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Wwe Have Our
Eye On Broadband

Noise Com has focused in on broadband noise
test solutions. Our broadband capabilities include:

* Noise Power Ratio Test Sets,
* Noise Generators,
* Noise Sources for C/N, E,/N,,

* Noise Sources for Noise Figure Measurement
and much more.

Noise Com will help you see your way through
broadband testing!

Contact us today for more informatis

Noise Com

Email: info@noisecom.com
Web: www.noisecom.com
Phone: (201) 261-8797

E. 64 Midland Avenue
Paramus, NJ 07652
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CHIP INDUCTORKITS

0402CS Series
1.0nH-47nH, 5% tolerance
22 values (10€each) KitC128 $60

0603CS Series
1.6nH -390 nH, 5% tolerance
42values (10each) KitC124 $80
KitG124-2 (2% tolerance) $100

0805CS Series
2.8nH-820nH, 5% tolerance
37 values (10 each) KitC103 $60
KitC103-2 (2% tolerance) $85

0805HQ High QSeries
2.5nH-51nH, 5% tolerance
12values (10each) KitC125 $60

1008CS Series
10nH- 4.7 4H, 5% tolerance
36values (10each) KitC100 $100
Kit C100-2 (2% tolerance) $120

1008HQ High QSerles
3.0nH-100nH, 5%+ 10% tolerance
14values(10each) KitC123 $60
KitC123-2 (2% tolerance) $80

AIR CORE INDUCTORKITS

Micro Spring™ Series
Inductance: 1.65nH-12.54 nH
9values (12each) KitC108 $50

Mini Spring™ Series
Inductance: 2.5nH-43nH
10values (12 each) KitC102 $60

Midi Spring™ Series
Inductance: 22nH-120nH
10values(12each) KitC118 $60

POWER WAFER" INDUCTORKITS

NEW! LP01704 Power Waters
1.2pH -330pH,0.13- 3.6 Amps
16values (3each) KitC142 $60

LP02506 Power Waters
4.7pH -1000pH, 0.16- 1.9 Amps
15values(3each Kit C132 (Inboard® versions) $60
Kit G133 (On-Board versions) $60

POWER INDUCTORKITS

NEW! 0805PS Shielded Power Chip Series
1pH -330pH,0.05-0.8 Amps
20 values 6 each) KitC148 $80

pEW! 1008PS Shielded Power Chip Series
1pH -1,000pH,0.11-2 Amps
26values (6each) KitC141 80

DS1608 Shielded Series
1yH - 10,000 pH, 0.02 - 3 Amps
25values (3each) KitC115 $80

DO01813HC High Current Series
0.56pH-48.1yH,0.72-6 Amps
9values (3each) KitC13t $60

DS3316 Shielded Series
1pH -47pH,0.8-5Amps
11values (3each) KitC116 $60

D03316HC High Current Series
0.33yH - 3.3yH, 6.4 - 16 Amps
7values (3each) KitC126 $45

D01608/3316 Series
1pH-1000pH, 0.07 - 6.8 Amps
38values (3each) KitC105 $90

DS5022 Shielded Series
10pH-1000pH, 0.53 - 3.9Amps
13 values (3each) KitC117 $60

D05022 Series
1pH-1000pH, 0.56 - 8.6 Amps
17 values (3each) KitC111 $60

D05022HC High Current Series

0.78yH-10H, 6.0 - 15 Amps
9values (3each) KitC113 $60

FOR DOZENS MORE KITS VISIT
HTTP://ORDER.COILCRAFT.COM
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Coilraft
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KIT

order.coilcraft.com

The longest line
of magnetlcs kits is
now available on-line

Pull up our web site. Pull out your
credit card. And within minutes the
kits you need will be on their way.

No one offers more ..
prototyping kits for your

RF, EMI and power Py
magnetics. And no .
one makes it so easy

to order, even on 3

nights and weekends. “

Of course you can still pick up the
phone and call us at 800-322-2645.

Either way, we'll put the right mag-
netics right at your fingertips.

Cary, IL 60013 800/322-2645 www.coilcraft.com



WORLD’S WIDEST SELECTION

12.5t04000MHz .. 5112

Want a miniature surface mount, shielded plug-in, or rugged
coaxial voltage controlled oscillator with the right stuff for your
project? Contact Mini-Circuits! From custom designs to standard
catalog models always in stock, we'll supply extra robust, 100% tested

VCO solutions you need at a price you can afford. Choose from narrow to broad to octave band

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

And pick from an innovative array of miniature SM packages as small as 0.370" square for a variety of

designs and applications. You can quickly find the model you need using “The YONI Search Engine"

at the Mini-Circuits web site. Just enter your specs...click...and immediately start evaluating

suggested VCO solutions using the actual measured performance data displayed. But perhaps

you need a custom design. Not a problem! Contact us for our lightning fast response, low
prices, and quick turnaround. Give the competition real competition...specify Mini-Circuits VCOs!

New 2001 VCO Handbook...FREE!

-

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




[JMini-Circuits ® .0

CIRCLE READER SERVICE CARD
P.0O.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE

w;" “The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com
-y

I1SO 9001 CERTIFIED F 341 RevA



2 O 0O =2

J u Nnm e

®

60—

IN THIS ISSUE
\%

e

-

¥
=

FEATURES

Featured Technologies:
EMC/RFI
How to build EM-accurate, parameterized passive models — Getting the product
out the door right the first time is paramount to the bottom line. Modern EM parametric modeling tools can
help make it happen.

— By Mounir Adada

Semiconductors
High-temperature superconductors: online and operational — Discovered more
than 15 years ago, high-temperature superconductor (HTS)-based products have moved from laboratory
curiosity to practical, field-deployed systems.

—By David R. Chase

Cover Story:
Broadband
Wireless broadband — coming of age — After many false starts and much hype, the
building blocks of broadband’s future are falling into place.
— By Ernest Worthman, Technology Editor

Tutorial:
Signal Processing
Output back-off requirements for root-raised, cosine-filtered digital signals

— An analysis of the peak-to-average power ratio of different digitally modulated signals when a root-raised
cosine filter is used.

— By John S. Seybold

__RFdesign. www.rfdesign.com
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« ValuePacked
MMIC Amplifiers

DC08GHz +.,99° ...

lower thermal resistance
better gain flatness
wide choice of gain
high IP3
high reliability *
2 year guarantee*

TYPICAL SPECIFICATIONS AT 25°C

Modet Flatnesst 4 oC
Freq.m Gan(d® DC Range & rating P Sea
MHz) 1GHz 2GHz  {dB} {dBm) NFd Volt Qty
==} DC-8000 127 11.8 05 12.2 45 27 1 34 99
=] DC 143 131 206 12.6 40 27 1 35 .99
Gald2 DC 16.2 148 0.7 12.9 46 27 1 35 .99
1333 DC-4000 193 175 09 13.4 3.9 28 1 43 99
$3 DC-3000 22.4 191 +1.7 125 35 5 12 3 99
WCI6F DC-4000 121 116 0.3 15.8 4.5 85.6 93 48 2
GalGI4F DC-4000 14.3 134 205 156.3 4,0 32 93 4.4
alQI51F DC-4000 18.0 159 1.0 169 35 32 78 4.4
GalQI5F DC-4000 204 174 15 15.7 3.5 31.5 10¢ 4.3
Gaigas5 DC-4000 219 185 1.7 15.0 33 ’8.5 100 4.3
Gab@52 DC-2000 229 17.8 25 15.5 2.7 85 4.4
GalEISE6 DC-3000 22 17.3 2.4 28 2.7 136 35 ifi it 's Kits: —
Ga#I6 DC-4000 122 118 203 18.2 45 355 3 5.0 Ampllflgr Pesgreisase: "
Galtd4 DC-4000 14.4 135 0.5 17.5 40 34 46 K1-Gali: Only $99.95
( g 51 X 8.1 16.1 1.0 3 4,2 Contains 10 Ea. of Gali (2 1 2, 3, 4, 5, 6, 21, 33, 51 (90 pleces total)
G X 6 3 6 )
M t F % K2-Gali: Only $64.95 i
Ay te =) Contains 10 Ea” of Gali () 6F, 4F, 51F, 5F, 55 (50 preces total )
* Loy ol aretyE Both Kits include complete data sheets and a free test fixture!
Ne ‘ ¥

Mini-Circuits...we're redefining what VALUE is all about! For detailed specs visit: www.minicircuits.com/amplifier.htm!

[ JMini-Circuits © .8

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
4""«’; The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com
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CoVERING DC - 13 GHZz

DiGITAL 6, 5, 3 AND 2. BiT CONTROL
0.5 dB LSB 170 31.5 dB

ANALOG SINGLE dC VoLTAGE CONTROL

0 70 30 dB RANGE
5 Bl CONITROL From
EXCELLENT LINEARITY,

up. 10 +54 dBmilIP3
SUPERIOR ACCURACY,

+0.2 10 0.5 dB
@ 10KPCS

AGIIUALL STZiS
SOT26  MSOP8 MSOP10 QSOP16 LPCC (LP3)
e @ —y g7 ‘s

e > o 3
d W W e

gmm? 14.8mm’° 14.8mm? 29.4mm’ 9mm

DIGITAL & ANALOG IC ATTENUATORS, LOW COST & IN-STOCK!

PART FREQUENCY  ATTENUATION USD @
NUMBER FUNCTION  p/NGE (GHz)  RANGEdB)  TACKAGE ok pcs

HMC424LP3 6 Bir DigITAL DC-13.0 0510315 LP3 $8.22
HMC425LP3 6 Bir DiaitaL 24-8.0 0.51031.5 LP3 $8.22
HMC273MS10G 5 BiT DiGITAL 0.7-37 1to 31 MSOP10 $1.70
HMC306MS10 5 Bir DigitaL 0.7-40 0.5t015.5 MSOP10 $2.49
HMC307QS16G 5 Bir DigiTaL DC- 4.0 1to 31 QSOP16 $2.49
HMC230MS8 3 BT DigiTAL 0.75-2.0 41028 MSOP8 $1.25
HMC288MS8 3 Bir Digitau 0.7-3.7 2to 14 MSOP8 $1.35
HMC290 2 Bir DiciraL 0.7-4.0 2to6 SOT26 $1.05
HMC291 2 Bir DiairaL 0.7-40 41012 SOT26 $1.05
HMC173MS8 VVA 08-2.0 0to 30 MSOP8 $2.24
HMC210MS8 VVA 52218 0to 40 MSOP8 $2.24
HMC346MS8G VVA DC-80 Oto 32 MSOP8 $1.65
HMC346LP3 VVA DC-15.0 30 LP3 $7.67

SELECT PRODUCTS AVAILABLE IN DIE FORM & HERMETIC SMT PACKAGES

v ' ORDER ON-LINE
€ www. hittite.com
Hittite Worldwide Offices

NICROWAVE CORPORATION HMC EUROPE, LTD. HMC DEUTSCHLAND GmbH HMC ASIA Co., LTD.

2 Elizabeth Drive, Chelmsford, MA 01824 f\ Ph +44(0) 1256-817000 Ph +49 8031-97654 Ph +82-2 559-0638
h (978) 250-3343, Fax (978) 250-3373 TV Fax +44(0) 1256-817111 Fax +49 8031-98883 Fax +82-2 559-0639
mcsales @ hittite.com W europe @hnttite.com germany @ hittite.com asia @hittite.com
Distributed in the Americas and Asia by Future Electronics Ph (800) Future-1, ext. 2754 Americas & ext. 5284 Asia  www.futureelectronics.com/rf
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Sprague-Goodman has passive and
active tuning devices to meet
microwave designers’ needs. A wide
variety of tuning elements is offered
to work with waveguides, cavities,
and dielectric resonators at
frequencies too high to use variable
capacitors and inductors.

Sapphire L

* Q t0 4000 at 250 MHz

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

» Operating temp: -55° to +125°C

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

AIRTRIM® Air |
Multitum

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

Microwave Tu
Elements

Metallic tuning elements

¢ 2t0 33 GHz

Dielectric tuning elements
¢ Alumina, quartz, sapphire

® 6 t0 100 GHz

Dielectric resonator tuners
* 210 18 GHz

LC tuning elements

* 510 11 GHz

Resistive tuning elements

¢ 110 18 GHz

Silicon Tuning
Varactors

Super Hyperabrupt

* UHF - Wireless (4V, 6V, 8V)

* VHF - Wireless (10V)

Hyperabrupt

* Microwave (20V)

Abrupt (20V)

Economical SOT-23 and High Performance
Surface Mount Packages

For information on these and our other
quality products, visit our website, or
phone, fax or write today.

SPRAGUE

G0ODMAN

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

www.spraguegoodman.com
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RF editorial

OEMs: Do it
yourself — not

By Don Bishop
editorial director
dbishop@primediabusiness.com

Design and development engineers, otherwise known as RF Design readers, mort
commonly work for original equipment manufacturers than their labor suppliers
the electronic manufacturing service companies. Yet the proportion may shift more
in favor of EMS companies.

OEMs traditionally pride themselves on their ability to design and manufactur:
products to military and industrial specifications and to meet consumer desires, a:
the case may be. In doing so, they take on a large measure of risk. The most recen
example of that risk was the effect on OEMs caused by inventories that became
“excessive” with last year’s dramatic reduction in product demand.

For example, Santa Barbara, CA-based iSupply, a company that helps supplier:
to monitor their buyers’ inventories, estimated that some companies shipped a:
much as 18 months’ worth of product in 2000. Some OEM employees later paid fo:
the disjointed sales with their jobs in 2001.

“Lucent is half the size it was 24 months ago,” said Lloyd Kaplan, vice presiden
of iSupply. He spoke to an audience in April at a meeting of the Electronic
Components, Assemblies and Materials Association.

As OEMs seek to wring more risk from their operations through continually
reducing costs, the increasing use of EMS companies to outsource their manufactur
ing follows. Moreover, some want EMS companies to shoulder some of the inventory
burden and research and development risks.

Where OEMs and EMS companies already have close relationships and gooc
communication, the results tell the story.

Kansas City, MO-based Midland Radio cut its engineering cost to 5% to 10% o
what had been the norm when it shifted engineering for certain products to ar
Eastern European affiliate.

West Melbourne, FL-based Relm Wireless revitalized part of its product line by
using engineering and manufacturing service from Shenzhen HYT Science anc
Technology, Shenzhen, China. Relm previously swapped buildings, equipment anc
employees with an EMS division then owned by Honeywell to bring its risks anc
costs into better balance for other parts of its product line.

Defining customer demand remains top-line for OEMs. Once in a while, though
when engineers are left unsupervised (Have mercy!), they might come up with prod
ucts that market research never requested but that newfound end-users can’t live
without. That’s part of the magic of invention.

Meanwhile, a combination of accurate inventory accounting, reasoned forecasting
and honest sharing of numbers would help OEMs to avoid replicating the breath:
taking shortfall in RF-related product sales of the recent experience. What the
OEMs don’t want to do for themselves, some EMS companies are ready to supply
including engineering talent.

Without conducting their own market research, EMS companies will remair
what they are, meaning they won’t turn themselves into OEMs. That possibility
exists, though, and the first evidence of it might be found in Asian markets. Yet, thc
more responsibility the EMS companies assume, the more they risk raising thei
costs and losing their appeal to OEMs as a low-cost manufacturing service provider.

Even so, design and development engineers may find potential for growth in the
EMS segment that shouldn’t be overlooked.

Whether an OEM should have engineering done in-house or under contract witk
an EMS company has implications for their marketing and cost control, not to men:
tion the career planning for design and development engineers. D

c"n
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Introducing

plers

The introduction of new wireless standards has encouraged

[

€55

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

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

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

(dBmax.) (dBmax.) (Watts)
AMO3M 3 1700 2000 +/-0.2 0.20 2 23 117 60 0.56"x 0.20"x 0.072"
APO3M 3 2000 2300 +/-0.2 0.20 2 23 1.17 60 0.56"x 0.20"x 0.072"
AWO3M 3 2300 2700 +/-0.2 0.20 3 22 1.18 60 0.56"x0.20"x 0.072"
BCO3M 3 3300 3700 +/-0.2 0.20 4 22 1.19 60 0.56"x 0.20"x 0.072"
AHO3L 3 815 960 +/-0.3 0.23 3 22 1.18 150 0.56"x 0.35"x 0.075"
ANO3L 3 1500 2200 +/-0.4 0.25 3 20 1.20 100 0.56"x 0.35"x 0.075"
ARO3L 3 1800 2200 +/-0.2 0.25 3 20 1.20 100 0.56"x 0.35"x 0.075"
AVO3L 3 1800 2700 +/-0.5 0.30 5 18 1.25 60 0.56"x 0.35"x 0.075"
ASO3L 3 1930 1990 +/-0.15 0.23 2 21 1.7 100 0.56"x 0.35"x 0.075"
APO3L 3 2000 2300 +/-0.2 0.20 2 23 117 60 0.56"x 0.35"x 0.075"

Q{OH 3 3400 3500 +/-0.3 0.30 5 2 1.25 60 0.56"x 0.35"x 0.07y
! o Actual data for APO3L N
C Coupling >—< Phase balance )
P Phase Balance

’6 18 1.9 20 21 22 2.3 24 . 19 20 E3) 22 23 24 we ane A Pﬂrt I" yo”" P”t"re

Freq (GHz)

( 4895 Peoria Street

Denver, Colorado 80239

= 303.371.1560

fax 303.371.0845

Freq (GHz)

PLL Synthesizer Modules Narrow Band Voltage Controlled Oscillators

——

Wide Band Voltage Controlled Oscillators Couplers e
2 - PROUDLY MADE

[BSH O OO0 €@ [ & itfid e IN THE USA

sales @ vari-l.com

Vari-L Company,

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

Inc. www.vari-l.com
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EXCEPTIONAL PHASE NOISE.

SAW DEVicEs
RF FILTERS
CAPACITORS

The new generation of TEMEX high frequency VCS0's offer a minimum 6dB phase noise
advantage over conventional product. Combining its patented SAW technology with
innovative low cost housing, TEMEX oscillators have a footprint as small as other VCSO's
that use expensive hybrid packaging. All of this plus our high speed custom service gives
you the TEMEX advantage for all your miniature high frequency, low noise requirements.

RuBIDIUM ATOMIC CLOCKS
CRryYsTALS

DUPLEXERS
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FERRITE DEVICES

MICROWAVE CERAMIC MATERIALS
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TEMEX
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Applications Standard Frequency(MHz)  Output
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% GG 5143

Very small SMD Packege
14A4x98x 62 mm

PECL (N57 x 0.37 x 024 inchwy)
LYPECH

Frequency Range
200 M - 2.5 GHY

Excellent Phase Noise (Typical @ 622MHz)
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TEMEX MAKES IT HAPPEN.

www.temex.net Worldwide: +33 1 46 00 23 33
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GORE-SHIELD EMI Shielding Solutions

Available Worldwide!

GORE-SHIELD" Strip EMI Gasket Material...

1 800 445-GORE

Supplied on 15m (50ft) Reels

Integral Conductive Pressure Sensitive Adhesive
Easy to Apply-No Special Tooling

Global Distribution

Off-the-Shelf, Standard Sizes

GOREP

Crealive Technologles
Woridvade

www.goreclectronics.com/info/strip2

|
|

(302) 292-5100

Copyright. 2002 W. L. Gore & Associates, Inc. GORE-SHIELD, Gore and Design are trademarks of W. L. Gore & Associates. Inc
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RF news

The false growth
of broadband

14

By Roger Lesser
editor
rlesser@primediabusiness.com

While we await the resurgence in telecom (and the trickle-down
effect it will have on the industry), the last thing we need to hear is
that broadband growth is a hoax. Yet, that is exactly what appears
to have happened.

An article that appeared in the 17 May issue of The New York
Times, indicts energy companies for creating a false image of a
growth market for broadband over the last couple of years.

According to the article, a number of energy companies, including
Enron, engaged in “round-trip trades.” This was accomplished by
the energy companies selling “routes” to one another at the same
price on the same day. One company, Reliant, made more than 50
such “trades” a day from April to October of 2001.

The whole idea behind the scheme, the article notes, was to give the
perception of a fast-growing communications market and to attract tele-
com companies to do business. Enron predicted it would make $17 billion
from the broadband market by 2005, according to a February 2000
report by J.P Morgan.

Now the Securities and Exchange Commission (SEC) and the FBI
are investigating. Needless to say, the energy companies deny they
would do such a thing and will not comment. But when the SEC
and FBI come knocking, it’s like you or me hearing the door bell
ring and opening the door to see Mike Wallace. It isn’t going to be a
good thing. And, given what we have seen from Enron and Global
Crossing, there is good reason to investigate.

The savior needs saving

Many analysts saw broadband growth as the white knight sent to
slay the dragon of the telecom downturn. Now the knight needs sav-
ing. The investigation will most likely be long and drawn out. But, I
believe, if Enron’s other debacles are any indication, the energy
companies are going to be found guilty as charged. The question
then becomes, what next? What needs to be done to bring an active
and viable broadband to life?

The savior of the savior may be the technology itself. Like any
technology, it takes time to grow and mature. Forcing it, as the ener-
gy companies appeared to try, only leads to problems. One need only
look at Microsoft Windows and the joy it has brought users. As the
software matured (and patches applied), Windows became the defac-
to operating system. Also, the consumer must be the drivers behind
the growth. Once they see broadband applications as a must-have
technology, like the microwave (How did we ever live without the
microwave?), the technology and market will grow and prosper.

www.rfdesign.com

In-Stat/MDR optimistic for
semiconductor industry

In a presentation delivered May 1 a
the Embedded Processor Forum in Sar
Jose, In-Stat/MDR announced its newes!
semiconductor industry forecast. Chris
Van Gaal, senior director of content devel
opment, reported that, as predicted, 200¢
will continue to be a corrective year for the
industry. 2002 worldwide semiconductor
sales are forecast to decline an additiona
4-5% from 2001 despite sequential quar
terly growth. However, in 2003, an opti
mal combination of inventory depletion
order rates and market dynamics will
result in a 30.7 % increase in worldwide
semiconductor sales over the year prior.

According to Van Gaal, many indicators
signify a marked turnaround in an indus-
try that experienced a 32% decrease in
sales last year. A rise in both regional
and global gross domestic product
(GDPs) and order rates in key end-use
segments are an indication of a brighter
future, he said, as they are closely tied
to the semiconductor industry. Van Gaal
cited an average two-year lag time
between capital investment and full-
fledged fab output and swings in rev-
enue growth resulting from the difficul-
ties in maintaining a good balance
between supply and demand as continu-
ing influences on the market’s volatility.

Quest for speedier access to
aid broadband penetration

Growing demand for high-speed
Internet services, triggered by exponential
demand for bandwidth and the increasing
volume of traffic, is driving the need for
broadband access, according to Frost &
Sullivan’s, London, latest report. The
research firm believes that the number of
Western European broadband subscribers
will rise from 3.8 million broadband sub-
scribers in Western Europe at the end of
2001 to hit the predicted subscriber mark
of 28.1 million in 2008.

As the telecom industry is gearing up
for a rebound and the economic climate
stabilizes, 2003 will be the European
broadband market’s watershed year, Frost
& Sullivan said, when the number of sub-
scribers will start to grow immensely.

Rising demand for increased connection
speeds is a key factor providing impetus
for rapidly increasing broadband penetra-
tion. Demographic changes, including
the growing office/home office (SoHo)
population, will further contribute to the
acceleration of broadband communica-
tions adoption.
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High Isolation 500-5000MHz Mixers

www.minicircuits.com/mixer2.html

High 30dB (typ) isolation is a key advantage
of using Mini-Circuits miniature triple
balanced ceramic mixers for your wireless
designs within the 500-5000MHz range.
Available in 10, 13, and 17dBm LO power
levels, these MCA-35 and -50 models
also have good 2:1 (typ) VSWR matching
and 20dBm (typ) IP3. BlueCell™ LTCC
technology is used to provide superior
temperature stability, high performance
repeatability, and low cost. Patent Pending.

From
29.95 ea.
EBLUE CELLY $Qg 1-24
Lowest Cost SMA Coupler Series
www.minicircuits.com/Z30-SERIES. pdf

Sample signals within 5 to 2000MHz at
an industry-low price using Mini-Circuits
just released 230 family of 50 ohm coaxial
directional couplers. With very broad
multi-octave bandwidths and very flat 9
to 20dB coupling, mainline insertion loss
is typically less than 1dB and directivity
ranges from 11 to 30dB typical. Blue Cel™
LTCC technology is used for minimal
variation with temperature and all-welded
construction helps withstand tough
environments. Patented with additional
patents pending.

[.Im.ue CELLY

10dB High Power Bi-directional
Couplers For 800-2500MHz
www.minicircuits.com/dcoupler.htmi
High Power BDCA-10-25 bi-directional
couplers from Mini-Circuits enable you to
sample forward and reflected RF power up to
50W within 800 to 2500MHz simultaneously
and inexpensively. Performance features
include flat 10dB (nominal) coupling with
low 1.0dB {typ) mainline insertion loss, high
25dB (typ) directivity, and excellent 1.15:1
typical VSWR at all four ports. Blue Cell™
LTCC technology provides very low 0.07"
height and temperature stability.

1-500MHz Splitters Small and Economical
www,minicircuifs:com/sp/irter.-html
Split a signal 3, 4, 5, or 6 ways-0° within
1-500MHz and conserve real estate using
Mini-Circuits broadband Blue Cell™ ADPS
series power splitters. From a miniature
435" x.400"x.215" (max) patented surface
mount package, realize high isolation up to
35dB (typ), minimal variation with temperature,
and extremely low cost for your VHF-TV and
aircraft communications applications.
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Low Cost MMIC Amplifiers DC-8GHz
= www.mir;i;:ircuirs.co-n;/ampliﬂenhtml

The Gali family of MMIC amplifiers from
Mini-Circuits gives you a wide choice of
gain ranging from 10.5 to 22.9dB (typ),
up to 18.2dBm (typ) output power, and has
low thermal resistance for high reliability
in your designs within DC to 8GHz.
Exceptionally low in cost, these broadband
amplifiers are available for 35mA to
70mA bias current requirements and are
housed in a miniature SOT-89 surface
mount package. lIdeal for today’s
compact designs.

$74.95 ea.
Qty. 1-9

500-5000MHz 284Way Splitters

- ww:aninicircuirs.com/psc 1.htmi

Super broad bandwidth 2&4 way 50 ohm
splitters from Mini-Circuits cover just
about all your needs in the 500-5000MHz
frequency range. Although super
broadband, these units provide high
22dB (typ) isolation, low 0.9dB (typ)
insertion loss, and can handle up to 10W
input power. These 2way (ZN2PD2-50)
and 4way (ZN4PD1-50) splitters are a must
for your lab and production set-up needs.

o = m - ® 55 56
[ JMini-Circuits 0 @

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

WTT receives order from the
U.S. Navy — Wireless Telecom Group,
Paramus, New Jersey, announces that
its wholly owned subsidiary, Boonton
Electronics, has received an order from
the U.S. Navy for its 1121 Audio
Analyzers. These orders are for about
$500,000 and are scheduled to ship in
the second quarter of 2002.

WLANA: Clearing
up the WLAN
alphabet soup

Do all of the 802.11 standards have you dizzy? Are
you even more confused about who all of the different
WLAN organizations are and what they do? The
Wireless Local Area Network Association (WLANA)
has compiled a guide to help you weed through the
alphabet soup. A brief guide to wireless networking
standards and the organizations involved in defining
and/or promoting those standards can be found on
the WLANA web site. Go to the online Learning
Center and click on “WLAN Standards and Organiza-
tions” to download the PDF.

-«

Chinese IC design center part-
ners with Credence — Credence
Systems, Fremont, CA, announces a
partnership with the Chinese govern-
ment-sponsored Nation I.C. Design
Industrial Base (NICD IB) in Beijing,
China. NICD IB, with the help of
Credence, will provide technology
resources to more than 65 local
design houses and 10 major universi-
ties. Under the partnership,
Credence will provide NICD IB with
testing technology with the installa-
tion of a Quartet system-on-chip
(SoC) production test system.

WLANA
http://wlana.org/learning center.html

S0ard Level shi

Photoetching process improves
design flexibility enabling
complex shapes without
expensive tooling.

® Specify more intricate geometry

® Mounting pin styles
available in any configuration

@ Soldered or resistance
welded seams

@ Forming tools not required
® Wide range of materials

@ Custom fence and
removable covers

® Prototypes in 5 days
® Internal dividers

.—/J Visit our web site
’ - m for a FREE
e Ch.EtCh www.tech-etch.com DATA SHEET. Lgé?s?é::ég

TECH-ETCH, INC., 45 Aldrin Road, Plymouth, MA 02360 ® TEL 508-747-0300 ® FAX 508-746-9639
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WE ONLY MAKE
RF AND MICROWAVE
FILTERS.

_ THAT'S WHY WE
MAKE THEM
50 GOOD.

More than 15 years ago we decided to focus

all of our technological expertise on a single family

of products. This has provided circuit designers with one of
the greatest range of choices in RF/Microwave filter design.

Our complete product line selection covers the spectrum —
from 100 kHz to 40 GHz, in a variety of types from Miniature,
Ceramic, Bandpass, Lowpass and Highpass filters to our
companion line of Diplexers/Multiplexers.

And to meet the wide range of customer requirements, Lark filters
utilize the most cost-effective filter structures yet developed, includ-
ing Lumped Constant, Ceramic, Interdigital, Combline, and Cavity.

With such a range of products, design talent and production capacity
that no one else can match, Lark should be the first call you make for
RF/Microwave filters or see them at www.larkengineering.com

THE FILTER SPECIALISTS

Lark Engineering Company

Div. Baier & Baier, Inc.

27282 Calle Arroyo

San Juan Capistrano, CA 92675-2768
Phone: 949-240-1233

Fax: 949-240-7910
www.larkengineering.com
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RF EMC/RFI

How to build
EM-accurate,
parameterized
passive models

Getting the product out the door
right the first time is paramount
to the bottom line.

Modern EM parametric
modeling tools can help

make it happen.

By Mounir Adada

o meet time-to-market goals, the designers of
high-frequency wireless and wireline devices
rely on electronic design automation (EDA) soft-
ware. Computer simulation of circuits and systems
is an essential part of the development process, and
accurate component and circuit models are required

Accuracy / Generality

L 3
Model Composer

Analytic Models

—--

Performance

Figure 1. A model composer’s EM-based modeling accuracy against performance.

to ensure that the simulations reliably predict real-
world performance. As frequencies of operation and
circuit complexity increase, the accuracy of these
models must keep pace. Recent developments in
modeling technology now empower designers to
define the accuracy of their high-frequency passive
models. Designers no longer have to settle for pre-

18 www.rfdesign.com

defined generalized models that only work for limit
ed frequency ranges and process properties.

Using new technology, engineers can automati
cally generate key passive models using the fre
quency range, material properties, number of para
meters and desired accuracy. Linear simulator:
enable generation of electromagnetic (EM) accurat:
parameterized passive models with the simulatior
speed of analytical models. With this technology
designers are no longer restricted by the limitation:
of older modeling methods.

Accurate models enable fast simulations

The fastest simulations are obtained with linea;
circuit analysis EDA tools. These tools rely or
accurate analytical (mathematical) models to pro
vide trustworthy results. With wireless and wire
line designs constantly increasing in complexity
and operating at higher frequencies, design engi
neers may exceed the limits of their EDA tool’:
passive analytical models. When these passive
models are used outside their intended operationa
range, the EDA tool may return inaccurate simu
lation results.

The inconsistencies of legacy modeling tech
niques from the 1970s and 1980s hinder the accura:
cy of these models when they are applied to differ
ent processes and frequencies. Exceeding a model’s
frequency limit causes errors due to failure tc
account for higher-order propagation modes.

Limitations of the equivalent circuit model, suct
as frequency-independent inductive or capacitive
elements, also lead to simulation errors. Because
most EDA tools do not proactively report suct
errors, they may not be discovered during simula:
tion — becoming apparent only when a prototype
fails to perform as expected.

Many error-prone passive models tend to be of &
discontinuous nature (i.e. microstrip or stripline
cross, step, bend, open, gap, etc.) where multimode
propagation is common. These structures can be
fully characterized using full-wave EM simulation
These results can be applied to produce an accurate
S-parameter model of the discontinuity, which can
be used by the circuit simulator.

The challenges of modeling

Developing such new models is a complex task.
To model a single parameter over a range of values.
several sample points are required. Because the
model can be a function of parameters such as line
width, length, metal thickness, dielectric constant,
substrate thickness and loss tangent, an exponen-
tial growth exists in the number of samples as the
number of parameters increases.

Also, developing a new model usually requires a
highly skilled person working for several weeks —
or even months — to define, develop and test the
desired analytical model. If the requirement is for
a complete library of models, the total effort is mul-
tiplied by the number of models needed. The model
development task needs to be weighed against
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Mini-Circuits VAT and HAT fixed attenuators rank at the top of their class
for high performance, big selection, and low cost! Choose from 14 different
attenuation values; from 1 to 10dB in 1dB steps plus 12, 15, 20, and 30dB.
All in stock, ready for immediate shipment, and value priced from only $9.95 for
BNC (HAT) and $11.95 for SMA (VAT ). Performance wise, these devices offer
excellent attenuation flatness, low VSWR, and handle up to 500mW input
power. Plus, rugged unibody construction makes them very easy to use in
systems, testing, and product development applications. So get the best
economy from your design with Mini-Circuits fixed attenuators.

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

o VAT MODELS $11.95¢ea.(qty.1-9)

DESIGNER'S KITS AVAILABLE

K1-VAT: 1of Ea VAT»G, -6, -10, -20, -30 (5 total) $49.95

K3-VAT: 2 of Ea. VAT-3, -6, -10 (6 total) $59.95

Models

SMA-M/F BNC-M/F
DC-6GHz DC-2GHz

VAT-1
VAT-2
VAT-3
VAT-4
VAT-5
VAT-6
VAT-7
VAT-8
VAT-9
VAT-10
VAT-12
VAT-15
VAT-20
VAT-30

HAT-1
HAT-2
HAT-3
HAT-4
HAT-5
HAT-6
HAT-7
HAT-8
HAT-9
HAT-10
HAT-12
HAT-15
HAT-20
HAT-30

ITTENUATORS

om

Attenuation* {(dB}
Flatness

Nominal

OCOND MEWN =

30 30

Power: 0.5W at 70°C ambient.
* Attenuation varies by +0.3d8 max. (VAT), +0.2dB max. {HAT) over temperature.

10 (6 total} $58.95

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

: ISO 9001 CERTIFIED

K1-HAT: 10f Ea HAT-3, -6, -10, -20, -30 (5 total) $48.95
K2-VAT: 10f Ea. VAT-1, -2, -3, -4, -5, -6, -7, -8, -9, -10 (10 total) $99.95 K2-HAT: 10f Ea. HAT-1, -2, -3, -4, -5, -6, -7, -8, -9,-10 (10 total) $97.95
K3-HAT: 2 of Ea. HAT-3, -6,

Midband Typ.

0.20
0.20
0.15
0.15
0.10

0.10
0.10
0.10
0.10
0.20
0.10
0.30
0.75
0.30

us

0.1
0.10
0.12
0.08
0.06

0.02
0.05
0.04
0.02
0.03

0.056
0.05
0.18
0.38

22

INT'L

0%

ea.(qty.1-9)

VSWR (:1)
Midband Typ.

1.10
1.20
1.156
1.16
1.15

1.15
1.15
1.20
1.15
1.20
1.20
1.40
1.20
1.16
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Figure 2. AFS rational models over the desired frequency range, derived from

full-wave EM simulation.

measurement-based or EM-based mod-
eling on a case-by-case basis.

Some of the methods traditionally
used for developing analytical models
have limitations. Methods that use pre-
calculations of equivalent circuits,
including look-up tables, fitted equa-
tions and interpolation, can have a lim-
ited number of samples and insufficient
interpolation methods.

An example that presents problems
for these techniques is high-Q resonant
circuits, such as those used in narrow
band filters. Applying discrete data
grids and interpolation techniques to
such circuits can cause the generated
model to suffer from either “undersam-
pling” or “oversampling.” With under-
sampling, too few data samples are col-
lected and the model is not completely
defined — especially close to resonance,
where the behavior changes rapidly
with changing frequency. In an effort to
be sure that enough data are collected
in this one critical area, the model may
suffer from oversampling, with too
many data samples and inefficient
model generation.

A model composer

As an alternative to building classic
analytical models, engineers can use a
full-wave EM modeling tool to fully
characterize a given passive compo-
nent. This method permits accurate
characterization of the actual passive
structure to be used, accounting for
higher-order mode propagation, disper-
sion and other parasitic effects.
However, the calculation time required
for full-wave EM simulation of a given
component makes real-time circuit tun-
ing impossible.

This model accuracy dilemma has
been addressed by a new model genera-
tion technology that combines the
speed of analytical models and the

20

accuracy of full-wave EM simulation by
creating a compact parameterized pas-
sive model (see Figure 1).

This article is based on a model com-
poser that is a next-generation, highly
computationally intensive simulator. It
combines the accuracy of EM simula-
tion with the speed of analytical models
by creating a single compact model
built on specific process information,
the desired frequency range and a set
of pre-selected model parameters. The
finished models are a design kit library,
which is accessible to all designers who
are using the same process.

Modern modeling software takes
advantage of computer advances by
being wizard-driven. Wizards help
make it mistake-proof. Users can select
the model type, frequency range,
process properties and the required
associated parameters. Once this set of
information is supplied through the
wizard, the rest is done automatically.

The final compact models have the
accuracy of EM simulation while main-
taining the ultra-fast simulation speeds
typical of standard analytical models.
This combination brings increased
accuracy to performance-enhancing
and time-saving design automation
techniques, such as real-time tuning
and optimization.

High-performance modeling systems
allow designers to bypass the traditional
limits of generalized passive models that
only work for limited frequency ranges
and substrate properties. Additionally,
there is no longer a need to make the big
investment of time and resources to
develop their own models. Models can be
generated to build complete passive
component libraries tailored to the fre-
quencies of interest and specific process
properties. These model libraries can be
shared with colleagues and customers,
allowing them to achieve the same

www.rfdesign.com

Figure 3. Multinomial models are created at discrete frequencies.

design accuracy in their contributions tc
the design process.

Next-generation techniques

The advantage of such modeling soft-
ware is that it is possible to build a
global-fitting model of the chosen para-
meters, handling frequency and geo-
metrical dependencies separately.

Geometric dependencies are modeled
using multidimensional polynomial fit-
ting techniques, while frequency depen-
dencies are handled using polynomial
fitting techniques. The modeling
process does not require any prior
knowledge of the circuit under study.

Adaptive algorithms are combined tc
efficiently fit a model to the parameters,
satisfying the predefined accuracy
requirements. This process includes the
adaptive selection of an optimal number
of data samples along the frequency axis,
as well as in the geometrical parameter
space. It also includes adaptive selection
of the optimal order of the multinomial-
fitting model. The number of data points
is selected to avoid oversampling or
undersampling. The algorithm converges
when the desired accuracy is reached.
The model complexity is automatically
adapted to avoid overshoot or ringing,
and the model covers the whole parame-
ter and frequency space, making it easily
used for optimization purposes.

Steps for building a model

1. The frequency response of the cir-
cuit is calculated at a number of dis-
crete sample points using a full-wave
EM simulator. Using adaptive frequen-
cy sampling (AFS), a set of frequencies
is selected and a rational model for the
S-parameters over the desired frequen-
cy range is built (see Figure 2).

2. A multinomial is fitted to the S-
parameter data at all frequencies (see
Figure 3).
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Applicable to high-frequency range for Bluetooth and radio functions
TZY2 trimmer capacitors reduce space and cost ef mounting in cireuit

D

NO ONE IS DOING MORE TO INNOVATE
AWIRELESS LAN COMPONENTS:

Y AND WE HAVE THELONELY®

.

SINGLE ENGINEERSTO PROVE IT.

A sad, but age-old truth: lab coats and dating don’t
mix. However, lab coats and developing innovative
components for wireless LAN  applications? That
works just fine. So from HomeRF to Bluetooth” to
802.11, our list of 24 GHz ISM and 5 GHz UNII
wireless components is quite impressive. We've got
capacitors, RF microwave devices, dielectric filters,
multilayer LC filters, ceramic resonators and anything
else you can name. It doesn't give us much time
at happy hour. But it does give design engineers
the freedom they need to develop new products.
So visit www.muratainnovations.com/engineers ot
call us if you need WLAN solutions. Or better yet,

if you just have a friend who happens to be single.
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Figure 4. Creation of the coefficients of orthogonal muitinomials at discrete

frequencies.

3. This model is written as a sum of
orthonormal multinomials. The coeffi-
cients preceding the orthonormal
multinomials in the sum are frequency-
dependent (see Figure 4).

4. Using the models built in (1), the
coefficients can be calculated over the
whole frequency range (see Figure 5).
These coefficients, together with the
orthonormal multinomials, are stored
in a database for use during extraction
afterwards.

Comparing modeling methods

To present a typical procedure, the
low-pass filter of Figure 6 is simulated
using standard analytical models, a
full-wave EM simulation and, finally, a
simulation using discontinuities built
using a model composer.

The filter incorporates two types of
microstrip discontinuities that would ben-
efit from more robust models — a cross
and an open. The new model development
process begins by using a wizard user

Model | Parameter | Min. Max.

Cross | Widtht 20 mil | 45 mil
Width2 20 mil | 45 mil
Width3 20 mil | 45 mil
Width4 20 mil | 45 mil
Frequency | 0 GHz | 20 GHz

Open | Width 20 mil | 45 mil
Frequency | 0 GHz | 20 GHz

Table 1. The parameters used to define models to
be bullt by the Model Composer.

interface to define the substrate informa-
tion, model types, frequency range, the
required component parameters and their
desired range of values. The model infor-
mation is shown in Table 1.

Once this information is entered via
the model composer wizard, the rest of
the process is automatic and runs in
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Figure 5. Calculation of coefficients of orthogonal multinomials over the entire
frequency range.
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Figure 6. An example lowpass filter design.
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Figure 8a. A comparison of S11 simulations and
measurements of the lowpass filter shows that
models obtained from Model Composer give
results that agree with EM-based simulation and
measured data. Figure 8b. This comparison of
$21 simulations and measurements illustrates
how standard microstrip models deviate from
more accurate models (and measurements) at
higher frequencies.
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the background. The final results are
two compact models of the cross and
the open, stored in the design kit folder
(see Figure 7) with associated electrical
models, palette bitmaps, schematic
symbols and layout artwork. To verify
the model’s performance, the filter
example was simulated using standard
microstrip analytical models, with the
EM simulator and with the newly
developed models from Model
Composer. Results of these simulations
are displayed in Figures 8a and 8b,
along with measured results.

These figures show that simulation
using models generated by such soft-
ware have an accuracy comparable to
both momentum and measured data

Summary

The simulation speed of analytical
models is combined with the accuracy
of EM-derived passive models in the
latest generation of modeling software.

Using such tools, designers can
develop improved models based on spe-
cific operational and material proper-
ties. These technologies and state-of-

physical design and MMIC design
flow. Mounir has been with
HP/Agilent product marketing group
since May 1997. Since, he has been
involved in various physical design
EDA solutions, covering signal cont-
amination, high-speed digital design
and 2.5 D electromagnetic (momen-
tum) design and verification prod-
ucts. He can be contacted at:
mounir_adada@agilent.com.
To learn more about Model
Composer and ADS 2002, visit:
www.agilent.com/eesof-eda.

the-art simulators automate thi
process of accurate model generation.
The low-pass filter example illus
trates how simulations using model:
created in this way maintain both accu
racy and speed.
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Switches and Power Dividers

JFW Industries continues to redefine
high performance RF switches and
power dividers at competitive prices.
With over 1,500 individual models cur-
rently available and custom design
capabilities, JFW has the switching and
power divider solutions that you need.
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way dividers optimized for cellular and
PCS applications with a guaranteed
minimum isolation of 40 dB, as well as

1P2T and 1P4T solid-state switches
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applications up to 3 GHz. For more
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RF semiconductors

High-temperature
superconductors:
online and
operational

Discovered more than

15 years ago, high-temperature
superconductor (HTS)-based
products have moved from
laboratory curiosity to practical,
field-deployed systems.

By David R. Chase

utch physicist Heike Kamerlingh Onnes, Nobel
Prize winner in 1913 for his low-temperature
research, discovered superconductivity in 1911. The
effect was first observed in mercury wire when it was
found that the electrical resistivity suddenly dis-
appeared when the wire was cooled to below a tem-
perature of about 4 K (-269° C).
Onnes proved that resistance vanishes by show-
ing that a persistent current flows indefinitely in a
ring or solenoid with no voltage applied.

Critical temperature — ground zero

Critical temperature, T, is defined as the temper-
ature below which 100% of the material under exam-
ination becomes superconducting. Figure 1 shows a

3 representative plot of
resistance vs. operat-
ing temperature.

Until 1985, the high-
est T, with elements or
alloys was =23 K
(-250° C), observed in
thin films of Nb3Ge.
Because of the low
temperatures required
to become supercon-
ducting, they became
known as low T, super-
conductors (LTS).

In 1986 and 1987, a
new class of “High T.”
superconductor (HTS)
compounds was dis-
covered. The first HTS
material was discov-

An HTS thin-film wafer after deposition, patterned, etched
and diced.
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ered in 1986 when Miiller and Bednorz of IBM’s
Zurich Lab announced a superconducting oxide at
30 K. In 1987, Paul Chu of the University o
Houston announced the discovery of a compound
Yttrium Barium Copper Oxide (YBCO), whict
becomes superconducting at 90 K. The next months
saw a race for even higher temperatures that pro
duced bismuth compounds (BSCCO), superconduc
tive to 110 K, and thallium compounds (TBCCO)
superconductive to 127 K.

One of the largest benefits gained from the
increase in T, from about 23 K for low 7, supercon:
ductors to 127 K for high T, superconductors, is
that it enables the use of liquid nitrogen as the
coolant rather than liquid helium. Boiling liquic
nitrogen is at a temperature of 77 K and is bot}
cheaper and more readily available than liquid heli-
um. Furthermore, the warmer temperature spurs
the development of single-stage closed-cycle refrig:
erators and cheaper ways to package the devices tc
be cooled. Thus, the warmer temperatures enablec
commercial development.

HTS material for RF applications

For RF and microwave applications, one of twc
compounds is principally used: YBa,Cu,;0,; (YBCO
or Tl.Ba,CaCu,0,,; (TBCCO). They can be formec
into thin or thick films.

Thick films are polycrystaline and are usually
coated on a three-dimensional RF structure. Thir
films are usually <1um thick and are epitaxially
grown on a substrate to form a single crystal; the
resulting HTS wafer is then fabricated into plana
RF structures.

Thin-film deposition can be accomplished in ¢
number of ways, but the most popular are pulsec
laser deposition and co-evaporation, depending
upon the material used.

Specialized materials such as LaAlO; and MgC
are usually selected for the substrate. In addition tc
having good microwave properties (LaAlQ, has
€,=23.4, tan 8 < 105 at 10 GHz and 77 K; and MgC
has €,=9.7, tan 6 < 10-% at 10 GHz and 77 K), these¢
compounds have material properties important for
single-crystal HTS thin film growth.

Specifically, the so-called lattice spacing of these
materials is chosen to be close to that of the HTS
crystal. This facilitates epitaxial growth on the sub
strate with minimal defects in the crystal. In addi
tion, these compounds are chosen because their coef:
ficient of thermal expansion (CTE) closely matches
that of the HT'S thin film. Because the HTS wafer is
subject to such a large temperature range (+400° C
in fabrication to —-196° C during operation), a gooc
CTE match is required to keep the film from crack:
ing due to thermal cycling.

For most thin-film HTS microwave applications
the substrate is ground to a carefully controllec
thickness. The HTS material is then epitaxially
grown on both sides of the wafer. The wafer is usu
ally then patterned into the RF circuit, undergoing
several photolithographic and fabrication steps thai
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YBCO DC Resistance vs. Temperature
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Figure 1. Resistance vs. temperature of YBCO.

result in a superconducting filter
microchip. Current wafer sizes used in
the production of HTS thin-film fabri-
cation are typically 2 inches in diame-
ter. Some 3-inch wafers have been
made in prototype level for research
purposes. The lead graphic on page 26
shows a typical 2-inch HTS wafer after
it has been patterned and diced.

RF properties of HTS material

HTS resistance drops to zero for DC
current, but it does not drop completely
to zero for RF current. Figure 2 shows
the surface resistance of YBCO thin-
film operating at 77 K at different fre-
quencies. For reference, the surface
resistance of copper, both at room tem-
perature and at an operating tempera-
ture of 77 K, is also included.

The surface resistance vs. frequency
of copper shows the expected depen-
dence. However, the HTS material
shows a dependency. This implies that
HTS is better suited for microwave
applications <100 GHz. Nevertheless,
despite the increased dependence on
frequency at 1 GHz, the surface resis-
tance of HTS is three orders of magni-
tude lower than copper at the same 77
K operating temperature. Due to this
low HTS surface resistance, RF filters
can be built in planar technology with a
high degree of miniaturization, high
selectivity and low insertion loss.

Unlike a typical normal metal like
copper or silver, the HTS crystal is
anisotropic. As such, super currents are
preferentially conducted along one
plane of the crystal. One consequence
of this can be seen in how the surface
resistance (R,) changes with increasing
crystal uniformity (see Figure 3). While
thick-film HTS provides a decreased
surface resistance compared to copper
at 77 K, growing HTS as a single crys-
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tal improves R, by at least two orders of
magnitude.

When resonators and filters are care-
fully designed to take full advantage of
the low surface resistance, high
unloaded resonator Qs can be achieved.

Surface Resistance vs. Frequency
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Figure 2. Surface resistance vs. frequency for
YBCO and copper.

For 850 MHz cellular applications,
for example, resonator Qs in production
filters have been measured at around
100,000. Laboratory measurements on
some advanced resonator designs have
been repeatedly measured at more
than =400,000.

It is well known that the HTS mater-
ial will superconduct as long as the
operating temperature of the material
is below T.. As the temperature is
increased above T, the material will
cease acting like a superconductor.
However, a lesser-known phenomenon
is that exceeding a maximum critical
current density (J_) or critical magnetic
field strength (H_) can destroy the
superconductive state. Thus, a combi-

www.rfdesign.com

nation of three conditions must be mef
for the material to exhibit superconduc
tive behavior. They are:

® The material must be cooled tc
below T..

e The current passing through a
given cross-section of the material musi
be below J..

® The magnetic field to which the
material is exposed must be below H_.

These conditions are interdependent
and define the environmental operating
condition for the superconductor
Figure 4 provides a pictorial represen
tation of this.

J. and H, are significant to the RF
filter designer for a number of reasons
Perhaps the most significant is that
these, in conjunction with the resonatoi
design, will determine the power han
dling capability and non-linear perfor
mance of the resulting filter. A detailec
discussion of how these parameters:
influence resonator design and the
resulting impact on filter performance
is an ongoing area of research.

Nevertheless, some general observa
tions can be made. For a given res
onator and filter design, materials witl
higher J, and H, will be able to handle
higher power. Conversely, from ¢
desired power-handling perspective, J
often influences the minimum size of ¢
resonator. From a straight material:
perspective, higher crystal uniformity
directly translates to higher J_ and H..

Applications

To date, the majority of thin-filn
HTS product development has beer
focused on receive-enhancement appli
cations of various sorts. It would be
prudent to examine some aspects tha
make these HTS systems unique.

Deep-space network interference miti
gation: In this early HTS application, ¢
low-loss, highly selective narrow band
width filter was needed for the deej
space network to eliminate interfering
signals that reduced sensitivity to the
required signals. Because this networl
had to detect weak signals, the inpu
noise figure was minimized by cryo
genically cooling the front end below 2(
K. Thus, HTS filters were ideal for thi:
application, as compact designs can b
achieved that exhibit minimum inser
tion losses of fractions of a dB. A por
tion of the filter design mask is show:
in Figure 5, with the measured Rl
response shown in Figure 6.

For room temperature operation
insertion loss and corresponding nois
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Multiple air standards, multiple converters.

RSP/
ASIC

RSP/
ASIC

Multiple air standards, one converter.

COMAZ000
GSM/EDGE
> ELRE | quan |
RSP +—
N-COMA | ’
AD6645 RF Receiver ADC

Reducing part count and overall costs while increasing base station reliability has
become a necessity in today's market. The AD6645 is a 14-bit, 105 MSPS ADC that
enables direct IF sampling without costly downconversion stages. It achieves 100 dB
multitone SFDR performance and allows users to digitize multiple air standards such as
CDMA2000, W-CDMA, GSM/EDGE, and UMTS in just one chip. So, for high-speed, high-
bandwidth, low-noise wireless solutions, simplify your designs with Analog Devices.
To learn more about the AD6645 and the rest of our high-performance RF IC portfolio,
call 1-800-ANALOGD or visit our website.

o

www.analog.com/rf
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Figure 3. Surface resistance of YBCO thick and thin films vs. frequency.

figure are often treated as synonymous.
This is not a bad approximation for
normal ambient temperatures.
However, for operation at 77 K — or
even colder — the fundamentals need
to be examined a bit more closely.

It can be shown that the correspond-
ing noise figure (NF) of a given loss in
dB when operated at a temperature in
Kelvin is given by:

NF,=]010gm{l+ETO(IO"' —-l)J
(1)

Equation (1) is plotted for various
operating temperatures in Figure 7.
For a 1 dB insertion loss, the corre-
sponding noise figure is 0.29 dB at 77
K, and 0.08 dB at 20 K.

Aside from having the benefits of a
reduced noise figure for any insertion
loss, it also has the effect of “flattening”
the filter’s noise figure response. For
example, if a filter’s mid-band insertion
loss was 0.5 dB, and band edge inser-
tion loss was 1.0 dB, at 77 K, the equiv-
alent noise figure would be 0.14 dB and
0.29 dB, respectively. Not only does the
magnitude decrease, but the variation
across the filter becomes less.

Wireless (cellular) coverage and
capacity extension: Wireless service
providers build cell sites in a given area
to provide service to their subscriber
base. Customers with wireless hand-
sets communicate to a nearby base sta-

30
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Figure 4. Operating region for HTS superconduc-

tivity.

tion, which then passes the traffic on to
another wireless subscriber or to a
wired network (either the phone sys-
tem or the Internet).

Each active conversation on the
wireless network has two directions: an
uplink, which communicates from the
handset to the base station; and a
downlink, which communicates from
the base station to the handset. With a
few notable exceptions, cellular sys-
tems are largely frequency division
duplexed (FDD), that is, the uplink and
downlink are transmitted simultane-
ously but on different frequencies.

On the downlink side, base stations
use power amplifiers and directive
antennas to provide a strong signal in
the area that a particular cell site is

www.rfdesign.com
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Figure 5. A portion of the design layout for th
stripline deep space network HTS fliter.

serving. On the uplink side, however
handset power is severely limited fo:
several reasons. For example, safl
absorption rate (SAR) limitations, se
by regulating bodies for safety anc
health reasons, constrain the maximun
allowable amount of RF power to whicl
a user can be subjected. In addition
maximum RF power is often deliberate
ly limited to help reduce the powe
draw on the battery in an effort t
improve battery life. This improvemen
will increase talk time and decrease th
size of the battery required.

The consequence of this is that cellu
lar systems are often uplink limited.
some sense, coverage, capacity, or qual
ity of service is primarily limited by th
RF path from the handset to the bas:
station. This is especially true in th
2.5 and 3G systems where voice traffi
and high-speed data are carried.

One way of improving the uplink i
to improve the base station sensitivit;
by adding a filter and low-noise ampli
fier (LNA) at the RF input of the bas:
station. A first-stage LNA with a lov
noise figure essentially establishes thi
noise figure for the rest of the receiver
and improves the uplink budget
However, unless the first stage ha
enough selectivity to reject the adjacen
non-power-controlled bands, degrade:
large signal performance may result.

Figure 8 shows the receive band allo
cation for the 850 MHz cellular receiv:
band in the United States from the per
spective of an “A”-band operator. Th
green segments are the portions of th
band in which the power received i
from A-band subscribers. As such, th
power the A-band base station receive
is under the A-band base station’s con
trol. Power received in the remainin;
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Figure 6. Measured response of the deep spac
network HTS filter.
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Gain and phase measurement in a big box.

Log Amp
Detector

Log Amp
Detector

ADB8302 Gain and Phase Delector

Until now, independent gain and phase measurement between two RF or IF signals—
a critical function for GSM, CDMA/W-CDMA, and TDMA cellular/PCS and broadband
infrastructure networks—required a discrete multichip approach with many external
components. Now, with the AD8302, users can integrate test, calibration, measurement,
and control functionality into their wireless infrastructure equipment. The AD8302 is a
highly integrated RF detector that is the industry’s first monolithic chip that can
simultaneousty and independently detect both the gain and phase difference between
two independent wireless signals up to 2.7 GHz. The AD8302 measures the precise
amplitude difference between the two input signals over a 60 dB dynamic range, scaled
to provide the user with a 30 mV/dB output. For more information on the AD8302, as
well as the rest of our high-performance BF IC portfolio, please call 1-800-ANALOGD
or visit our website.
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Figure 7. Noise figure vs. insertion loss for various operating temperatures.

portions of the band is transmitted
from other services’ handsets. As such,
they are not controlled by the A-band
base station.

By creating a filtering function that
passes only the power-controlled sig-
nals and rejects all other non power-
controlled signals, the receiver gain can
be re-optimized for the in-band dynam-
ic range. Conventional filtering can be
constructed to provide the desired

rejection (using combine or dielectrical-
ly loaded cavity-based technologies),
but these filters are typically large and
will degrade the front-end noise figure.

However, an HTS front end, such as
that shown in Figure 9, consisting of a
parallel arrangement of two bandpass
filters, followed by an LNA, is ideal for
this application.

Two high-Q HTS filters provide the
required selectivity and low insertion

loss. The A’ + A bandpass filter is a 10-
pole, six transmission zero filter design.
Figure 11 shows the design mask and
dimension of the filter.

The LNA is optimized for operation at
77 K. The reactive manifolds and the
interconnections within the assembly all
operate at 77 K, which further reduces
the internal noise generated. The result
is a high selectivity with a measured
noise figure of 0.5 dB connector-to-con-
nector. Figure 11 shows the measured
response of the resulting filter/LNA
combination.

Applying this to the front end of a
base station provides sensitivity
improvement with minimal risk of non-
linear distortion from the high out-of-
band signals. The net benefit to the cel-
lular networks is better uplink coverage
with fewer holes, resulting in fewer
dropped calls and higher usage. For code
division multiple access (CDMA)-based
cellular systems, because of a phenome-
non known as “cell-breathing” in which
the coverage of the base-station
“shrinks” with increased usage, improv-
ing the uplink can also be translated tc
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ANSOFT DESIGNER™

Electromagnetically Charged EDA Software

From the company that brought you HFSS™,
comes a new era of electromagnetically charged
EDA software. Ansoft Designer’s world-class circuit,
system, and electromagnetic technology will
redefine the way you design. To learn more, visit
www.ansoft.com/ansoftdesigner

See the future of EDA on June 4-6
with the debut of Ansoft Designer
at MTT-S, Seattle.
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Figure 8. 850 MHz cellular recelve band, from an A-band operator perspective.

uplink capacity improvement.
Third-generation wireless (cellular)

base station deployment: The current

cellular standards (often referred to as

Figure 9. Block diagram of cellular 850 MHz "A"
band filter/LNA configuration.

2G) are mostly focused on the handling
of voice traffic, and, in some cases, lim-
ited-speed data connectivity. The next
generation of cellular systems proposes

34 mm

®
3

m

Figure 10. 850 MHz 10-pole, six transmission zero
bandpass filter.

to bring high-speed (>128 kb/s) wireless
data with “always on” connectivity.
However, to make this a reality, the
number of base stations required to pro-
vide this quality of service is from one
and a half to nine times the number of
base stations that would be required for
an equivalent 2G system deployment

Adding to this are the enormous eco-
nomic and time pressures of the market.
In Europe, billions of euros were spent by
the service providers to acquire spectrum
licenses in the IMT-2000 licensing auc-
tions. Further, aside from the desire to
get the network built as quickly as possi-
ble to handle user traffic and help recoup
their investment, the service providers
are often subject to a government-man-
dated “complete-by” date that must be
met to avoid the loss of the license.

34

Given these constraints, service
providers are interested in decreasing the
number of base stations required to
accomplish the same coverage and quali-
ty-of-service targets. For uplink-limited
configurations, sensitivity improvement
can be directly translated to the reduction
in the number of base stations. Figure 12
shows the percentage of base-station sav-
ings as a function of base-station sensitivi-
ty improvement for two scenarios: “area
coverage,” in which the cellular operator
is interested in providing service in a
given area (i.e., a city), and “linear cover-
age,” in which the cellular operator is pro-
viding service largely along a roadway
and is not as interested in the surround-
ing area (i.e., along a highway in a desert).

Complete tower-mountable HTS filter
and LNA systems have been developed
that provide low noise figures, high selec-
tivity and high sensitivity to 3G applica-
tions. This can result in a reduction in
the total number of base stations
required for initial deployment.

“Digital” receivers: Finally, for emerg-
ing applications, there has been a lot of
attention given to the software-defined
radio. The main idea is to implement as
much of the receiver by digital signal pro-
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Figure 11. Cellular 850 MHz receive "A" band fil
ter/LNA response.

cessing (DSP) and to minimize the
amount of RF hardware needed before it
converts to the digital domain and per-
forms the rest of the receiver functions
such as detection, synchronization
demodulation, etc.

The HTS filter (see Figure 18) passes
the power-controlled cellular handset
signals and provides enough low-noise
amplification to effectively set the noise
figure of the receiver. The HTS filter alsc
has enough selectivity to reject the
image, so a reasonably high local oscilla
tor (LO) frequency can be used. A con
ventional IF filter and amplifier furthe:
conditions the signal before it is samplec
and quantized by the analog-to-digita
(A/D) converter.

Because the HTS filter passes only the
desired signals that are power-controllec
by the serving base station, the dynami
range of the receiver is determined large
ly by these in-band power dynamic range
requirements and not the uncontrollec
out-of-band signals.

For CDMA-based systems, this is ¢
comparatively small value becaus¢
CDMA has tight power control and tend:
to hug the noise floor in operation. Thi:
can have a significant positive impact ot
the dynamic range requirement of ail o
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Base-station savings vs. System Sens itivity improvement
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Figure 12. Base statlon savings vs. individual base station sensitivity improvement.
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Editorial

By Lt. Col. Roger Lesser, USAF (ret.)
editor
rlesser@primediabusiness.com

Uncle Sam wants you
(and your technology)

Welcome to Military Technologies 2002, a special publication from RF
Design. Why focus on the military? In each issue of RF Design we strive to
bring you, the design engineer, information that can assist you in doing your
job. Our articles focus on presenting technologies and techniques that can
improve design capabilities or offer insights into improving efficiencies. Your
efforts will guarantee the technologies of the future and the future of commu-
nications — and the future of how we win wars. You may not realize it, but
you help shape the direction in which military technologies are headed.

Did you ever consider that while you focus on commercial applications, the
end user may be fighting a war in defense of our freedoms? It's true. I can
give personal testimony, but I'll save that for another time. It’s a fact that
much of the electronics used by the military comes from commercial develop-
ment. For those of you who may be unfamiliar with commercial-off-the-shelf
(COTS) products, that'’s where the Department of Defense (DoD) must turn
first before it can procure custom or mil-spec parts.

It took the military years to figure that out. It took me a day. As a newly
anointed Captain in the USAF, T was once faced with grounding an aircraft
because we needed a mil-spec fuse. After spending a frustrating day trying to
get one through our supply system, I was faced with the reality that a multi-
million dollar aircraft was going to grow roots waiting two weeks for the fuse.
As luck would have it, I stopped by a gas station on my way home that night
and happened to see a display with fuses. I bought one of each amperage they
had. The next day I brought the fuses to the crew chief, who promptly plucked
a fuse out of hand, placed in the system and ops-checked it as “g00d-to-go.”
When I told him where I got them, he just laughed and showed me the blown
fuse. They were identical except for the part identification on the mil-spec fuse.

A simple part that made a difference. With it, we flew. With out it, we were
grounded. Such is the case with today’s military electronics. Components you
see as common, or designed only for use in a given commercial application,
can be the component that a DoD designer or contractor is looking for.

The purpose of this publication is to offer the military and commercial
designer insights into the technologies, applications and problems facing the
military and its suppliers. Amy Cosper, editor for Satellite Broadband, offers
insights on the successes and failures of satellite communications for the mili-
tary. Ensuring secure communications is always critical. Authors Lewis
Litwin and Sachin Mody offer insight into how to keep “the other guy” from
listening in. Many companies have abandoned or ignored the military market.
Merrimac Industries’ Mason N. Carter shares what his company had to do to
adapt to dealing with the “new” DoD. Lastly, you'll find a product section with
products that have applications for both commercial and military use.

What you read here is just the tip of the information chain concerning mil-
itary technologies and applications. In future issues of RF Design, RF Design
_ The Newsletter and on the RF Design Web site, we will continue to offer
more information concerning how you are building the new technology for
the warriors of the 21st century.
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Communication
battleground

The catastrophic results of network

interoperability failures in the
modern digital theater of war.

By Amy C. Cosper
Editor, Satellite Broadband

he discovery happened 10 years ago during

the Gulf War. U.S. President George Bush
(father of the current U.S. president) deployed
American troops to the Persian Gulf region to
fend off the imperialistic maneuvers of Iraqi
leader Saddam Hussein. That’s when the U.S.
military discovered the power of commercial
satellite broadcasts and that’s how a little-
known, sleepy TV network stumbled into
infamy. From the war zone, CNN broadcast cov-
erage of Operation Desert Storm. Armchair war-
riors back in America watched as the war
unfolded on the family TV.

But they weren’t alone. CNN’s broadcast of
Operation Desert Storm also served as intelli-
gence for the military.

“CNN was disseminating information faster
than the military could process the information.
Pilots would land on aircraft carriers and head

straight for the ‘ready room,” where they were
systematically debriefed as they watched cover-
age of smart bombs on CNN. The information
was faster and possibly more comprehensive
than what the military could turn around on
their secured networks,” says Tim Richard, a
satellite communications consultant to the
defense industry.

The often-painful lessons learned during the
Gulf War helped the U.S. Department of
Defense create an agenda for the U.S. military’s
communication networks going forward. CNN
became a strategic requirement for future bat-
tlefield intelligence.

“As recently as a few years ago, I was riding
aboard the aircraft carrier [U.S.S.] Truman, eat-
ing lunch with an officer. He said they still use
CNN for intelligence and it lags behind the mili-
tary’s network by about five minutes,” adds
Richard.

CNN may provide intelligence about smart
bombs and enemy lines, but it doesn’t solve
some of the military’s most basic communica-
tion issues. When engaged in a major theater
of war — such as Operation Enduring Freedom
- U.S. war fighters are not going into well-
established, modern countries with fancy com-
munications infrastructure. That’s why satel-
lites are critically enabling devices during
expeditionary warfare.

Failures of military communications affect
every chain of command across every branch of
the U.S. armed forces and its allies — all the way
down to the soldier, engaged in combat, who is
the one who stands to lose the most as a result
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Why different systems?

of communication failure.

Interoperability failures have long
plagued the military, but the impact
in today’s network-centric theatre of
war is amplified.

The network kludge

That the military stumbled into its
relationship with the commercial
satellite broadcast sector is not terri-
bly surprising. That it found a com-
mercial cable news channel to have
better intelligence gathering than its
own is somewhat concerning.

Navy ships are routinely equipped
with C-band broadcast satellite
antennas — in receive-only mode for
broadcast programming. But there’s
more: Navy ships haul four or more
satellite antennas of varying dimen-
sions for intelligence gathering and
communications. That’s a lot of
antennas and a lot of information on
a limited plot of sea-faring real estate.
And it’s also part of the problem —
the military’s ability to process infor-
mation and data quickly and effi-
ciently is hindered by the myriad of
systems and system requirements,
and the amount of data being
pumped through these networks.

The military’s satellite communi-
cation and broadcast systems have
evolved over the years into a loosely
patched together amalgamation of
parts — a little commercial satellite
capacity here; a military bird there; a
proposed broadband satellite there;
an iridium here.

It’'s a mess

Studying a chart of military com-
munication networks is an invitation
to insanity. These maps and flow-
charts reflect a labyrinth of military
satellite technology stapled to com-
mercial satellite capacity; all operat-
ing at different frequencies and little,
if any, interoperability.

It is this issue, this single address-
able issue, that needs resolution —
not only on paper as part of a theo-
retical Global Information Grid
(GIG), but in practice, out in the bat-
tlefield where soldiers are waging
wars. Information requirements and
needs are great, and growing at
every level.

“The military has long had
stovepipe systems with a single focus
and function. Today there are a num-
ber of separate military systems, and
none of them are interoperable. You
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have different terminals to access dif-
ferent satellites. Some operate at dif-
ferent frequencies and the terminal
designs are quite different,” notes
Mary Ann Elliott, president and chief
executive officer of Arrowhead Space
and Telecommunications, a telecom-
munications consulting agency out of
Falls Church, Va.

“Interoperability has not even
begun. The GIG proposes to cover the
globe in a meshed network with com-
plete access to broadband and nar-
rowband systems, but it does not
address standards or interoperability
issues,” Elliott adds.

The need for bandwidth and band-
width-gobbling military applications
is growing. There’s more information
to process — images, video, data,
secured information, basic voice —
and more need for expediency. In

fact, the military’s bandwidth
requirements from Desert Storm to
Operation Enduring Freedom have
grown a staggering 663%, according
to Col. Barry Patterson of the U.S.
Air Force.

“What we have is information
demand surpassing our resources,”
Col. Patterson added during a mili-
tary conference last month, noting
that when the war broke out in
Afghanistan, the U.S. military didn’t
have enough satellite capacity over
the region, so it turned to the com-
mercial providers, who moved cus-
tomers off Indian Ocean region satel-
lites to accommodate the military’s
communication needs.

“The military turned to commer-
cial providers for coverage during
Operation Enduring Freedom. [The
military] tapped PanAmSat, for

Tzaes of Satcom
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example. The military had to
increase its capacity from the com-
mercial sector to meet demands.”
notes Andrea Maleter, technical
director for Futron Corp.

This type of requirement is called
a surge. And it is common during
war times, because the military does
not own sufficient bandwidth to sat-
isfy its needs.

“There are certain times you need
additional capacity — particularly
during times of war. It challenges the
kind of resources you need to support
battlefield activity. Wars are indis-
criminate. They may breakout any-
where - in places where the military
has little capacity,” notes Carissa
Bryce Christensen, managing part-
ner at Tauri Group.

Christensen adds that this leads to
interoperability issues among com-
mercial space systems.

“One terminal may not be compat-
ible with another terminal that
you’re using for military systems.
This is a huge problem if you've got a
proliferation of mechanisms to
receive data in a mobile environ-
ment,” Christensen notes. “But the
truth remains that it comes down to
this: Satellites provide instant infra-
structure. It’'s powerful and extraor-
dinary, but still, there are issues.”

Souls in the foxhole

Soldiers are instructed to “move,
shoot, communicate,” in precisely
that order, during combat. If a war
fighter must pause to find radio sig-
nals or take commands, he becomes a
sitting duck.

It has happened before during U.S.
military action — in Mogadishu,
Somalia, in the Gulf War, the
Balkans and during the Iranian
hostage crisis.

During the Persian Gulf War, for
example, U.S. fighters didn’t have
enough bandwidth to suit their data
requirements. At times, they had to
stop, during combat, to communicate
with command and control, a blatant
breech of “move, shoot, communicate.”

When communications fail, lives
are lost, and it’s preventable
through interoperability. That’s the
startling part.

“The scene looks like this — the
soldier in the foxhole — he’s talking
into one system, then he puts it down
and listens to another device, then he
puts that down. It would be like talk-
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Expansion of bandwidth demand

500 Desert Storm
150 Allied Force
400
350
300
250
200
150
100
50

o

e T T e L e — )

Operation Enduring Freedom

Bandwidth (in Mbps)

Source: UASF Col. Barry Patterson presentation, Mitcom 2002.

ing on your cell phone and then pass-
ing that call over to a landline; you
then put the cell phone down and
retrieve it off the landline. Except, in
this scenario, you're not getting shot
at,” notes Elliott.

“This poor soldier radios in for
positions, tries to communicate over
two or three different devices. He’s
calling in to identify drops for smart
bombs; he’s talking over different
radio systems and satellite networks.
It’s easy for mistakes to happen,”
continues Elliott. “If one system goes
down and a soldier can’t receive or
move communications to another
device under hostile conditions, that
soldier doesn’t have too many luxu-
ries. He's carrying all this equipment
and none of it works together.”

Too much information

The nature of modern digital war
demands that expeditionary war-
riors are deployed. That means sol-
diers do battle away from home and
depend on instant infrastructure for
communications.

“Adversaries won’t be expedi-
tionary. Modern wars have taken
place in bandwidth-poor countries.
When you’re indigenous to a region,
military tactics are different. In these

wars, our troops are not indigenous,”
says Col. David A. Anhalt, chief,
space control and advanced technolo-
gy for the U.S. Air Force.

That’s why satellites and instant
infrastructure are so vital to wartime
strategies and communications.

“There are several countries with
fiber — fiber that comes into a major
point of presence. But all the terror-
ists would have to do is blow up that
point of presence and all communica-
tions are disrupted. If power plants
are destroyed, the government can
haul in generators. The military
must be self-sufficient. That’s why
satellites are so viable and vital,”
says Elliott.

Operation Enduring Freedom is a
network-centric war, according to
Richard.

Bandwidth requirements are high-
er than during any other military
operation.

“There’s too much information to
process. Too many systems. Too
many devices. Too many antennas.
Too little interoperability. The mili-
tary needs to say ‘O.K., what’s impor-
tant here? Information management
needs to take place down to the low-
est level. This absolutely requires
standardization,” notes Richard.
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In the interest of American and
Allied soldiers and American taxpay-
ers, Lhe military can begin to elimi-
nate certain communication prob-
lems by cracking down on wastes.

“The military needs to look at
what it’s wasting. It needs to be more
efficient. What we’ve got is different
people at different levels singing the
same song and nobody is doing any-
thing about it,” says Richard.

Elliott agrees and adds: “We must
work toward a common set of stan-
dards so that if our forces are con-
necting to disparate satellite net-
works or cellular systems, interoper-
ability is seamless and painless.
Where would we be in commercial
telecommunications if we had a half
dozen phone systems? In my opinion,
the military shouldn’t buy anything
unless it’s built with a common set of
standards, including intra-military

communication systems.”

—
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Maximized network efficiency in stressed enviroments

As military and commercial communication satellite sectors creep toward closing the gaping
hole in communication platform standards, there is plenty to spell out

If there’s one thing the U.S. mili-
tary does painfully well, it’s use, cre-
ate and abuse acronyms. Some mili-
tary acronyms number in the double
digits. But the military may have
met its match. There’s one communi-
ty that can out-acronym the military:
the Internet standards contingency.

When combined, the sum total of
acronyms across military and
Internet is roughly pi. And because
the military’s requirements for band-
width have exploded over the last 10
years, it is now seeking Internet-
world solutions to maximize limited
and precious bandwidth resources.

Satellite Broadband asked Eric
Travis, chief protocol engineer of
Global Sciences Technology (Full
disclosure: Global Sciences is the
sponsor of this report) to help
describe one standard, called SCPS,
and how this standard represents a

leap forward for Internet protocols
in both a military and commercial
applications. Travis is a firm believ-
er in the benefits of SCPS - stopping
just short of suggesting that the
standard should replace TCP.

Q: What is SCPS?

A: SCPS is either Space
Communications Protocol Standards
or Stressed Communications
Protocol Standards. The Department
of Defense folks are partial to the
latter, and in truth, it is probably
more applicable for the deployment
domain, as space is a subset of the
stressed environments.

The first thing that one notices is
that the SCPS profile includes the
core of the Internet protocol suite
and a set of stressed protocols.

Q: Why isn’t a different network
protocol IP sufficient?

A: The root of the answer is bit-effi-

ciency. When developing the require-
ments for communications in stressed
environments, a strong driver was the
need to reduce transmission overhead.

One should think of SCPS-NP as
a compressed format for IPv4 or
IPv6 headers for use “only” within
the stressed subnets.

SCPS-NP overhead is scalable —
you only pay for the overhead associ-
ated with the capabilities that you
require. SCPS-NP is capable of car-
rying full IPv4 or IPv6 addresses or
mapping the full IP addresses into a
smaller space to reduce overhead
within the stressed subnetwork.

Q: How does SCPS-TP differ from
TCP?

A: SCPS-TP, more appropriately
referred to as TCP-Tranquility, real-
ly is TCP. In its default behavior, a
TCP-Tranquility implementation is
a fully RFC-compliant TCP. It

A definition to know for this interview: A stressed environment is defined as a communications parlance for any communications medium that is exposed to negative extemal effects that result in
degraded performance. A wired connection, like Ethemet, for example, is not stressed. It is a controlled. protected, relatively ermor-free medium. Most wireless cammunications are stressed because
they are affected by weather, various sources of interference, latency and asymmetry. These conditions intraduce bit errors and packet loss. Travis contends that because stressed and unstressed media
behave differently, they should require different aperational protocols that can alleviate or mitigate stress. This is the whole motivation behind SCPS.
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includes all the features and capabil-
ities of a modern TCP plus some
optional enhancements that allow it
to perform more optimally in
stressed environments.

Flavors of TCP are generally dis-
tinguished by their mechanisms for
handling congestion within the net-
work. There is TCP-Tahoe, TCP-
Reno, TCP-New Reno, TCP-Vegas,
TCP-SACK, TCP-FACK, etc. TCP-
Tranquility (named for a desert on
the Earth’s moon) distinguishes
itself in this manner by introducing
the ability to handle losses based on
corruption differently than those
based on network congestion.

To allow us to change our default
loss assumption, we had to introduce
alternative mechanisms to handle
congestion avoidance and congestion
control. These same mechanisms
turn out to be critical to allowing full
utilization of pre-allocated and
reserved bandwidth and efficient
operation over highly asymmetric
paths (where the ratio of forward
and reverse bandwidth might be
greater than 1000:1).

Q: What are the benefits of SCPS-
based solutions?

A: The goal of the SCPS effort was
to provide communicating entities
with Internet services while maxi-
mizing the efficient utilization of
scarce resources. Applications can be
written and tested using all the tools
familiar to us in the Internet envi-
ronment and later deployed into
stressed environments.

When your communications path
straddles a stressed environment
and a more typical wired, fibered or
tethered environment, the key is to
isolate the potentially conflicting
characteristics of each environment.

An SCPS-based solution provides
a transparent (to the end-users)
means of maximizing efficiency of
operation over the stressed path but
maintaining fairness or orderly oper-
ations over the tethered network.

Q: How is SCPS used?

A: In many typical deployments,
the introduction of SCPS will be
entirely transparent to them. A
common use of SCPS is the introduc-
tion of SCPS gateway boxes at the
boundaries of the stressed environ-
ment. These gateways terminate
TCP traffic crossing the stressed
membrane and initiate a new TCP
connection better suited to the new
environment.

A still rare, but growing deploy-
ment scenario is enhancing the TCP
implementation on embedded devices

www.rfdesign.com

(typically wireless devices like PDAs,
cellphones, sensors, etc.) to include
the capabilities of TCP-Tranquility.
Communications among devices with-
in the stressed environment is suit-
ably enhanced. When the communica-
tions path penetrates the stressed
membrane, the TCP-Tranquility con-
nection is terminated and a new TCP
connection is established to traverse
the tethered network.

Q: In your opinion, should SCPS
(or TCP-Tranquility) replace TCP?

A: In the 17 or so years that I've
been using TCP, I've been amazed at
how well it works over such a wide
range of environments. It isn’t
always optimal, but it generally does
its job in getting collections of bits
between points A and B.

Nick Uran and Eric Travis of Global Sciences
Technology.

It has always been the desire and
expectation of those involved in the
SCPS effort that over time the capa-
bilities provided by TCP-Tranquility,
such as rate pacing, separation of
loss from the signaling of congestion,
handling of link-outages... would be
incorporated into the evolution of
TCP or some widely deployed trans-
port protocol.

Some capabilities, such as rate
pacing, can be very beneficial to the
health of the larger network, so I
think that we will see these intro-
duced into a fair number of TCP
implementations in the near term.

This will have absolutely nothing
to do with its potential benefits to
stressed environments, but we’ll all
benefit regardless.

Other capabilities and features
don’t necessarily make a lot of sense
for operations outside of stressed
environments. The changing of TCP’s
default loss assumption away from
loss = congestion is just a really bad
idea when you are operating within
the Internet, or even most intranets.

I've been convinced that the right
answer is not attempting to have a
single one-size-fits-all streaming

transport protocol for operations in
all environments. The rules of
engagement and sharing in some
network environments are going to
be different. When efficiency is
important, perhaps this will lead us
toward more tailored transport pro-
tocols for different environments.

However, the use of tailored trans-
port protocols for spanning different
environments is slightly problematic
in that solutions like the deployment
of SCPS gateways violate the end-to-
end semantics of TCP. We are split-
ting transport connections in a man-
ner transparent to the ultimate end-
points of communications.

Q: If SCPS are enhancements to
the standard Internet protocols, why
haven’t they been embraced by the
IETF?

A: The short answer is that the
IETF has never officially seen them.
We’ve yet to bring the proposed
enhancements into the IETF for con-
sideration — most of the reasons are
fairly simple:

Protocols like SCPS-NP aren’t IP-
based, and they have no place being
introduced into the IETF; The only
real difference between SCPS-SP
and IPSEC is that SCPS-SP trades a
more bit-efficient header structure
for a reduced set of possible security
associations between endpoints.
Most of the capabilities identified for
SCPS-FP are already showing up in
FTP.

This leaves us with the tallest
pole — the enhancements to
TCP...With the development of IPv6,
there has been a contingent within
the Internet community — their
desire strong and yen — who would
like to begin work on a TCP Next
Generation. This has been resisted
within the IETF, largely because of
the desire not to tinker with the sta-
bility of the Internet itself. Since the
introduction of congestion avoidance
in the late 1980s, modifications to
TCP within the IETF have been
slow, incremental and careful.

As I mentioned earlier, 'm confi-
dent that some of the features incor-
porated into TCP-Tranquility will be
incorporated into a number of main-
stream TCP implementations.
However, some of the capabilities
introduced within TCP-Tranquility
can introduce significant behavioral
changes to TCP. While we are sure
that these work and scale well with-
in our target deployment environ-
ment, we’re not ready to even
attempt to inflict them on the unsus-
pecting Internet backbone.
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¢ Serving the
military customer:
One company’s
solution

Many companies shy away from working
with the DoD because of the challenging
bureaucracy. Learn how one company met
this challenge and is providing the mili-

tary with

high-performance components.

By Mason N. Carter

Chairman and CEO, Merrimac Industries

The Joint Strike Fighter
Air Force’s F-22 and the

eration fighter will depend on COTS technology.

(Photo courtesy of DoD)

he Joint Strike Fighter program is one of the
most ambitious ever undertaken by the
Department of Defense, requiring three versions
that meet the different demands of the U.S. Air
Force, Navy, and Marines. As the successor to
the F-16, it must be stealthier, fly longer with-
out refueling, carry
more advanced avion-
ics, and be designed
within razor-thin cost
constraints. So when
the first production
aircraft takes flight, it
will be a significant
and perhaps unprece-
dented achievement. It
will also be the crown-
ing achievement for
the many RF and
microwave designers
who have contributed to
the successful project.
Challenging though
designing and manufac-
turing the Joint Strike
Fighter may be, it is
simply the latest and
most visible result of a
changing defense pro-
curement environment
that rewards those
companies with the
vision, commitment and
resources to change
along with it. For RF
and microwave manu-
facturers, this transfor-

is expected to augment the
Navy's F-18. This next-gen-
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mation has required a wholesale overhaul in the
way they approach the military market. Not
surprisingly, many have chosen to leave. As one
of the companies that has maintained its aero-
space and defense commitment, Merrimac
Industries has addressed these evolving needs.

A commitment to change

In the nearly 50 years that Merrimac has
been serving the defense industry, the company
has witnessed many changes in procurement
philosophy and purchasing practices. However,
the most widespread changes have occurred in
the last decade with long-term bipartisan politi-
cal support, as the military moved to reduce
costs by employing readily available products
whenever possible, emulating the practices of
the commercial sector.

Today, military customers want components
and subsystems with increasingly higher inte-
gration and performance — and in smaller,
lighter, and much cheaper packages. In essence,
they require commercial products modified for
military applications, with exceptional shielding
and the ability to function satisfactorily in envi-
ronments with wide temperature changes and
high levels of shock and vibration. The suppli-
er’s long-term commitment to continuing sup-
port of the product has become crucial as well,
because many manufacturers have opted to
abandon defense customers.

When viewed with these needs in mind, sup-
pliers sometimes found that the customer’s tar-
get cost was less than their bill of materials
alone. Clearly, satisfying defense customers in
the future would require a clear look at every
aspect of operations to determine how labor,
inefficiency, and any unnecessary costs could be
driven from design, development, and manufac-
turing, and how different materials could be
used. Merrimac was hardly immune to this
introspection. However, after a long, hard look
at its materials, processes, production and test-
ing, it became obvious that the customer needs
could be met, but it would take a top-to-bottom
reengineering to achieve them. Merrimac
embarked on this program in early 1997 with
the goal of meeting customer demands, but in
fact actually well exceeded them.

Every section of the company was affected,
beginning with a total cultural change.
Designers were challenged with learning new
design techniques and processes, and providing
input required to implement them. Technicians
were similarly charged to produce recommenda-
tions about how production tasks could be
streamlined. The company invested in automat-
ed manufacturing equipment that would pro-
duce substantial long-term improvements in
efficiency and cost reduction. New customer
relationship management practices were initiat-
ed to better serve the new defense customer.
The massive changes made throughout the com-
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pany required a sustained, concen-
trated effort, but were still accom-
plished in a relatively short time.
Process improvement programs con-
tinue today to further increase pro-
ductivity and efficiency.

Custom capability is crucial

It had also become clear to
Merrimac that design flexibility was
high on the wish list of defense con-
tractors. That is, customers wanted
choices and custom designs, yielding
the benefits of mass customization.
As the reevaluation of its core defense
products was nearing completion,
Merrimac introduced an entirely new
technology called Multi-Mix
Microtechnology, based on a preengi-
neered standardized platform concept
benefitting customers with lower
design cost, faster time-to-market,
and proven reliable designs. It is a
proprietary multilayer packaging
methodology in which fluoropolymer
composite substrates are fusion-bond-
ed together to form a multilayer
structure of microwave circuits that
are a fraction of the size of similar
components realized with convention-
al technologies. Nearly any type of
active or passive microwave element,
from discrete semiconductors to
MMICs, as well as plated-through via
holes, can be contained within this
structure to form a multifunctional
circuit that is a self-contained pack-
age requiring no additional enclosure.
Multi-Mix architecture provides
excellent thermal management.

With this introduction, the compa-
ny’s customers can choose both its core
products, which have been reengi-
neered in many cases to reduce cost,
size and weight, as well as the new
Multi-Mix technology. This technology
can be used to produce products with
similar functions, but in form factors
orders of magnitude smaller, lighter
and more cost-effective than is achiev-
able with the traditional RF and
microwave technologies. This is espe-
cially valuable in new system designs,
which can take advantage of the
reduced real estate required by Multi-
Mix components and micro-multifunc-
tion modules. No longer limited by the
technological constraints of the past,
Merrimac can provide a wide variety
of application solutions.

Merrimac subsequently intro-
duced Multi-Mix PICO, which
brings together the advantages in

June 2002 www.rfdesign.com

The Air Force’s F-22 Raptor is another example of a procurement that uses commercial technology.

Merrimac is one of the providers. (Photo courtesy U.S. Air Force)

manufacturability, repeatability,
and performance inherent in Multi-
Mix technology, with an additional
size reduction of more than 84% and
a corresponding reduction in weight.
Even though most Multi-Mix PICO
products typically measure only 0.18
x 0.18 inches, they can handle an
RF input power of 100 W CW with
appropriate heat sinking, and match
their larger counterparts in every
other area of performance as well.
The dramatic size reduction inher-
ent in Multi-Mix PICO devices, as
well as the ability of the Multi-Mix
architecture to allow multiple func-
tions to be integrated in a small
space, has been well received in the
defense community. Merrimac is
currently expanding its Multi-Mix
facilities in both West Caldwell, NJ,
and San Jose, Costa Rica.

The Multi-Mix PHC-2D-1.0G delay line discrimi-
nator is a good example of how collaborative
effort with the customer can produce superior
results. This integrated multilayer unit, which
operates from 750 MHz to 1.25 GHz, replaces
discrete designs with better performance in
half the size and 5 % of the weight.

A need for enterprise-wide
integration

Hardware design was essential,
but a holistic approach was required
to serve the new defense procure-
ment environment. Specifically, the
ability to manufacture large quanti-
ties of components at reduced cost
was considered essential. To accom-
modate this, Merrimac established a
facility in San Jose, Costa Rica, that
could produce the full range of the
company’s defense products, but even
more cost-effectively. Further, to
accommodate the needs of very fine-
line circuits, especially those used in
millimeter-wave systems, Merrimac
acquired Filtran Microcircuits of
Ottawa, Ontario, Canada. Together,
these new resources, along with
those in Merrimac’s newly-expanded
headquarters in West Caldwell, pro-
vide defense customers a single
resource for a broad array of circuits.

A good example of how this works is
illustrated by a power divider subsys-
tem in production at Merrimac that is
used in an upgraded phased-array
radar. The program is being conducted
Jointly with Merrimac’s RF Microwave
Products Group in West Caldwell,
Filtran Microcircuits in Ottawa, and
engineers at the San Jose, Costa Rica
facility. The component requires mul-
tiple four-way power dividers to be
integrated in a compact module
designed to withstand the rigors of a
shipboard environment.

The initial etching of fine-line
geometry is performed by Filtran,
and the boards are sent to Costa Rica
where the chip resistors are soldered
to the inside of the power divider.
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The boards are then returned to
Filtran where final processing is per-
formed. The completed assembly is
then sent to either West Caldwell or
Costa Rica, where small, edge-
launched connectors are attached
and final testing and inspection are
performed.

The result of this process is that
the customer reaps the benefits of
having complicated work such as
fine-line etching performed by an
organization uniquely equipped to do
so, less complex work performed
where it can be most cost-effectively
accomplished, and key design and
overall project control performed at
the company’s headquarters.

Relationships are essential

Defense programs such as the
Joint Strike Fighter require unprece-
dented levels of coordination between
prime contractors and their suppli-
ers. To meet this need, Merrimac has
developed innovative customer rela-
tionship programs that reduce the
time, cost, and complexity of the pro-
curement process. One of these pro-
grams, called Merrimac Space
Qualified Products (MSQP), which
was initially created to serve the
company’s aerospace customers, has
been adapted by Merrimac to meet
the needs of the defense procurement
environment. By eliminating many of
the proven bottlenecks in the pro-
curement process and removing
much of the burden from the cus-
tomer, MSQP has realized significant
reductions in delivery time and cost.
It will have similar benefits when
applied to the Joint Strike Fighter
program, in which the strength of
contractor/supplier relationships will
play such an important role.

Merrimac has also created an
interactive design environment that
allows key defense customers to work
online from their offices with
Merrimac engineers to save time and
eliminate miscommunication when
creating new designs. Merrimac also
makes extensive use of videoconfer-
encing and an extranet for collabora-
tive cross-functional engineering
design reviews to reduce cost and
maintain schedules.

A major challenge — but worth it
The changes at Merrimac were not

simply desirable, they were essential to

ensure the company’s continued suc-
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Working with the military: Where do you start?

Working with the Department of
Defense can be daunting. However,
things have changed since the mid-
90s, when the DoD was mandated
by then-Secretary of Defense
William J. Perry to buy commercial-
off-the-shelf (COTS) technology.
Prior to the Perry mandate, DoD de-
signers had to justify the use of non-
mil-spee, or non-custom designs or
parts. Today the reverse is true. The
advantage: significant cost savings.

This was amplified in 1997 with
the Defense Reform Initiative that
identified as one of its goals the
transformation of acquisition and
logistics, and the exploitation of ad-
vanced technologies. While many
companies, such as Merrimac
Industries, have maintained a mili-
tary focus while addressing com-
mercial applications, there are
many companies who have not. Yet,
many companies exist whose prod-
ucts are designed for use in harsh
environments that could also be
used by the military. In today’s
telecom world, that means just
about everybody offers a product
that can meet the needs of the DoD.
But how do you bring the product,
or capability, to the attention of the
military designer, a designer who
may be working for a contractor or
one who may be working at one of
the DoD’s various design centers?

While there are many options,
one of the best means is to first keep
abreast of what programs the DoD
(and also Homeland Security) are
advancing. One way of doing this is
by monitoring the DoD contracts.
This can be done via e-mail or by
going on the Web. To request a
daily e-mail update go to www.de-
fenselink.mil/news/
e-mail.html. This newsletter up-
dates what contract awards have
been given for that day or the pre-
vious day. This information can also
be found on the Web at www.de-
fenselink. mil/news/
contracts.html.

cess in serving the defense market.
Without them, the company would not
today be able to offer the breadth of
technology, design flexibility, high-vol-
ume manufacturing, and specialized
expertise required by new defense pro-
grams such as the Joint Strike Fighter.

It is also important to note that the

To keep up-to-date on news
about the DoD, go to www.de-
fenselink.mil. This is the home
page for a number of DoD-related
links and information such about
such things as the defense budget,
budget guidance and news about
the war on terrorism and other
DoD activities.

Another avenue is to work with
the various DoD research and devel-
opment (R&D) organizations. Each
service has prime locations that are
involved in developing advanced
communications and other elec-
tronic systems. An overview of some
of these centers include:

U.S. Air Force Research Laboratory
(AFRL), Wright-Patterson AFB, OH
(www.afrl.af.mil) — AFRL is in-
volved in just about everything from
electronics to airframes. It’s mission:
“Leading the discovery, development
and integration of affordable
warfighting technologies for our aero-
space forces.”

U.S Army Research Labora-
tory (ARL), Adelphi, MD
(www.arl.army.mil) — ARL’s
Collaborative Technology Alliance
programs looks to team with in-
dustry to develop new capabilities.
Prime among its efforts is advanced
communications.

U.S. Navy Office of Naval
Research (ONR), Arlington, VA
(www.onr.navy.mil) — ONR’s
focus is to develop technologies
such as sensors, surveillance,
robotics and other electronic sys-
tems. According to the ONR,
they were responsible for the de-
velopment of a number of com-
monly used technologies from
the laser to the Global
Positioning System (GPS).

These are the primary research
and development centers, but
within each are a number of other
centers. Start with these three and
you can target a specific R&D focus.

—Roger Lesser

changes at Merrimac have also had a
positive impact on its commercial busi-
ness. In fact, Merrimac’s “best defense
practices” mirror those of its “best com-
mercial practices,” which is of course
one of the goals the Department of
Defense hopes to achieve.

RF
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Plaintext

Encryption
algorithms —
thwarting the
eavesdropper
with secure
communications

Sender

How public key agreement
algorithms can block the
human “impairment” in

military communications.

By Louis Litwin, Sachin Mody

In digital communications, designers often use
algorithms to handle various types of channel
impairments. These impairments include phe-
nomena such as multipath channels, thermal
noise, Doppler shifts and so on. However, anoth-
er type of “impairment” exists in a communica-
tions system: the eavesdropper.

Unlike natural impairments such as thermal
noise, the eavesdropper is a human “impairment.”
The eavesdropper listens to communications sig-

avesdr s
B SRES Receiver

Encryption = Ciphertext «  Decryption

4 4

Encryption
Key

Decrypton
Key

Figuré 1. A block Hlagram of a cryptographic system.

nals with a malicious intent. Most communica-
tions system users would prefer that their signal
only be received by the intended recipient(s) —
especially when the signal carries sensitive infor-
mation such as military plans, credit card num-
bers or love letters. Various techniques are used to
prevent eavesdroppers from gaining access to
transmitted information. Cryptography deals with
these techniques to securely convey information.
In a cryptographic system, the original mes-
sages or data are called plain text. The plain text
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is secured by modifying its content with a mathe-
matical algorithm known as a cipher. The cipher
is said to encrypt the plain text, and the resulting
output is referred to as cipher text. The cipher
text is a secured version of the original plain text
and can be transmitted openly across a communi-
cations channel. Ideally, because of the encryp-
tion operation of the cipher, eavesdroppers who
obtain access to the cipher text will be unable to
uncover the original plain text from the cipher
text. Thus, the cipher can be thought of as provid-
ing mathematical security, as opposed to physical
security such as that provided by sending a mes-
sage via armed couriers. A block diagram of a
basic cryptographic system is shown in Figure 1.
An important element of a cryptographic system
is the value known as a key.

Cryptographic keys

In cryptography, the key serves as a seed for
the cipher algorithm. A simple cipher, for
example, is the Caesar Cipher. This cipher
forms the cipher text by replacing each letter
in the plain text by the letter three positions to
the right in the alphabet moduloe 26. Thus, the
plain text letter A becomes D, B becomes E,
and Z becomes C. In this example, the algo-
rithm for the cipher is a substitution of another
letter in the alphabet. The key value is K = 3,
which tells the algorithm to substitute the let-
ter three positions to the right.

In almost all modern cryptographic systems,
the security of the system lies in the key, and not
in the knowledge of the cipher. That is, it is
assumed that the algorithmic details of the
cipher are public knowledge. It is better to be safe
by assuming this because it is hard to keep an
algorithm secret — especially if it is being imple-
mented in a standard. More importantly, one of
the best ways to test the security of
a cipher is to publish the algorithm
in the open literature. Such action
leads to an open discussion of the
cipher and can expose the algo-
rithm’s true weaknesses.

Because the security of the sys-
tem lies in the key, it is important
to keep the key value secret so
that only the sender and intended
recipients of the message have
knowledge of the key. Even if the
actual value of the key is kept
secret, security can be broken if the eavesdrop-
per tries to decrypt the cipher text using differ-
ent key values in a trial-and-error process. If
only a few possible values exist, such a process
could quickly uncover the key value, allowing
the eavesdropper full access to the plain text.
The set of all possible key values is called the
keyspace, and increasing the size of the key-
space increases the security of the system
because an eavesdropper has more possible key
values to try.

= Plaintext
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If two people want to have a
secure communication, they can
meet beforehand and choose a key
value. A more interesting problem
is posed when two parties, who may
have never met, want to have a
secure communication. In this situ-
ation, the parties need to agree on a
secret key value. However, the com-
munications involved in this agree-
ment must be sent unencrypted.
These communications cannot yet
be encrypted because they don’t
have a common key that can be
used for such encryption. One algo-
rithm that addresses the problem of
publicly agreeing on a secret key
value is the Diffie-Hellman Public
Key Agreement algorithm. Before
describing the algorithm, some
background will be provided on the
mathematics of finite field algebra.

Finite field algebra

Finite field algebra and modular
arithmetic deal with modular opera-
tions, which restrict all the results
to map into a finite field. A finite
field is a collection of a unique finite
number of elements. Any mathemat-
ical operation performed on these

ken down into simple multiplica-
tions. Also, the modulo of the expo-
nential can be found, but determin-
ing the exponent from the result of
the exponentiation in a finite field
(i.e., a logarithm) is difficult.
Modular arithmetic with prime
numbers introduces the concept of a
primitive or a prime root. From
Euler’s equation, the powers of an
integer mod n, where n is a prime
number, can be expressed as:

a"=1modn

This means that for any given inte-
ger a, an integer m can be found that
satisfies this relationship. One condi-
tion must be satisfied for this rela-
tionship to hold: ¢ and n should be
relatively prime (i.e., they don’t have
any common divisors, or the greatest
common divisor for the pair is 1). If n
is a prime, then all numbers less than
n satisfy this condition.

Here, m is called the order of the
integer @ mod n, or the length of the
period generated by a. If the length
of the period generated by any inte-
ger for a given prime number n is (n
— 1), then that integer is called the

a'mod7 a2mod7 a®mod7 a*mod7 a®*mod7 a®mod7

a=2 2 4 1
a=3 3 2 6

2 4 1
4 5 1

Table 1. Example of prime number series.

elements (e.g., multiplication) will
result in a quantity that is also an
element in the finite field. The three
most basic properties of modular
arithmetic are:

lla mod n) + (b mod n)l mod n = (a +
b) mod n; [(a mod n) — (b mod n)l
mod n = (a — b) mod n; [(@ mod n) ®
(b mod n)l mod n =(a ®* b)mod n

The third property can be extend-
ed to apply to exponentials by split-
ting the powers into multiplications.
For example:

11° mod 13 =(11% » 112 ¢ 11) mod 13.
Therefore,

112 mod 13 = 121 mod 13 = 4 mod 13.
114 mod 13 = 16 mod 13 = 3 mod 13.
11° mod 13 = (3 * 11) mod 13 = 7
mod 13 =17.

This example demonstrates that
even large exponentials can be bro-
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prime root or the primitive of that
prime number. In other words, for a
primitive root, a™ = 1 mod n is satis-
fied such that m =(n - 1).

For example, for the prime num-
ber n = 7, the powers of a =2 and a =
3 generate the following series shown
in Table 1.

It can be seen from the table that
the powers of 3 mod 7 generate the
series of all numbers from 1 to (7 -
1), so 3 is a primitive root of 7. The
powers of 2 generate a series of only
three numbers: 2, 4, and 1. So, the
order of 2 mod 7 is 3. Therefore, it is
not a primitive.

The primitive root of a given prime
number will generate (via powers) a
sequence of all numbers from 1 to (n
— 1) in some permutation. The length
of the sequence that any integer gen-
erates is the finite field of that inte-
ger for the given prime number. The
importance of this result is that any
powers of that integer modulo of the

given prime number will map into
the generated finite field only.

The inverse of this equation is also
true. This means that if, instead of
finding the exponential, one were to
find the inverse or discrete logarithm
of it, then all the possible values
would also lie in the same finite field.
Hence, given an equation of the form:

b=a'modp

where p is prime and ¢ is a primitive
of p, then all possible values of i that
satisfy the equation should lie in the
finite field generated by the powers
of @ mod p, which is the entire field 1
to(p-D.

Hence, for the equation:

Y=g"modn

The possible values of x that satis-
fy the equation can be any integer
from the set 1 to (n - 1).

The Diffie-Hellman algorithm
depends on the difficulty of calculat-
ing this discrete logarithm, i.e. find-
ing x from the above equation, for its
effectiveness — even when all the
other values are known.

The Diffie-Hellman algorithm

The Diffie-Hellman algorithm was
invented by Whitfield Diffie and
Martin Hellman in 1976. The algo-
rithm allows two parties to publicly
exchange information to agree on
the value of a secret shared key.
This secret shared key k& can then be
used by both parties as the key to a
cipher. Because both parties will
have the same value for &, they can
encrypt and decrypt messages from
each other.

The security of the algorithm is a
result of the fact that it is easy to
perform exponentiation in a finite
field, but difficult to compute loga-
rithms on a finite field. This can be
illustrated by example. First, look at
the case of regular logarithms (i.e.,
not on a finite field). As shown in the
top part of Figure 2, regular exponen-
tiation is a monotonic operation. For
example, if the powers are monotoni-
cally increasing, such as 2 < 3 < 4,
then a number raised to those pow-
ers will result in a monotonically
increasing series such as 22 < 23 <
24, or 4 < 8 < 16. However, exponents
in finite fields do not exhibit this
monotonic behavior, as shown in the
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Figure 2: Comparison of regular exponentiation (to—p)_vs. non-monotonic exponentiation in a finite

tield (bottom).

bottom part of Figure 2.

This non-monotonic nature of expo-
nents in finite fields means that, given
£g° mod n, it is difficult to determine x.
The security of the Diffie-Hellman
scheme is a direct result of this fact.

The Diffie-Hellman algorithm uses
three types of keys:
® Private keys

Private keys are known only to a
given user and are never made avail-
able to anyone else. However, the pri-
vate key is used to create a public key.
* Public keys

Public keys can be publicly dis-

closed. Public keys are often posted
on Web sites or appended to e-mail
messages. Security is not compro-
mised by revealing the public key.
® Secret shared key

The secret shared key is the key
that is actually used for encrypting
and decrypting messages between
the two parties. This key is formed
by combining information from both
the public and private keys.

Bob, Eric and Alice
This algorithm works as follows.
Assume there are two parties, Alice

Alice Bob
Private Key x Private Key y
v v
X =g mod n Y =gymod n
Public Key X

-
Public Key Y
.\
K= Yx gxy =Xy = (C}:7
Secret Shared Secret Shared
Key k Key k
v Ciphertext v
L
Ciph h
] Ciphertext @grer
ad

%u_re 3: Flow of Information in Diffie-Hellman algorithm.
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and Bob, who wish to communicate.
Alice and Bob first agree on two num-
bers, g and n. The generator, g, is a
number that is primitive mod n. The
value for g is typically a single-digit
number. The value n determines the
size of the finite field and it should be
a large number. The value for n
should be prime, and the value for g
should also be prime. These numbers
can be made public without compro-
mising security. Next, Alice and Bob
select large random integers. These
numbers represent their private keys
and the values must not be disclosed.
Alice’s private key will be denoted as x
and Bob’s private key as y. Alice and
Bob then compute their public keys
from their private keys. Alice’s public
key is X = g* mod n and Bob’s public
key is Y = g° mod n. The public keys
are openly transmitted to the other
party. Alice and Bob take the opposite
party’s public key and raise it to the
power of their private key. In doing so,
both Alice and Bob arrive at the same
value for secret shared key k. That is,
Alice computes:

k=Y"modn
=(g’ mod n
=g*modn

Similarly, Bob computes:
k=X"modn

=(g*’ mod n

=g~ mod n

Note that the values computed by
both parties are identical. Therefore,
Alice and Bob can use the secret
shared key, &, to encrypt and decrypt
messages between each other. The
Diffie-Hellman algorithm is not a
cipher and it does not do any encryp-
tion itself. Instead, the algorithm
allows two parties to agree on a key
that will then be used with a cipher.
The procedure for the algorithm is
summarized in Figure 3.

The Diffie-Hellman math

The following example will illus-
trate how the Diffie-Hellman algo-
rithm works. Note that the numbers
are kept small because the values are
for illustrative purposes only.
Assume that Alice and Bob choose g
=6 and n = 11. Alice selects her pri-
vate key to be x = 3 and Bob selects
his private key to be y = 4.

Alice computes her public key as:
X=g"mod n
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\
=6 mod 11 |
=216 mod 11
2l=7
Bob computes his public key as: )
Y b gy ’nOd n . Firute Feld \‘I?a!uos 5 ¥ ] v
=6'mod 11
= 1296 mod 11 s : X oS ot TS
=g ‘
5
These values for the public keys . /
are openly exchanged. By using Bob’s &,
public key, Alice computes the secret ; | ’
shared key as 5 2
k=Y"modn 1 |
=% mod 11 f
o 729 mOd 1 1 - Finte Fieid \‘/oﬂl)@s i3 i = b
k=3 |
Fig_uzz 4: Histograms of kéy space for n = 19. Top plot is for_g—= éibrme mod ‘ib; and bottom
Similarly, Bob computes the secret plot is for g =7 (not primitive mod 19).
shared key as:
k=X"modn To compromise security, an eaves- sparse keyspace could be exploited by
=7"mod 11 dropper would have to try using every an eavesdropper to greatly reduce
=2401 mod 11 key value in the keyspace. That is, he the number of keys that he would
k=3 would take the cipher text and try to need to try to break the system.

Note that the key value arrived at
by both parties is identical (both
determined % to be equal to 3). This
value would then be used as the key
for a cipher that would encrypt the
rest of their transmissions.

Algorithm parameters

This section will examine the dif-
ferent parameters (g, n, x, and y) of
the Diffie-Hellman algorithm and
will discuss how the values of these
parameters can affect the security of
the algorithm.

Generator g: The generator value g
needs to be a primitive mod n. This
condition is important because it
affects the distribution of possible val-
ues in the keyspace. If g is a primitive,
then all values in the keyspace are
equally probable. However, if g is not a
primitive, then only values that lie in a
subset of the keyspace are possible.
Because g and n are publicly available,
an eavesdropper can exploit this weak-
ness to attack the system. An example
of this situation is shown in Figure 4.
The finite field size is n = 19. The plots
show histograms formed by g* mod n
where x = 1...18. The top plot used a
generator value of g = 2 and the bottom
plot used a value of g = 3. Although g =
2 is primitive mod 19, g = 3 is not. Note
the difference that occurs in the key
distribution when a non-primitive is
used. The top plot shows that any key
value is possible when g is a primitive.
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decrypt it using the first key, then the
second key, and so on until a mean-
ingful decrypted output was found
(corresponding to finding the correct
key). In this simple example, the
eavesdropper would have to try, in the
worst case, all 18 possible key values.

However, when g is not primitive,

only a few of the key values can
occur. For the case of g =3 and n =
19, the only possible key values are
1, 7, and 11. Knowledge of this

In this simple example with small
numbers, the number of keys that
would need to be tried reduces from
18 to 3, an 83.33% reduction. This
reduction can be significant when
dealing with practical sizes of the
keyspace. Typical values for g are
single-digit numbers (1...9).

Finite field size n
The size of the finite field should
satisfy two conditions. First, the value

Alice

ex fay

amALg

Y,=g*modn

Public Key ¥

-

Secret Key K
K \V(V, g

jecret key K

A4

1pher K

Eric Bob
zlz 53
bt ] <
5% b
g“modn =g“modn
-
Public Key Y
»
Public Key Y
Secret |
LI D, Secret key K
Secret K, *Y,® =g
K, =Y,
K Secret Key K
\ A .
- >
r K Cipher K Cipher K
|- -

Figure 5: Man-in-the-middie attack.
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n should be prime. Second, the value g
should also be prime (this condition
makes n a Sophie-Germain prime). If
these conditions are not met, the
number of possible keys in a field of
size, n, is reduced by the largest factor
of n. For example, if n = 18 is used,
the finite field should have 18 possible
values: 0...17. However, because the
factors of 18 are 3 ¢ 3 ¢ 2, the number
of possible values is reduced by a fac-
tor of 3 down to six possible values.
Because the largest factor of n is 3,
the eavesdropper only has to try 1/3
as many keys as he would have if the
value of n was chosen properly.

In addition to meeting these con-
ditions, it is important that the
value of n be large. Because all com-
putations are performed on a finite
field of size, n, the final value of the
secret shared key must lie in this
field as well. Thus, a brute-force
attack by an eavesdropper would be
to try every possible value in the
finite field. If n is small, this task
becomes much easier.

As an extreme example, suppose
that n = 4. Regardless of the values
of the other parameters, the secret
shared key & can only take on 3 pos-
sible values. All of these values could
be quickly tried and the security
would be compromised. In practice, n
is typically a 768-, 1,024- or 1,536-bit
number. In this case, the number of
possible keys could be as large as
21538 and the eavesdropper’s job is
much more difficult.

Private keys xand y

The values for the private keys x
and y are not too important. The only
real conditions are that they should
be chosen randomly and they should
be large (though smaller than n).
Because the secret shared key is
formed from x and y, the most impor-
tant condition regarding the private
keys is that they be kept private. If
the eavesdropper obtains knowledge
of these keys, there is no longer any
security in the system.

Algorithm weaknesses

The main weakness cited against
the Diffie-Hellman algorithm is that it
is susceptible to a man-in-the-middle
attack. This attack stems from the fact
that the messages being sent between
the two parties is not authenticated.

Therefore, the messages can be
intercepted by an eavesdropper and can
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be changed in a way to let the eaves-
dropper listen to the rest of the secure
communication between the users
without having to actually discover the
value of the secret shared key.

The man-in-the-middie attack

The man-in-the-middle attack can
take place in the following manner.
Two users, Alice and Bob, want to
negotiate a key agreement using the
Diffie-Hellman scheme. An attacker,
Eric, is trying to gain access to the com-
munication. Eric can impersonate Bob
while talking with Alice and he can
impersonate Alice while talking to Bob.
This way, both Alice and Bob would
end up negotiating keys with Eric
instead of with each other. Here’s how
the sequence of events would flow:

* Once the global parameters ‘g
and ‘n’ have been negotiated and are
publicly known, Bob sends Alice his
public key Y.

¢ Eric intercepts this message and
sends Alice his own public key, Y,
based on his private key, xz, and the
same global parameters. This mes-
sage is sent in such a way that it
appears as if it were sent from Bob’s
host system.

* Similarly, when Alice sends her
public key, Y, to Bob, Eric intercepts
it and sends his own public key, Y,
to Bob. Now Eric has the public keys
of both Alice and Bob, and both Alice
and Bob have Eric’s public key.

¢ Now Bob computes the secret key,
K, based on Eric’s public key and Bob’s
own private key and Alice computes
the secret key, K, based on Eric’s pub-
lic key and her own private key. Eric
computes both keys, K, and K,, based
on his own private key and Bob and
Alice’s public keys, respectively.

Hence, Alice and Bob have differ-
ent secret keys and cannot communi-
cate with each other directly. For the
rest of the communication between
Alice and Bob, Eric always intercepts
the messages, decrypts them using
the sender’s secret key, reads it,
encrypts it using the receiver’s secret
key and sends it to the receiver with-
out them knowing about it. This
process is shown in Figure 5.

]

Conclusions

After a brief introduction to cryptog-
raphy and the concept of a crypto-
graphic key, the Diffie-Hellman public
key agreement algorithm was present-
ed. An example of the algorithm was

given to illustrate how two users can
use the algorithm to agree on a secret
shared key. Next, a discussion of the
algorithm parameters was presented,
which explained how the values of the
parameters affected security. Finally,
the way in which the man-in-the-mid-
dle attack can be used to compromise
the security of the algorithm was
shown. This vulnerability to the man-
in-the-middle attack can be overcome
with refined versions of the Diffie-
Hellman algorithm, such as the Qakley
Key Determination [4] protocol.

RF
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- Products

Tactical-grade
fiber optic gyro

KVH unveils its new DSP-5000
fiber optic gyro. The gyro accepts
data input as fast as 500° per second
and offers consistent accuracy over
time and temperature. This gyro
family is suitable for use in drone
and unmanned aerial vehicle navi-
gation, land vehicle navigation, and
missile and smart munitions guid-
ance. The device combines KVH’s
proprietary polarization-maintain-

=3
inet oot o8
e —

ing optical fiber and fiber compo-
nents with integrated digital signal
processing. The unit offers outstand-
ing bias stability, low noise, high
bandwidth, and scale factor accura-
cy of 0.05%. It has no moving parts
to wear out or require maintenance
and provides precise rotational rate
information by measuring the phase
difference between two paths of
light traveling in opposite directions
through an optical fiber.

KVH Industries

www.kvh.com

Broadband, multiapplication
power amplifier

Aethercomm has designed the
SSPA 4.7-19.0-1. The device is a
broadband, medium-power, solid-
state power amplifier that operates
from 4.7 GHz to 19.0 GHz. This PA is
suitable for electronic warfare sys-
tems, test equipment, laboratory use
or anywhere where broadband, high
gain, moderate linearity and medium
power are required. Minimum gain
from 4.7 to 19.0 GHz is typically 37
dB. The minimum P1dB from 4.7 to
19.0 GHz is 30 dBm. The typical sat-
urated output power across the band
is 32 dBm. Input VSWR across the
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band is 2.0:1 maximum. Output
VSWR is 2.5:1 maximum across the
band. This SSPA operates from +12

VDC with a quiescent current of 1.56
amps. Standard features include
overvoltage protection, reverse polar-
ity protection and output open/short-
circuit protection. This unit contains
a fully integrated DC-DC converter
and comes in a modular housing.
Aethercomm
www.aethercomm.com

High-speed, performance
spectrum analyzers

Agilent Technologies intro-
duces two members of its PSA fami-
ly that provide engineers in aero-
space/defense, emerging communica-
tions and cellular communications
speed, accuracy, dynamic range and
sensitivity for measuring complex
RF, microwave and millimeter wave
signals. The E4446A offers code com-
patibility with 8566 and 8568 modes

to protect the original investment
and makes the new products an
alternative to updating legacy sys-
tems. The E4448A enables users to
design and test integrated systems
and perform depot-level testing at

frequencies as high as 50 GHz. It
features an intuitive interface and
one-button measurement.

Agilent Technologies
www.agilent.com

Side-launch 75Q BNC
bulkhead jack

Trompeter announces the UCB-
BJE20, a PCB-mounted, side-launch
bulkhead BNC jack. The jack is
designed for true 75Q performance
and carrier-class applications. It
offers signal launch geometry for
managing the microstrip to coax sig-
nal transition between the board and

cable for applications that demand
high data rates, high bandwidths
and/or high frequencies, with low
return loss. It offers a lower profile
than standard right-angle jacks. A
bulkhead feature allows torque of
the BNC coupling mechanism to be
transferred to a panel front in lieu of
the board. The jack is plated with a
thin gold final finish for tight solder-
ability characteristics and a high
conductive path. Current designs
accommodate board thicknesses of
0.031 and 0.062 inches.

Trompeter

www.trompeter.com

Programmable, dual-output
synthesizer

Narda introduces high-perfor-
mance microwave synthesizers for
wireless communications systems,
satcom converters, digital radio and
optical networks. By using this
PLDRO as the low-noise internal
oscillator and adding a programma-
ble upconverter circuitry around it,
Narda has achieved tunable
microwave synthesizers with mini-
mal performance degradation.
Features of Narda’s new frequency
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synthesizers include: low phase noise
(typically -92 dBc/ Hz at 10 kHz off-
set for a carrier frequency of 19 GHz
and a step size of 5 MHz); high
immunity to shock, vibration, and
phase hits; SMT construction; and
low DC power consumption. They are
available in single or independent,
externally-controllable, dual-output
configurations.

Narda

www.cell-guard.com

Low-jitter
military oscillators

Rakon has added an 18 x 11.7
mm SMD temperature-compensated
crystal oscillator (TCXO) to its fami-
ly of high-performance crystals and
oscillators. The TX0500 is designed
for military, aerospace and industri-
al applications. It features tempera-
ture stability, performance of sub

ppm stability, and G-sensitivity of
less than 0.2 ppb/G. This TCXO also
features low hysteresis of +0.4 ppm,
low power consumption of 2.0 mA,
and excellent phase noise under
vibration performance with a typical
value of —120 dBc/Hz at 100Hz off-
set. Custom frequencies range from
8.2 MHz to 32 MHz with a clipped
sinewave output, and are able to
operate over the industrial tempera-
ture range of —40 to +85° C.

Rakon

www.rakon.com

Expanded line of PICO
couplers/hybrids available

Merrimac announces its
expanded Multi-Mix PICO Z-
Series line of couplers/hybrids and
introduces four new directional
couplers and two quadrature
hybrids for 802.11a (5.5 GHz) and
802.11b (2.4 GHz) WLAN applica-
tions. The 2.4 GHz and 5.5 GHz
WLAN products bring the total
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number of Multi-Mix PICOTM
products to 16.

Merrimac
www.merrimacind.com

3 and 5 VDC HBT PAs
for UNH, HiperLAN

Hittite introduces an efficient
family of HBT MMIC PAs, operating
between 4.4 and 7.0 GHz with as
much as +29 dBm output power.
These amplifiers are suitable for
UNII and HiperLAN applications
from 5.0 to 6.0 GHz. The

HMC415LP3 provides 20 dB of gain
and +26 dBm of saturated power at
34% PAE from a +3.0 VDC supply

over 4.4 to 6.0 GHz. The
HMC406MS8G provides 18 dB of
gain and +29 dBm of saturated
power at 38% PAE from a +5.0 VDC
supply over the 5.0 to 6.0 GHz
range. The HMC407MS8G provides
15 dB of gain and +29 dBm of satu-
rated power at 28% PAE from a +5.0
V supply from 5.0 to 7.0 GHz. In
each PA, a power-down control
input (V,4) can be used for RF out-
put power/current control.

Hittite

www.hittite.com

Mini-hybrid, digitally
tunable bandpass filter

Pole/Zero introduces the mini-
hybrid, digitally tunable bandpass
filter, based on Pole/Zero’s mini-pole
and maxi/power-hybrid technology.
Frequency coverage starts at 108
MHz and the design supports fre-
quency coverage approaching an
octave, with as many as 251 tune
positions. Although tuning range can
approach a full octave for relatively
wide bandwidth filters, insertion loss
is typically improved as the tuning

range is reduced. The filter requires
+5 VDC for logic and PIN diode for-
ward biasing, and +10 to 28 VDC for
PIN diode reverse bias. The unit is
housed in a rugged Mini-PC package,
and provides bandpass filtering in
both directions (bi-directional).
Pole/Zero

www.polezero.com

RAD shielding for
electronic components

Maxwell Technologies has
announced the introduction of Xray-
Pak radiation mitigation technology
to shield integrated circuits that
process and store data in military
satellites from the radiation effects of
nuclear blasts. Xray-Pak integrates
flexible, lightweight, metal packag-
ing with proprietary Rad-Pak shield-
ing technology to protect commercial
microelectronic components, such as
monolithic and multi-chip data con-
verters, memory and logic devices,
from Xray emissions produced by the
detonation of nuclear weapons
Maxwell Technologies
www.maxwell.com

High-density
cable assemblies

Tensolite presents a series of
high-density shielded interconnects.
They consist of low-profile, micro-
miniature, ribbonized coax cable and
differential pair assemblies featuring
Tyco Electronics’ MICTOR and
Samtec’s QTE and QSE coaxial and
differential series connectors. These
low-profile, high-density assemblies
offer optimal signal integrity,
achieved through matched imped-
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ance cable assemblies. Tensolite
assemblies are built to order, with a
customer-specified number of signal
lines and overall assembly length.
Tensolite

www.tensolite.com

DC to 4 GHz

MMIC amplifier
Mini-Circuits announces the

Gali-55, a newly developed MMIC

amplifier for DC to 4 GHz that is
usable to 6 GHz. When operated at

2 GHz/25 C, the unit delivers 18.5
dB gain (1.7 dB typ flat DC to 2
GHz), maximum output power of
15.0 dBm (typ, at 1 dB comp.), and
high 28.5 dBm (typ) 1P3. These 50Q
amplifiers are housed in a small
SOT-89 package with exposed metal
bottom for heat dissipation. The
device displays low 100° C/W
(typ,0jc) thermal resistance.
Mini-Circuits
www.minicircuits.com

Radar test system with
repeatability and accuracy

Anristu debuts the ME7220A,
Radar test system, which uses inno-
vative design techniques to create a
price and performance break-
through in testing mm-wave mobile
radar. The system is designed for
characterizing current and future
generations of mobile radar, includ-
ing adaptive cruise control (ACC)
and collision warning or avoidance
radar. It combines target simula-

tion and signal analysis capability
in one instrument. It offers better
accuracy, occupies significantly less
space, and is easier to operate than
rack-and-stack systems. Designed
for use in a confined and controlled
environment, it provides a simulat-
ed radar target response with an
adjustable radar cross section and
one of two set target ranges. The
signal response can be Doppler-
shifted to simulate the speed of a
moving target. It can simulate a
120-meter target moving at speeds
as high as 250 km/h, with less than
2-meter, 10.2-km/h accuracy. The
ME7220A can also change the size
of the target by 50 dB.

Anritsu

www.us.anritsu.com

VNA test cables
as high as 50 GHz

MegaPhase announces Groove-
Tube VNA test cables for OEM prod-
ucts through 50 GHz. The new series

A Complete Spectrum of COSITE

STANDARD PRODUCTS

* Cosite Specialization
¢ Standard Product Base

¢ Proven Design Successes * Mature Manufacturing Processes

June 2002 www.rfdesign.com

¢ Leading Edge Technology
¢ Organizational Efficiency

TAILORED SOLUTIONS

Specialized Filter Solutions
Filter/Amplifier Cascades

" SOLUTIONS

FULL CUSTOM

Pre/Post-Selectors
Wireless Transceivers

5530 Union Centre Drive
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West Chester, Ohio 45069
Phone: 513-870-9060
Fax: 513-870-9064

www.polezero.com
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is a highly flexible, armored test
cable used in demanding lab or pro-
duction environments where excep-
tional phase and amplitude perfor-
mance are necessary. The

MegaPhase VN Series offers a viable
alternative for test engineers. Its
phase and amplitude change vs. flex-
ure is typically <12° and <0.13 dB
through 50 GHz; through 18 GHz
typically <3° and <0.04 dB with

excellent recovery. Standard connec-
tors include 2.4 mm, 2.92 mm, 7 mm,
3.5 mm, SMA, Type N and “ruggedi-
zed” female port connectors, avail-
able for direct interface to instru-
mentation ports.

MegaPhase
www.MegaPhase.com

350 mW Raman
pump Laser

Corning introduces the Optilock
VR2e, a Raman pump laser with
operating power as high as 350 mW.
This product offers the highest power
available in a standard 14-pin butter-
fly package. The Optilock VR2e can
be used to replace a two-pump sub-
system with a single pump, offering
greater levels of simplification, along
with the associated cost reduction.
By combining proprietary chip design
and a unique chip material system
with efficient packaging technology,
the Lasar provides inherently high
optical and electrical efficiency.

APA "

4050 NE 5th Avenue Ft. Lauderdale, Florida 33334 Phone 1-954-563-8833

Wide Band VCOs & Synthesizers

apawireless.com

Wireless-
TECHNOLOGIES
Finally, a compact non-YIG
based synthesizer with
exceptional Phase Noise

AP
mﬁw;m

PARAMETER MIN TYP MAX UNITS
Frequency Range 2.500 5.000 GHz
Step Size 2.5 KHz
RF Output Level 10 12 14 dBm
Single Sideband Phase Noise
Offset 100 Hz -82.0 dBc/Hz
Offset 1 KHz -105.0 dBc/Hz
Offset 10 KHz -117.0 dBc/Hz
Offset 100 KHz -119.0 dBc/Hz
Offset 1 MHz -135.0 dBc/Hz
Offset 10 MHz -150.0 dBc/Hz
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When used in a conventional system,
that polarization multiplexes two
pumps per wavclength. This cnables
more than 500 mW per wavelength.
Corning

www.corning.com

Software for automated
analysis of PCBs

Ansoft announces the SIwave
signal integrity software. The soft-
ware enables engineers to model
entire PCBs and package structures
using a full-wave analysis engine to
generate both frequency- and time-
domain results. It allows designers
to characterize simultaneous switch-
ing noise, power and ground bounce,
resonances, reflections, and coupling
between traces and power/ground
planes. Furthermore, engineers can
combine their own driver/receiver
models with SIwave’s SPICE output
to obtain accurate SPICE system-
level simulations.

Ansoft
www.ansoft.com

Tunable noise-elimination/
anti-alias, low-pass filter

Alligator Technologies intro-
duces its latest anti-aliasing, low-pass
filter card, the AAF-2. The card is a
two- to eight-channel, tunable low-
pass filter with selectable frequency
ranges in popular Butterworth,
Bessel, Cauer or Linear Phase char-
acteristics. It eliminates noise and
alias errors while providing DC and
gain accuracy for 16-bit data acquisi-

tion systems. The filter channels are
fully isolated from the PCI bus and
continuously tunable in a range from
0.1 Hz to 200 kHz making it suitable
for filtering applications in sound
and vibration testing, ultrasonics,
acoustics, structural analysis, indus-
trial, test, scientific and laboratory

www.rfdesign.com June 2002
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~ data collection and applied mechani-  nal-to-noise ratio and a —-63 dB total
, cal applications in electronics, aero- harmonic distortion for a 500 MHz
space, field research, automotive and input signal at a full-scale power of
process control industries. Its output
impedance is less than 0.001Q, mak-
ing it compatible to all popular PCI-
based or stand-alone A/D converters.
- Common mode rejection is 90 dB to
~ 110 dB. The Input and output range
is up to + 10 VDC, while gain accura-
cy is +0.001 dB at 1kHz.
Alligator Technologies
www.alligatortech.com

Set measures frequency sta-
bility of precise oscillators.

Timing Solution’s TSC 5110A 1 V,_,. Used in conjunction with
time interval analyzer automatically existing ADCs, the T/H eliminates
compares two continuous-wave RF mixer and filter functions, lowering

. signals (sinusoidal or square-wave) system cost by bringing the ADC
- between 1 and 20 MHz. It measures closer to the antenna.
the real-time phase difference at a 10 Rockwell Scientific
ms sample rate and computes the www.rockwellscientific.com
Allan deviation. The instrument has
~ been designed for making fast and
- precise frequency stability measure-
- ments in both R&D and production
test environments. Its noise floor (5 x
10, Allan deviation at 5 MHz) and ADVERTISER INDEX

?high resolution (100 femtoseconds or

0.1 picoseconds) allow measurement Page# RS#
‘of all precise oscillators, such as

- Cesium, Rubidium and TCXO (tem- APA Wireless 26 101
perature controlled oscillators). In
addition, the two RF input signals
need not be the same frequency. Coming Frequency
This feature eliminates the need to Control 5 102
maintain multiple frequency stan-
dards; instead just one house stan-

- dard is needed for all measurements. Emerson & Cuming
Timing Solutions Mi
www.timing.com Icrowave 3 103
Dual T/H chip for ultra- Megaphase IFC 104

wideband data acquisition

Rockwell introduces a 10 GHz ; ;
bandwidth 1 GS/s dual track and Merrimac Industries 15 105
hold (T/H) circuit for ultra-wide-
band data acquisition. Designed for :
direct sampling of multi-gigahertz Narda Microwave/
signals, the bandwidth is 9 GHz for L3 Communications 9 106
0.5 Vpp inputs and more than 10
GHz for small signals. The master-
slave configuration of this dual T/H Pole Zero 25 107
device holds the output signal for
nearly an entire clock cycle, signifi-
cantly easing the bandwidth Tensolite 23 108
requirements for subsequent cir-
cuitry, such as ADCs. With under 1
mV noise and less than 100 fs aper- Vectron BC 109
ture jitter, it achieves a 56 dB sig-
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rystal Oscillator.

pace and Militarw

=

apabilities...

Vectron’s Facilities and Capabilities
in Military and Space include...

B The Largest Broad Based FCP Manufacturing.

W Dedicated Clean Room Areas for Space
and MIL Manufacturing.

B ISO-9001 and 1SO-14001 Registered.

B Qualified to MIL-PRF-55310/16 Class “S”
and “B” and Other Slash Sheets.

B Custom Designed Thermal Vacuum Chamber
Capable of Achieving 1 x 10° TORR.

\VAR VECTRON

INTERNATIONAL

u A COMPANY

B Equipped to Test Static and Dynamic Phase
Noise, Shock and Vibration, and PIND.

B Proven Performance with Stabilities up to
1 x 10° Over Temperature.

B Frequencies up to 400 MHz.
B Ail Outputs Available.
M Customized to Your Application.

166 Glover Avenue, Norwalk, CT 06856

Tel. 1-88-VECTRON-1 ¢ Fax. 1-888-FAX-VECTRON
e-mail: vectron@vectron.com

www.vectron.com
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IMAGINE, THE EIFFEL TOWER DESIGNED IN A FEW HOURS

What great feat of engineering could you bring to market faster?

Whatever you can imagine, BMI shielding and contact solutions help you

speed it to market.

At BMI, we're more than just the industry leader in manufacturing metal
electronic components packaged for surface mount applications. We're the leader
in providing you design-engineered solutions, from concept to placement. BMI
accelerates your engineering efforts from the earliest stages of developing plans
and prototypes through to high-volume mass production, so you're in the market

before your competition.

For designs in a few hours, prototypes in a /B MI

few days, to tooled and manufactured in a
matter of weeks, visit www.bmiinc.com. ENGINEERED SHIELDING AND CONTACT SOLUTIONS — Now!

Richard - Tauber - Damm 10 12277 Berlin, Germany 1751 Wilkening Court Schaumburg, IL 60173 U.S.
Tel: 49 3081 872800 Fax: 49 3081 872801 Tel: 847.839.6000 Fax: 847.519.9682
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Figure 13. Single conversion digital radio block
diagram.

the components downstream, and partic-
ularly the A/D converter.

For A/D conversion, there is typically a
trade-off between the sampling rate
(which in turn determines the maximum
bandwidth that can be processed) and the
resolution. To digitize a cellular band
assigned to a service provider, the A/D
converter ideally should be able to process
20 MHz of RF bandwidth, which implies a
sample rate of at least 40 MHz, and typi-
cally 45 MHz to 50 MHz. At these high
sampling rates, high A/D resolutions are
difficult to achieve without resorting to
more complex conversion schemes.

By cryogenically cooling additional
components, such as the LO oscillator
and the A/D converter, better perfor-
mance can be achieved. Cooling the LO
can lead to lower phase-noise, which
improves blocking performance. Cooling
the A/D converter can provide means to

higher resolution A/D conversion, as well
as faster sampling throughput.

Conclusion

In a little more than 10 years, HTS
made its way from discovery in 1987 to
first-generation production-level prod-
ucts. As HTS becomes more recog-
nized, it will find additional applica-
tions. Further research will yield even
higher resonator Qs, higher power
handling and innovative ways to inte-
grate HTS with larger systems.
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We’ve got the desire.

We specialize in the needs of the small and mid-
dle-sized company. We know what difficulties you face. After all, we were
once small too. Leader Tech has grown because it's dedicated to
growing with its customers. We'd like to grow with you. We realize
small today could mean industry leader tomorrow. Rely on us all the way
to the top. And, when you make it, we’'ll continue to help keep you there.

Next EMI/RFI GASKET a Success

We’ve got the experience.
Standard or custom GASKETS— PCI, CompactPCI, and VME- Leader Tech, with almost two decades of EMI/RFI
shielding innovation, can help you design the right solution for your next gasketing application. After all, we patented the CBS shielding design
U still popular today. Like everyone, we've got lots of product too, but we're more than just product. We're solutions oriented.

70 we've got the team.

b ’ st Qur AE's are not your typical order takers. They're

e highly trained technical sales reps. They'll take the time to understand your application and recommend
é{- new ideas. They're part of an experienced and dedicated hands-on engineering and customer service
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Model Frequency (GHz) LO Conversion LO-RF

Number Power Loss Isolation

RF Lo IF (dBm) (dB Typ.) (dB, Typ.)
TB0440LW1 4-40 4-42 \ 10-15 10 20
DB0440LW1 4-40 4-40 DC-2 10-15 9 25
SBE0440LW1 4-40 2-20* DC-15 10-15 10 20
IR2640L17* 26-40 2640 Note 1 15 10 15
M2640W1 2640 26-40 DC-12 10-12 10 20
TB2640LW1 2640 2640 .5-20 10-15 10 20

* Image Rejection typically 15 dB. ** Sub Harmonic
Note 1: IF Option A: 2040 MHz, B: 40-80 MHz, C: 100-200 MHz, Q: DC-1000 MHz

MULTIPLIERS

Frequency (GHz) Input Output Fundamental
Power Power Leakage
Input Output (dBm) (dBm, Typ.) dBc, Typ.)

SYS2X1428 14

SYS2X1734 16~17.5

SYS3X1442 14

SYS4X1146 1]

SYS2X2040 10-20

TDO040LA2 2-20

Model Frequency (GHz) LO Conversion Fundamental
Number Power Loss Input IP3 LO-RF Isolation
RF LO IF (dBm)  (dB,Typ.) (dBm,Typ.) (dB, Typ.)
SYSMM2X2335 23.67-35.33 11.385-17.665 .04-.230 13-15 12 +15 50
SYSMM3X2640 26.5-40 8.8-13.3 DC-5 10 10 +15 40

MITEQ also offers custom designs to meet your specific requirements. For further information,

please contact Mary Becker at (631) 439-9423 or e-mail mbecker@ miteg.com
Stock items may be depleted without notice, contact factory for availability.

100 Davids Drive, Hauppauge, NY 11788
TEL.: (631) 436-7400 » FAX: (631) 436-7430
www.miteqg.com

INFO/CARD 93




RF cover story

38

Wireless broadband

— coming of age

After many false starts
and much hype,
the building blocks

of broadband’s future
are falling into place.

By Ernest Worthman

You’re likely to hear the term broadband just
about anywhere. From satellite broadband to
fixed wireless broadband to high-definition television
(HDTV), broadband often means different things to
different people.

While broadband can have different meanings, the
bottom line is that broadband basically refers to a lot
of bandwidth, regardless of application or delivery
system. There is no defined minimum or maximum
bandwidth and there is no specific frequency at which
broadband exists exclusively.

Broadband — the hype

Much of what is referred to in the consumer indus-
try as broadband is simply good guerrilla marketing —
using the term to define a product.

Because broadband refers to a wide bandwidth, it
in turn implies the ability to run bandwidth-hogging
applications such as real-time mul-
timedia and high frame-rate video.

While theoretically this is true,
broad bandwidth is subjective. To
some, broadband can be a few
hundred kilohertz, while others
consider broadband gigahertz.
There is a lot more involved in
sending data over a fairly wide
bandwidth than the marketers
want the consumer to know.

Issues such as compression, two-
way transmission capability and
power, just to name a few, are all
relative factors in the quality and
loading of broadband systems. And,
distribution networks have to be
worked out, as well as interference
and rights-of-way.

However, broadband is press-
ing ahead, even if the pace is a
bit slower than expected. And

Broadband merges onto the information the different broadband opportu-

super highway. nities (satellite, TV, last mile,

www.rfdesign.com

etc.) are beginning to emerge, each with its own
particular flavor.

The types of broadband vary

Broadband wireless can be looked at as having
three basic levels — macro, micro and pico. Each
has its own particular strengths and weaknesses,
based on these criteria: application, bandwidth
and coverage area. At the pico level are Bluetooth
and wireless local area networks (WLANs). These
technologies operate from 1 to 54 Mb/s and they
are content-insensitive. They can transmit data,
voice and video, and can perform file sharing and
remote access within a small (typically 100 to 300
meters) zone. They are unlicensed and generally
dynamic and ad-hoc focused.

At the micro level, the typical application is wire-
less Internet with fixed and mobile Tx/Rx points, as
well as a larger coverage area.

At the macro level is cellular data — code-division
multiple access (CDMA), typically.

Each has its own particular bandwidth
requirements.

A shining star

One promising broadband technology showing
noteworthy progress at the micro level (at least in
planning) is fixed wireless. What makes this sc
attractive is that a 6 MHz wireless TV channel, using
64-quadrature amplitude modulation (QAM), can
support 27 Mb/s of downstream data. This has service
providers salivating at the potential to deliver data-
intensive multimedia and bandwidth-hogging
Internet junk content.

This also has providers looking hard at one partic-
ular segment, fixed wireless broadband, as a wireline
and cable replacement for the last mile, or wireless
local loop — the last leg of the cable route from the
distribution box to the home.

The last mile has been a target of opportunity
for some time now but has been logistically diffi-
cult. To provide similar bandwidth by traditional
means requires overhauling the wired infrastruc
ture by upgrading hardware and stringing thou-
sands of additional miles of fiber, coax or twisted-
pair wiring — an ugly scenario.

Fixed wireless presents an attractive solutior
because it has the ability to rapidly introduce high-
speed data access, Internet and high-quality digital
data, video and voice services throughout a metropoli-
tan area without the time, cost or delay of wired plani
upgrades. And, it can do so for more than just the last
mile. It is attractive for wireless L/W/M-ANs (M i¢
metropolitan), Internet and fixed and mobile multi-
media delivery. Basically, all a wireless operator has
to do to be open for business is pick a frequency, anc
install a head-end and transmission tower.

This particular flavor of wireless broadband is
about as perfect a solution as can be envisionec
because it has the potential to deliver the much-her-
alded consumer applications being touted as the dri-
ving force behind the next technological revolution
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MNA AMPLIFIERS

MMICs from 500MHz to 5.9GHz § ]35

€4a. (qty. 1000)

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

Detailed Performance Data Online at.

[JMini-Circuits’

Actual Sbre

Built-In RF Choke, Resistors, Bypass & Coupling Capacitors

a minuscule 0.118"x0.118"x0.035"
MCLP™ (Mini-Circuits Low Profile)

But these amplifiers go on to feature

surface mount package and the
versatility to operate from a 2.8 to 5V DC
supply, which makes them indispensable
for use in today's miniature battery operated
hand-held devices! MNA amplifiers even
include a low price...from only $1.60 ea. (gty. 30).
So simplify your design, your manufacturing, and
your life with Mini-Circuits all-in-one MNAs!

as low as

MODEL Freq.  DC Gain  PwrOWt  Price
{GHz) Volis Midband 108 Comp. S$ea.
V)  (@B)Typ. (dBm)Typ. (qty.30)
g 7 5.0 124 17.0
MNA2 0525 30 124 Y
i y 5.0 15.4 9.3
MNA-3 05-2.5 28 144 75 1.60
g ¥ 50 208 104
MNAS 0525 30 A5 LA 1.60
g 50 229 180
MNAS 0525 20 243 Bel 225
! ¥ 5.0 16.6 130
MNA7 1559 30 & o225

Amplifier Designer's Kit K1-MNA: SOtk
10 of ea. MNA-2, 3, 5, 6...$69.95 “/
Application note for PCB layout included.

s .

CIRCLE READER SERVICE CARD

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

2""1 'o '06"1 from 99‘

Choose from thousands of off-the-shelf models from Mini-Circuits, in stock and immediately available! From 2 and 3way
to 48way; 0°,90°, 180°; 50&75 ohms covering 2kHz to 10GHz and beyond...all characterized with data and
performance curves in our catalog and “The YONI Search Engine” at our web site. Mini-Circuits will also supply your
special needs and custom designs such as wider bandwidths, higher isolation, lower insertion loss and phase matched
ports...all at catalog prices with rapid tumaround time. Case styles include surface mount, plug-in, flat pack, coaxia
connectorized...and custom packages are no problem! Our super-miniature and ultra-low profile Blue Cel™ surface mount
units provide excellent solutions in cellular, cable, and countless wireless applications. Plus all units come with a 1 year
guarantee and skinny 4.5 sigma performance repeatability. Add unsurpassed applications support and value pricing,
and the decision is easy. Contact Mini-Circuits today!  Mini-Circuits...we’re redefining what VALUE is all about!
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Service
MDS
and without any of the wired | WCS
infrastructure issues. WCS
ITFS
Where it’s happening MMDS
Presently, the frequency of |ITFS
interest for wireless cable, | MMDS

Internet and WLANS is the 2.1
to 2.7 GHz band (see Table 1).
There is also some activity in
the 5 GHz and super-high frequency (SHF)
range of 27.5 t0 29.5 GHz.

The 2 GHz band is the most active due
to cost and, to a lesser degree, technology
(technology, of course, is becoming less of
an issue at today’s pace of development).
The equipment for the 5 GHz, and espe-
cially the SH¥ band, is a relative issue —
the higher the frequency, the less of, and
more expensive the equipment becomes.

And, propagation issues increase
with frequency. Short-term progress is
more likely to occur at the lower fre-
quency where technology is more
mature and less expensive (and more
robust). Eventually, however,
like all technologies, the price/perfor-
mance/equipment curves of the higher
frequencies will flatten.

[ Available spectrum in the 2.1 to 2.7 GHz Band

Freq. range # of channel
channels width

2150-2162GHz 2 6 MHz
2.305 - 2.320 GHz 5 & 10 MHz
2.345-2360GHz 2 5 & 10 MHz
2.500-2596 GHz 1 66 MHz
2596-2.644GHz 8 6 MHz
2644 -2686 GHz 4 6 MHz
2.686-2.689 GHz 31 125 KHz

Table 1. Spectrum availability within the 2 GHz band.

The services

Delivery systems evolving for the
broadband arena include multipoint
distribution services, (MDS), multi-
channel multipoint distribution ser-
vice (MMDS) and instructional televi-
sion fixed service (ITFS). There are
others in the wings, such as the ultra-
high frequency (UHF) TV bands, but
politics and current user allocations
are slowing progress there.
Eventually, however, UHF will give
up some of its bandwidth, so look for
this to pop dow the road.

Presently, potential fixed wireless
providers have aggregated available
MDS, MMDS and ITFS spectrum, in a
given market, providing as much as
200 MHz of bandwidth. This is the

equivalent of 33 analog 6 MHz TV
channels. And, from a digital perspec-
tive, this is equivalent to 200 Mb/s of
raw digital bandwidth.

Fixed wireless’ implementation
Whether it is WLANSs, the last mile
or wireless Internet, fixed wireless is
based on line-of-site (LOS) technology
(but, that’s changing). This can pre-
sent issues of reliability similar to
those of satellite or broadcast TV.
Distance is probably the top design
consideration. Wireless cable signals
can typically only be received within a
30-mile radius of the transmitter, and
that’s under optimal conditions.
Impediments to signal path such as
dense tree cover, hilly terrain, build-
ings and heavy precipitation can
degrade reception. Multipath distor-
tion (signal reflections off of buildings
or other structures) also causes prob-
lems. However, because most of these
issues have been around for a long
time, the industry has a pretty mature
database from which to model.
On the other hand, fixed wireless has

HIGH FREQUENCY CERAMIC SOLUTIONS

Band Pass Filters

Capacitors

JOHANSON )

Inductors

Low Pass Filters

|
i
|

Engineering Kits

Modeling Software

T’E@H[N]b‘):‘):):s Camarillo California 805.389.1166 www.johansontechnology.com

42

INFO/CARD 87
www.rfdesign.com

June 2002



High'Performance

RF & Microwave Signal Processors

MURIR T AE .

_ = sincnn .
S MICROWAVE CORPORATION 3 bt oAy
- EEETE

Sl |

ALLCET

o
-

—

HIGH 193
W S ILE

—

YD AATY)

& N
W ERACTIONAL N =
— ot \ SRR

AT A

SImIntt

201 McLean Boulevard, Paterson, NJ 07504
Tel: (973) 881-8800 Fax: (973) 881-8361
E-mail: sales@synergymwave.com
INFO/CARD 78 Web Site: www.synergymwave.com



Protocols In Wireless Networks
End End
- o

Application

Peer Protocol
Presentation

Session

Transport ter
Network
Datalink
Physical

Figure 1. Typical protocol stack for wireless net-
works.

one obvious advantage. In terms of per-
formance, fixed wireless allows for down-
stream connections ranging from 500
Kb/s to 155 Mb/s — faster than digital
subscriber lines (DSL), cable, or T1 lines.
The only significant disadvantage at this
point is that the upstream data is much
slower. This is because the upstream
data is usually sent via a telephone line
limited to about 53 kb/s.

This works because today about
80% of Internet traffic is downstream.
But that’s changing as large files (mul-
timedia in particular) are finding their
way upstream as well. Therefore, to
accommodate this shift, some wireless

channels (particularly the ITFS) are
being allocated to become the
upstrcam data port for fixed wireless.
This will dramatically improve the
uplink data rate and enhance two-way
file and image transmissions.

How it’s happening

The most prolific applications for
potential fixed wireless systems today
are for broadband access to the Internet
or establishing local/wide/metropolitan-
area networks. Basically, the infrastruc-
ture is similar for both.

The network infrastructure requires
three main ingredients: protocols, inter-
faces and hardware. Software, in terms
of middleware and end user also play a
role, but because this article focuses on
wireless, those topics will be left for dis-
cussion at a later time.

Essentially, the focal point of the
wireless access point has become the
mobile computer. The lines of distinec-
tion have blurred when it comes to
using it to link corporate businesses,
consumer services or Internet connec-
tivity. All can use fixed wireless in one

fashion or another and require much
the same wireless infrastructure. As
one lowers the level, one starts to see
particular technologies or layers used.

One argument for employing fixed
broadband is that if the wireless net-
work can use the same networking
protocols as the fixed-end network,
connections are more streamlined and
interface issues become more manage-
able. Furthermore, standard protocols
and routers can be used to intercon-
nect the wireless network to the fixed-
end networks (see Figure 1).

The protocols

Wireless links for the above general-
ly use the following protocols.
Obviously, there are variations on the
protocols, but the platform has to be
relatively standard.

Four main layers exist in such net-
works. The lowest is the physical layer
where the RF carrier signal is digitally
modulated to create a bit stream. It con-
tains all of the modulation and transmis-
sion protocols like forward error correc-
tion (FEC), transmission rate determina-

e#e -
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é neration
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tion, interleaving and other techniques
to maximize the data transmission and
minimize errors.

Above that sits the link layer. This is
where things usually go wrong because it
demands the most proprietary and spe-
cialized protocol optimized for the radio
environment. The process involves link
protocols that interact between the wire-
less modems and base stations. Given

the fact that so much equipment already
exists, much of which is legacy, coming
up with a form of medium access that is
acceptable to all is daunting at best.
Layer three is the network layer.
Some (not all) wireless WANSs, such as
macro-level RAM mobile data and
ARDIS have been around for a while.
This is another area where one finds
a fly in the ointment. Inherently, these
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networks are highly proprietary. The;
use network-layer protocols designe
specifically for that network, so ofte
trying to interface to them is anothe
daunting challenge. It’s not that i
can’t be done, it’s just that the mor
interfacing one has to do, the slowe
and more complex the system gets.

Fortunately, as of late, and thanks t
the Internet, the trend is being force:
toward Internet protocol (IP) stacks
This may be the saving grace for ubiqui
tous interconnect because, like it or not
it has become the defacto standard fo
public interconnect protocol. And every
one knows what happens when on
tries to buck a widely accepted trend
Witness that such is the case with cellu
lar digital packet data (CDPD), as wel
as the packet services being developec
for personal communications service:
(PCS) networks (global system fo
mobile communications — GSM, CDM/
and time-division multiple access —
TDMA).

The fourth communal layer is th
transport layer. Above this layer ar
things like applications, session initial
ization protocols and other various
industry protocols. These layers usually
are not part of the wireless network, bu
are implemented as part of the applica
tion solution. Some transports have beer
designed specifically for wireless net
works. But it is also possible to use triec
and proven transports such as TCP
though some optimization of TCP’s tim
ing parameters and algorithms tends t«
yield better results.

The software interface

Once the protocol is in place, access t«
the network is necessary. This is accom
plished by the interface. Because the
interface is largely software, it is only
given a cursory overview.

Interfaces determine access points t«
the network, both at the mobile and a’
the fixed-end. At the mobile, the inter
faces of interest are between the applica
tion and the protocol stack and betweer
the mobile and the wireless modem. As
the fixed end, the area of interest is the
interfaces the wireless network presents.

Determining hardware requirements

Given that the protocol stack anc
interface are in place, hardware is the
final plug-in. Hardware is determined by
the above, but does have some variables.

Mobile computers, Internet appli-
ances, personal digital assistants
(PDAs), 3G phones and whatever comes
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down the line next are all going to have
to be wireless, multifrequency, multipro-
tocol and broadband. The biggest issue
here will be hardware compatibility. The
next generation of wireless devices must
be system-agile and protocol-indepen-
dent — meaning that they must config-
ure on-the-fly and be pay-and-go. End
users aren’t interested in reading direc-
tions or manually configuring wireless
devices — the cellular industry taught us
that. It will be interesting to see how this
issue shakes out.

Wireless broadband’s hurdle — LOS
As we are all painfully aware, reliabili-
ty is the bane of wireless communications
and current wireless infrastructures fall
short. Assuming the technological and
political issues previously discussed are
resolved (and, without a doubt, they
eventually will be), the last major hurdle
to over come is the LOS roadblock.
Ultimately, broadband wireless must
provide subscribers with high data
rates over non-line-of-sight (NLOS) fad-
ing channels at wireline reliability —
no insignificant challenge. And the key

here is non-line-of-site.

NLOS has been addressed in the
IEEE 802.16a channel models, which
address NLOS characteristics such as
Rician K factor and delay spread.

Putting aside the normal technospeak
that accompanies such standards or
specifications, NLOS is designed to find
a way to receive signals based on dynam-
ic conditions (read: addressing fading).

While there are several levels of “near-
LOS,” let’s focus on true NLOS links.

Such links address deep fading. For
single-input, single-output channels
under NLOS, the random received-signal
level is said to be Rayleigh-distributed.
Rayleigh-defined links are defined by the
10/10 rule, which states that 10% of the
time, a signal is 10 dB below, or effective-
ly one-tenth of its nominal level. That
means that, to guarantee that a 10 dB
fade can be overcome, the transmit power
sent from a transmitter has to be 10
times that of LOS — or, 10 dB margins.

For even better reliability (99%), the
Rayleigh statistics tell us that 1% of the
time a signal is 20 dB below, or 1/100 of,
its nominal level. That means a 1% down

time must be accepted, with power
cranked to 100X that of LOS. Finally, to
ensure 99.9% reliability, a 30 dB power
boost (1000X) would be required.

Because this amount of extra power is
unworkable, the ideal of spatial diversity
is being given serious consideration. This
means that, when receiving, a signal is
simultaneously sampled and combined at
multiple locations in space. Transmitted
signals are simultaneously launched out
of multiple locations in space. Wow...this
looks like it just might work.

Diversity isn’t new. But looking at it
for broadband wireless is certainly for-
ward thinking. Antenna diversity is a
strong contender for a reliable and viable
(the IEEE thinks so as well) next-genera-
tion wireless broadband infrastructure.
To date, wireless broadband has
promised much and delivered little.
While NLOS issues are paltry when com-
pared to the political and technological
issues, they may just be the final crank
that starts the engine. If reliability can be
used as a marketing tool, the customer
might just listen.
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RF 'signal processing

Output back-off
requirements
for root-raised,
cosine-filtered
digital signals

An analysis of the peak-to-average
power ratio of different digitally
modulated signals when

a root-raised cosine filter is used.

By John S. Seybold

n the design of digital communication systems,
Nyquist filtering is typically used to limit the
required bandwidth of the transmitted signal with-
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Figure 1a. Raised cosine spectrum, baud = 50, a = 0.2
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out producing inter-symbol interference (ISI)'.

The raised cosine filter is a common choice
because it satisfies the Nyquist filter require-
ments and is readily implemented. The price paid
for the limitation of the bandwidth is an increase
in the peak-to-average power ratio of the trans-
mitted signal.

Figures 1a and b show the frequency transfer
function of a raised-cosine filter and the associated
impulse (time) response. The filter shown is for a
baud rate of 50, which may also be interpreted as
50 kbaud or Mbaud. The zero ISI comes from the
fact that the impulse response of the filter is always
zero at the symbol sample times (as seen in Figure
1 b). Communication theory dictates that the
receiver be constructed using a filter that is
matched to the transmit signal?3. To achieve this
objective, the raised cosine filter can be split
between the transmitter and receiver, giving rise to
the root raised-cosine (RRC) filter*.

The frequency transfer function of the RRC filter
is the square root of the frequency transfer function
of the raised cosine filter. The spectrum of the
transmit signal is then equivalent to the RRC filter
transfer function because the data stream itself is a
sequence of impulses at the baud rate.

Root-raised cosine filtering

Using a root-raised cosine filter (RRC) at both
the transmitter and receiver results in a matched
filter implementation, thereby maximizing the
probability of detection and minimizing the bit
error rate (BER).

Figure 2 shows the frequency transfer function
and the impulse response of the root-raised cosine
filter. Note that the RRC filter is not a Nyquist fil-
ter because the nulls of the impulse response do
not all fall on the symbol sample times. Only the
result of convolving the transmit-and-receive RRC
filter responses produces the required Nyquist fil-
ter properties.

The RRC filter can be implemented as a correla-
tion receiver using a standard finite impulse
response (FIR) digital filter implementation. While
there is no closed-form expression for the impulse
response coefficients, they are readily obtained by
taking sampled values of the frequency transfer
function and applying the inverse discrete Fourier
transform (IDFT). For an FIR implementation, it is
necessary to truncate the impulse response, which
is a source of implementation error. The smaller
the value of o to be used, the longer the truncated
impulse response should be. For this application, a
filter of 12 symbol periods was used.

The RRC filter has some interesting and useful
properties. One property is that the occupied
bandwidth is equal to (1 + ) times the baud rate.
For this reason, « is sometimes referred to as the
excess bandwidth. Another interesting property is
that the noise equivalent bandwidth of the filter is
always equal to the baud rate and does not depend
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Figure 1b. Raised cosine impulse response, baud
=50, x=0.2.

on the value of a. Thus, changing the
value of a does not change the noise
equivalent bandwidth, and thereby
does not affect the receiver noise floor.
A key factor in the use of the RRC fil-
ter is that changing the a of the filter
changes the peak-to-average power
ratio (PAPR) of the filtered signal.
Smaller values of o require less band-
width but have a greater PAPR.

Peak-to-average power ratio

The PAPR is defined as the ratio of
the peak envelope power to the average
power. The term crest factor is some-
times used interchangeably with
PAPR, but other works have defined
the crest factor as the ratio of the maxi-

0594+0,0929i

-0.173-0.026i
0.08+0.020i

—0.034-0.012i

0.01145.084e™
8.073e+4.838e™
-5.085¢°-3.770e™

Table 1. Values of the RRC filter coefficients at
the midpoints between samples.

mum signal value to the rms value®.
This definition produces values that
are 3 dB greater than the PAPR as
defined herein.

Figure 3 shows what a sequence of
RRC filtered symbols might look like
when superimposed in time. Figure 4
shows what the resulting summation
would look like if the symbol sequence
was one of the worst possible cases.

This is estimated by adding the
absolute values of the all of the filter
responses, squaring that sum and then
converting to dB. It can be seen that
the peak values occur near the mid-
point between symbol sample times.

Table 1 shows the values of the
impulse response from each filter if the
symbols were all ones. This table indi-
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Figure 2 a. Frequency transfer function of the
RRC filter, baud = 50, a = 0.2.

cates that the worst possible sequence
of symbols is one in which the first five
symbols of the sequence alternate by
180° phase. Note that this portion of
the analysis is for the RRC filter only
and does not include any potential
PAPR contribution of the constella-
tions. The effect of the constellation will
be considered shortly.

Root Ratsed Cosine Impulsc Resporae

/.»
t

i, [
H ll

Figure 2b. Impulse response of the RRC filter,
baud =50, a=0.2.

‘ /

Often, the argument is made that
the probability of a worst-case
sequence of symbols occurring is so
small as to be negligible. Therefore,
the PAPR is not a good predictor of the
required output back off®. From exam-
ining Figure 3, however, one can see
that just a few symbols in a row can
provide a PAPR that is close to the
theoretical worst case.

Figure 5 shows a plot of the PAPR of
a RRC filter (with an alpha of 0.2) vs.
the number of worst-case symbols in a
row. Note that the PAPR approaches
the theoretical maximum very quickly.
By seven symbols in a row, the PAPR is
at 5.4 dB, which is within 0.2 dB of its
maximum value for the filter under
consideration. Five symbols is within
0.5 dB of the maximum value. If all of
the symbols in a constellation are con-
sidered equally likely, then it is possi-
ble to compute the probability of reach-
ing any given PAPR without having to
determine the actual worst-case

www.rfdesign.com

sequences. The probability of a worst
case symbol sequence is given by the
following expression:

Np

Pl
@)

a

where 2™ is the total number of sym
bols in the constellation, Ns is the num
ber of symbols in the worst-case
sequence and Np is the number of sym
bols in the constellation that have the
maximum magnitude. The assumptior
here is that only a sequence of maxi
mum value symbols with the worst
cases phases can produce an inter-sym
bol peak of concern.

As the level of the PAPR decreases
the symbols that are near the maxi
mum value will also begin to contribute
to the PAPR. Therefore, this expressior
provides an order of magnitude esti
mate rather than a precise calculatior
of the probability of reaching a particu
lar peak value.

For example, in the case of 16-quad
rature amplitude modulated (QAM
signal, only the four corner symbols are
of maximum magnitude, so equation (1
becomes:

4

= — 2
a6 (

Figure 6 shows a plot of probability
vs. PAPR for 8-phase shift keying
(PSK) signal (which actually applies tc
any order PSK) and several different
orders of QAM . Note that the PAPF
values on the X-axis include the PAPF
of the constellations, as well as that o
the filter.

In addition to the PAPR of the filter
the symbol constellation may also con:
tribute to the PAPR. In the case o
PSK, the PAPR is unity, so there is nc
contribution. For QAM modulation
the PAPR contribution depends on the
order of the modulation. The PAPR o
a constellation is computed by assum:
ing each symbol is equally likely
Thus, the PAPR is computed by divid:
ing the magnitude squared of the
largest symbol by the average of the
square of each of the symbols’.

Table 2 shows the PAPR of severa
different constellations expressed ir
dB. These values are added to the pre
dicted PAPR for a sequence of symbols
when using an RRC filter. It is interest
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RC-Filtered Symbols
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Figure 3. Conceptual plot of a sequence of RRC filtered symbols.

ing to note that the PAPR of 16-QAM is
greater than that of 32-QAM. This is
because 16-QAM is a square constella-
tion, while the 32-QAM constellation is
nearly round.

Modulation PAPR
N-PSK 0dB
16-QAM 2.6dB
32-QAM 2.3dB
64-QAM 3.7dB

128-QAM 4.3 dB

Table 2. PAPR of the constellations for different
modulation schemes.

Table 3 shows a comparison of the
PAPR of the RRC filter for several dif-
ferent values of . Thus, tables 2 and 3
provide all of the data required for
determining the maximum PAPR of a
given signal. This is also the theoretical
maximum output back-off requirement
for a given configuration.

Alpha PAPR
0.15 6.3 dB
0.2 5.6 dB
0.3 4.5dB
0.4 3.5dB
0.5 2.8 dB

Table 3. PAPR of the RRC filter for different a.

Determining required output back-off
As previously mentioned, there is often
a desire to limit the amount of output
back-off to provide maximum efficiency
and transmit power. If the peak values
exceed the 1 dB compression point of the
transmitter, it will not be faithfully repro-
duced by the transmitter. This results in
inter-symbol interference (ISI).

54

One way to envision this effect is to
allow the power amplifier to go into
compression, thereby limiting the inter-
symbol peaks. The transmitter is effec-
tively modifying the RRC filter coeffi-
cients on the transmit side. When con-
volved with the RRC filter at the
receiver, the two no longer form a
matched filter pair and do not result in

10

a%

T 3 3 WM 4 s 3
Symbol Numba

Figure 4. Sum of the sequence of RRC-filtered
symbols.

a raised cosine Nyquist filter. ISI is
produced as a result of this change.

In the previous section, we examined
the probability of a given peak level
occurring. We did not address how
much ISI would be generated if there is
insufficient headroom to reproduce
those inter-symbol peaks at the trans-
mitter output. Indeed, that is a difficult
question to address analytically.

The amount of ISI generated and the
amount that can be tolerated at the
receiver may be determined either by
simulation or by empirical measure-
ments. One method of determining the
required backoff is to set up a test com-
munication link and measure the
threshold degradation that occurs as a
function of the transmit power. It is
important that the receive power level

www.rfdesign.com

PAPR verss Numbcr of Symbols

s /” = —

RRC Filter PAPR (4B)

3 s s . 1 0 10 1 [F] 13
Nuber of Symbote

Figure 5. PAPR of an RRC filter response as
function of the number of symbols in a wors
case sequence.

be kept constant and that the receive
be run right at threshold so that it dis
plays maximum sensitivity to ISI. Wit
this configuration, it is possible t
determine the transmit output powe
level where threshold degradatio
becomes a problem.

Figure 7 shows a measured plot ¢
effective receiver threshold as a func

Probahility v PAPR, Alpha=0 2

oy i p

Y N\

\; ANRNE |
S| ¥ AR\
ot i \ PRV
1 s R

110 \ _[ "

$1 14 |
{ \

) § 1
Calli o s EOE ) 0 > 10
PAPR wwth Alpha 0.2 {48)
-6 3PSK
-6 16QAM
-9 32QAM
S 61 QAM
128 QAM

Figure 6. Probability of reaching a particule
PAPR for various modulations.

tion of average transmit power. Th
output back-off points suggested by th
waveform PAPR are shown. Note tha
there is a perceptible amount of thresh
old degradation even before the thec
retical back-off points are reached. Thi
may be attributed to the ISI generate:
by the transmitter distortion of peak
that approach, but do not exceed, the

dB compression point.

It is also interesting that the 32
QAM sensitivity degrades at a steepe
rate than the 16-QAM. This can b
attributed to the fact that the E,/N, ¢
the 32-QAM signal is higher at sensi
tivity than the 16-QAM signal. The IS
produced by compression is relative t:
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Figure 7. Effective threshold vs. transmit power.

the bit energy, so it has a greater
impact on the higher E,/N, signal.

Determining the final operating point

How the final operating point is cho-
sen depends on the application. The
key system performance parameter is
system gain, defined as the transmit
power minus the receiver sensitivity.
Sometimes, both the transmit and
receive antenna gains will also be
included in the system-gain computa-
tion. Maximizing the system gain will
maximize either the maximum possible
communication distance or the receive
signal-to-noise ratio. Increasing trans-
mit power is one way to increase sys-
tem gain. At the receiver, reducing the
noise figure results in a better sensitiv-
ity and increased system gain.

For a system requiring high reliabili-
ty or applications involving mass produc-
tion, the designer will usually opt to stay
out of compression entirely and maybe
even add one or two dB of margin. For
custom systems in which every bit of sys-
tem gain must be extracted, the designer

may choose to consider a plot of the net
system gain and set the transmit power
to the point that maximizes system gain.

Figure 8 shows such a plot for a sys-
tem that was recently tested. As the
transmit power is increased, eventually
the point is reached where each addi-
tional dB of transmit power produces
more than 1 dB of threshold degrada-
tion. From the plot in Figure 8, the
point of maximum system gain is readi-
ly apparent for 32-QAM and is close to

the power predicted by the PAPR.

For this system, when running 16-
QAM, the compression effects are more
gradual and the system gain does not
present such a clear maximum. This
difference may be attributable to the
fact that the coding was slightly differ-
ent between the two modes and, as
mentioned earlier, the higher E,/N, 32-
QAM system would be more sensitive
to ISI. Both modulations were run
using a concatenated Trellis code and

Reed-Solomon code.

Referring to Figure 8, it is apparent
that operating this 16-QAM system in

System Gain 28 GHz 16 and 32 QAM

170
165
c [ s |7 -
5 16 QAM PR
o [ » »
5 160 | AL Sl Al i \ S|
9 i 32 QAM N
? 185 | . v i iy
[ -
»
150 el —
5 10 15 20 25 30
Tx Power

Figure 8. Net system gain vs. transmit power.
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compression can provide som
increased system gain. As the power i
increased, the system gain curve flat
tens out, and increasing the transmi
power by 25 dBm does not actuall
increase the system gain. In this case
there appears to be an incentive t
operate 2 dB into the compressio
region of the transmitter. This must b
balanced against the effects of the dis
tortion on receiver performance and th
risk of the operating point moving fur
ther into compression as component
age, power supplies vary and othe
real-world effects take their toll.
Maximizing the overall system gaii
by running into compression is general
ly not considered good design practice
When running QAM slightly com
pressed, the system sensitivity is bein;
set, in part, at the transmitter rathe
than by the receiver noise figure. Th
derivation of the matched filter as ai
optimal detector is based on th
assumption of additive white Gaussiai
noise (AWGN) and a linear, time
invariant receiver filter>3. The effects o
transmitted distortion will neither b
white nor Gaussian and the compres
sion effectively changes the transmi
spectrum, so the receive filter is n
longer matched to the transmitted sig
nal. In this case, the detector will n
longer be optimal, which may lead t
unexpected results. The signal distor
tion may also impact the operation o
blind channel equalization if it is used.

Don’t forget about interference

Another consideration when pushiny
the transmit power is that most com
munication systems have a regulator:
spectral mask that they must meet t
limit interference to neighboring users.

When the transmitted signal is dis
torted (compressed), the signal wil
begin to exhibit spectral regrowth. Thi:
regrowth may cause the system to fai
certification testing. For all of th:
aforementioned reasons, the bes
designs will usually be achieved b;
operating in the linear region of thi
transmitter and investing in receive:
noise figure improvement.

For most systems, an operating poin
somewhere between 1 dB into compres
sion and 2 dB below the compressior
point is ideal.

Conclusions

For standard digital modulatior
techniques that use RRC filtering, i
is possible to compute the maximun
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theoretical output-back-off that i
required to prevent transmitter non
linearities from introducing ISI into

communication link. This theoretica
back-off is a combination of the PAP]
of the constellation and of the RR(
filter for the particular value of «
that is used. It is also possible t
determine the acceptable probabilit
of ISI and adjust the output back-of
accordingly. Finally, if high transmi
power is important, the designer ma,
elect to use system threshold degra
dation measurements as a means ¢
determining the level of peak com
pression that can be tolerated for

given communication system. Th
generally accepted approach is t
determine the PAPR of the filtere:
constellation and then use a figur
near that value for the output back
off. Performance improvements ca
then be gained by improving th
receiver noise characteristics.

RF

References

[1]  “Single- and Multi-Carrie
Quadrature Amplitude Modulation,” 1
Hanzo, W. Webb and T. Keller, Joh
Wiley & Sons, Ltd., 2000, pp 73-76.

[2] “Single- and Multi-Carrie
Quadrature Amplitude Modulation,” L
Hanzo, W. Webb and T. Keller, Joh:
Wiley & Sons, Ltd., 2000, pp 89-93.

[3] “Digital Communication
Fundamentals and Applications,
Bernard Sklar, PTR Prentice-Hall
1988, pp 88-92.

[4] “Single- and Multi-Carrie
Quadrature Amplitude Modulation,” L
Hanzo, W. Webb and T. Keller, Joh:
Wiley & Sons, Ltd., 2000, pg. 79.

[5] “OFDM for Wireless Multimedi.
Communications,” Richard Van Ne
and Ramjee Prasad, Artech House
2000, pg 119.

[6] “RF Power Amplifiers fo
Wireless Communication,” Steve C
Cripps, Artech House, 1999, pg 199.

(7] “Digital Modulatio:

Techniques,” Fuqgin Xiong, Artecl
House, 2000, pg 430.

June 200



SAWTEK SUPPLIES g:ia{er-Xal:7-N 10 o] RV T0], [

BROADER IS BETTER... and today’s broadband wmarket depends on Sawtek’s
broad range of SAW products for total filtering solutions. Sawtek’s patented

SAW technology is perfect for every high-speed access application — delivering
voice, video, and data to home or office. For wireless and cable connectivity,
Sawtek SAW filters offer the heightened sensitivity and flat passbands you
need. Our proprietary software delivers

shorter turnarounds through highly SAWTEK’S BROADBAND
ACCESS FILTER FAMILY

accurate modeling that helps bring your

product to market more quickly, less Frequency Bandwidth Package Part

costly. Call today or visit our website (MH2) (MH2) Size Number
to see why Sawtek is the broadband 36.15 8.0 6/18 DIP 855748
43.8 5.5 6/14 DIP 851205-3
440 6.0 6/18 DIP 855079
70.0 35 15.3x6.5mm 855742
70.0 8.0 13.3x6.5nm 855677

& S A“I"'EKO 80.0 8.0 13.3x6.5mm 855679

TriQuint company 110.59 1.0 13.3x6.5mm 855659
150.0 8.0 13.3x6.5mm 855678

202.75 1.2 13.3x6.5mm 855068

330.0 5.45 15.3x6.5mm 855730

426.0 5.16 15.3x6.5mm 855731

Sawtek... Your Total SAW Solution! 479.5 25.5 7.0x5.5mm 855892
1086.0 10.0 3.0x3.0mm 855917

1090.0 10.0 3.0x3.0mm 855989

1220.0 10.0 3.0x3.0mm 855990

access supplier of choice.

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

VISIT OUR WEBSITE
www.sawtek.com

Phone: (407) 886-8860
Fax: (407) 886-7061
E-mail: info@sawtek.com
INFO/CARD 97




RF literature

Component CD catalog

features TCXOs

Rakon’s complete line of quartz com-
ponents is now available on CD-ROM.
The CD features SMD TCXOs and
VCTCXOs, thru-hole TCXOs and
VCTCXOs, clock oscillators and crystals,
GPS chipset crystals and TCXOs, custom
oscillators and miniature oscillators.
The CD also includes technical tutorial
help, technical definitions and a product
selection guide.
Rakon Limited
sales@rakon.com

2002 designer’s guide, online
ordering available

Hittite Microwave’s 1,218-page
Designer’s Guide includes 48 new RFIC
and MMIC product data sheets, as well
as quality/reliability, application and
packaging/layout information. Design
engineers will find SMT packaged and
chip component solutions for their cellu-
lar, broadband, microwave/millimeter-
wave and military/space applications.
Full specifications are provided for more

than 175 components, including: ampli-
fiers, attenuators, dividers/multipliers,
mixers, modulators, switches, and VCOs
covering DC to 40 GHz.

Hittite Microwave

www.hittite.com

MOSFET selection guide
simplifies design

Zetex’s comprehensive new product
guide covers the company’s range of N-
and P-channel devices. This 12-page
booklet categorizes Zetex MOSFETs by
operating voltage and target application,
and provides full details of current and
future package options. The guide details
20 to 100 V trench technology
MOSFETSs, which offer low Ryg,,, and
high current handling. For fast-switch-
ing 20 and 30 V applications, high-cell
density planar process products are
reviewed, and small signal devices are
described for operating voltages as high
as 450 V. Presented in a tabulated for-
mat, product range data are sub-divided
into single N- and P-channel MOSFET
packages and dual device packages in

single polarity, dual-complementary ant
“h”- bridge combinations.

Zetex

www.zetex.com

Reference book introduces
spring contact probes

Synergetix announces a new refer
ence book, Spring Probe Technology ii
Product Connector Applications. Th
book is intended to introduce design engi
neers to the concept of using spring con
tact probes as electro-mechanical inter
connects. The book provides a technics
overview of spring probe technology an
discusses the appropriate product connec
tion applications for this technology. Dat
and research are provided in diagram
and charts comparing spring probe teck
nology to other methods for interconnec
tion. Several multiple-cycle technologie
are compared with s-ring contact probes
including: wire sleeve, bent metal, wir
mesh, pin and socket, permanent mount
ing and conductive elastometers.
Synergetix
www.synergetix.com
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RF software

Applications extend

3luetooth reach

TDK Systems announces three
1ew software applications for its “go
ylue” range of Bluetooth products:
DK Mobile, TDK Dialer and TDK
lueDial. TDK Mobile allows users to
ontrol and manage their Bluetooth-
:nabled mobile phone from a PC or
aptop using TDK Systems’ Bluetooth
>C card or USB adapter. Users can
:asily back up their mobile’s phone
ook and SIM card memory to their
?Cs. This makes valuable contact
letails accessible in case of phone
heft or loss. TDK Dialer adds new
eatures to blue5 and blueM, the TDK
Systems’ Bluetooth solutions for Palm
1sers. It enables users to dial any of
he 4,000 numbers stored in their
’alm database, directly from the PDA
ria a Bluetooth phone. With both TDK
vlobile and TDK Dialer, sending SMS
ext messages is easier and faster as
hey can be written on a keyboard or
1sing the PDA writing function —
nstead of using the ten small keys of

designed for the TDK Systems
bluePAQ device. The new application
allows numbers to be dialed from the
iPAQ contacts list and SMS messages
to be edited and sent.

TDK Systems

www.tdksys.com

Bus analysis tool offers
graphic capabilities

SBS Technologies introduces the
next-generation PASS 3.0 software
for MIL-STD-1553 and ARINC
429/575 bus analyzer capability.
PASS 3200 Version 3.0 is developed
for use in avionics systems integra-
tion, simulation and testing. PASS
3200 takes full advantage of
ActiveX, COM and multitasking
functionality by using the latest in
32-bit Microsoft Windows technolo-
gy. Version 3.0 includes a full suite
of advanced features and functions
offering expandability and applica-
tion for use in the laboratory, in
flight, on the flight line, or in any
application requiring real-time data

acquisition and analysis.
SBS Technologies
www.sbs.com

Development tool for
satellite systems

OctoGroup S.A. announces
Visionic, a development tool for
satellite ground stations monitoring
and controlling (M&C) system soft-
ware. It allows system engineers to
design and implement a fully cus-
tomized software system for any type
of satellite earth or mobile station.
Visionic extends the popular
CAD/CAM package, Microsoft Visio,
with satellite station-related shapes
and stencils. The system engineer
draws a station schematic using
these symbols and Visionic compiles
the schematic into executable files
for the M&C system. The compiled
system displays the exact schematic
as drawn by the engineer in a near
real-time fashion.

OctoGroup S.A.
www.visionic-system.com

v cell phone keypad. TDK blueDial is
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TTL Serial Interface - Point/Multipoint Networks
Low Power Modes - Development Kits Available

f toll-free 866-765-9885
MaxStrearrmn. wwmnaxstream.net
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<
7504
Series LPTV
Combiner

4634 Series
Digital Applications

COMMUNICATIONS & ENERGY CORP.
K Phone: (315) 452-0709
R Toll Free: (800) 882-1587
E a FAX: (315) 452-0732
E-mail eng@cefilter.com
WebSite www.cefilter.com

COMMUNICATIONS
& ENERGY CORP
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HiGH-SPEED DSP CORES

Reconfigurable, extendable DSP cores and subsystems for
wireless handsets, digital control and speech processing

Adelante introduces its first family of RT-level DSP cores. The Saturn family
of reconfigurable, extendable DSP cores is optimized for ultra low-power, high
volume, cost-sensitive telecom, digital servo and speech applications that include
baseband processing for wireless handsets (CDMA, TDMA, GSM, GPRS, and
DECT), speech recognition, DVD, CD-ROM, and hard disk drive controllers.
Reconfigurable — Designers can expand the standard 16-bit instruction set
by creating additional 96-bit VLIW application-specific instructions.
Extendable — Designers can add application-specific hardware execu-
tion units to the Saturn core processor that further increase execution
efficiency and power conservation.

Low power consumption and smallest silicon area per
operation - It is suitable for battery-operated and cost-sensitive
applications. Built on a 0.18u standard CMOS process technolo-

gy, the core has a silicon area of 0.5 mm?, and consumes 0.25

mW per MHz.

It has a (typical) maximum clock frequency of 210 MHz. Using a
CMOS process that is optimized for power, speed or area will improve
these figures significantly.

The core’s architecture can deliver as many as 12 operations per clock cycle
and the core can execute 420 million multiply and accumulate (MAC) opera-
tions per second. This translates to 820 million 16-bit MACs per square mil-
limeter of silicon.

- Dual-Harvard architecture — It
Device highlights: includes two 16-bit multipliers, four 16-

* 210 MHz clock with CMOS process optimized for power bit arithmetic logic units (ALUs), two
address calculation units, barrel

and speed. ; ;
A - shifter, a program control unit, a hard-
* 12 operations per clock cycle for 420 million MAC opera- ware loop control unit, a saturation and
tions per second. shift unit and a bit manipulation unit.
¢ ALU combination offering two 40-bit ALUs for high- There are two data memories, each of
precision calculations. Whlch can be as large as 64 K words by

16-bits. The ALUs can be combined to
create two 40-bit ALUs offering high-
precision calculation capabilities for
such applications as speech and audio processing. Pointers are switched in the
same clock cycle, enabling the immediate execution of service routines.
Instruction set optimized for wireless baseband and

* On-chip JTAG emulation and run-time debug support.

RISC Sub-System

digital control — The core has 16-bit and 32-bit instructions

Perlpheral Sub-System el 7 A
that have been optimized for the execution of wireless,

inanabEyaiam speech and digital control functions.

Adelante
www.adelantetech.com

High-speed DSP cores, supporting IP,
subsystems and tools for the development
of complete DSP subsystems for
....... multiprocessor systems-on-chips.

Memory Sub-System

www.rfdesign.com June 200



WIDEBAND

HIGH IP3 MIXERS

&

+4 to +17cBm LO e 8B
from (ol 01y Model Frea M Bm|  (0Bm) E Facior® 1C

; ’ 1 ] ADE-10MH 13 2 13 70 695

Now you can obtain spectacular wideband IP3 performance at a value price with ADE-12H 04280 417 1 g] 895
Mini-Circuits team of MBA, ADE, and SYM mixers. Optimized to deliver the highest IP3 +MBA-591L  4950-5900  +4 15 1 70 695
; ; i SYM-25DLHW  40-2500 +10 22 12 63 795

for a given LO drive, these affordable surface mount mixers range from 32dBm IP3 SYMSSDMEW  40-2500° 413 56 5 66 895
for +17dBm LO power...to 15dBm IP3 for LO down to +4dBm. In terms of E Factor SYM-24DH  1400-2400  +17 29 12 70 995
; ; : b Lo A SYM-25DHW 802500 +17 30 13 64 995

(IP3 Figure Of Merit), these mixers go as high as 1.5 providing superior SYM-22H 1500-2200 +17 30 13 56 995
intermodulation suppression from 5 to 5900MHz while at the same time SYM-20DH  1700-2000 +17 X 15 67 995
ol > T y 3 SYM-18H 51800 +17 30 13 575 995
achieving low conversion loss and high isolation. You'll also be pleased to know SYM-14H 1437t 7 30 13 65 995
SYM-10DH +17 al 14 76 995

the Blue Cell™ MBA model covers your higher frequency
designs with superb temperature stability, high
repeatability, and ultra-thin 0.070" profile. Now, high IP3,
higher performance, and value pricing have merged.
The result is Mini-Circuits wideband high [P3
mixers...the clear choice!

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

[IMini-Circuits

*E Factor « [1P3
ADE models prot

pa
* MBA Blug odel prowck

BBLUECELL
TicnnoLoe Y

us 34

INT'L 35
CIRCLE READER SERVICE CARD

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 3324661 For quick access 1o product information see MINFCIRCUITS CATALOG & WEB SITE
w‘l" “The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
-
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RF product focus — test & measurement

Extended bandwidth

microwave spectrum analyzer

Tektronix announces a new addition to its line of
microwave measurement solutions. The FSU26 microwave
spectrum analyzer increases the FSU family of instruments’
range from a maximum of 8 GHz to 26.5 GHz. This addresses
the needs of emerging 3G mobile
technologies, satellite applications
and more. It offers a degree of
accuracy that minimizes measure-
ment uncertainty, permitting nar-
row measurement margins (toler-

Specifications at a glance:

* Enhanced GPIB transfer
speed

¢ FFT-based filters

¢ —155 dBc at 10 MHz offset

ances) without an increase
in yield-eroding false pass-
es or failures. The instru-
ment’s dynamic range is
similarly matched to the
needs of critical noise and spurious measurements on 3G equip-
ment. In addition, the memory’s 10 k—point capacity is the
equivalent of as many as 16 conventional displays.

Tektronix

www.tektronix.com

Digital noise generator

for communications test

Noise Com introduces the NG7500, a programmable
pseudo-noise and CW signal spectrum generator for RF
microwave, and FO equipment testing. It offers a 70 MHz R]
spectrum output, including noise and CW waveforms to emu
late real-world noise and
interference conditions. It
features a maximum 70-
MHz output bandwidth (500
kHz to 70 MHz) and noise
can be controlled with a 1-
Hz resolution. Parameters
can be entered via keypad
and/or a Windows-based
GUI. It can also generate
signals from data files supplied by the user and downloade:
via an optional Ethernet remote interface. The unit come
standard with a GPIB, IEEE-488, remote interface. It prc
vides digitally simulated AWGN with user-setable parame
ters. It can generate any combination of noise and signals. CV
signals are generated with user-programmable amplitude an
frequency. Other types of signals can be included or loaded b
the user via the optional Ethernet interface.
Noise Com
www.noisecom.com

Satellite radio
signal generator

Celerity Systems announces the
the CS2010SDARS satellite radio sig-
nal generator, for production testing of
SDARS-capable radios. It features as
much as a 70 dB independent S/N
ratio/channel, 30 MHz of multicarrier
bandwidth, and a 11.5 seconds of non-

repetitive signal playback. It can also
simulate adjacent channel signals,
potential in-band and out-of-band
interferers and replay actual, field-
recorded “drive-test” signals. Targeted
at both design and production test
applications, it is fully network-compat-
ible, allowing operation in automated,
remote and networked environments.
Celerity Systems
www.celeritydbt.com
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Optical switching
card line expansion

Keithley introduces the 1 x 16 opti-
cal switches, an expansion of its model
7090 optical switching card line. These
switches are typically used to route a
single signal to 16 DUTSs or 16 instru-
ments. The new switches can also be
used in combination with the Model
7090 1 x 4 and 1 x 8 optical versions,
plus DC and RF switching cards for ver-
satile hybrid test configurations. Its 1 x
16 cards switch optical signals in the
1290 to 1650 nm range and use single-
mode fibers with FC/SPC and FC/APC

connectors. All cards are compatible
with Keithley’s GPIB-programmable
7001 and 7002 switch mainframes.
Keithley

www.keithley.com

www.rfdesign.com

Integrated reliability test fol
wireless semi components

Maxwell announces its new line
automated accelerated reliability te
systems (AARTS) for performing accele
ated aging performance characterizatic
tests on discrete transistors, monolith
microwave integrated circuits (MMIC:
hybrid microwave integrated circui
(HMICs), and RF/microwave modu
assemblies ranging from DC to 18 GH
and up to 96 channels. The product fan
ly supports 4, 8, 16, and 32 channels
capacity with full RF, DC, and temper
ture stress capabilities. The system co
sists of hardware and software used
initiate, supervise and record temper
ture, electrical and RF performan
parameters automatically througho
the test duration. The devices-under-te
(DUTs) are mounted in individual te
fixtures that allow independent bia
temperature and RF control.

Maxwell Technologies
www.maxwell.com

Probe for precision on-wafe
capacitance measurements

Cascade introduces the DCP-H'T
probe for its AttoGuard series of par
metric wafer probers. A probe t

June 20!



THE GLOBAL SOLUTION...
AND BEYOND!

\\\\

JOMHz to 7GHz AMPLIFIERS . 99 %>

From amateur radio to cellular to satelite applications, ~ SPECIFICATIONS

; k Gai M: R Pri
with medium output power up to 17dBm, 2 i Po! e g b Ly 5
Mini-Circuits versatile ZJL and ZKL connectorized — Model (MHz2)  (0B) (+0B) (dBm)  NF(dB) IP¥dBm) I(mAS (1-9)
amplifiers offer the broad range of choices zisa 205000 9.0 2055 150 85 320 80 12995
i Vi i ZJL-7G 207000 100 1.0 80 50 240 50  99.95
designers demand for ach|e\_nng high system Zag S TAttD s o e W S el g
performance goals. Ultra-wideband models  zi-6G 206000 130 216 90 45 240 50 11495
H H H ZJL-4HG 20-4000 170 2156 15.0 45 30.5 75 129.95
deliver gain ranging from 9 to 40dB and IP3 236G S0aa00" 190 125 ‘a0 a8 220 45 11408

— o t_o +32dBm. Bu‘t beyond the pe(fqrmar)ce ZKL-2R7  10-2700 240 207 130 50 300 120 149.95
and reliability built into these miniature 12V amplifiers lies  zkl-2Rs  10-2500 300 15 150 50 310 120 149.96

i i | ZKL-2 10-2000 335 =10 15.0 4.0 31.0 120 149.95
énoltlherlm;?ort?nt f%atlgre, the low price...from only $99.95! SN " ot o ima T ie & =it L
all now for fast delivery. N
| 1.Typical at 1dB compression.
Mini-Circuits...we’re redefining what VALUE is all about! 2. ZKL dynamic range specified at 1GHz.

3. All units at 12V DC

[ JMini-Circuits @ .8

. .. . CIRCLE READER SERVICE CARD
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits.com

For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE » EEM « MICROWAVE PRODUCT DATA DIRECTORY « WWW.RFGLOBALNET.COM
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design complements the measurement
shield to enable device characteriza-
tion with high signal integrity to the
device-under-test (DUT). The new
probes use the same signal path acces-
sories as the existing probe series. The
new design also allows greater flexibil-
ity in terms of integration for some
applications.

Cascade Microtech
www.cascademicrotech.com.

Bluetooth protocol
analyzer

Mobiwave announces the
Bluetooth protocol analyzer, BPA-D10,
targeting Bluetooth wireless device
developers and manufacturers. It
offers an intuitive user interface, a
network connection and other sought-
after features. The system captures
Bluetooth wireless protocol informa-
tion over the air and analyzes all lev-
els of the protocol inclusive of the base
band layer. The graphics user inter-
face displays all the information in the
form of a message sequence chart.
Protocol layers are further broken
down into packets and fields, and even
up to basic raw data format, for ease of
checking. Its advance search and fil-
tering engine allows developers to
focus on the problem area quickly and
easily. The error detection and packet
statistic provide information on the
quality of the Bluetooth devices’ radio
under observation and the surround-
ing air space.

Mobiwave Pte Ltd,
www.mobiwave.com

Analyzer monitors
environments for RF signals

AeroComm’s new SA 3000 spec-
trum analyzer is a compact, PC-based
instrument covering the 2.4 GHz ISM
band. The device identifies optimal
locations for wireless equipment and
alerts installers to potential interfer-
ence. When combined with a laptop
computer, it enables comprehensive
remote site surveillance at virtually
any location. It interfaces to a desktop
or laptop PC via a standard RS232
serial port. Its size and multiple
power-supply options make it easily
portable and suitable for mobile site
surveys and fixed site use. Operation
is menu-driven, and on-screen dis-
plays are easy to read and understand.
The analyzer’s software includes tools

66

for gathering and evaluating data. Its
displays can be configured to three
user-selectable parameters.
AeroComm

Www.aerocomm.com.

Microline oscilloscope
probes

Pomona Electronics announces a
new series of Microline oscilloscope
probes designed to speed up and sim-
plify testing of high-frequency, high-
density circuits in limited space areas.
Compatible with digital and analog
oscilloscopes, the new 500 MHz band-
width probes provide capability to test
a broad range of high-frequency appli-
cations. Measuring 5 x 65 mm (diame-
ter/length), the design enables access
to miniaturized and multiple test
points that are difficult to reach with
standard-size probes. These probes are
suitable for measurements on fine-
pitch IC leads. The probe is a 500 MHz
x 10 passive voltage probe with input
resistance of 10 MQ , and is rated for
use in CAT II, 300 VDC and CAT I,
500 VDC environments. The probe set
includes the probe handle and a 1.2-
meter length cable with BNC plug.
The accessory kit includes: pogo-pin

spring loaded tip and rigid tip (one
each), IC tip adapter, 25 mm ground
adapter, 110 mm ground lead with
alligator clip, tip cover, BNC adapter,
sprung hook, trimmer adjustment tool,
color-coded rings and a complete set of
instructions and specifications.
Pomona Electronics
www.pomonaelectronics.com

Expanded frequency

coverage for GSM bands
IFR announces that it has expand-

www.rfdesign.com

ed the range of the IFR 2935 GS]
radio test system to cover the GSI
850 and the R-GSM frequencies. GS]
850 is a new frequency band used i
North and South America wher
TDMA-based mobile handsets a1
being phased out in favor «

GSM/GPRS handsets. The 2935 als
provides for GPRS testing via option:
software download. Managers of te:
and repair facilities will now be able 1

support these additional GSM fr
quency bands today or in the futui
when expanding their businesses 1
include repair and maintenance
GSM 850 or R-GSM phones. Existir
system owners can upgrade the
instruments instantly at IFR’s We
site. All new instruments ordere
after April 15, 2002, will include t}
software upgrade.

IFR

www.ifrsys.com

Mega-zoom deep-

memory oscilloscopes
Agilent Technologies introduct
three 600 MHz to 1 GHz, mid-rang
Infinium MegaZoom deep-memot
oscilloscopes designed to accelera
R&D in the communications, defen:
and semiconductor industries. Tt
units feature deep-memory MegaZoo:
technology, with acquisition memoi
depths as high as 8 Mpts per chann
and sampling rates as high as 4 GS/
The Infinium 54830B, 54831B an
54832B oscilloscopes can capture lor
serial data waveforms and receix
instant responses, even with the dee
est memory, and quickly zoom in ar
search through data with no annoyir
delays. The scopes’ performance he¢
been enhanced with an 866 ME
Pentium III processor with 256 M
RAM. Additionally, the scopes’ arch

June 20(



| The 32nd European Microwave Conference
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* Exhibition floor 90% sold out TR
* Already over 100 exhibitors |
* Italy’s only Microwave Conference and
Exhibition
* For updates on the conference
programme visit www.eumw.com

For Conference Enquiries

Nicola Jedrej, Event Manager
Phone: +44 (0) 20 7861 6391
e-mail: njedrej@cmp-europe.com

For Sales Enquiries

Sheryl Adie, International Sales Executive
Phone: +44 (0) 20 7861 6345
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tecture supports the ports and devices
generally associated with any PC, as
well as remote connectivity, file-shar-
ing capabilities and peripheral support.
Agilent Technologies
www.agilent.com

Microwave and optical
GPIB switching system

Racal introduces the enhanced
Model 1255A GPIB switching system
with both microwave and optical capa-
bilities. As many as four C-sized,
VXIbus 1260-series switch plug-ins

may be installed and mixed, providing
switching capabilities for power, low-
level, RF/microwave and optical sig-
nals in a single system, from DC to
light. The newly enhanced system
includes both an internal IEEE-488
and RS-232 interface and VXIplug-
and-play-compliant drivers, making it
an easy addition to any system. It also
includes support for all Racal
Instruments 1260-series, C-sized
modules. The enhanced 1255A is suit-
able for dedicated signal switching in
all optical and microwave systems, as
well as other signal types in the 1260-
series line. It contains all the neces-
sary interfaces to develop a compre-
hensive switch system with signifi-
cant savings over traditional imple-
mentations. The 1255A takes advan-
tage of the density offered by C-sized
VXlIbus switch plug-ins, while signifi-
cantly reducing cost through the elim-
ination of VXIbus mainframes and
controllers.

Racal Instruments
www.racalinst.com
sales@racalinstruments.com

Vector signal generator
now shipping

Celerity introduces the second-gen-
eration CS2010 Vector Signal
Generator (VSG). It has been updated
to meet the needs of developers and
manufacturers of NG wireless sys-
tems. Performance advances include s
new graphical user interface that
improves ease-of-use in both produc:
tion and R&D applications. Signa
files are now cached and can be exter
nally triggered. Enhanced signal cre-
ation capability has been added to the
resident Vector Signal Simulato:
(VSS) software. The added “Rea’
Import” feature allows actual field-
recorded signals to be replayed from
the CS2010 VSG. A new high powe:
option delivers +14 dBm RMS (up tc
+27 dBm PEP) across the full frequen-
¢y range of the VSG and ACPR perfor
mance of 60 dBc is standard.
Celerity Systems
www.csidaq.com

Collins Mechanical Filter
Low-Cost Product Line Expanded

2.5kHz, 5.8kHz, 7.0kHz and
10kHz now available.

@ 455 kHz Center Frequency

-

@ small, Rugged, Reliable

.

@ Bandwidths of 300Hz, 500Hz,

@ Volume Pricing As Low As $20.00

Rockwell
Collins

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

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

C-D/SANGAMO

MICA RF CAPACITORS

JENNINGS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.
TEL (760) 438-4420
FAX (760) 438-4759
Web: www.surcom.com
E-mail: link@surcom.com
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Gan Your Signdt Generator Do This?

" Waveform Preview Output Preview
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With all the signal generator choices in today's
\arket, why on earth would someone build another
ne? Improved realism. If your test signals don't reflect
‘hat your product will encounter in actual use, how
assuring are those tests? Is it worth betting your
>mpany'’s reputation {or your job) on them?

That's why the new CS2010 Vector Signal Generator
‘as developed. Whether you need to generate one
gnal or a complete multi-carrier environment, no other
enerator can match it for accuracy and realism. Create
/CDMA signai environments that simulate muitiple base
ations with individual scrambling codes, accurate
GPP Test Models and precise CCDF. Or generate multi-
andard TDMA carriers whose timeslots precisely
ternate between GSM or IS-136 and EDGE.

LERITY

DIGITAL BROADBAND TEST

49 communications

. t
Celerity Systems, Inc.
an -3 Communications company

INFO/CARD 75

:ﬁa.

Need to simulate a network evolving from 2G to 3G?
A single CS2010 Vector Signal Generator can generate
mulitiple, life-like 2G, 2.5G and 3G signals anywhere
within its 30 MHz bandwidth. Only “on-the-air”
signals will be more realistic!

Certainly no one ever got fired for buying from
"you know who"... but people get canned every day
for product problems in the field. While the CS2010
VSG can't guarantee your product’s success, it can
make your testing as realistic and accurate as possible.
That's what we're about at Celerity.

10411 Bubb Road Cupertino, CA 95014
Phone: 408.873.1001 Fax: 408.873.1397

check out the CS2010 VSG
at www.celeritydbt.com.




RF products

Low-distortion, high-speed
operational amplifier

Analog Devices announces the AD8007, a high-
speed, current-feedback amplifier that features low dis-
tortion (-80 dB at 20 MHz) and low noise. The device
draws 9 mA. The low power design of the device allows
designers to minimize supply voltage circuitry or battery
requirements, which, in turn reduces cooling require-
ments. This facilitates lower cost, fewer materials and/or
higher density boards. Lower temperatures are a benefit
as well, because they can increase system reliability and
life of a product. This amplifier has 600 MHz of band-
width (G = +1) and a slew rate of 1kV/us. The device fea-
tures a second harmonic distortion of —-88 dB at 5 MHz
and -80 dB at 20 MHz, while the third harmonic distor-
tion is -101 dB at 5 MHz and -84 dB at 20 MHz. Noise
specs are at 2.7 nV/rt Hz and 22.5 pA/rt Hz. With a sup-
ply-voltage range from 5 to 12 VDC and wide bandwidth,
the device’s applications include use in IF and baseband
amplifiers, filters, ADC drivers and DAC buffers. Its low
current draw and low power design means the device
will not dissipate a lot of heat. This promotes device
design and layout, as well as cost containment.

Analog Devices
www.analog.com

Lowest Distortion Op Amp @9mA

AD8007

FREQUEN

AMPLIFIERS

5to 6 GHz WLAN

power amplifier

Microsemi announces a 5 to 6 GHz
WLAN power amplifier. The LX5503,
a two-stage amplifier, targets the 5.15
to 5.85 GHz, medium-gain require-
ments found in devices such as NIC
cards, mini PCI cards and WLAN
access points of 802.11a, HiperLAN2
and U-NII. Designed in an advanced
InGaP/GaAs HBT RF integrated cir-
cuit fabrication process, the device fea-
tures a single 3.3 VDC supply, active
bias, good thermal performance,
input/output pre-matching and a
micro-lead package with a footprint of
3 mm? and 0.9 mm high. At 5.25 GHz,
it has a quiescent current of about 100
mA and consumes a total current of
less than 200 mA, while providing a
power gain of about 22 dB at an
orthogonal frequency division multi-
plex (OFDM) output power level of 18
dBm. EVM is less than 4% at full
64QAM and 54 Mb/s. Temperature
variation of gain is less than 2 dB over
-40 to +85° C.
Microsemi
www.microsemi.com

72

WLAN 802.11b
CMOS power amplifier
PowerFore announces a CMOS
linear PA designed for 802.11b appli-
cations. It is packaged in a leadless
QFN 4 x 4 mm package with an
exposed backside for improved ther-
mal performance. The WL2425 deliv-
ers +20 dBm of linear output power

e R Y 3

<

with ACPR of -34 dBc in the first lobe
(11 MHz offset) and -58 dBc in the
second side lobe (22 MHz offset). It
provides 30 dB of gain and draws 170
mA typical at +20 dBm output power
from a single supply voltage of +3.0
VDC. This power amplifier includes an
analog pin to control the output power
level and supply current consumption.
It also has a TTL-compatible power-up

www.rfdesign.com

and power-down feature to maximiz
battery life during receive mode.
PowerFore

www.powerfore.com
info@powerfore.com

Highly stable
1 W amplifier

Microwave Solutions introduce
the MSH-5213601 1 W amplifier. Th
device delivers 30 dBm of output powe
and an IP3 of 39.0 dBm. Typical specifi
cations are: 18 dB of gain, 4.0 dB nois
figure and 1.5:1 I/O VSWR. The curren
is 600 mA with +12 VDC applied. Th
amplifier has been designed with sta
bility in mind and incorporates ai
internal voltage regulator and reverse
polarity protection.
Microwave Solutions
www.microwavesolutions.com

SIGNAL PROCESSING

Family of mixers with

integrated LO amplifiers
Hittite Microwave introduces .
family of GaAs MMIC mixers with L(
and IF amplifiers for cellular/PCS/3(
applications. These mixers ar
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RF — RF+DC

Easily combines RF+DC signals

for your modulation or . 1
test requirements e lzﬁ% Ins(grgqpyégss (Iggl@rt;/%r?) \(/-?yvg? g"gg
F-F, L M U S M0 U 1-9qty
Now up to 500mA DC current 100kHz-6GHz ' 8 o
With Mini-Circuits Bias-Tees, you can DC connect to the RF port of an active
device without effecting its RF properties...modulate a laser, apply DC to an
amplifier output, and more! Using statistical process control plus combining
magnetics and microstrip, large DC currents may pass
through the Bias-Tee without saturation and
degradation of performance. At 1/3 to 1/4 the
price of competitive units, these new Bias-Tees
are available in surface mount, pin, and
connectorized models. So why wait, solve your a = 4
connection problems with Mini-Circuits Bias-Tees. < ) ZFBT-FT
PBT(

* oo s BAEE XPPPPPPIP

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

= - - m ®
[JMini-Circuits :® -8
CIRCLE READER SERVICE CARD
P.O.Box 350166, Brooklyn New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
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Specifications at a glance:

* Up to +29 dBm of IP3

* Up to 35 dB of RF/LO isolation

* Up to 2.5 GHz operation

¢ Integrated LO and IF components

designed for low-cost infrastructure
applications where a combination of
small size, low LO drive and high lin-
earity/isolation is required. The 1.3 to
2.5 GHz HMC421QS16 is a high linear-
ity downconverter RFIC coupled with a
high dynamic range IF amplifier that
achieves an output IP3 of +29 dBm.
The HMC422MS8 and HMC423MS8
both provide 30 to 35 dB of RF/LO iso-
lation and input IP3 of +15 dBm.
Hittite Microwave
www.hittite.com

VCO for point-to-point
radio systems

Z-Communications introduces the
CLVO0700E for point-to-point radios
operating between 680 and 720 MHz.
Generating frequencies within 0.5 to
4.5 VDC of control voltage, it tunes the
40 MHz bandwidth with an average
sensitivity of 29 MHz/V. It exhibits a
spectral signal of -110 dB¢/Hz, typical-
ly, at 10 kHz from the carrier while
operating from a 5§ VDC supply and

drawing 19 mA. It features 1.1:1 linear-
ity over frequency and temperature can
take the error voltage directly from the
IC’s charge pump circuitry.
Z-Communications

wWww.zcomm.com.
applications@zcomm.com

Ultra-miniature, low-jitter
frequency translator

Vectron introduces an ultra-small,
low-jitter, frequency translator
designed for a wide variety of frequency
translation and clock smoothing appli-
cations. The FX-700 is a crystal-based
frequency translator that provides
excellent jitter performance, high out-
put frequencies and small package size.

74

Output frequency ranges from 1 kHz to
77.76 MHz, with a supply voltage that
can be either 3.3 or 5 VDC. The device
is hermetically sealed in a 16-pad
ceramic SMD package, measuring 5 x
7.5 x 2.0 mm. Applications include
SONET/SDH/ATM, WDM, digital cross
connect, DSLAM, DSLAR, access
nodes, cable modem head ends and
GSM and CDMA base stations.
Vectron International
www.vectron.com
vectron@uvectron.com

Wideband VCO for
wireless applications

Vari-L has developed the model
VCO790-2300T that generates frequen-
cies from 2100 to 2500 MHz with control
voltages from 0.5 to +4.5 V. The unit
typically requires 15 mA of current from
a +5 VDC supply voltage. Typical phase
noise at 10 kHz offset is -89 dBc/Hz.
Typical output power is +3 dBm. Second
harmonic suppression is typically -25
dBc and third harmonic suppression is
typically —-30 dBc. The unit is housed in
a 0.5" x 0.5" x 0.18" surface-mount, pick-
and-place/reflow-compatible package.
Vari-L
www.vari-l.com
sales@uari-l.com

SMT oscillators for wireless,
PCMCIA applications

Designed for applications requiring
extremely small size and long battery
life, the S3883-32.768 kHz series sur-
face-mount oscillator from Pletronics
is only 2 mm in height. Supply voltage
range is from 1.5 to 5.0 VDC operation.
Current consumption with a 15 pF load
is 9 mA max at 1.5 V, to 20 mA at V
= 5.0 VDC. These parts have a start-up
time of 500 mS or less. The standard
calibration tolerance at 25° C for the
parts is +30 PPM. The standard operat-
ing temperature range is 0 to 70° C.
Pletronics
www.pletronics.com
ple-sales@pletronics.com

Low-voltage, low-current
clock oscillators

Raltron announces a series of low-
voltage and low-current HCMOS clock
oscillators. The low-voltage 5X7
HCMOS clock is available at 1.6 VDC
and 20mA with a frequency range of 30
to 70 MHz. The low-current 5X7

www.rfdesign.com

HCMOS clock features a supply cw
rent as low as 3.0 mA at 2.7 or 3.3 VD
with an upper rating of 4.6 mA at 5 \
Frequency range is from 4.0 to 30 MH:
Both clocks offer a low jitter specifice
tion of 1.0 ps RMS. Both units hav
optional temperature ranges startin
from 0 to +50° C to the widest of —20 t
+80° C. Standard frequency stability i
+50 PPM.

Raltron Electronics
www.raltron.com

sales@raltron.com

SEMICONDUCTORS/
ICs

12 ns propagation
delay MOSFETdriver

Maxim introduces the MAX504
high-current, high-speed MOSFET dr
ver in SOT23 package for use in powe
MOSFET switching, motor control, an
high-frequency switching power suj
plies. The device includes two separat
N-channel (sink) and P-channel (sourct
outputs. It separate inverting and nor
inverting logic inputs are designed t
operate as high as 14 VDC, regardless «
the V+ supply voltage and is capable

sinking/sourcing 7.6A/1.3A peak cw
rent. The device’s nearly constant, 12 n
propagation delay over the supply vol
age range allows tight control when dr
ving parallel MOSFETSs. Quiescent suj
ply current and input capacitances ar
typically 1 mA and 2.5 pF, respectivel;
Available in the -40 to +125° C operal
ing temperature range.
www.maxim-ic.com

Maxim

Addition to analog
switch line

Intersil announces additions to it
analog switch line. The ISL84514 an
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KOL

MICROWAVE
A m COMPANY

K&L Microwave offers a variety of
Multi-Function Assembly (MFA) products
to satisfy a broad range of filtering
applications. From Switched Filter Banks
to Frequency Agile Filters, we offer
compact, rugged packages that will
endure many difficult environmental
conditions, while providing excellent RF
performance. For all the things you know,
trust K&L Microwave to offer a solution
to your complex filtering requirements.

Filtering Solutions for Your Global Market

Visit us on-line at www.kimicrowave.com

USA: 410-749-2424 * sales@klimicrowave.com

The Things You

UK: +44-(0)-1908-224746 * sales@kleurope.com INFOICARD 47



the ISL84515 are single-pole single-
throw (SPST) NO/NC switches. Targeted
applications include portable battery-
powered equipment in which space and
power consumption are concerns. The
devices offer low power consumption (<5
©W) and low leakage currents (1 nA

Specifications at a glance:

* +2.4 to +12 VDC single supply
* low charge injection, 10 pC max
* TTL and CMOS compatible

* Minimum 2kV ESD rated

max), increased hold times in sample-
and-hold-circuits, and fast switching
speeds (toy = 150 ns max, topr = 100 ns
max). They also reduce propagation
delay in timing sensitive applications.
Intersil

www.intersil.com

Silicon LDMOS FET
medium-power amplifier

CEL announces the addition of an
NEC silicon LDMOS FET, the
NE5520379A. The medium-power
device is useable from UHF to 2 GHz.

It is designed for battery voltages
from 3.2 to 7.5 VDC, making it use-
able in a wide variety of handset and
portable applications. It features high
output power, high linear gain, and
high PAE in a low-cost plastic, sur-
face-mount package.

California Eastern Labs
www.cel.com
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EMBEDDED
SYSTEMS

2.45/5.2 GHz dual-mode
chip antenna

Phycomp has developed a 2.45/5.2
GHz dual-mode chip antenna. The chip
antenna meets both the IEEE 802.11b
and 802.11a (2.45 GHz/5.2 GHz)
requirements for high-speed, wireless
data communication. Based on high-
frequency ceramic materials, it is capa-
ble of achieving resonance at frequen-
cies as high as 10 GHz. The antenna
has a standard SMT form factor, small
size, low mass (weight) and a built-in
50Q impedance matching over external
(helical or wire) antennas. It is manu-
factured using LTCC.

Phycomp
www.phycomp-components.com

Embedded analog
circuit solution

Barcelona Design has released
the Prado synthesis platform and ana-
log circuit IP engines, and the Miro
Class clocking engine. Customers can
now implement complex, optimized
analog and mixed-signal functions in a
matter of minutes and hours instead
of months. Each engine provides
designers with function, topology and
process-specific models that enable
synthesis of custom analog circuits. It
features a high-powered solver that
can handle millions of equations and
constraints in a matter of hours, high-
performance router scalability to
accommodate multiple engines and an
intuitive flow-based user interface.
The Miro Class CGS18T PLL engine
features a TSMC 0.18um CMOS
process, clock generation/clock syn-
chronization functions and topology
and PLL specifications of up to 2 GHz
frequency and jitter as low as 5 ps.
Barcelona Design
www.barcelonadesign.com

ARM11 microarchitecture
launched

ARM introduces the ARMI11
microarchitecture for next-generation
wireless and consumer devices. It tar-
gets a performance range of 400 to
1,200 Dhrystone MIPS for low-power,
low-cost battery-powered and high-den-
sity embedded applications. It is suit-

www.rfdesign.com

able for 2.5G and 3G mobile phone
handsets, PDAs and multimedia wire:
less devices, home consumer applica-
tions such as imaging and digital cam-
era applications, and home gateway
and network infrastructure equipment
The architecture will deliver 350 tc
500+ MHz worst-case on 0.13u foundry
processes, and more than 1 GHz or
next-generation 0.10u processes. Ii
achieves optimum power efficiency sin-
gle-issue operation with out-of-orde:
completion to minimize gate count.
ARM

www.arm.com

TX/RX

High Q, low insertion
loss cavity

K&L debuts the WSD-00216, a higt
Q, low insertion loss, cavity duplexe;
for China Unicom’s CDMA IS95 anc
2001X market. It allows the server tc
operate over a receive band of 82¢
MHz to 834 MHz and a transmit banc

of 869 MHz to 879 MHz. The duplexe:
demonstrates an insertion loss typical
ly <1.0 dB over the receive and trans
mit bands and has a co-channel rejec
tion of >90 dB. The electrical perfor
mance is guaranteed to operate over ¢
temperature range of 0 to +60°C witl
a power rating of 100 W average anc
1500 W peak.

K&L Microwave
www.klmicrowave.com

Two-way Wilkinson
power divider

BroadWave Technologies intro
duces a two-way Wilkinson powe:
divider that operates over a broad fre
quency range of 800 to 3500 MHz witl
20 dB minimum port-to-port isolation
Model 151-011-002 offers power divi
sion asymmetry of +0.3 dB, a VSWE

June 200;



Empowering Short Range Wireless Connectivity

WORLD’S BEST
PERFORMANCE

BLUETOOTH PA

PAE @ 21.5 dBm Pout

PowerFore BT2425 Features:

¢ CMOS Technology, Best
Proven Yields and Lowest
Cost

¢ Highest Power Added
Efficiency (45% at 21.5dBm
P_.), Longer Usage of
Battery Time for Portable
Applications

¢ Minimum External Component
Count, Reduces BOM,
Minimizes Assembly Cost,
Shortens Time to Market

e Lowest Current : 100 mA
Typical at 21.5 dBm Pout

e Internal Input 50 Ohm
Matching Network

e Only One External Output
Matching Component

¢ Analog Power Control

e Shutdown Control

e 4 mm x 4 mm 16 pin QFN
(MLF) Package

Supply Current @ 21.5 dBm Pout

180

Applications:

Supply Current @ 21.5 dBm (mA)

®¢ Bluetooth Modules
@ 2.4 GHz Cordless Phones

POWERFORE

A Tavanza subslidiary

Powerfore Inc., 1030 W Maude Ave., Suite 100, Sunnyvale, CA, 94085
Tel (408) 331-1706, FAX (408) 331-1701, Info@Powerfore.com
WWW. Powerfore.Com
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1.4:1 maximum, an insertion loss of 0.7 dB. Input power rat-
ing is 5 W, CW. Standard connectors are SMA and other con-
figurations including four-way, six-way, and eight-way are
also available.

BroadWave Technologies.

www.broadwavetech.com

sales@broadwavetech.com

16-bit SAR ADC for space-
constrained applications

Analog Devices introduces the AD7680, a 16-bit successive
approximation register (SAR) ADC with 15 bits and no missing
codes in a six-lead SOT 23 package. The device features a
throughput rate of 100 ks/s, as well as low power dissipation —
3 mW at 3 VDC and 15 mW at 5 VDC, typical. Based on the
SAR architecture, there are no pipeline delays. It is designed
for a wide variety of portable and battery-powered applications

Need PC Boards in a Hurry?
Don’t worry!!!

PROTOTYPE PCB's / PRODUCTION PCB's
Single sided / Double sided PTH / Multi Layers

We are approved for all materials to meet your RF pcb requirements.

POLYIMIDE / TEFLON / DUROID / GETEK / ROGERS

For a quick response to your quote: Fax or e-mail your requests.

United Electronics Corporation /5321 N Pearl Street, Rosemont, IL 60018

Tel: Sales, 800-766-5505 or 800-352-1959

Fax: 608-883-6877 or 847-671-1783

E-mail: >ron.uec@inwave.com< Visit our web site: www.unitedel.com
QS9000 & 1S09002 Certitied
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in medical instrumentation, control systems, remote dat
acquisition and mobile communications. The ADC opcrate
from a single 3.0 to 5.25 VDC power supply and contains a low
noise, wide-bandwidth track/hold amplifier with performanc
as high as 10 kHz. Data acquisition and conversion are cor
trolled using the CS pin and an external serial clock, allowin
the device to interface with microprocessors or DSPs.

Analog Devices

www.analog.com

SUBSYSTEMS

900 MHz spread-
spectrum radio

RF Industries introduces the SS-900, a 900 MHz frequer
¢y hopping radio for the unlicensed ISM band. It comes in
DIN rail mount with an RS-232 serial data port with a 1-V
RF output. Designed for industrial and SCADA operation
this 9 to 28 VDC unit will pass data transparently as well a
MODBUS and Allen-Bradley protocols. Each unit is capabl
of being programmed as a host, remote, or repeater/remot
and connects to many off-the-shelf PLCs and other devices.
RF Industries
www.rfindustries.com
rfi@rfindustries.com

BLUETOOTH/
802.1xx

Single chip
for 802.11a/b

Bermai announces a single-chip wireless solution that ha
all the benefits of 802.11a (in terms of speed, quality assur
ance, bandwidth and security) at the same price point an
range as 802.11b. The ultra-integrated single chip double
the data-rate at half the cost and half the power of existin
technology for broadband wireless applications. The chip fes
tures minimal external component count, a reduced BON
multiple form-factors, backward compatibility to 802.11b an
reduced power consumption.

Bermai
www.bermai.com

BlueTooth application
processor

BrightCom announces the IntelliBLUE BIC210
Application Processor. It boasts enough MIPS (millions ¢
instructions/s) and data memory to run embedded application
together with the Bluetooth baseband and protocol stack. It
core operates at 1.8 VDC and is available in a 10 x 10 mm BG:
package. A single chip includes the application processor I(
with all baseband functionality, software drivers for UART
PCM/CVSD, USB host and device, the complete Bluetooth prc
tocol stack and BrightAPIs with Bluetooth profile support. 1
supports high-speed Bluetooth USB connectivity at 12 Mb/s
UART at up to 921 Kb/s and PCM/CVSD for high-quality voice
Brightcom
www.brightcom.com
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300-470MHz Transmitter IC

Automatically Tunes Antenna

_5’V_ Power
Control _

L
+

Key Specifications

300MHz—470MHz

-2dBm transmit power

5.75mA mean operating current
1HA standby current

L 2K 2K 2K 4

The Good Stuff

€ Easy to manufacture
— Automatic antenna tuning
— Low component count
@ (losed-loop power control
€ 50IC-8 Packaging
€ QwikRadio family also includes receivers

MICREL

The Infinite Bandwidth Company™

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

Data In

Standby

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

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

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

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

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

Literature: (800) 401-9572 Factory: 1 (408) 944-0800
Stocking Distributors: Arrow (800) 777-2776¢ Future (800) 388-8731
Newark (800) 463-9275 ¢ Nu Horizons (888) 747-6046
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apawireless.com
4050 NE 5th Avenue Ft. Lauderdale, Florida 33334 Phone 1-954-563-8833

Wide Band Voltage Controlled Oscillators & Synthesizers
APA.

-
Wireless-
TECHMNOLOGIES
MIN IYp MAX UNITS
m Frequency Range 2488 2845 MHz
Tuning Voltage 0 18 v
YIG Replacement Modulation Sensitivity 29 MHzNV
Oscillators Operates with Vtune = OV
Output Power -2 0 2 dBm
Phase Noise @ 10 KHz
1 KHz Offset -83 dBc/Hz
10 KHz Offset -108 dBc/Hz
100 KHz Offset -128 dBc/Hz
1 MHz Offset -148 dBe/Hz
Floor -164 dBo/Hz

-108 dBcHzat | ruees S
10 KHZ Offset Modulation Bandwidth NA MHz

Harmonics .20 dBe
2488-2845 MHz Vee 1.75 12 1225 v
. feo 35 mA
W|de Band VCO Operating Temperature 40 +85 ()
Package 0.910 inch sq
INFO/CARD 72

80 www.rfdesign.com

Need Switching?

B SYSTEMS M MODULES

B MATRICES B COAXIAL B AUDIO
B DIGITAL M SOLID STATE

W HARD CONTACT

If we

don’t

CALL/FAX FOR CATALOG
Phone (818) 222-2301 or
FAX (818) 222-2304, or
E-Mall: tech@matrixsystems.com

We Specialize In Specials
Call me, I'm interested: INFO/CARD 33

Send literature only: INFO/CARD 36
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APLAC - powerful RF design and simulation at iIC,
board, and system levels.

This world’s insatiable need for originality has put the talents of RF and analog designers at a premium. As companies
struggle to deliver a steady stream of innovative and reliable products, they put their engineering and design staff
under extreme pressure. With product life cycles becoming ever shorter, getting designs right from the start has
become critical to business survival.

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

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

To take your first steps in learning APLAC, simply download or order on CD f
free of charge the Student Version of APLAC from www.aplac.com. //
We also arrange, upon request, 30-day trials of the complete APLAC suite. N

Please contact us at sales@aplac.com. /\J

Helsinki office, phone +358 9 540 450 00, fax +358 9 540 450 40
Dallas office, phone +1 972 719 2562, fax +1 972 719 2568 A PLAUC

APLAC is a registered trademark of APLAC Solutions Corporation. INFO/CARD 73 The Freedom to Do Tl)illgs Rig’)t
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CLASSIFIED
AD MANAGER

Dawn Rhoden

1.913.967.1861 Worldwide

1.888.234.0448 USA Toll-free

Fax: +1.913.967.1735

E-mail: dawn_rhoden@primediabusiness.com

MAIL AD MATERIALS TO:

Arketa Johnson, Classified Ad Coordinator
1 IBM Plaza, Ste 2300, Chicago, IL 60611
+1.312.840.8454 » Fax: +1.312.595.0295
E-mail: ajohnson@primediabusiness.com

Advertise With US!

0.1MHz to 3.1GHz Portable Spectmm Analyzets

w PS.550 0.1.550MHz PS - SA 0.1 -1100MHz (1300MHz optional)
PS - 68 0.1 - 2050MHz (2 bands) PS - 5C 0.1 . 3100MHz (3 bands)
Center/Marker frequency display with on screen marker cursor
Measurement Range: -108 to 20 dBm
Five Resolution Bandwidths: 10KH2, 30KHz, 100KHz, 300KHz, 1MHz
60 dB Input Attenuator In 10 dB steps
2/ 10 dB/Div vertical disptay with Base Line Clipper
Built - in AM/FM demodulation with monitoring speaker
Optional built-tn Tracking Generator
AC / DC / Battery powered (optional internal 412V bettery pack)
Lightweight - Portable operating  Size: 11.5" x 5.4" x 12.9"

Price: P5-850 $1675 PS-SA $2278 PS-5B $2875

PS-5C $178

V.Tech Instruments, Inc.

Tel: 973-848.7835
Fax: 973-546-7651

171 Burns Ave, Lodi, NJ 07844 E-mail: vtechinst@erols.com

WIRELESS
TRANSCEIVERS

o EgRENEE ™ ‘

E 6 B EEmE i !
wwr | mi .

4016 E. Tennessee St. ]

Tucson, AZ 85714

Miniature
www.otekcorp.com AR
email: sales@otekcorp.com
Tel: 520-748-7900 AC Wall
Fax: 520-790-2808 Mount

Analog, Serial & Discrete VO.

Reliably and inexpensively replace the wiring from
your process to the control area (especially in
hazardous areas) using our New TR500 Series!
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HI-PERFORMANCE
THERMAL PLATFORM TEST SYSTEMS

Yok THERALPITORM S

" 21089 Longewny Road, Sonors, CA 95370 USA
" www.essthermalplates.com Phone 1-800-735-8889

Fax 732.636.1982

E-mall: salesQessthermaipiates.com Fax 4-800-738-7370

SP16T Pin-Diode Switch (0.5-18 Ghz)

UMCC's Model SR-U010-16S is an absorptive six-
teen-throw solid state switch operating over 0.5-18 Ghz
Switch features: 7.0 dB loss / 60dB Isolation at 18 Ghz,
2:1 VSWR, 25ns Rise/Fall time, +5/-12 VDC Supplies,
CMOS or TTL controls, all removable connectors. Unit
measures 1.6" x 8.0" x 0.4"

Product Line:

Solid State Variable Attenuators

DC - Blocks, Bias Tee's, Transformers
Directional éouplers

Hybrid Cou Iers 90°/180°)

Power DIVI ers /| Combiners

Solid State Switches

Special Function Subsystems

Universal Microwave Components Corporation
5§702-D General Washington Drive 3

Alexandria, Virginia 22312 w ['] [ [
Tel: (703) 642-6332 « Fax: (703) 642-2568

Email: umcc@umcc111.Com

web: www.umcci11.com
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EMI/RFI Solutions
& = in Flexible
Electrical Conduit | “iutons
(2]
E Electri-Flex literature
\” 1 presents EMI/RF shielded
8 flexible electrical con-
1MHZ 1 GHZ duit in standard and custom versions.
> Linear BROADBAND RF: Liquidtight shielded conduits feature
[> Broadband B LA Series - Linear Amplifier bronze flexible cores or copper braids
> Reliable ® Up to 1 GHZ delivering shielding from 120 dB @ 1 GHz.

[> Cost Effective
[> Basic Convenience

W Up to 50 Watts
B New Design Sotutions

110 Halstead Street #7

Rochester, New York 14610 USA  Fax:
http://www.tcpowerconversion.com

T&C Power Conversion, Inc. }_

1-716-482-5551
1-716-482-8487

Phone:

Electri-Flex Company
222 West Central Avenue

Roselle, IL 60172-1994
Tel: (630) 529-2920 or (800) 323-6174
Fax: (630) 529-0482
Email: mkig@electri-flex.com
Web: www.electriflex.com
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coo ..YOUR CAREER

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

————— | RF Power Amp Design: Design and develop high-efficiency low-voltage SiGe power
% devices and amplifiers for cellular/PCS applications. Requirements include MS or
PhD and experience in MMIC or RFIC design and test along with 5+ years expenence
i bipolar and GaAs power amp design
RFIC Designers: Hands-on engineers specializing in GaAs, Si, SiGe etc. circuit design. Design centers are
located throughout the US and internationally. The companies we represent will sponsor citizenship. Al our
client companies are successful RFIC technology leaders. All levels of engineering technology positions are
open. Design, applications, project engineering, manutacturing/production. BSEE or equal experience mini-
mum
Senior RF Engineer/fiber-optic communications products: Must be able to design and analyze RF
circuits and subsystems in the frequency range from DC to 10 GHZ. Responsible for generating
schedules and meeting deadlines. Pertorm hands-on testing and evaltuation of new designs. Provide
proper dac ion. Transition designs to facturing. 10-15 years of relevant “hands-on” ex-
perience in circuit /system design and product development BSEE (MSEE preferred) Proficiency with
the RF CAD tools, ADS, Series IV, Spice, Touchstone, Eagleware, EM simulators, Familiarity with
SONET and Gigabit Ethernet is a plus.
S p 0 t Sr. Scientist SAW Devices: Responsible for the research and development of new or modified process
for and p req and specifications in the manufacturing and evaluation of Sur-
face Acoustic Wave (SAW) devices. Conceive, plan and execute projects involving understanding, defin-
h b ing, and selecting new concepts and approaches for new or improved processes in SAW devices. PhD/MS.
0 n t e W e t 0 g e t Senior Broadband Modem Design Englneer: Candidate will be responsible for the design and imple-
ion of next g ion broadband wireless access modem at speeds of 100 kb/s to 40 Mb/s.
using MQAM or OFDM modulation schemes. Required candidate must have a BSEE (MSEE desired)

r e a d e r s i n s i g h t ae with 5+ years RF data communications designs experience. Knowledge of TDD/FDD/TDMA tech-

niques Is preferred
Principal Design Engineer RF IC design in the Wireless Communications and/or Broadband technologies.
D c n c c . r Nl r n Experience in designing on multiple technologies such as HBT GaAs, SiGe, BICMOS, Bipolar, is highty desirable
\ X B O N - RF Design Engineer Design of RF transceivers used in digital radios in the 2-6GHz frequency range. BSEE
- minimum, MSEE preferred. 3+ years of board-level RF and analog circuit design expe-
rience. Experience with amplifiers, fitters, mixers, PLLs and their integration into radio

transceivers.

Sr. Filter Design Engineer: 3 plus years experience in the design and develop-
ment of RF/Microwave filters for the wireless industry. Experience with ce-

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

MMICRO::
EXECUTIVE SEARCH
We specialize i the placement of wireless, RF, microwave communications nationally.

FOR THESE AND OTHER OPENINGS 35 New England Business Center, Ste. 205 « Andover, MA 01810
CALL COLLECT: TEL: 978-685-2272  E-mail: micsearch@aol.com FAX: 978-794-5627

career opportunities
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INTERNATIONAL BROADCASTING BUREAU |
BROADCAST TECHNOLOGIES DIVISION

The International Broadcasting Bureau (IBB) Office of Engineering and Technical Operations, a U.S. Government entity, is
seeking RF System Engineers for employment in the Broadcast Technologies Division of their Washington D.C. headquarters.

=== |

_—

The Broadcast Technologies Division of the IBB designs and builds new high power medium wave and short wave transmitting stations
in both domestic and overseas locations and provides technical assistance to existing transmitting stations world-wide in support of the
IBB mission to transmit Voice of America, Radio Free Europe/Radio Liberty, and Radio Free Asia programs to its overseas audiences.

As a member of the Broadcast Technologies Division, the duties of the RF System Engineer will include: 1) development of |
specifications for high power medium and short wave transmitters, RF transmission lines, and related RF components including
RF switches and baluns; 2) monitoring contractor perfformance; 3) providing technical support to existing transmitting stations; '
4) development of modifications to existing high power transmitters; and 5) performing diagnostic work necessary to resolve
RF related technical issues to the component level.

The candidate must have a BSEE degree and be able to demonstrate a theoretical and practical knowledge of high power medium
and short wave transmitters and RF transmission systems. U.S. citizenship is required. Extensive domestic and overseas travel
will be necessary. The salary will range from $35,339 to $97,108 annually. The IBB is an Equal Opportunity Employer.

Please visit our website WWW.IBB.GQV for more information regarding the mission of the IBB.

We invite you to send your resume, or SF-171, via FAX, DHL, FEDEX, or e-mail to:

International Broadcasting Bureau Oftfice of Personnel, Room 1543
330 Independence Avenue, SW « Washington, D.C. 20237

ATTN: Renee White ® rmwhite@IBB.GOV ® FAX: (202)205-8427 |

fee——————e-esec--ceoeScccomseeecCooco=o=oo

For subscriptions to RF Design call :subs@primediabusiness.com
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My money’s
on embedded

by Ernest Worthman
technology editor
eworthman@primediabusiness.com

I’ve been keeping an eye on embedded technology for
some time. So, when I had the opportunity to
attend the Embedded Systems Conference in San
Francisco, I jumped at it. What I saw there really
made an impression.

It isn’t new, and it certainly isn’t earth-shaking

In fact, embedded technology is marginally visible
when we compare it to industries like DAC and pPCs.
This is largely due to the fact that embedded devices
are more of a support technology than a front-line
technology (such as Bluetooth or 802.1xx). Embedded
systems are core systems that create functionality.
Most, however, are subordinate to breaking technolo-
gy and are likely to stay that way.

But...bet on it!

Nonetheless, what I saw at that conference looked
like a sleeping giant awakening to challenge the 21
century. And, here’s an eye-opener for the RF indus-
try: Of all the companies dealing in embedded technol-
ogy, about 70% consider wireless an integral consider-
ation in the development of embedded devices. That
means that most of the design and development in
embedded technology integrates one or more wireless
interfaces, protocols or subsystems.

If that isn’t a wake-up call for a currently stalled
industry, I don’t know what is.

Yes, I'm bullish on embedded. The potential oppor-
tunity for the wireless industry when it comes to
embedded systems is staggering. In fact, I recently
read a report that noted embedded DRAM will grow
more than 20% aggregate in three years.

Why? — For the same reasons computers have
become a commodity — technology marches on.

IMHO (in my humble opinion), embedded systems
are the great enabler. MIPS are on a logarithmic
climb, integration is up, speeds are up and new or for-
merly expensive technologies (SiC, SoC, SiGe, etc.) are
being mainstreamed. All of this bodes for developing

www,.rfdesign.com

mini ASICs with maxi punch. Add to that the develop
ment in real time operating systems (RTOS), an
you’ve got the perfect formula for using embedde:
devices in smart wireless computing systems, medica
devices , phones, PDAs and HUDs.

Companies like ARM, TI, Berkeley Design, IBM
Analog Devices, Philips, and numerous others yet t
achieve megaopoly status are developing even mor
silicon-based, high-speed, high-performance digita
chips that allow your portable communicator to d
math, play games, download Internet pages, recogniz
your voice, and...yes, even make phone calls.

IP cores, 300 MHz DACs, SoCs...and more

Most of you who follow my column know that I rarel
get overexcited about much. After 30+ years of playin
in the industry, I find most technologies are pretty hc
hum. But embedded systems have been waiting fo
technology to catch up. And, now that it is, look out. ]
you don’t get in the race, you'll likely get run over.

Many players are getting wise. I saw a lot of familia
RF faces at the conference — some would surprise you
Companies in attendance included Agilent, ST)
Cadence, Dallas Semi, Fujitsu, Kyocera, Mento
Graphics, Motorola and Tektronics, just to name a few

It's been a rude awakening

The last two years gave us a wake-up call. It wa
hard for us to grasp the reality that such a downtur
could happen to us. Yet we're right in the thick of it. .
once seemingly infallible industry — ubiquitous
untethered, universal wireless communications for th
masses — is stalled. And, despite the media’s graspin
at straws, no one really knows when things will ge
hoppin’ again.

To the astute (OK at least to me), it seems tha
now is an ideal time to investigate peripheral tect
nologies — especially when one finds out that wire
less is such a significant consideration in an up-anc
coming industry.

With the recent trend toward partnering, what doe
one have to lose?

It can’t help but go up

That was -the mantra I heard over and over. And
have to admit, the momentum was there. Even I gc
psyched.

What’s nice about embedded technology is that it
applications seem endless. Wireless is only one seg
ment. But it's apparent that it’s becoming a signif
cant segment

So, with that in mind, if wireless were my mainsta;
I’d be thinking hard about embedded systems.

&8
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DC to 18GHz ATTENUATORS

fromsz 992 (15—49)

Rugged Stainless Steel Construction, High Repeatability, Miniature Size, Low Cost,
and Off-The-Shelf Availability are some of the features that make Mini-Circuits “BW"
family of precision fixed attenuators stand above the crowd! This extremely broad
band DC to 18GHz series is available in 5 watt Type-N and 285 watt SMA coaxial
designs, each containing 15 models with nominal attenuation values from 1 to 40dB.
Built tough to handle 125 watts maximum peak power, these high performance
attenuators exhibit excellent temperature stability, 1.15:1 VSWR typical, and cover
a wealth of applications. So contact Mini-Circuits today, and capture this next
generation of performance and value!

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

MODELS (Add Prefix BW- )

2WSMA SWSMA 5WTypeN  augnuation (dB)
$29.95 $44.95 $54.95  Nomina

SIV.VQ STWE N1WS5S 1

32 W S2WE N2W5 +0.40
S3w2 S3W5 N3W5 3 +0.40
S4wz S4W5 N4W5 4 10.40
S5W2 S5W5 N5W5 5 +0.40
SEW2 SE6WS5 NEeWS 6 10.40
STW2 S7TW5 N7W5 7 +0.60
S8wW2 SBWS NBWS 8 +0.60
Saw2 SOWsS NOW5 9 +0.60
S10W2  S10W5 N1OWS 10 +0.60
S12w2  S12W5 N12W5 12 +0.60
S15W2  S15WS N15W5 15 +0.60
S20w2  S20W5 N20W5 20 +0.60
S30W2  S30W5 N30OWS5 3C +0.85
S40W2  S40WS5 N4OWS 40 +0.85

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

DC-18GHz Adapters NOW AVAILABLE!
Type-N1o SMA $22% ea.(1-49)  SMA-F to SMA-M $8% ea.(1-49)

Fé&w ¢

For detailed adapter specs Visit: www.minicircuit: /adapter.htm!

[ JMini-Circuits @ 8

P.O. Box 3501

Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
(v’ ™ ‘The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
-l _— we
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We took a little
OFF THE TOP

and LOWERED e EARS.

INTRODUCING THE WORLD’S SMALLEST GaAs MMIC SwiITcH

! TR " Meet the UPG2008TK. It's footprint
0.9mm ) L X J
™ ossmm :m: J-L i less than half that of a standard SOT:363
UPG2008TK S0T-363 switch. Plus its leads are flat and recessed

GaAs MMIC SPDT Switches into the base of its package, giving it that

super low profile

Insertion Loss Py Power Control

Part Number @ 1.0 GHz Handling Voltage

Package 100

Price Description

your miniaturized
UPG2008TK 0.4d8 +25dBm @ 1.0dB 2.8V TK 45¢ World’s Smallest

UPG2009TB  0.25dB +34dBm@0.1dB 2.8V T8  78¢ High Power, No Compromises portz'ible products

UPG2006TB  0.35dB +20dBm@1.0dB 1.8V  TB  54¢ Low Voltage, Great Specs demand. Optimized
UPG158TB  0.3dB  +25dBm@0.1dB 3V TB  39¢ Good Specs, Great Price for transmit/receive
UPG152TA  0.4dB  +30dBm@1.0dB 3V TA  29¢ Low Cost 3V Switch

switching, antenna
Applications for CEL’s NEC switches include: Bluetooth, PCMCIA Cards,

diversity switching, and power level control,
Cordless Phones, Digital Cellular, PCS, WLAN, and WLL.

the UPG2008TK is the latest in our growing
4 family of GaAs MMIC SPDT switches.

See them all on our web site at:

www.cel.com/spdt.asp

NEC’s new TK package has a 50% smaller footprint
than the TB (S0T-363) package switches.

NEC | [

California Eastern Laboratories « Santa Clara, California = 408 988-3500
DISTRIBUTORS: Arrow (800) 525-6666 Reptron Electronics (888) 737-8766
Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (CANADA)
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