks for itself

To find out about
our large range of
components in
2.5 - 40 GHz just
contact:

Websita, wv

MICRO METALSMITHS Enter No. 563 at www.mwrt.com

i B

- Microwave
Test Fixture

Easily
Configurable
High
Thru-put

,J:Q
s01y Ma

MICROSTRIP PACKAGES

%nvkw

The Standard for Test Correlation

J microl
A744 KW

. Simply send us your copy, consisting of 54

Black and White?
or Full Color?
Now the choice is yours.

characters per line X 10 lines Max., plus a
black and white glossy, color print, slide, or
transparency and a two-line headline, max.
30 characters per line. We'll do the rest. Or
you can do it all and send us your complete 2
3/16"w X 3"d negatives (B/W or 4/c).
For more information or to advertise call
Joanne Reppas (201) 666-6698

J MICROTECHNOLOGY Enter No. 564 at www.mwrf.com
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New 3rd Generation
Rugged High Power
RF 50 Volt FET

POLYFET RF DEVICES

Enter No. 566 at www.mwrf.com
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PLDROs, PLCROs
Surface Mount DROs
PLDRO Modules

YIG SYNTHESIZERS

Princeton Microwave Technology

3 Nami Lane, Unit C-10, Mercerville, NJ
Tel: 609-586-8140 Fax: 609-586-1231
www.Pmmt.net email: PmmT@aol.com

PRINCETON MICROWAVE  Enter No. 567 at www.mwrf.com

"\ 3

CUSTOM

Y SOURCES

# Phase lock
d, * CRO
4.50GHz * DRO's
Serial / Parallel interface

Your Source for World Class Performance, Quality & Low Cost

Tel: (516) 358-2880 Fax: (516) 358-2757
Web: www.luffresearch.com
E-mail: sales@luffresearch.com
Enter Ne. 588 at www.mwrf.com

20 N. Tyson Ave., Floral Park, NY 11001
LUFF RESEARCH INC.

Bench-top RF Shielded Test
Enclosure Model STE5000

® 24" x 24" x 18" — large enough for even 19"
rack instruments

® Type 304 SS with RF absorbent foam lining

e -110db @ 1 GHZ

® Delivery from stock with custom connectors

o Filtered power, 2-BNC, 2-N type, and filtered
DB-9 connectors

e Custom configurations available with delivery
from stock.
Call or visit our web site for complete details
Avcom-Ramsey Technologies Inc.

800 446-2295

www.ramseytest.com
RAMSEY ELECTRONICS  Enter No. 589 at www.mwrt.com

SATELLINK, INC.

- RFcomps.com FEel=siikiris

RF/MW Component Distributor

Low Prices & Fast Deliver | FREQUENCY  NOISE TEMPERATURE
| 1.5 GHz 25°K
e Attenuators 7.5 GHz 45°DK
® Cable Assemlbies 15.0 GHz 100°K

® Cellular & PCS Components
® Circulators & Isolators

® Combiners & Dividers

® Connectors

@ Couplers: Directional & Dual
® Switches

AMPLIFIERS
CONVERTERS
RECEIVERS

inati SATELLINK, INC.
® Terminations, and more. 3525 MILLER PARK DR.
847-926-9060 FE%X: 847-926-'9061 GARLAND, TX 75042
Be sure to visit our web site: {972) 487-1434
FAX @72 487-1204
www.rfcomps.com TWX 910-860-5081
RF COMPS.COM Enter No. 570 at www.mwr{.com SATELLINK Enter No. 571 at www.mwr{.com

Integrated Feed-LNA-BPF
Block Down Converter

%

e
f ey

www.wilmanco.com
Tel: (805) 523-2390 Fax: (805) 529-0892
E-mail: williams@wilmanco.com

Wilmanco

WAVECON Enter Ne. 572 at www.mwri.com

WILMANCO
MICROWAVES & RFF « MARCH 2001
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DIRECT CONNECTION ADS

DAXIAL '
SWITCH SPECIALISTS

* EXTERNAL i
MANUAL =
OVERRIDE 6

* AVAILABLE
ALL BANDS

*LONG LIFE

» WIPING RF
CONTACTS

« SECTOR MOTOR
DRIVEN

* PROVEN
PERFORMANCE

€ SECTOR MICROWAVE
INDUSTRIES, INC.
999 Grand Bivd. Deer Park, NY 11729

(631) 242-2300 » Fax: (631) 242-8158
Request your “R-F Switch Slide Guide” today!

SECTOR MICROWAVES

Enter . 574 at www.mrt.com

RETURN LOSS BRIDGES

TYPES: Fixed and Variable Bridges
FREQUENCY RANGES:

Models available from .03 - 1000 MHz
DIRECTIVITY: 40 dB minimum

WBE Bridges are Broadband RF transformer type RF
In-RF Qut Impedance Bridges. Insertion loss of the
bridge is read directly as return loss {VSWR).a
Options include impedance conversion {i.e. for
taking 75 ohm measurements on a 50 ohm
system), DC blocking, Test Data, and connectors.

WIDE BAND ENGINEERING CO. INC.
P.0. Box 21652, Phoenix, AZ 85036

Phone & Fax (602) 254-1570
Web Site: http://www.wbecoinc.com

WIDE BAND ENGINEERING _Enter No. 556 at www.mwri.com |

Microwave Isolators/Circulators

AW -,

./ Volume Discount

v/ Reflection sensing tabs ./ Application Support

./ Surface Mount Packages .,/ TQM Organization

// Four port custom designs ./ Just in Time deliv

./ Connector options / MIL-1-45208 Qualified

./ Coaxial packages / Custom designs

/ Multijunction for J/ Cellular’Comm.
higher isolation optimized

¥ Low Cost / High Volume Production Capability
380 Tennant Ave, Morgan Hill, CA 95037

A /@V hitp://www.novamicro.com
Tel. 408-778-2746 » Fax.408-779-5967

MICROWAVE e-mail: novamic@msn.com

Embedded Internet
Wireless Internet
You’ve got to build it.

4

I oy

Creating Intelligent Appliances for a Networked World

SANTA CLARA CONVENTION CENTER, SANTA CLARA, CA
CONFERENCE: MAY 14-16 ¢ SHOWCASE: MAY 15-16

Find out how at:

2

For today’'s EOEM hardware and software innovators, technical
entrepreneurs and industry thought leaders, the real action is where
the code hits the silicon. Internet Device Builder is the premier event
for engineers and engineering managers, embedded developers and
project managers, OEM executives and others on the front lines of
the connected revolution.

In the conference sessions, the product exhibition and at the networking
functions, you'll find the contacts and resources that will put you
ahead of a fast-moving pack.

See the latest in hardware, software, test and quality-control solutions
from industry-leading companies.

Attend the comprehensive three-day conference featuring:
Bluetooth ¢ Wireless Networking ¢ The Wireless Internet # Java & Jini
Solutions © Windows Solutions ¢ Interface Design # Advanced
Networking Technologies ¢ Real-Time Operating Systems # and more.

Co-located with the Applied
Computing Conference

Over 150 exhibitors.
il
Thous?nds of attendees. CONFERENCE
Combined, it’s the largest &EXPO
embedded systems event &
in Silicon Valley in 2001.

2001

Early Registration Gets You A

Deep Discount!
Call 1-888-947-3734 for information on
exhibiting, speaking, or attending.

@ Or log on to www.iDeviceBuilder.com

®

NOVA MICROWAVE INC. Enter No. 585 at www.mwrf.com
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MICROWAVES & RF ENGINEERING CAREERS

RATES DEADLINES

Effective January 1, 2001
$223 per column inch
Commissionable to agencies

Ad material to: Penton Media Inc., Classified
Dept.,611 Route 46 West,
Hasbrouck Heights, NJ 07604

SALES STAFF
Space reservation: 5th of month Call Customer Service
preceding issue date Department

(201) 393-6083
Fax(201) 393-0410

N(ESQ A World of Possibilities

/ A Window of Opportunity
The number of opportunities in today's market is overwhelming..
However, identifying the best and timing it right is the challenge. NES
has strategic alliances with the people who are creating technology,

not just using it. If you're looking for the inside track on tomorrow's
best opportunities (not yesterday’s), then you should be talking to us!

National Engineering Search =  IMMEDIATE OPPORTUNITIES
is the leading search firm placing ~ Communications (Data, PCS,
Engineers nationwide. Our clients — Cellular, Networks, Satcom,
range from the Fortune 500 to new  GPS), Digital Imaging, CATV,
emerging technology companies.  Medical, Computers, Defense,
Contact us today for tomorrow's  Consumer Electronics
best opportunities! Skills in any of the following:
800.248.7020 High Speed Digital & Analog
Fax: 800.838.8789 Design, Mixed Signal, ASIC,
mr@nesnet.com FPGA, MMIC, AD/DA, BiCMOS,
See many o?;)uripponunities on-line: Synthesizers, WCDMA, GSM,
" Spread Spectrum, VHF/UHF,
nesnet.com Antennas, Embedded Software

What are you Worth?
See our On-Line Salary Survey!

EfEcrroNIcSMAGS

Subscribe to leading
trade publications
online absolutely

FREE!

www.freeelectronicsmags.com |

In most cases, advertisements contained
in Microwaves &RF employment section
indicate that the companies are equal
opportunity employers. The Federal Civil
Rights Act of 1964, and other laws, pro-
hibit discrimination in employment based
on race, color, religion, national origin,
sex or for any reason other than lack of
professional qualification for the position
being offered. It should be noted that
employment advertisements in
Microwaves & RF are published for the
readers convenience and in no way, to
the best of our knowledge, promote
unlawful discrimination.

BEYOND ALL EXPECTATIONS.

Ready for a career without boundaries? BAE SYSTEMS is a $20-billion,
transnational company with the reach and resources to meet the
cutting-edge demands of international customers. For a career beyond
all expectations, consider the following in our Wayne, NJ and
Greenlawn, NY locations:

RF Project Engineers

You'll lead an Engineering team in design activities for advanced radio
projects. Requires a BSEE (MSEE preferred) and 10 years’ RF system
and circuit design experience in analysis and design of synthesizers,
power amplifiers and UHF/microwave transmitters in the frequency
range of 2 Mhz-2 Ghz. Familiarity with CAD tools and knowledge of
budget estimating, planning, scheduling and cost account management
are essential.

Senior RF Design Engineer
Requires a BSEE (MSEE preferred) and a minimum of 6 years' RF
design experience. Knowledge of CAD/CAE tools is essential. RF design
experience in the frequency range of 2 Mhz-2 Ghz (250 Ghz Band a plus)
is necessary. Experience with high-power L Band amplifiers and
microwave transmitters is preferred.

Senior RF Production Engineers

You'll provide technical support to staff, lead numerous projects,
participate in Integrated Product team activities and interface with
Design Engineering teams for varied technical solutions. Requires a BS
in engineering or a related field; 6-8 years experience in L Band
circuits/techniques; a strong knowledge of RF Pulse Power amplifiers,
converters, detectors and other products; and excellent teamworking,
communications and problem-solving skills. Experience
in electronic/electro-magnetic assembly production engineering
is desirable.

BAE SYSTEMS offers a variety of incentives that allows employees to
focus on both their work life and personal life. THERE ARE NO LIMITS.

For a career Beyond All Expectations, please send your resume to:
BAE SYSTEMS Communication, Navigation & Identification, Mail Stop
11A03, 164 Totowa Road, Wayne, NJ 07474; FAX: (973) 633-4455;
e-mail: jobs.wayne@baesystems.com. US citizenship may be required.

EOE, M/F/D/V.
BAE SYSTEMS

www.na.baesystems.com/careers

MICROWAVES & RF =« MARCH 2001
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SDL, Inc., is a global company providing solutions for communications and related
markets. They offer growth, advanced & innovative technology, stock options, and the
chance to work with the best in people, equipment and facilities in Microwaves and
Fiber Optics. Their SDL-Veritech division provides a work environment that is
team-oriented with growth as the main objective, and are currently relocating to a new
state-of-the-art facility in Piscataway, NJ.

DESIGN ENGINEERS )
To design RF/Microwave Electronics circuits for 10 and 40 gigabit modules, requiring
experience in design/simulation of RF circuits. Two positions require a minimum BSEE
and a background in opto-electronics; another position requires BSME and Autocad

desktop experience.

TEST AUTOMATION ENGINEERS
To identify/carry out automation of test and screening functions for leading edge
microwave amplifiers and laser drivers; maintain correct calibration/correlation of test
systems; upgrade existing process for maximum throughput

MANUFACTURING PRODUCT ENGINEER
To monitor product yield and cost performance; perform FMA: qualify components:
coordinate corrective actions with QA; initiate cost reductions, product and process
improvements, manage bills of materials; coordinate manufacturing outsourcing, BSEE
and 4+ years experience in a high volume manufacturing environment, preferably
involving RF and microwave subsystems.

MANUFACTURING ENGINEERS (Component/Process)

To develop/document component specifications for product sub assemblies and final
assemblies; identify qualified suppliers; support vendor qualification, and
Production/QA in failure/defect analysis. BS/BA and 4+ years experience as a
manufacturing engineer {telecomm industry experience preferred); semiconductor
processing, microelectronics, and/or fiber aptics.
SDL Veritech also seeks:

VP, Product Development/Engineering = PCB Designer

Engineering Technicians » Staff Scientist
For more on these exciting opportunities at SDL Veritech, or to apply on-line,
visit www.aztechjobs.com or send your resume to:

A T 4131 N.24th St, Phoenix, AZ 85016

Z ECH email: resumes@aztechjobs.com.

Recruitment Co. Call 800.790.8710 « Fax 602.955.9639
c - U 1 U
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Call Customer Service
Department

(201) 393-6083
Fax(201) 393-0410

Effective January 1, 2001
$233 per column inch
Commissionable to agencies

TRONICSMAGS

Subscribe to leading
trade publications
online absolutely

FREE ®
www.freeelectronicsmags.com

MONOCYCLE GENERATORS
AND '

IMPULSE GENERATORS

Data sheets and pricing on the Web!
http://www.avtechpulse.com

We have expanded our line
of RF monocycle and
impulse generators for SAW,
ultra-sonics and short pulse
radar  applications. The
monocycle generators span
the frequency and amplitude
range of 20 MHz to 5 GHz
and 10 Volts to 750 Volts
while the impulse generators
range from 10 Volts, 130 ps
to 1000 Volts, 8 ns. Call or
fax for a copy of our new 113
page catalog (Cat. No. 10)
Our product information is
now also available on the
World Wide Web. Call
Avtech for all your pulse
generator and pulsed laser
diode driver requirements.

BOX 265, 0OGDENSBURG
NY, 13669-0265
1-800-265-6681
(315) 472-5270

Fax: (613) 226-2802
e-mail: info@avtechpulse.com
http:/iwww.avtechpulse.com

AVTECH [,

ELECTROSYSTEMS

UK: LYONS INSTR., WALTHAM CROSS
JAPAN: MEISHO CORP, TOKYQ
FRANCE: K.M.P. ELECT., CLAMART
GERMANY: FOIC, HAMBURG

NANOSECOND
WAVEFORM ELECTRONICS
SINCE 1975
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BREAKTHROUGH

TECHNOLOGY

New Single-layer Capacitors

¢ Smaller Size
¢ Border is standard

* Higher Cap
® Higher Q
IS0 9001 Registered
MIL-PRF-55681 Qualified at ‘S’ Level

MIL-PRF-123 Qualified
MIL-PRF-49470 Qualified

Quality and Inn tion Since

&) PRESIDIO COMPONENTS, INC.

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

www.presidiocomponents.com
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QUIET!

New Products! = - -

13.2 GHz Phase Noise (HP E5500)

01 1.0 10.0 100.0
Offset Frequency (KHz)

- 86 dBc/Hz
-106 dBc/Hz
-118 dBc/Hz
-122 dBc/Hz
-135 dBc/Hz

100 Hz

1 KHz
10 KHz
100 KHz
1 MHz

Ffequency: 4to 18 GHz

Nexyn Corporation
e n 1089 Memorex Drive
Santa Clara, CA 95050

Tel: (408) 982-9339
Fax: (408) 982-9275
Visit our website at www.nexyn.com
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LOOKING BACK

Mcwly 15 years ago, an inside look at major
defense contractor Raytheon Co. (Lexington, MA)
revealed considerable capability in gallium-arsenide
(Ga.As) monolithic microwave integrated circuits
(MMICs), including this distributed amplifier
Joruse from 20 to 4,0 GHz. Using three field-effect
transistors (FE'Ts), the amplifier achieved 6-dB
gain across its wide frequency range.

Microwaves & RF

April Editorial Preview
Issue Theme: Military Electronics

News
The Military Electronics Show
(MES) has been created for design-

ers of military systems. This confer-

ence and exhibition, scheduled for
April 25-27, 2001 at the Baltimore
Marriott Waterfront Hotel (Balti-
more, MD), is for engineers and com-
panies dedicated to the advance-
ment of military electronics. The
April issue will preview the first-
ever Military Electronies Show with

coverage of technical sessions on all |
levels of military component and

system design.
Design Features

The April issue of Microwaves &
RF offers several articles with dual-
use significance for military and
commercial applications. For exam-
ple, an author from the People’s Re-
public of China introduces a new
version of very-minimum-shift-key-

ing (VMSK) modulation, a biphase
technique with extremely high-
bandwidth efficiency. Also, an au-
thor from the Ukraine explores
techniques for designing broadband
injection-locked Impatt oscillators
for pulsed millimeter-wave applica-
tions.
Product Technology

April's Product Technology sec-
tion will uncover a growing trend in
the high-frequency industry, that of
traditional RF and microwave man-
ufacturers moving to the design and
development of components for
high-speed fiber-optic communica-
tions systems. Additional articles
will detail a line of circuit-laminate
materials well-suited for antennas,
and a low-noise enhancement-mode,
pseudomorphic high-electron-mobil-
ity-transistor (E-PHEMT) device
ideal for cellular amplifiers.
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Get a piece of the ARRA pie...

- Variable Attenuators

100 aB Attenuators
Mmmm...

£req Range

Now, you can have your pie and
eat it too! Only from ARRA!

Atten vs Freq ‘uB
]

5001000 My, Mode/ »
Four models that cover the 500 900- 1300 A, 'S 2952 100
to 8000 MHz frequency range! 1000 2000 Mrs o7 2.3952 109
Available in lower attenuation 2000- 4000 bz o 3952 100x
ranges. Customerized to your 4000 8000 sy . 4952 100 x
requirements with little or no InSertion loss . 5 4g #952- 100x
additonal charge. Top performance. VSWR- 1.5 Power-15 cu

Super dial accuracy. Temperature 3016 112 o

¢ Direct reading dial

* Extremely high reliability Some of the best attenuator

¢ Non-contacting movablelpﬁts (our special recipe) recipes you can find are COOking
e High power version available (up to 200 W) : '

® Usage will not change calibration at ARRA l'lght now. Send fOI'
* Attenuation will not vary with temperature your cCopy today and get a plece
e Excellent phase characteristics of the A R R A 1e.

* Type N standard SMA connectors available p

.. the last word in variable attenuators

Applications include: .
*TACAN *DME/IFF eLabstandards ¢Altimeter ARR
Or any other requirements needing high INC.

attenuation and accurate dial reading. I ANTENNA & RADOME RESEARCH ASSOCIATES I

Visit our website at www.arra.com

15 Harold Court, Bay Shore, N.Y. 11706 » 631-231-8400

Enter No. 211 at www.mwrf.com



Warning: The benefits of our splitter/combiner
are larger than they appear.

\—Emj Today’s lesson: Small footprint. Big benefits. Anaren’s Adrenaline™ high-power splitter/

combiner takes the science out of designing and manufacturing single- and multi-channel amplifiers.

Its unique, patented multilayer-stripline packaging and modular design increase capacity — and functionality — for greater
performance in a slim-and-trim package.

Ideal for GSM, PCS, and WCDMA applications, Adrenaline’s three- through eight-way power modules can be tested
or replaced individually for even greater amplifier manufacturing and field efficiency. Its unique splitting scheme produces
four equal power divisions that make non-binary splits a snap for plug-and-play convenience — and the lowest loss possible.

Adrenaline includes space to accommodate additional RF or DC functions creating a high-
performance, low-profile, and low-cost interconnect solution. And it's so versatile, you can launch
a connector or go connector-less altogether.

Give your amplifier design a closer look — then give it a shot of AdrenaLine!
Exclusively from Anaren.

Questions? Contact Anaren at adrenaline@anaren.com Anaren

What'll we think of next?”

800-544-2414 > www.anaren.com > In Europe, call 44-2392-232392 >

Visa/MasterCard accepted (except in Europe)
150 9000 certified

Enter No. 208 at www.mwrf.com
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