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@testmart

THE TEST & MEASUREMENT CENTER

TESTMART IS THE INTERNET'S
PREMIER WEBSITE FOR TEST AND
MEASUREMENT EQUIPMENT

SEARCH AND COMPARE ON QVER 10,000 PRODUCTS
Conduct parametric searches in over 40 product categories
such as spectrum analyzers, oscilloscopes, signal sources
and logic analyzers. Perform side-by-side comparisons and
download the results.

eSTORE
Search through and Buy from an extensive offering of
thousands of New and Refurbished instruments. Realize
significant savings with the Equipment Specials. Can't find
what you need? Try the Custom Sourcing
service and let our experts perform an
exhaustive search.

ADVI_CE & SER\(ICE . testmart
Examine product information such as R
Y2K, CE status, calibration intervals, and
lifecycle data. Review application notes
and a huge glossary of industry terms.
Locate over 500 manufacturers by name
or product category. Pinpoint a
Calibration Lab nearest to you worldwide.

NEWS
Timely and informative articles, editorials
and commentary from industry sources
such as Frost & Sullivan and Test &
Measurement World.

www.testmart.com

A Technical Communities Website



AMPLIFIERS TO 60 GHz
« Octave to ultra-broadband
» Noise figures from 0.35 dB
« Power to 10 watts
+ Temperature compensated

MIXERS TO 60 GHz

« Single-, double-, and triple-balanced

» Image rejection and 1/Q

+ Single-sideband, BPSK and QPSK modulators
+ High dynamic range

« Active and passive frequency multipliers

« Cryogenic e

INTEGRATED

SUBASSEMBLIES TO 60 GHz
« Integrated up/downconverters
« Monopulse receiver front ends

« PIN diode switches

« Ultra-miniature switch matrices

« Missile receiver front ends

« Switched amplifier/filter assemblies

FREQUENCY
SOURCES
TO 40 GHz

* Free-running
VCOs/DROs

» Phase-locked
cavity oscillators

» Phase-locked
coaxial resonators

» Synthesizers
for SATCOM

» Fast-tuning
communication
synthesizers

» Frequency discriminators
« AGC/VGC amplifiers

* |/Q processors

+ Digital DLVAs

SATCOM EARTH STATION
EQUIPMENT TO Ka-BAND

- Synthesized up/downconverters
« Test translators

* LNA systems

+ 1:N redundancy units
« INMARSAT products
* FM modems

nmMIr=sy

' TEL: (516) 436-7400

FAX: (516) 436-7430

100 Davids Drive, Hauppauge, NY 11788 -
www.miteq.com.

AS OF NOVEMBER 1999, OUR NEW AREA CODE WILL BE 631
VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #1327
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MODEL FREQ. GAIN  NOISE FIG. 3RD ORDER ICP
NUMBER MHZ dBNOM dB TYP dB MIN

CELLULAR-BAND AMPLIFIERS

JCAO01-C01 800-960 24
JCA01-C02 800-960 24
JCAD1-C03 800-960 24
JCAD01-C04 800-960 24
JCA01-C05 800-960 42
JCAD1-C06 800-960 42
JCAO01-CO07 800-960 42
JCA01-C08 800-960 42

PCS-BAND AMPLIFIERS

JCA12-PCO1 1710-1990 24
JCA12-PC02 1710-1990 24
JCA12-PCO3 1710-1990 24
JCA12-PC04 1710-1990 24
JCA12-PCO5 1710-1990 40
JCA12-PC06 1710-1990 40
JCA12-PCO7 1710-1990 40
JCA12-PC08 1710-1990 40

WLL-BAND AMPLIFIERS

JCA23-W01  2300-2500 24
JCA23-W02  2300-2500 24
JCA23-W03 2300-2500 24
JCA23-W04  2300-2500 24
JCA23-W05  2300-2500 41
JCA23-W06  2300-2500 41
JCA23-W07 2300-2500 41
JCA23-W08  2300-2500 41
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. Removable SMA Cohhectws:cf I
Drop-in/Microstrip Application

- °
JCA can customize the abave amplifier specifications to Competltlue Prlclng
meet the customer’s exact performance requirements e Compact Size
for Cellular, PCS and WLL Bands.
e Quick Delivery

PR LT i G
CTwhow o

Delivery in 2-4 weeks ARO JCA
JCA's catalog can now be downloaded TECHNOLOGY

from the Web at www.jcatech.com

4000 Via Pescador, Camarillo, CA 93012  (805) 445-9888 Fax: (805) 987-6990 » Email: jca@jcatech.com
VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #1404 CIRCLE NO. 387
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INTEGRATED 3085"¢

¥

FRONT ENDS - -7

(Power Ampll.ow l\lmse Amp/
T/R SWITCH)

* INCREASES mcs 'OF SINGLE CHIP

-mmscslms BY BOOSTING TRANSMIT
powsn Aun mcnansmc nzcswe SENSITIVITY

*« EASY pow:-n cou-raol. VIA ANALOG

CONTROL PIN

*VERY SMALL 4MM X 4mm MLF PACKAGE

PART # Function
ITT2306GL INTEGRATED FRONT END
ITT2307GL INTEGRATED FrRONT END
ITT2305AK PowER AMPLIFIER

5310 Valley Park Drive
Roanoke, VA 24019

Ph: 888.563.3949/540.563.3949
Fx: 540.563.8616
www.gaastek.com

1SO 9001 Certified

GaAsTEK

Qutrur
PowER
23dBm

21dBm
21dBm

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE.

CIRCLE NO. 390

BLUETOOTH
HO

2.4GHz
POWER 205t
AMPLIFIER § *

* CONVERTS LOW POWER SOLUTION
INTO HIGH POWER 100 mW,
LONG RANGE BLUETOOTH MOBILE

* TYPICAL CURRENT DRAW OF 70
mA AT 3.0 V AT FULL POWER

* EASY POWER CONTROL VIA
ANALOG CONTROL PIN

*VERY sMALL SOT PACKAGE

OPERATING PACKAGE
VOLTAGE
2.0-5.5V MLEF-20
2.0-5.5V MLF-20
2.5-5.5V SOT-6

100% RF TESTED.
CarLL Now FOR SAMPLES.

(CEVA 154

49 17T Industries

P Engineered for life

GaAs SoLuTtionNs FOR RF AnNnD MICROWAVE



New NEC Bipolar Transistors

Higher fs, Lower 1/

New, Smaller Packages

Oscillators & Buffer Amps

With the best 7/f performance available, these devices help you achieve the
phase noise your design demands. They're also available in Twin Transistors.

Part Number Corner Freq* Ve I Package

NE856M03 3KHz 3V 30mA Mo03
BRDE TSR T e e
*Review Application Note AN1026 on our website for more information
on 1/f noise characteristics and corner frequency calculation.

LNAs

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

11GHzfrINA  12dB 13dB  1GHz  MO3
25 GHz fr LNA 1.2 dB 22 dB 2 GHz MO04
23GHzfrLNA  1.1dB  20dB  2GHz  M04

Twin Transistor Devices

Cascode LNAs, cascade LNAs and oscillator/buffer combinations are just three

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

an NEC exclusive — let you optimize oscillator performance while achieving

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

1 r1r1

Part Number Description Q1 Spec Q2 Spec
Mat;hed Die/Casqade LNA NE856  NE856
o  Matched Die/Cascade LNA  NE688  NE68S
L] Part Number Description Q1 Spec Q2 Spec
UPA826TC Matched Die/Osc-Buffer Amp  NE685 NE685
TTTTT UPABAOTC  Mixed Die/Osc-BufferAmp  NEGS5  NEGST

S i
BOOTH
417

WIRELESS
SYMPOSIUM

NEW

Packages

| 0.55mm

s,

e Flat Lead design reduces parasitics and
improves electrical performance

* Low Profile package is ideal for PCMCIA
and other space-constrained designs

New MO3
Half the footprint area of a SOT-323

New MO04

Half the footprint area of a SOT-143

New TC Twin Transistors
Half the footprint area of a SOT-363

Data Sheets and Application Notes are available at Www.ce I. .COom

($1 910 California Eastern Laboratories

NEC

Santa Clara, California = 408 988-3500 = Fax-on-Demand 800-390-3232 (US & CANADA)

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

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

CIRCLE NO. 288
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System Automates
Power-Amp Testing

By leveraging the power and speed
of VN As, this measuvement system
can speed the design and production
testing of power amplifiers.

www.mwrf.com
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the Essence!

Get to work faster with our rapid
transit system:

TURBO EXPRESS

The fuster you get the product you need,
the fuster you can get fo work on building or
testing the products and systems you sell. That's
why we originated EXPRESS service—an
innovative vehicle that guarantees overnight
delivery of over 100 types of Weinschel
microwave and RF components including;

* Fixed Attenuators

* High Power Fixed Attenuators

* Terminations and Loads

* Power Splitters and Dividers

* Adapters and Directional Couplers

TURBO EXPRESS is u joint effort
with New England’s noted distributor Sickles
Distribution Sales. They maintain a large
inventory of standard Weinschel products and
ship your order overnight to any desfination in
the United States and Canada. They accept
VISA or MASTERCARD or your purchase
order. Just dial the EXPRESS number,
1-800-542-4457.

Sickles Distribution is increasing the
efficiency with which we respond to your
expedited needs. Applications and engineering
questions should still be directed to our
headquarters in Maryland.

EXPRESS

800-542-4457

Slckles Dlsmbunan Sales

k% 4
~id 4 /,/
A

WelnSChei &Y EXPRESS 4
e CORPORATION. . .. , 1-800-542-4457
An MCE Company " Fax Sickles af 781-863-0684

e-mail: sales@rjsickles.com
5305 Spectrum Drive, Frederick, Maryland 21703-7362
800-638-2048 * Tel: 301-846-9222 * Fax: 301-846-9116

e-mail: sales@weinschel.com ® Web: www.weinschel.com visA_| Conitioats No_94289C
VISIT US AT THE WIRELESS SYMPOSIUM . '

& EXHIBITION BOOTH #821 CIRCLE NO. 284



‘Noise Com is the
Noise Generators, Noise Sources
Noise Power Ratio Test Sets, Noise

: Al ? Diodes and specialized Noise Test
NOISC... souions

For more information about our
products, applications or how we

I O mak ) may solve your testing needs,

contact us:

your products ...

E. 64 Midland Avenue, Paramus, NJ 07652

Phone: (201) 261-8797 Fax: (201) 261-8339

l t' Email: info@noisecom.com
web Site: http:/www.noisecom.com

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #1017 NOIS%M
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": isit us on the
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Quality Electronic Components Superior Service

1-800-344-4539

Fax: 218-681-3380 » wwwtﬂgikeyt%m_
701 Brooks Ave. South
Thief River Falls, MN 56701

CIRCLE NO. 213
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SPACE GQUALIFIELD

GEEERINGIDESIGIS
From 2 kHz to 60 GHz
Optimized for Low Power Dissipation
Meeting MIL-PRF-38534 or MIL-STD-883
Capable of Withstanding the Rigorous
Demands of Loqg Mlssmn Llfe

SATCOM LNAs Ay
Spaceborne Radar
Transmitter _Drivers

- . * ]
e Radiometric Sensors
® NIlR
e ELINT Receivers 150 9001

VISIT US AT THE WIREEESS SYMPOSIUM & EXHIBITION BOOTH #1327

IT A— 100 Davids Drive, Hauppauge, NY 11788
TS TEL: (516) 436-7400 - FAX: (516) 436-7430

www.miteq.com

e contact David Krautheimer
krautheimer@miteq.com

For further information

CIRCLE NO. 219



No Matter Where You Are In The World

Rlichardson is Focused on your
Motorola RF Power Transistor -
{HHIR ; i

/ ot
As part of an ongoing focus to meetcustomer Motorola, recognized as the market leader in RF
needs, two stars in the RF arena — Richardson and ~ Power Transistors and RFICs, will continue to
Motorola — have joined forces to provide you the introduce innovative, state-of-the-art RF products.
best in RF technology. Richardson Electronics is Through its worldwide network, Richardson
now authorized worldwide to self'Motorola wireless Electronics will provide technical and logistical
RF and IF components. support for new and existing Motorola RF and

wireless customers around the globe.
From RF transistors...to power amplifier modules to

RF/IF components including PAs and LNAs, mixers, The combination of our resources and expertise

small signal transistors and phase-locked loops... means you can count on getting the best...from the

you now have access to product and service best. All with one goal in mind - to provide timely,

capabilities that are unsurpassed in the industry. efficient and well-focused solutions to your RF needs
worldwide.

Motorola and Richardson Electronics - A World of Difference

Richardson
@ MOTOROLA Electronics

Engineered Solutions

More than 60 locations worldwide to serve you. Email: ssc@rell.com, Internet: www.rfpowernet.com, Toll Free: 800-RF Power or
800-737-6937 (U.S. & Canada), Mexico: Mexico City +52 (5) 674-2228, Guadalajara +52 (3) 645-4641,Brazil: Sao Paulo +55 (1 1) 820-
6199, Colombia, Sante Fe de Bogota, DC (57-1) 636-1028, France: Colombes Cedex +33.1.55.66.00.30, Germany: Puchheim +49 (89)
890 214-0, Htaly: Agrate (M) +39 (039) 653 145, Roma +39 (06) 41.73.37.51, Sesto Fiorentino (Fl) +39 (055) 42.08.31, Spain:
Barcelona +34 (93) 415 83 03, Madrid +34 (91) 528-3700, Sweden; Stockholm +48 8 564 705 90, Turkey: Istanbul +90 212 2643721,
The Netherlands: Amsterdam +31 20 446 7070, United Kingdom: Slough +44 (01753) 733010, Australia:Castle Hill ACN 069 808 108 a\o Formore
+61 (2) 9894-7288, Bayswater ACN 069 808 108, +61 (3) 9738-0733, China: Shanghai +86 (21) 6440-0807, Japan: Osaka +81 (6) information visit
314-5557 Tokyo +81 (3) 5215-1577, Korea: Seoul +82 (2) 539-4731, Singapore +65 487-5995, Taiwan: Taipei +886 (2) 86915238,

Thailand: Bangkok +86 (2) 749-4402, Vietnam: Ho Chi Minh City +84 8,811.1919, Corporate Headguarters: LaFox, I (630) Wi rfpowemet commotorola.asp
208-2200, for ather international inquiries call (630) 208-2200, Fax (630) 208-2550. ©1999 Richardson Electronics, Ltd. MK0342 or our Oniine catalog at catalog.refl.com

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #1027
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TABLE FLAW
To the editor:

1 am sure you or your staff have no-
ticed the flaw in the table that ap-
peared at the top of page 139 in your
October 1999 issue. In the bottom
row of the table, the listings should
be 10 ? rather than 107.

Also, it should be noted that all
semiconductor devices, including
electron tubes, operate on the basis
of the DIODE equation, although
their transconductance efficiency
will be low. The transconductance
can be defined in terms of the device
output current and Kappa (K), q, k,
and T, where q, k, and T have the usu-
al meanings in solid-state physies:

gm = Kql/kT

where:

K =the transconductance efficiency,

I = the device current, and

q and kT = are the usual parame-
ters that have the usual definitions in
solid-state physics.

The value of Kappa may be defined
by reading the input-voltage change
that is required to make a 2:1 change
in output current and divide it into
0.018, namely:

K =0.018/AV

Using these equations or a curve of
Kappa versus current and the first
equation will improve design effec-
tiveness.

Keats Pullen Jr.
Kingsville, MD

ELECTRON TUBES
To the editor:

I found November’s editorial (p.
17) on electron tubes and the de-
creasing amount of technology devel-
opments in this area to be interest-
ing. I am a clinical engineer for the
Department of Radiation Oncology
at St. Luke’s Hospital in Missouri. I
have maintained and repaired Varian
linear accelerators for the last 12
years and have attended several

VR L e R

courses taught by Varian in Palo
Alto, CA. At the last course, they
mentioned that they were develop-
ing magnetrons that can put out as
much power as some of the much
bulkier klystrons using an electro-
magnet on the magnetron versus us-
ing a fixed magnet.

I think they will never be able to
replace the klystron or magnetron
for putting out serious RF power.
But since we are in the computer age,
they continue to update and minia-
turize electronic circuits and modules
to the point that they cannot be re-
paired, but only replaced by complete
board replacements. But if you loose
a magnetron or a klystron, that is
where you need someone who is
knowledgeable about these tubes to
make the decision on whether to re-
place it or find the source of the prob-
lem. Thank you for your article on
this subject. I enjoyed it.

Rick Guthrie
Clinical Engineer
Missourt

- FEATURED PRODUCT -

Combline Filters in 10 days

Order online and save

an additional 5%!

Series Number
Select any Fo

Prototype Price
Shipment

Insertion Loss @ Fo

315

: from 750MHz to 3500MHz

: <2dB

:1.5%Fo minimum

- 5 pole Chebyshev design

: <$400.00

- 2 weeks after receipt of order

| RF and Microwave Filters to 18GHz

www.tte.com

TTE, Inc, Los Angeles, CA © 800.776.7614/310.478.8224 e FAX 800.473.2791/310.445.2791
America’s Filter Specialist Since 1956

CIRCLE NO. 435 or visit www.mwrf.com
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As low

as 35¢

in quantity

Silicon Germanium (SiGe), Stanford PRODUCT SELECTION GUIDE

Microdevices' latest RF semiconductor General Purpose Amplifiers
process, offers benefits not attainable by

Part / Id 3dB P1dB IP3 Gain@  Gain@ NF
conventional silicon-bipolar technologies: Number (V) (mA) BW (dBm)  (dBm) 1GHz 2GHz 50 Ohm
lower noise figures, lower power SGA-2186 2.2 20 DC-50 +7.0  +200 105 102 4.1
consumption, high output power at high SGA-2286 2.2 20 DC-3.5 +7.0 +20.0 15.0 14.0 3.2
efficiency, and high integration level. SGA-2386 2.7 20 DC2.8 7.0 4200 174 164 29
As part of a series of Stanford SGA-2486 2.7 20 DC-2.0 +7.0  +20.0 196 18.0 2.5
Microdevices' initiatives to apply silicon SGA-3286 2.7 35 DC-3.6 +12.0 +26.0 148 13.4 3.5
germanium technology to a broad SGA-3386 2.5 35 DC-3.6 +12.0 +25.0 17.4 16.2 3.0

spectrum of communications applications,  sGA-3486 2.9 35 DC2.0  +12.0 4250 215 194 26
we are now offering the wireless market

devices built using a patented silicon
germanium manufacturing process. As
these devices enter the marketplace,
consumers will benefit from cellular
phones, pagers, and other wireless
communications devices that have

extended battery life, carry out multiple
functions, and are smaller, lighter, and SGA-6286 4.2 75 DC-3.5 +20.0 +340 13.8 12.4 3.9

less expensive. SGA-6386 50 80 DC-3.0 +20.0 +345 154  13.8 3.8
SCA6486 52 75  DC-1.8  +20.0 4340 197 167 2.9

SGA 2000 through 4000 series are also available in SOT-363
SGA 5000 and 6000 series are also available in SOT-89 & SOT23-5

SGA-4186 3.2 45 DC-6.0 +15.0 +29.0 10.4 10.2 4.6
SCA-4286 3.2 45 DC-3.5 +15.0 +29.0 13.8 12.6 3.3
SGA-4386 3.3 45 DC-2.5 +15.0 +29.0 17.0 15.2 2.8
SGA-4486 3.2 45 DC-2.0 +15.0 +29.0 19.0 16.8 2.5

SGA-5286 3.5 60 DC-4.0 +17.0 +30.0 13.5 12.7 4.1
SGA-5386 3.6 60 DC-3.2 +17.0 +31.0 17.3 16.0 3.5
SGA-5486 3.5 60 DC-2.4 +17.0 +31.0 19.7 18.0 2.8




POWER GAIN vs. FREQUENCY

OUTPUT 3RD ORDER INTERCEPT POINT

©
@
-
o
<
9
@

SGA-2286

SGA-2386

SGA-2486

SGA-3286
SGA-3386
SGA-3486
SGA-4386
SGA-5286
SGA-5386

Typical performance at 900MHz

SGA-6286

SGA-6386

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #921

For performance, reliability and value,

count on Stanford Microdevices.
CIRCLE NO. 223

Stanford Microdevices
produces the highest performance
products utilizing cutting edge
technology at the lowest possible
cost. All Stanford MMICs are
100% tested and qualified
annually to ensure reliable field
performance even under the
harshest environments, making
Stanford Microdevices a favorite
among major OEMs worldwide.
Over the past five years Stanford
Microdevices has become the
preeminent leader in the design
and manufacturing of GaAs,
LDMOS and SiGe amplifier and
switch products.

ALSO COMING SOON!
DISCRETE SiGe HBTs and
LOW NOISE SiGe MMIC

-------- R E R NN ]

Stanford

Microdevices

We Deliver RF Innovation
1-800-764-6642

www.stanfordmicro.com/sige

DISTRIBUTED BY:

- “AVNET

=== electronics marketing

800-332-8638 www.em.avnet.com

Richardson
Electronics

800-348-5580 www.rfpowernet.com

All company and/or product names are
trademarks and/or registered trademarks of
their respective owners.
©1999 Stanford Microdevices



This Little Piggy
Went To Markat |

Ny TAS communication

test solutions
get your product
to market faster.

Save valuable time and resources during the development
cycle with test solutions from Telecom Analysis Systems.

TAS gives you a comprehensive, automatic test platform

Gt aSH
N\ to thoroughly qualify your product's performance before
. g Yy

Telecom Analysis Systems it gets to market. TAS test systems help prevent costly

design flaws and product recalls, and ensure that once

your product is in the customer's hands, it performs as

promised.

For over 15 years TAS has been developing complete test

solutions to evaluate a broad range of communication

products. TAS test systems enable our customers to evaluate
the transmission performance of their products over a

wide range of network conditions. We provide solutions
for technologies such as PCS, cellular, ISDN, modem, fax,

xDSL, SATCOM and many more. To find out more about

TAS and our products, visit our web

@ site or give us a call.

34 Industrial Way East = Eatontown, NJ 07724-3319 = Phone: (732) 544-8700 = FAX: (732) 544-8347 = Email: sales@taskit.com
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THE LAST ISSUE
OF THE CENTURY

Millennium madness is upon us (al-
though the true millennium is still a year
away). Newscasts, magazines, and news-
papers are alive with stories on the mil-
lennium—celebrations to bring in the
new one and tales of individuals and
events from the old one. This millennium
“fever” has many people believing that
some magic barrier will be passed on
that midnight of December 31st when, in
fact, it is just another New Year. Amid
all this madness, it is easy to overlook the
energy and excitement of this past year,
as well as the changes that have
transpired.

If anything, 1999 could be called “The Year of the Internet” given the
amount of attention lavished on the World Wide Web. On the stock market,
any Initial Public Offering (IPO) with a “.com” at the end of the name was al-
most guaranteed to double in price during the first day of trading. In the
world of commerce, companies are now judged by their website. And even the
high-frequency industry felt the effects of the Internet in 1999. Exhibitors at
PCS ‘99 (New Orleans, LLA) could not make the letters WAP (for Wireless Ac-
cess Protocol) at their booths big enough to convey their excitement about the
business potential for wireless Internet services.

The past year was a time when the words “millimeter wave” no longer sig-
nified a technology that was “just around the corner.” Growing interest in the
use of line-of-sight links at 28 and 38 GHz for cellular backhaul, data trans-
missions, and local multipoint distribution systems (LMDS) finally convinced
millimeter-wave equipment manufacturers to seek cost-effective ways to pro-
duce these once-exotic parts.

It was a year when companies in military and space-based electronics found
stability (and often growth). It was also a year when IRIDIUM—that 10-
years-in-the-making, satellite-based, cellular system—finally flew, and then
crashed (for lack of subscribers). It was a year in which the sales of tradition-
al terrestrial cellular telephones continued to climb (thanks to the widespread
acceptance of one-rate billing plans by service providers), and a year in which
telephone companies sought to buy cable-television (CATV) companies with
a vision toward providing all-in-one (voice, data, video, and Internet) service.

It was a year for products based on new technologies, such as silicon-car-
bide (SiC) transistors from Cree Research (Durham, NC) and Si-germanium
(SiGe) integrated circuits (ICs) from Maxim Integrated Products (Sunnyvale,
CA). And it was a year of great change, notably the transformation of part of
one of the industry’s greatest companies, Hewlett-Packard Co., to Agilent
Technologies. The fanfare surrounding the change has been reminiscent of
the spinout of Lucent Technologies from AT&T.

Finally, it was a year of great sadness and loss. It was a time when this mag-
azine lost one of its finest editors, Victor Perrote, as well as one of its noblest
contributors, David Sprague. With this last issue of the century, we remem-
ber these friends. And we urge you to remember not just the millennium but,

fully, the year 1999, for it was a year for the ages.

Publisher/Editor

Quality & Dependability

VCO'S

0.2" x 0.2" x 0.075"

Super miniature VCO'S
for existing and
emerging wireless
applications.

e Over 300 standard models.

e 29 package styles to select
from.
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Stellex and Space

Stellex solid state amplifier and mixer
components offer a 26 year history of reliable,
cost effective hardware, and responsive deliver-
ies—supporting the demanding delivery
schedules of today’s satellite programs, plus
continued excellence in customer service.
Stellex solid state amplifier and mixer compo-
nents have been the fundamental building
blocks for frequency conversions found in
telemetry, tracking, control and communication
applications worldwide.

In 26 years, we have:

» Participated in more than 75 programs.

* Provided hundreds of space qualified solid
state component models.

Stellex Customers Include:

* Hughes Space and Communications
* Motorola * Lockheed Martin
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Talk to us about our integrated assembly
capabilities.
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sources. For more information,
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THE FRONT END

:CT—Accordin'g to a Business Communieations Co., Inc. study, GB-
ectronic Packaging, the market for advanced electronic packages is

hlp-scale-packagmg (CSP), and flip-chip mtegrated -circuit (IC) packaging
expected to grow at an average annual growth rate (AAGR) of 35.7 per-
remeh’ 6 billion units by 2004. These units are components sold in the IC mar-
ets that are packaged in one of the advanced packages.

sxtent, however, the 35.7-percent AAGR is the projected result of the in-
f newer CSP technologies in wider application markets. From 1999 to
R of between 40 and 50 percent is forecast for unit growth as production
CSP group of standard and emerging advanced~packagmg technolo-
large portion of the total market’s unit increase is the expected
al market penetration into the traditional packaging-applications
anced packages will enable the IC manufacturer’s higher-perfor-
and original equipment manufacturer’s (OEM’s) size-constrained
h ::ompenent i'equirements that can no longer be met by the traditional
ckages.

for advanced e]ectromc packages is estimated at $5 billion for 1999.
AAGR of 34.7 percent from 1999 to 2004, this market is expected to to-
tal $23 illio by 2004. These revenues represent only the part of the price of the IC in
t that is the cost of the package. An application in the high end of the con-
ering markets may have more custom prototyping and non-recoverable
costs associated with it as part of the package price.

r all commu-

report, _~D1g,1tal Broadcast
- 99—Worldwide Market for
Digital Broadcast Systems
and Equipment,” states that
rorldwide digital broad-
casting, including satellite,
~ cable, and terrestrial ser-
vices will have a 43-percent
ompound annual growth : :
rate (CAGR) from 1999 to 2005. Growth is being driven by the convergence of com-
puters with televisions, spawning an ever-widening audience for new services. En-
tertainment will attract the majority of subseribers, and real video-on-demand—when
it arrives—will be a major source of income for broadcasters.
By year-end 1999 there will be a 2. 5—percent worldwide penetration of d1g1ta1 TVs
per household for all digital-broadeasting services. This penetration rate will rise to 21
percent by year-end 2005 (see figure).
Global digital TV and set-top box sales will rise in 2003, igniting a sharp annual
growth rate of 121 percent for digital terrestrial services and a penetration of 5.2 per-
nt of all TV households over the next five years. Digital satellite will have the largest
number of worldwide digital subscribers in 2005 with 94.7 million.
the US, the current penetration rate of 16 percent for digital services for all TV
s primarily stems from digital-broadcasting-services subscribers. ABI fore-
hat the total US digital-services penetration rate will increase to 60 percent by
5. The most active digital broadeast regions are North America and Europe, with
, 92 pe cent of all digital subscribers.
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ALL NEW WITH
igher Power, +50d8m Ip3

Need Higher Power? You need
- Watkins-Johnson’s new AH11 amplifier.

IP3 VS. Power Output (dBm) Ultra high IP3 is what our new AH11 is all about. Combined with
a very low noise figure, it's the perfect choice for today's multichan-
nel wireless systems. Drawing only 600mA, the AH11 delivers
17dBm of linear output power with an IP3 of 50dBm. A great price
combined with the outstanding linear efficiency makes this versatile
o b amplifier perfect for multiple sockets, reducing overall part count.

s |P3 ~ AM1T 85mA, 4.5V

Magnitude IP3 (dBm)

Need Lower Power? Both the AH1 and AM1 offer low noise
figures which, together with their inherent high IP3, deliver
superior performance at the best price in the industry.

wJ High Dynamic Range Amplifiers

Product | Frequency | IP3 PAdB NF | Bias current For more details, call out toll free number or fax us at 650-813-2447.
(W) 1 (cbm.bp) | (m. o) | (@bw) | (wh L) Email us at wireless.info@wj.com to request data sheets and a

AHTT | 2503000 | 47 7 | 37 600 complete catalo
MM | 2503000 | 41 2 29 150 P &
AMT | 2503000 | 36 18| 26 75

The Communications Edge™
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151tmT1W§'§0\:1e at 1_800_WJ1_4401 WATKINS-JOHNSON

Distributed In U.S.A. by Nu Horizons Electronics: 838-747-6846; Richardson Electronics: 800-348-5580
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’PILLAGE CA—-—Eiamx, Inc. recently announced that it has donat-
es of Systemew by Elanix to help the SETI Institute develop next-
ycessing systems to seek out evidence of extraterrestrial intelli-
licenses have an approximate value of $163,000.

lanix is a Windows simulation and analysis software for commu-
processing (DSP), and RF/analog applications. SystemView
designers to determine the optimal design parameters and shortens
er abhng thorough debugging and testing early in the software-

1 OJect Phnemx searches the microwave spectrum for pulsed
ous«wave (CW} mgnals that mlght 1ndlcate extratenestnal

a:'tlcularly positive situation for us,” says Dr. Kent Cullers,
s;gnalrpmcessmg algonthms, whose work with SETI was por-

( e_?r'of _iixt_égrated marketing and network-quality competitive anal-
less carriers change the way they compete—by providing them
sary information to truly understand the marketplace. By tapping the
Hams Interactive’s Internet data base, Telephia has launched Wireless
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Out Here, Field-Proven
Takes On A Certain Significance.

You can’t always predict where your next job will take you,
but there is something you can rely on: your Site Master™ from
Anritsu. After years of being dropped, tossed and exposed
to some of the harshest weather conditions imaginable,

Site Master has proven to be the world’s best selling cable and
antenna analyzer.

Site Master delivers accurate, repeatable performance. A
field replaceable NiMH battery. And a sleek, lightweight design

that’s not only easy to carry, it’s extremely rugged. Site Master’s
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the i
\yorld ,«" K
)
Ty’

Site Master

user-friendly, menu-driven interface is easy to use and requires
little or no training. And thanks to its ability to identify, record
and solve a multitude of problems without sacrificing measure-
ment accuracy, Site Master makes deployment, performance
verification and maintenance a breeze, no matter where you are.
For more information call 1-800-ANRITSU or check out
our website at www.global.anritsu.com. Site Master from Anritsu.
The preferred choice among leading network operators and

service providers worldwide.

/inritsu

One world. One name. Anritsu.

©1999 Anritsu Company Sales Offices: United States and Canada, 1-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.anritsu.com
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owertel, Inc., a wireless personal-communications-services
southeastern US, is introducing services that enable the

) on one mreless handset.

' Local , enables a customer to have two local phone num-

kn W1 as CaB TrackerS™, provides the customers with two

rated call by call on customers’ billing statements and the

s to easily separate their business calls from personal ones.

for each number simplifies business-call record keeping,”

e rmg or separate display indicator for each number

call is for business purposes.” Both numbers draw from
The cost for Call Tracker is $6 per month.

OM, Inc. and AMP, Inc. recently announced that a contract

ploy M/A COM’s OPENSKY ™ wireless Internet-

KY will be used for the Commonwealth of Pennsylva-

y Digital Radio Communications System.

to depioy a state-of the-art digital radio system. “No other
: de pubhc-safety radio system to rival thlS new net-

o

: ioyOpenSky wireless IP network technelogy, will be a thor-
The network infrastructure will be comprised of several

.'s), announced that it has demonstrated the use and inter-
ess ﬁetworkmg products at the 1999 Intel Developer Fo-

used on convertlng the challenges of the Internet 1nt0 op-
ugh pext—generatmn computing designs.

nf;emet through a modem and phone line.

asingly offer wireless on-ramps to the Internet’s Information
le demand fast, mobile connections wherever they roam,” says
president of PRISM Wireless Products at Intersil. “We're
ty to demonstrate the role of wireless networking in the In-
of the leading developers in the IT and computing industry.
ISM Wlll be one of the most significant silicon building blocks
re in the years to come.” To date, over 40 companies have
ss systems.
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oltage technolog

Mobile phones mean freedom to communicate wherever and whenever we choose.
Philips Semiconductors is ready today with the competences and solutions you
need to take thart freedom to the next generation. Baseband (embedded DSPs),
RE design and low-voltage/low-power technologies are at the core of our expertise.
And our competence in hardware/software optimization, power management,
mixed-signal ICs, speech recognition, LCD driver technology, packaging and
MCMs, - along with the industry’s broadest range of discretes - adds up to



a capability that has made us a world leader in wireless communications ICs.
With solutions covering the major mobile standards - digital cellular and cordless,
paging, wireless data/ILANs and GPS - Philips Semiconductors frees you to create
the communications products for tomorrow’s generation. To find out more, visit

ic onductor Mol ‘

om/comims/ or call for more information
USA 1-800-447-1500, ext. 1580. Europe fax +31-10-284-3181, quote “voice”,

Asia fax +852-2811-9173, quote “MRF”. CIRCLE NO. 345
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Best IF-Sampling to
300MHz in a 12-Bit,

70MSPS A/D Converter

National's CLC5957 - Simplifies

Design of Next Generation

Wireless Basestation Receivers

SNR and SFDR vs. Input Frequency

® Excellent Receiver Sensitivity:
74dBc SFDR
67dBFS SNR

o IF Sampling to Greater
Than 300MHz

e Data Valid Clock

e Programmable Output
Levels: 3.3V or 2.5V

e Very Small Package: 48-pin TSSOP
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Ideal for Cellular, IF-Sampling and
Multi-standard Basestations, Wireless
Local Loop Basestations and

Digital Communications
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Input Frequency (MHz)

For More Information on CLC5957:
www.national.com/appinfo/wbp/
1-800-272-9959

Evaluation Board Available at:
www.national.com

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

Electronics Century

At the istovic confluence of the decade, century, and
millennium, the last hundved years show that the impact
of electronics technology dwarfs all other areas.

Looking Back At The
Electronics Gentury

GENE HEFTMAN

Senior Editor

Y the time this story appears in print, the end of the decade, the cen-
tury, and the millennium (unofficially) should be days or hours
away. Since relatively few humans can be eyewitness to this once-in-
a-thousand years phenomenon, the temptation is great to write

some words that will convey the sum and substance of life in this time
should they be discovered by whoever inhabits planet Earth at the next mil-
lennium. It is of little use trying to find a core idea that embraces a span
of years as great as a millennium. And doing the same for a decade will
give insignificant perspective to future readers digging into human exis-
tence over the final hundred years of the second millennium. But a centu-
ry is approximately the right time frame to identify a dominant theme that
best characterizes a significant advance in human achievement. Some may
object, but the last 100 years of the second millennium should fittingly be

called the Electronics Century.

When one thinks about it, most of
the life-changing inventions of the
20th century outside of transporta-
tion—automobiles and airplanes—
are based on electronics or electrici-
ty. Who can argue that the telephone,
radio, radar, television, and compu-
ter are less vital to modern life than
any means of transportation? Take it
one step further and it’s clear that all
vehicles—in the air, on land, or at
sea—are heavily dependent on elec-
tronics and computers for their cor-
rect and safe operation.

In 1969, the engineering feat of the
century—or of any century for that
matter—the landing of a man on the
moon was made possible as much by
advances in electronics as any other
technological development up to that
time. The interesting thing is that
when extraordinary space events
such as moon landings occur and we

talk to humans on another planet, our
electronics skills are revered as the
marvels of the age. But when we fail,
as in the recent loss of two very
expensive spacecraft designed to
explore the Martian surface and
atmosphere, electronics is usually
the culprit. The very fact that the
success or failure of our most ambi-
tious quests hangs on electronics is
testament to the pre-eminence of
this science in modern life.

Every avenue of critical human
endeavor from agriculture to busi-
ness to communications to medicine
relies so heavily on electronics and
computers that governments world-
wide are imploring their citizens not
to panie when the clock strikes mid-
night on December 31, 1999, and
computers not outfitted with the
Y2K fix will think it is the beginning
of the 20th century and not the end.

Nothing outside of an asteroid strik-
ing the earth could be more disas-
trous to modern society than a mas-
sive computer failure of those
systems that control our power,
water, public safety, and economic
life. If the potential failure of com-
puters in the waning hours of the cen-
tury can strike fear into the hearts of
millions worldwide, who can doubt
that the electronics revolution begun
early in this century truly defines the
very essence of our civilization as the
third millennium dawns.

One of the peculiarities of the lat-
ter part of the 20th century is the
notion that developments in virtually
every human sphere—scientific,
political, economic, and social—are
moving at a more accelerated rate
than ever in history. What normally
took decades in other eras now seems
crammed into years and even
months, something that is particular-
ly evident to everyone engaged in
science and engineering. To better
understand the warp speed at which
electronics moves these days, I
perused the December 1989 edition
of Microwaves & RF to gauge the
magnitude of the changes that have
taken place during the past 10 years.
The issue looked back at the
microwave industry during the 1980s
and looked ahead to forecast some
trends that would be important in the
1990s. Most interesting is not what
the stories predicted, but what was
left unsaid.

Reporting on the wireless commu-
nications industry was not even on
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the magazine’s radar screen. It is not
that the industry was non-existent—
it had almost 2.7 million subscribers
and revenues of $2.5 billion—but the
technology was still in its toddling
analog stage (see table). A glance at
the table reveals what can only be
described as staggering growth over
the next 10 years. By 1999, there
were 76 million users (actually 81.8
million projected by the CTIA at
year-end 1999 in the US alone) and
annual revenues were slightly above
$37 billion, an almost 15-fold increase
over 1989. The industry now employs
approximately 142,000 people com-
pared with the 1989 total of just
fewer than 14,000. Interestingly, the
average length of a wireless call is
almost the same (2.4 minutes now,
2.35 minutes then) but the price to
the consumer for phone service has
been cut more than half from $85.52
to $40.24. Try thinking of some non-
electronic product or service that
costs less now than it did 10 years
ago.

There is good reason why the wire-
less industry was in a fledgling state
in 1989. The answer comes from our
sister publication FElectronic
Design’s December 28, 1989 issue. In
it, the magazine covered the top
products of the year in areas such as
integrated circuits (ICs), test and
measurement, computers and
peripherals, and of course, communi-
cations. The top communications
product of 1989 was a cellular chip set
from Signetics that consisted of six
devices, claimed to cut component
count by 60 percent more than then-
current solutions and sold for the
bargain price of $60 (more than some
phones cost today). The article
claimed that the chip set replaced
eight printed-circuit boards (PCBs)
in cellular systems and was suitable
for pocketsize, battery-powered
handsets as well as most traditional
mobile applications.

By contrast, today’s wireless
designers think in terms of system-
on-a-chip (SOC) technology with the
goal of integrating an entire radio—
RF, baseband, and logic functions on
a single chip. Although its not quite
ready, at the present pace of semi-
conductor advances, single-chip
radio technology will probably be a

reality in the first few years of the
new millennium.

From a few brief references in the
media of 1989, wireless technology
came a long way in the 1990s. For
example, the data aspects of wireless
communications are becoming even
more important than the voice
aspects. The wireless local-area net-
work (WLAN) is a system that per-
mits computers and peripherals to
communicate with each other using
radio signals to transmit digital infor-
mation. The great advantage of a
WLAN is that it offers all of the capa-
bilities of its wired counterpart but
without the physical limitations of
the wire itself. The Holy Grail of
WLAN technology—yet to be
acheived—is connectivity at LAN
speeds (in tens of Mb/s) among com-
puters located anywhere in the
world. This is a difficult goal techni-
cally, but one that will probably be
acheived in the next century.

A NET GAIN

Another subject that drew scant
attention in the electronics trade
press of 1989 is that little eight-letter
word—Internet. Together with the
wireless revolution, what better typ-
ifies the decade of the 1990s than the
Internet, which, in 10 short years,
has become the world’s greatest
information and communications
medium? It is not as if the Internet
did not exist ten years ago, but as
with wireless communications it had
not yet reached the point of critical
mass, which is what the 1990s tech-
nologies are all about.

The packet-switching concept used
to transfer data on the Net was
developed during the mid 1960s, and
the Internet was actually born in
approximately 1970 when the
Department of Defense (DoD) com-
missioned the Advanced Research
Projects Agency (ARPA) to investi-
gate networking among computers.
The idea was to create a system that
could withstand the mass destruction
of a nuclear attack by distributing
critical data and allowing it to travel
among many locations along differ-
ent paths. So the Internet came to
life as the ARPANET, and in fact, e-
mail was invented in 1971 to enable
the sending of messages over

ARPANET across a distributed net-
work. It is not even debatable that e-
mail is now one of the top two bene-
fits of the Internet and probably will
be until some kind of 21st century
mental telepathy comes along that
eliminates typing words on a compu-
ter screen.

By 1989, the Net had already
grown to approximately 100,000
hosts, had close to 1000 news groups,
and was on the verge of a big break-
out. That came in 1991 with the
release of the World Wide Web
(WWW) which gave computer users
easy access to any kind of informa-
tion from any place in the world. Ini-
tially, sites were non-graphic but it is
difficult to remember when the Web
was that primitive.

Multimedia—pictures, sound, and
text—is what changed the Net from
a high-tech toy to one that appealed
to virtually all levels of society. It
began to draw in millions of computer
users who wanted to explore the
huge data banks available to them
using a technique coined in 1992
known as “Surfing the Internet.”

In 1993, there were just 600 WWW
sites. Four years later there were a
million, and at the close of 1999, mil-
lions more. By the way, in 1990,
ARPANET passed into history at
the tender age of 20 years.

Combining the technologies of
wireless and the Web will produce a
sea change in virtually every aspect
of life in the next millennium. In the
first five to 10 years, Bluetooth tech-
nology will enable communications
not only between computers/periph-
erals and wireless phones, but
between phones and various kinds of
household appliances. Imagine
checking the refrigerator while driv-
ing home from work to see if milk is
needed, and then going on the Web to
order it from the supermarket so it is
ready when the customer arrives at
the store and is charged to their
account. Of course, that is just the tip
of the iceberg. The point is, the dizzy-
ing pace of scientific and technical
developments over the last 10 or 20
years puts even wild predictions
within the realm of possibility.

Granted that mankind has invent-
ed a huge and remarkable array of
technological toys just within this
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Less is more. Especially when it comes to 3G design
iterations.

www.agilent. com/find/3G
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century, it should be easy to trace
how it all got started. One can go
back before the turn of the century to
find some significant sequence of dis-
coveries that had to be in place to get
us here, but the seminal event of the
modern electronics era—post 1950—
was the transformation of electronics
technology from one of vacuum tubes
to semiconductors.

FROM ONE TO A BILLION

The activities that took place on
December 23, 1947 at Bell Telephone
Laboratories (Murray Hill, NJ) are
generally regarded as the beginning
of the so-called “Information Age”
that spawned the computer revolu-
tion, the Internet, and wireless com-
munications. On that day, John
Bardeen, Walter Brattain, and
William Shockley demonstrated a
single semiconductor device that
could amplify a voice signal over a
loudspeaker. It was called a point-

contact transistor and it laid the
foundation for every advance in elec-
tronics technology from that day to
this. There is a direct heritage from
that first transistor to the IC to the
microprocessor to the desktop com-
puter to wireless communications to
the Internet to anything that is fore-
seeable on the technological horizon.
In 1954, the IBM Corp. announced
that henceforth vacuum tubes would
no longer be used in its digital com-
puters. The first transistorized com-
puter used 2000 devices.

On the 50th anniversary of the
transistor’s introduction, the manu-
facturing technology for “transis-
tors” allowed five million of them to
be packed on a single chip and 200
chips to be placed on a single 8-in.
(20.32-cm) silicon (Si) wafer, making
a grand total of 1 billion devices.

In the realm of high-frequency sys-
tems, Si bipolar transistors have
been around since the early 1950s,

and processing improvements have
allowed them to serve in many
microwave and RF applications to
this day. A milestone in high-fre-
quency semiconductors occurred in
1966 with the announcement of a gal-
lium-arsenide (GaAs) metal-semicon-
ductor field-effect transistor (MES-
FET) that became the workhorse
solid-state device for microwave
applications at frequencies in the
tens of gigahertz. This was followed
approximately 10 years later by the
aluminum GaAs (AlGaAs/GaAs) het-
erojunction process, which has led to
high-speed semiconductors, called
high-electron mobility transistors
(HEMTSs) and heterojunction FETs
(HFETSs). A device conceived in 1957
called the heterojunction bipolar
transistor (HBT) lay dormant for
many years, but recently emerged as
a higher-frequency replacement for
Si bipolar transistors.

GaAs and Si bipolar ruled the high-

The CTIA’s annualized wireless industry data-survey results
June 1985 to June 1999

Reflecting domestic US commercially operational
cellular, ESMR, and PCS providers

e ‘kénuaf total  Annual Direct Cumulative Average
. Estimated = service roamer service capital local Average
~ total __revenues  revenues provider investment = monthly local
 Date sqbscrlbers (thousands) (thousands) Cellsites employees (thousands) bill call length
1985 4 2:03,600 354,316 N/A 599 1697 588,751 N/A N/A
1986 500,000 666,782 N/A 1194 3556 1,140,163 N/A N/A
. 1:987 _883,778 941,981 N/A 1732 5656 1,724,348 N/A N/A
1,608,697 1,558,080 N/A 2789 9154 2,589,589 $95.00 2.25
. 1889 | 2691793 2479936 = 210,699 3577 13,719 3,675,473 $85.52 235
1990 %4_,368,686 4,060,494 365549 4768 18,973 5,211,765 $83.94 2.32
1801 ~ 6,380,053 5,075,963 565,989 6685 25,545 7,429,739 $74.56 2.20
l" i: 1992 : :8,892,535 6,688,302 538,077 8901 30,595 9,276,139 $68.51 2.38
o 1993 513,067,31 8 9,008,700 1,124,493 11,551 36,501 12,775,967  $67.31 2.38
1994 19,283,306 12,591,947 : ’ 1,552,382 14,740 45,606 16,107,921 $58.65 2.36
1995 %‘:”28,1 54,415 16,460,516 2,173,003 19,844 60,624 21,721,711 $52.45 227
| 199 98195466 21525861 2,737,177 24,802 73,365 26,707,046  $48.84 2.24
1997 "'48,705,553 :.25,575,275 " 12,858,432 38,650 97,039 37,454,294 $43.86 2:25
’: i 1998 60.831 ,431 é.29,637,742 3,166,656 57,674 113,111 50,178,812 $39.88 2.34
e 1999 ;:,_?6,284,735 .”37,214,819 3,837,994 74,157 141,929 66,782,827 $40.24 2.40
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New KEL-com

Commercial Filter
and Selection Software

K&L Microwave, the manufacturer that brought
vou KeL-fil*, now introduces ifs latest cost-effective
fiiter product line and selection software... KeL-com.
When size, cost, performance and delivery are at a
oremium (when arent they?), KeL-com commercial
filters are the answer. A cavity, lumped element
or ceramic filter is not always practical due fo
size and/or cost. KeL-com products provide filter
solutions with small size, low-cost and excellent
clectrical performance. Need if fast? The KeL-com line
s standardized for high volume and short delivery.

Send my FREE
K:L-com Commercial Filter Selection Program

Name i R
Company - N

'~ Address |
City State/Province
Country :
Zip/Country Code
Phone ()
FAX ( )

Email I >

ISO 9001 Registered Quality Management System

USA

Phone: 410-749-2424
FAX: 410-749-5725 FAX:
Email:  klsales@klmicrowave.com Email:

£ KrL-com Commercial Filters

10 to 3000MHz
Chebyshev Bandp
2to 6 o
5 to 20%

High Volume
Quick Turnaround
Standardized Surface Mount Packaging
Commercial Grade Components

KeL-com Selection Software

The K:L-com Commercial Filter Selection Program
generates response curves, outline drawings, tabular data
aond part numbers based on user-defined filter
parameters. Request your free copy of the K:L-com
Commercial Filter Selection Program on CD-ROM for
Windows® 95/98 & NT, or download the program from
K&Ls website @: www.kimicrowave.com/kelcom.html.

New! Buy Filters On-Line@
www.klmicrowave.com

EUROPE

Prone: 44-(0)-1262 605500 CIRCLENO.277
44-(0)-1262 605504
kleurope@kandl.demon.co.uk
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frequency roost at the beginning of
the decade, but by the end, both were
under pressure from competitive
processes. This is a result of the rev-
olution in the demand for portable
wireless-communication products
which impose a unique set of require-
ments on equipment designers. A
wireless portable phone, for exam-
ple, must consume low power to min-

imize battery drain and optimize talk
time, be small in size for user conve-
nience, and be inexpensive due to
extreme competition among service
providers. Semiconductor technolo-
gies other than GaAs and bipolar
offer superior characteristics to meet
these needs, and thus have been on
the ascendancy over the past two or
three years.

Call Today For the Coolest Solutions For
Superior Thermal & RF Management

2777 Route 20 East, Cazenovia, NY 13035

(W] DIELECTRIC 1 '
i LABORATORIES Ph:315-655-8710 - Fax: 315-655-8179

AE DOVER ) TECHNOLOGIES COMPANY

www.dilabs.com

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #523

Quality System ISO 9001 Approved

CIRCLE NO. 419 or visit www.mwrf.com

MICROWAVES & RF = DECEMBER 1999

36

The metal-oxide-semiconductor
(MOS) process invented in the 1960s
is gaining favor for signal-handling
and power-amplification purposes.
Complementary MOS (CMOS) will
probably become the primary pro-
cess for digital logic, analog small-
signal, and mixed-signal circuitry as
designers attempt to integrate as
much of a phone’s functions into as
few ICs as possible. The characteris-
tics of CMOS make it preferable to
GaAs and bipolar for the high-densi-
ty, low-power ICs needed in 21st cen-
tury battery-powered, handheld
electronic products.

For higher-power applications
such as in the wireless-communica-
tions infrastructure, another form of
MOS, laterally-diffused MOS
(LDMOS), is encroaching on GaAs
and bipolar territory in applications
that require very linear performance
at power levels at 100 W and greater.
Just as LDMOS prepares to unseat
GaAs, a pretender to the throne is
waiting in the wings in the form of Si
carbide (SiC), a technology that
offers superior high-frequency, high-
power capability. SiC is a fledgling
technology whose impact will contin-
ue to be felt over the years.

What has happened to GaAs and
bipolar is representative of the rise
and fall of many technologies within
electronics technology. The differ-
ence between today’s changes and
those of 50 years ago is ability of pre-
sent-day scientists and engineers to
turn ideas into realities with much
greater speed and success.

MAN OF THE CENTURY

Since this article has tried to hit
some of the high points of electronic
achievement over the century, it
seems natural to single out one indi-
vidual whose contribution rose above
all others and pushed the science to a
point that almost everything else fol-
lowed. That pioneer could properly
be crowned as the Man of the Centu-
ry. While there are a number of indi-
viduals with good credentials, the
field can be narrowed to two.

The runners up, men who come up
just short of the mark, are the afore-
mentioned Bardeen, Brattain, and
Shockley of transistor fame. Also sec-
ond-rankers are Robert Noyce and




Gordon Moore, both associated with
the early development of the IC and,
of course, microprocessors. Harold
Black made a significant discovery in
the 1930s with his invention of nega-
tive-feedback theory and amplifiers
that employed it. The one thing hold-
ing these great men from immortali-
ty goes back to something Albert
Einstein once said. Einstein
remarked that the reason he had
been able to advance scientific
thought as profoundly as he did was
because he was able to stand on the
shoulders of giants who came before
him. So too did those men just men-
tioned who had the research of great
scientists and engineers who came
earlier.

So who is the Man of the Century?
There are really two, but one gets the
nod here. He was born in Council
Bluffs, IA in 1873 and educated at
Yale University. In 1906, Lee De
Forestinvented something called the
Audion amid the criticism and disbe-
lief of everyone around him. Elec-
tronic engineers educated before
1960 know it as the triode vacuum
tube. And what an invention it was.
It became the foundation component
of all radio, radar, television, and
computer systems until transistors
began replacing vacuum tubes in the
early 1950s. A prolific inventor, De
Forest also designed the earliest
wireless radio and telegraph trans-
mitters, and in 1910 presented the
first live opera broadcast. De Forest
reigns supreme because he faced
obstacles the others did not and also
he did not have access to the deep
pockets of a Bell Labs, Fairchild
Semiconductor, and Intel Corp. to
carry out his work.

Running second to De Forest—but
very closely—is Guglielmo Marconi,
often called the “Father of Radio.”
Interestingly, De Forest’s 1950 auto-
biography is entitled Father of
Radio. Who the real “father” is does
not matter since both rank among the
greatest inventors of this or any
other century. Marconi invented a
true wireless radio, and even before
the 20th century, in 1895, built a sys-
tem that could send and receive a sig-
nal at a distance of approximately
two miles. In 1901, he received the
Morse code signal for the letter “s”

sent across the Atlantic Ocean to
Canada. Marconi is generally credit-
ed with turning the radio from a lab-
oratory curiosity into a practical
communications medium.

Several years ago, at the Wireless
Symposium/Portable by Design tech-
nical conference in California, this
publication distributed promotional
tee shirts with the name of the con-

e el

Electronics Century

ference on the front and a promotion-
al picture on the back. That particu-
lar year, the picture was of Marconi,
looking at a wireless set sometime in
the mid 1930s. There was a printed
quote over his picture that stated, “It
is dangerous to put limits on wire-
less.” Now that is a prediction that
might hold up until the next
millennium. ®®
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Company’s Quest

A successful military supplier looks to the
commercial digital micvowave vadio market
for continual growth in the year 2000.

One Company’s
Quest For Balance

JACK BROWNE
Publisher/Editor

HANGE is the one constant in the microwave industry, especially for
a company fortunate to experience strong growth, such as Stellex
Microwave Systems, Inc. (Palo Alto, CA). In a span of only two
years, Stellex was born of part of Watkins-Johnson company,
learned how to survive as a separate company, and enjoyed growth as a
solid supplier of components and subsystems for military and commercial
customers, If that was not enough, in the last year the company also
acquired Phoenix Microwave Corp. (Telford, PA), a leading supplier of
high-frequency amplifiers, and began construction on a new 160,000-sq.-

ft. facility in San Jose, CA.

Stellex still shares real estate with
its “former self,” Watkins-Johnson,
on a large business campus in Palo
Alto, CA, but plans to relocate to a
modern facility on Hellyer Ave. by
the fourth quarter of 2000. The new
facility will consist of two buildings
with 100,000 sq. ft. of manufacturing
floor space and 60,000 sq. ft. of engi-
neering and administrative floor
space. According to Dean Merkley,
the firm’s vice president of sales and
marketing, “the new facility will
allow us to quickly respond to market
opportunities and leverage our core
strengths for growth in our tradition-
al markets as well as the dynamic
telecommunications broadband wire-
less sector.”

The new facility is necessary in
part due to growth at Stellex, and in
part due to the acquisition of Phoenix
Microwave Corp. earlier this year.
According to Stellex CEO Keith
Gilbert, “the acquisition of Phoenix
Microwave was a big push for us in
the component area. We've experi-

enced some modest growth during
the year in that area, but we wanted
to make a more aggressive move, and
also help support our growing sub-
systems businesses.” While Gilbert
oversees Stellex, and is intimately
involved with the company’s subsys-
tems business, Gus Kamnitsis, the
founder and president of the former
Phoenix Microwave Corp., will run
Stellex’s combined microwave-com-
ponent operations, with facilities in
California and Pennsylvania.

Gilbert notes that Stellex was ini-
tially associated almost entirely with
military markets, particularly in mis-
sile-based electronics. But during
1999, the business mix has changed
with the addition of growth in com-
mercial communications markets.
“Our commercial business has gone
from essentially nothing last year to
several million dollars worth of busi-
ness in 1999,” he says.

Gilbert explains that the company
has already had the tools in place to

compete in commercial markets: |

“Many of the products that we are
selling into the commercial communi-
cations markets are based on our
core technologies, such as YIG oscil-
lators. Combining the YIG technolo-
gy with our metal-injection-molding
(MIM) packaging technology has
given us some distinct advantages in
terms of cost and performance.”

Merkley points to the digital
microwave radio market as an area of
particular success: “We’ve addressed
the point-to-point radio market with
practical hardware modules. Cus-
tomers in that market need hard-
ware at volumes from just a few
pieces to more than 200 units per
week, and we have the manufactur-
ing flexibility to meet their needs. In
fact, we recently received a large
order from a major radio supplier for
a microphonics-free, phase-hit-free
frequency synthesizer.”

The firm has actively sought new
markets in commercial and military
areas, and is currently delivering a
28-GHz outdoor unit (ODU) for local-
multipoint-distribution-system
(LMDS) applications. The ODU is
actually a full 28-GHz transceiver
with RF and digital circuitry. Origi-
nally designed as two circuit boards,
it has been reduced to a single cost-
effective circuit board.

For more information, please con-
tact: Sellex Microwave Systems,
Inec., 3333 Hillview Ave., Palo
Alto, CA 94304-1233; (800) 321-
8075 FAX: (650) 813-2328, e-mail:
stellexms. com, Internet:
http//iwww. stellexms.comm. ee
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Who can step right up with enough

power to ring that bell?

Ask any design engineer.
When they need a power amplifier, they
call RFMD — the company with an amp

for every application.

Winning the wireless game takes
more than technology — it takes talent,
dedication and a commitment to quality

that wins a prize every time.

Whether your signal needs a little bump
or a big boost, RFMD puts power where it

belongs...right in the palm of your hand.

POWER - it sets us apart.

, ))))))))))) @

MICRO-DEVICES

Proprietary, State-Of-The-Art
RF Integrated Circuits"

7628 Thorndike Road
Greensboro, NC 27409-9421

Phone 336.664.1233
Fax 336.664.0454

Mention power when contacting us. www.rfmd.com

T™M & © 1999, RF Micro Devices, Inc.
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Digital crosspoint switch delivers 1.5 Gb/s per port
he model AD8150 X-stream
ﬂl digital crosspoint switch in-
tegrated circuit (IC) per-
forms data routing at rates from 270
Mb/s to 1.5 Gb/s per port for applica-
tions such as standard-definition
television (SDTV), high-definition
television (HDTV), and fiber-optic
network routing. It offers a switch
array of 33 input by 17 output. The IC
uses bipolar-complementary-metal-
oxide-semiconductor (BiCMOS) k
technology and dissipates less than
1.5 W. Analog Devices, Inc., Ray y ‘
Stata Technology Center, 804 Woburn St., Wllmlng‘ton, MA 01887; (800)
262-5643, FAX: (781) 973-1021, Internet: http.//www analog.com.,
CIRCLE NO. 64 or visit www.mwrf.com

Passive attenuators span DC to 2 GHz

E ﬁ new family of passive, temperature-compensating attenuators maintains
A a constant attenuation versus temperature-change slope from DC to 2
GHz. The attenuators are completely passive, single-chip, thick-film com-
ponents that provide the same temperature-compensating action as an active cir-
cuit with lower cost, higher reliability, less circuit-board real estate, and no distor-
tion. The attenuators can also be used as temperature sensors, and can be supplied
for application-specific requirements. They are
fabricated on surface-mountable ceramic sub-
strates that range in length from 0.075 to 0.145
in. (1.91 to 3.68 mm), and in width from 0.06 to
0.123 in. (1.52 to 3.12 mm). Maximum rated power
dissipation is 0.2 W at 25°C. They are particularly
suited to military systems or any system subject
to harsh environments. Methode Electronics,
Inc., 7447 West Wilson Ave., Chicago, IL 60706; (800) 232-6858, FAX: (708)

867-3149, Internet: http./lwww methode.com.
CIRCLE NO. 65 or visit www.mwrf.com

Antenna-measurement system performs far-fleld evaluatmns
he model MI-3610 test system j
@ performs far-field antenna mea-
surements from 100 MHz to 8
GHz, and can acquire multiple frequency
characteristics in a single scan. The sys-
tem measures side-lobe levels to —40 dB
with a noise-floor level of approximately |
~70 dBm, and includes analysis software |
to simplify pattern evaluation. The soft-
ware supports antenna-pattern analysis,
data presentation, and data output. Data
files can be plotted in polar or rectangu-
lar formats for single or multiple traces.
Microwave Instrumentation Technologies, LCC, 4500 River Green
Pkwy., Suite 200, Duluth, GA 30096-2580; (800) 848-7921, FAX: (678) 475-
8391, Internet: http//www.mi-technologies.com.
CIRCLE NO. 66 or visit www.mwrf.com

VCXO0s serve
SONET/SDH

’ he CFPV-41/42/43/44
series of miniature,
surface-mount volt-

age-controlled crystal oscilla-
tors (VCXO0s) is designed for
Synchronous Optical Network
(SONET)/synchronous-digi-
tal-hierarchy (SDH) transmis-
sion systems in local-telephone
exchanges, local-area net-
works (LANSs), or wide-area
networks (WANSs). The oscilla-
tors offer a high degree of “fre-
quency pulling”—control of
the output frequency by an ap-
plied voltage—allowing de-
graded incoming signals to be
corrected by a phase-locked

loop (PLL). Models CFPV-41
and -42 are capable of fre-
quency pulling to at least +50
PPM. They operate from a +5-
VDC power supply and require
a +2.56 +2-VDC frequency-con-
trol voltage at pin 1. Models
CFPV-43 and -44 are capable
of frequency pulling to at least
+100 PPM. They operate from
a +3.3-VDC power supply and
require a +1.65 =1.5-VDC fre-
quency-control voltage. All
four of the models are available
at any output frequency be-
tween 1 and 52 MHz and are
stable to =25 PPM. The
VCXOs operate from -10 to
+70°C. C-MAC MicroTech-
nology, Frequency Prod-
ucts Division, 4222 Em-
peror Blvd., Suite 300,
Durham, NC 27703-8466;
(919) 941-0430, FAX: (919)
941-0530, Internet: http:/

cfpwww.com.
CIRCLE NO. 67 or visit
www.mwrf.com
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Contactless Phase Shifters:

Designed for Reliability
Under All Conditions

KMW:?’s rugged phase shifters feature phase accuracy in any conditions.

B Features
1. Reliability

Thanks to the non-contact structure, you can get
remarkably stable Phase even under hard environmental
conditions such as Temperature, Humidity and Vibration.

OS(iLOOO .
< 2. Low Insertion Loss

Using Dielectric material with high “Q” results low
Insertion Loss.

3. Linearity

Phase is linearly varied by controlling rotated angle of axis
which is co-centered with transmission line.

4. High Power Handling Capability
Low IMD with non-contract structure.

KPH900OS5CLOO1

Frequency Range ~ 1GHz 1~ 2GHz 2 ~ 3GHz
Insertion Loss (max.) 0.15dB 0.25dB 0.35dB
VSWR (max.) zZ5 1 1451 1.25:1
Incremental Phase Shift 90 degree min. @ 2GHz
Electrical Delay 125 psec min.
Nominal Impedance 50 ohm
1/O Port Connector SMAC(F) / SMA(F)
Average Power Handling 20W @ 2GHz
Temperature Range -30°C ~ +60°C
Dimension (inch) A type : 1.496*1.102*0.470, B type : 1.225*1.102*0.470

SMD type is also available.

13131 East 166th Street, Cerritos, CA 90703-2202 .'s‘

1-800-8320-KMW * www.kmwinc.com / T \Q\’

tel: 562-926-2033 * fax: 562-926-6133 T TT———
CIRCLE NO. 298
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“We already make 4786 standard

connectors and cable assemblies...

SMA Connectors: cable types,
microstripline, bulkhead, panel f
mount, field replaceables, her-
metic, stripline and radius right
angles

SMP and new SSMP Connectors:
subminiature and sub subminia- 1
ture push-on connectors for up to : &
40 GHz and beyond.

g

:

Type “N” Connectors: cable
types, bulkhead, panel mount
and field replaceables.

TNC Connectors: cable types,
bulkhead, panel mount, field
replaceables and radius right
angles.

2.92mm “K” Connectors and
ible types, field
wdius right angles
and in-series adapters

Adapters: in and between
series; SMA, TNC, Type “N”,
7mm, 3.5mm. 2.4mm and “K"'™.

Special Connectors: build 10
print, design to cost, high tem-
perature, high power, special
hermetics and special radius
right angles.

Cable Assemblies: custom
semi-rigid and flexible plus
Handi-Form™ reformable cable
assemblies.

%

is a registered tradenark of e Wiliron Company

..but if you need something
special, let’s talk.”

Walt Carpenter
Connecting Devices, Inc. CDI Sales Manager
(562) 498-0901 ® FAX: (502) 494-0955 * E-mail: sales@connectingdevices.com e Homepage: http://www.connectingdevices.com
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Feds Curb Microsoft’s Powetr

around the world, the antitrust

case of the US government against
Microsoft Corp. concluded on Friday,
November 5 with the verdict that the
world’s most powerful software
maker is a monopoly. In his decision,
US District Judge Thomas Penfield
Jackson said in part that the com-
pany “demonstrated that it will use
its prodigious market power and im-
mense profits to harm any firm that
insists on pursuing initiatives that
could intensify competition against
one of Microsoft’s core products.”
With sales this year of $19.7 billion,
Microsoft’s Windows operating sys-
tem runs most of the world’s desktop
and laptop computers—approxi-
mately 90 percent—which makes it
the equivalent of the 800-1b. gorilla of
the computer universe.

The crux of the decision is not to
wound Microsoft financially or break
it up, but to spur more innovation,
promote competition in the software
industry, and benefit consumers with
more product choices at lower cost.
In fact, the Department of Justice is
hoping that it can reach a settlement
with Microsoft before punishment is
handed down. A negotiated settle-
ment is highly preferable because the
government does not want to cast a
pall on one of the world’s most suc-
cessful companies, one that is helping
to drive the booming economy lead
by the high technology sector. At the
same time, the strongly worded deci-
sion indicates that some serious and
far-reaching concessions are ex-
pected from Microsoft. In the ex-
treme, which many software-indus-
try pundits consider unlikely, Judge
Jackson could order the company to
split into smaller units that would
compete against each other by selling
different versions of software.

A key element of the case against
Microsoft began in late 1997 when
Judge Jackson ordered Microsoft to
stop bundling its Internet browser
with the Windows 95 operating sys-
tem. At that time, many worried that
Microsoft’s clout could allow it to con-
quer the Internet with a closed stan-
dard, putting a damper on the Net’s
creativity, diversity, and openness.
Installing its Internet Explorer soft-

In a decision that reverberated

ware in with the operating system
had a significant effect on Netscape
which held 90 percent of the browser
market when it started in business
but steadily lost share to Microsoft.
Today, however, major players such
as America Online, Sun Microsys-
tems, and Compaq Computer have
shifted the balance of power and com-

panies are learning ways to sidestep
Microsoft on the Internet.

Although Microsoft was severely
rebuked, the justice system grinds
exceedingly slow and the penalty
phase of the case will not take place
until next year. If the case eventually
winds up in the Supreme Court, no
decision is likely until about 2003. e e

We can get you out
of some tight spots!

i

~ Harbour’s HPF “High Performance Foam”
Flexible Coaxial Cables curve, twist, and
snake their way into those hard-to-reach
spots that more rigid cables just can't touch.
i1s ultimate flexibility ensures the best
_performance for applications on Wireless

d Cellular Communications, Personal
ommunications Systems, and Antenna

unique manufacturing process makes
ping the dielectric from the center
nductor clean and easy. Every time. Most
»importantly, Harbour’s high-strength, closed
- cell foam polyethylene dielectric with a
composite braid configuration ensures low
tenuation, a high degree of shielding
ectiveness, and long term reliability.

« A standard polyethylene jacket prevents
thering, abrasion, and chemical damage.
r indoor applications, a PVC jacket is
«offered for CATVR rating and high per-
rmance materials are offered for CATVP
plenum rating. Popular cables
include HPF195, HPF240,

d HPF400 with sizes ranging

¢ from .100” to .500” in diameter.
joth cable and connectors are avail-
dle from stock.

[‘%L:- I

Harbour

B g

High Performance Wire & Cable

4 Shelburne Road Shelburne, Vermont 05482

hone (802) 985-3311 * Fax: (802) 985-9534

email: sales@harbourind.com
www.harbourind.com
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Contracts

Harris Corp.—Has signed a contract with Brazil's
Telemig Cellular for the supply of 49 digital microwave
radio links. The contract, valued at $2.8 million, positions
Harris as Telemig Cellular’s largest supplier of mi-
crowave radios.

Berkeley Varitronics Systems—Was awarded a
contract by Hughes Network Systems of India to deliver
five receiver systems comprised of Champ Ultra-Lites
and Champ receivers for expansion of the fixed wireless
network in India.

Hewlett-Packard Co.—Has signed an equipment
purchase agreement (EPA) with Motorola’s Austin, TX-
based Semiconductor Products Sector (SPS). This agree-
ment covers semiconductor test solutions, including sys-
tem-on-a-chip (SOC) test, RF integrated-circuit (RF IC)
test, memory test, semiconductor parametric test, and
services.

LCC International, Inc.—Has been chosen by
Dutchtone NV of The Netherlands to conduct Dutch-
tone’s Quality of Service (QOS) measurement and re-
porting process. The agreement is already in effect and is
valid until the end of 2000. The QOS contract requires
LCC to measure the overall network quality for Dutch-
tone’s GSM-1800 network in The Netherlands. LCC’s
ability to collect, measure, and analyze data as it is per-
ceived by users will be fundamental to Dutchtone’s abil-
ity to adjust its network to enhance user service.

G.T. Microwave, Inc.—Completed a $750,000 con-
tract for the design, development, and qualification of an
integrated RF subassembly. Concurrent with the fulfill-
ment of this research-and-development (R&D) contract,
G.T. Microwave has been awarded the initial production
phase worth an approximate $1.5 million to be completed
by the end of 2001.

Watkins-Johnson Co.—Announced that its Wire-
less Products Group (WPG) and Sprint have signed a
multiyear Master Purchase Agreement for Watkins-
Johnson repeaters to be used in the Sprint PCS all-digi-
tal nationwide network.

Scientific-Atlanta, Inc.—Signed a contract with
Telespazio SpA, a Telecom Italia Group company, to de-
velop, manufacture, and install the satellite ground ter-
minals that form a major portion of the ground infras-
tructure network for a new global satellite system,
Astrolink (http://www.astrolink.com).

Spire Corp.—Received a $750,000 contract from the
US Air Force Research Laboratory at Wright-Patterson
Air Force Base to continue its development of advanced
high-frequency transistors for future commercial and
military communications systems.

Teradyne, Inc.—Announced that Texas Instruments
(TT) has placed a major order for Teradyne’s VX test-sim-
ulation software, including multiple seats of VX for Saber
for system-on-a-chip (SOC) and mixed-signal device de-
velopment and DigitalVX for digital-only device
development.

Motorola, Inc.—Was awarded a $29.9 million con-
tract by Kuwait Mobile Telecommunication Co. (MTC)

for the expansion of MTC’s Global System for Mobile
Communications (GSM) communications digital cellular

network,
Fresh Starts

Gabriel Electronics, Inc. and Endgate Corp.—
Have entered an agreement to jointly introduce a new
generation of smaller and more-attractive antennas for
the broadband wireless market.

DSP Communications, Inc.—Signed a licensing
agreement with Cadence for code-division-multiple-ac-
cess (CDMA) data software. This agreement allows Ca-
dence to integrate the CDMA [S7T07A protocol software,
enabling higher-rate data services and support for Inter-
net browsers, circuit data, and packet data in next-gen-
eration CDMA mobile phones.

Tellabs—Announced that it has completed its acquisi-
tion of NetCore Systems, Inc.

Stellex Industries—Has completed the acquisition
of the privately held RF and microwave component sup-
plier, Phoenix Microwave Corp. The acquisition was fi-
nanced through Stellex Industries’ existing acquisition
facility.

California Eastern Laboratories (CEL)—An-
nounced that NEC Electronics, Inc. will transfer all mar-
keting, sales, technical support, and distribution respon-
sibilities in North America for NEC fiber-optic
components to CEL. The transfer became effective on
October 1, 1999.

Noise Com, Inc.—Announced the execution of a
definitive agreement to merge Boonton Electronics
Corp. into a wholly owned subsidiary of Noise Com.

Richardson Electronics Ltd.—Signed a global dis-
tribution agreement with SDP Components, Inc., a man-
ufacturer of RF and microwave coaxial connectors.

Sensys Technologies, Inc.—Has changed its name
to Sensytech, Inc. The company’s headquarters and
ticker symbol will remain unchanged. The company’s new
Internet website is http://www.sensytech.com.

Pulse and AMP—Have signed an agreement to col-
laborate on a line of stacked modular jacks, RJ-45 con-
nectors integrating wirewound magnetics, hubs,
switches, routers, and other networking devices.

Quadrant Technologies—Announced that it will
acquire ARCOM, a New Hamphire-based millimeter-
wave transceiver company.

WinStar Communications—Disclosed its plans for
the commercial rollout of its point-to-multipoint (PMP)
service. As part of what WinStar called an accelerated de-
ployment plan, the company will integrate PMP technol-
ogy into its network in key US markets during the fourth
quarter, including Washington, DC, Phoenix, Oakland,
San Jose, Seattle, and Salt Lake City.

SignalSoft Corp.—Announced that it is partnering
with Siemens to offer an enhanced wireless application
protocol (WAP)-based solution that uses the location of
the mobile customer to personalize data services. This
will allow users on Siemens’ WAP infrastructures to ac-
cess and interact with a variety of Internet content that
is tailored to their location.
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The new mid-range prodigy
(and the proud parents)

So you know all about spectrum analyzers from
Rohde & Schwarz? Top of the range instruments
for the most demanding requirements, superlative
performance that naturally comes with a match-

ing price tag? Then think again!
And take a good long look at this
box of tricks: small, light,
extremely fast, big colour dis-
play, with a specification to blow

the socks of all the opposition in

the market for midrange spectrum analyzers.
Features like high-speed zero span2 Built-in.
GPIB, RS232 and printer interfaces? Standard.
PC-compatible screenshots2 At the touch of a but-
ton, no conversion software needed. 10 Hz to 10

MHz bandwidths? The complete range. Time-
gated analysis? No exira charge. Plus a range of
features not to be found in a rival mid-range ana-
lyzer for love or money. Such as the RMS detec-

tor, or statistic measurement func-
tions like CCDF. Or highly selec-
tive FFT filters and the fast ACP
measurement function. Not bad,
you are thinking, but tell me
about the price for such a

parade of technology. Certainly we'll tell you
about the price: very, very competitive. Just
another feature. By the way our mid-range prodi-
gy is called the FSP. You can find out all about
the FSP on the Internet. Or give us a call.

Discover more: www.fsp.rsd.de

ROHDE&SCHWARZ

http:/ /www.tek.com - Vietnam (4) 8 34 61 86
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QUINSTAR

TECHNOLOGY, INC.

Your Reliable Source

For Millimeter-Wave
Products and GaAs
FET & MMIC Amplifiers

Broadband Low-Noise Amplifiers
0.5-60.0 GHz (octave/multi-octave)

Narrowband Low-Noise Amplifiers

From 0.5-110 GHz
Noise figure as low as 0.4 dB

Broadband High Power Amplifiers

0.8-29.0 GHz (octave/multi-octave)
Up to 20W output power @P1dB

Narrowband Power Amplifiers

0.5-110 GHz
Up to 20W output power @P1dB

Active/Passive Frequency Multipliers

0.5-110 GHz
Multiplication factors up to x12

Injection-Locked Amplifiers

30-100 GHz
High millimeter wave power output

Millimeter-Wave Sources
Gunns, FETs, IMPATTs, PLOs, ILOs and VTOs

Millimeter-Wave Receiver Products

Harmonic Mixers, LOs, Up/Downconverters,
PIN Switches, Detectors

Horns, Feeds, Lens Reflectors, OMTs,
Polarizers, Filters, Diplexers

Ferrite and Waveguide Components

Isolators, Circulators, Couplers, Power Dividers/
Combiners, Waveguide Bends, Twists, Transitions

We always do the right things
at the right price.

Call us today
for a quotation’

QuinStar Technology, Inc.
24085 Garnier Street
Torrance, CA 90505
Tel: (310) 320-1111/Fax: (310) 320-9968
sales@quinstar.com

PEOPLE

Ranoda Electronics, Inc.—
Danny Feng to national sales manag-
er; formerly western regional sales
manager with Oak Frequency Con-
trol Group.

Stellex Electronics, Inc.—
Louis M. Seieroe to vice president of
West Coast component operations;
formerly director of component engi-
neering and manufacturing opera-
tions. Also, Mark Fournier to direc-
tor of sales and marketing; formerly
sales and marketing manager for the
aerospace and defense segment at
M/A-COM.

9

SEIEROE FOURNIER

Signal Processing Technolo-
gies, Inc. (SPT)—Arthur Ryder to
international sales manager; former-
ly responsible for local-area-network
(LAN) and communications cus-
tomers in New England for National
Semiconductor Corp.

Intertek Testing Services
(ITS)—Charles Fisher to site man-
ager of the Richardson, TX testing
laboratory; formerly site manager of
the Cortland, NY laboratory.

CTS Corp.—Philip G. Semprevio
to executive vice president; formerly
group vice president for the CTS wire-
less components operations. Also,
Francis Loo to managing director of
CTS Singapore Pte. Ltd.; formerly
customer/product support engineer-
ing manager and sales/marketing
manager; In addition, John W. Cline to
director of engineering for CTS
Reeves Frequency Products; former-
ly president of Oak Frequency Con-
trol, Inc.

Gel-Pak Corp.—Darby Davis to
international sales manager; former-
ly product sales manager for Asia at
OnTrak Systems.

Motorola’s Semiconductor
Products Sector (SPS)—Daniel
Artusi to vice president and general

manager of the Networking and
Computer Systems Group (NCSG);
formerly general manager of the
Wireless Infrastructure Systems Di-
vision (WISD).

SatCom Systems, Inc.—James
E. Bunting to chief financial officer;
formerly executive vice president
and chief financial and operating offi-
cer for Intellicell Corp.

Inmarsat—Michael Storey to
president and chief executive officer;
formerly executive vice president of
MCI Worldcom in Europe.

Prodelin Corp.—Tom Bell to
product-line director for specialty
antennas; formerly product market-
ing manager at EMS Technologies.

Metawave Communications
Corp.—Andy Merrill to vice presi-
dent of customer operations; former-
ly field-engineering manager for Mo-
torola’s Western region.

Lockwood Greene—Dana
Hicks to telecommunications indus-
try director; formerly worked in the
corporate marketing department for
J.A. Jones, Inc.

Electronic Industries Al-
liance (EIA)—David Isaacs to vice
president of public policy; formerly
employed as director of environmen-
tal affairs in the government-rela-
tions department.

ANADIGICS—Glenn Fraser to
vice president of RF standard prod-
ucts; formerly director of the wire-
less business unit for Fujitsu Micro-
electronics, Inc.

FRASER

DOLLIVE

ITT Industries, Avionics Divi-
sion—Louis Dollive to vice president;
formerly director of project engineer-
ing with the Aerospace/Communica-
tions Division.

Electronics Industries Al-
liance (EIA)—Lesley Ahmuty to
vice president of human resources.

CIRCLE NO. 426 or visit www.mwrf.com MICROWAVES & RF = DECEMBER 1999

48




Jne

source

TEMPERATURE COMPENSATED
CRYSTAL OSCILLATORS

Complete Range
Of TCXO'’s...
» Frequencies to 160 MHz

» Models From 2.5 ppm
to 0.05 ppm

» Aging to 0.7 ppm for 10 Years

» Satcom TCXO’s +1x107
0°C to + 70°C

» Phase Noise as low
-155 dBc offset @ 1

as
Hz offse

New
gltrayum 3
Design

We are the One!
VECTRON 166 Glover Avenue, Norwalk, CT 06856

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

u A TECHNOLOGIES COMPANY www.tcxo.com www.vectron.com
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Like what
you see?
Need more
information?
Do you want
it now?

www.mwrf.com

Visit the
Microwaves & RF
website at:
www.mwrf.com and click the
instant inquiry button to request
information seen in this issue
or visit the manufacturers links
for direct access to all
Microwaves & RF advertisers.

Microwaves
&@RF

A enton

611 Rte. 46 West,
Hasbrouck Heights, NJ 07604

Short Courses

Introduction to Software Radio and
Wireless Networks

January 24-26, 2000 (Los Angeles, CA)

UCLA Extension, Department of
Engineering

10995 Le Conte Ave., Suite 542

Los Angeles, CA 90024

(310) 824-3344, FAX: (310) 206-2815

e-mail: mhenness@unex.ucla.edu

Internet: http://www.ucla.edu/shortcourses

Telecom Trends: Markets &
Technologies

January 27-28, 2000 (Portofino Hotel and
Yacht Club, Redondo Beach, CA)

Technology Futures, Inc.

13740 Research Blvd., Suite C-1

Austin, TX 78750-1859

Kirsten Palumbo (800) TEK-FUTR, FAX:
(512) 258-0087

e-mail: seminars@tfi.com

Infrared Imaging Systems and
Applications

February 9-11, 2000 (Los Angeles, CA)

UCLA Extension, Department of
Engineering, Information Systems and
Technical Management, Short Courses

10995 Le Conte Ave., Suite 542

Los Angeles, CA 90024

(310) 824-3344, FAX: (310) 206-2815

e-mail: mhenness@unex.ucla.edu

Internet: http://www.ucla.edu/shortcourses

Fiber-Optic Communication Systems

February 14-16, 2000 (Madison, WI)

Department of Engineering Professional
Development

University of Wisconsin-Madison

432 North Lake St.

Madison, WI 53706

Katie Peterson

(800) 462-0876, F AX: (608) 263-3160

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

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

Introductory RF and Microwaves

March 20-21 (Holiday Inn Select, Niagara
Falls, NY)

R.A. Wood Associates

1001 Broad St., Suite 450

Utica, NY 13501

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

e-mail: rawood@rawood.com

Meetings

Consumer Electronics Show (CES)
International 2000

January 6-9, 2000 (Las Vegas, NV)

Consumer Electronics Manufacturing
Association

2500 Wilson Blvd.

Arlington, VA 22201-3834

(703) 907-7605

Portable Design 2000 Conference &
Exhibition

January 24-27, 2000 (San Diego Coronado
Island Marriott, San Diego, CA)

PennWell Corp.

98 Spit Brook Rd.

Nashua, NH 03062

(603) 891-9267, FAX: (603) 891-9490

e-mail: nualak@penwell.com

Internet: http://www.portable-design.com

Commercialization of Military and
Space Electronics Workshop

January 30-February 2, 2000 (LA Airport
Marriott Hotel, Los Angeles, CA)

Components Technology Institute, Inc.

904 Bob Wallace Ave., Suite 117

Huntsville, AL 35801

Dale Stamps

(256) 536-1304, FAX: (256) 539-8477

e-mail: dale@cti-us.com

Wireless Symposium/Portable By
Design

February 22-24, 2000 (San Jose Convention
Center, San Jose, CA)

Penton Media, Inc.

611 Route 46 West

Hasbrouck Heights, NJ 07604

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

Internet: http://www.WirelessPortable.com

Fourth Annual Army Research
Laboratories (ARL) Federated
Laboratory Symposium (Fed Lab
2000)

March 21-23 (University of Maryland
University College, College Park, MD)

TMC Design Corp.

P.0. Box 2218

Suffolk, VA 23432

Jean Thomas

(757) 357-4011, FAX: (757) 357-5108

2000 IEEE Emerging Technologies
Symposium on Broadband,
Wireless Internet Access

April 10-11 (Dallas, TX)

Dallas Section of the IEEE

Dr. Gallon Brehm, Technical Program Co-
Chair

TriQuint Semiconductor

(972) 994-8571, FAX: (972) 994-8502

e-mail: gbrehm@tqtx.com

IEEE International Conference on
Phased Array Systems and
Technology

May 20-26 (Dana Point, CA)

Dr. Michael Thorburn

The Aerospace Corp.

P.O. Box 92957, M1/111

Los Angeles, CA 90009-2957

(310) 336-2197, FAX: (310) 336-6225

e-mail: m.a.thorburn@ieee.org

Internet: http://www.ieee
aps.org/I[ISPAST00

Call for Papers
2000 Symposium on VLSI Technology
June 12-14 (Honolulu, HT)
IEEE Electron Devices Society and Japan
Society of Applied Physics
Secretariat for VLSI Symposia (USA)
Widerkehr and Associates
101 Lakeforest Blvd., Suite 400B
Gaithersburg, MD 20877
(301) 527-0900 ext. 311, FAX: (301) 527-0994
e-mail: vlsi00@aol.com
Abstract deadline: January 7, 2000
Asia-Pacific Microwave Conference
(APMC) 2000
December 3-6, 2000 (The Wentworth Hotel,
Sydney, Australia)
IEEE MTT Society
Dr. Trevor Bird
+61 2 9290 3366, FAX: +61 2 9290 2444
e-mail: apme@icms.com.au
Internet: http://www.icms.com.au/apme
Paper submission deadline: April 1, 2000
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Our idea of GaAs PHEMT consistency.

Agilent Technologies’ Second
Generation PHEMT process FETs
and amplifiers are so consistent,

you'd think we cloned them! ~

Introducing the first products in Agilent’s :
Second Generation PHEMT process —a process
designed specifically for repeatability and high
performance. These new parts allow predictable
designs, better yields and fewer surprises in your base
station, handset or other wireless application.

In fact, we're so confident of their perfor-
mance that we include distribution charts of key
specifications right on the data sheets. An industry first.

Already designed into several major COMA
handsets, the MGA-72543 LNA's integral switch allows
you to bypass the amplifier, reducing system current
needs. The ATF-34143 FET with its low noise figure and
excellent linearity at 4V, is perfect for base station LNA
applications. The ATF-35143 FET offers economical low
noise performance for portable applications.

Add it all up and you'd have a hard time For more product information, technical literature,
samples, demo boards and participating

finding a more consistent bunch of parts anywhere. Ak g 4
distributors, please visit our website.

www.agilent.com/view/consistent

Typical performance @ 2 GHz

Part Bias NF Gain IP3
Number (dB) (dB) (dBm)

MGA-72543% 3V,5-60mA 15 144 35148
(input)

ATF-34143 4V,60mA 05 175 315
{output)

ATF-35143 2V, 15 mA 04 180 210
(output)

ATF-38143  2V,10mA 05 160 220
(output) J
coming soon

...2% .. Agilent Technologies
,"f"._ Innovating the HP Way

*as a switch (amp bypassed):
insertion loss = 2.5 dB, IIP3 = 35 dBm
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R G R A A N L 70 TR L L T R e A A S O SO

DP3T MMIC
Switch designed
for cellular
phones

Variable _
capacitors built
with MEMs
processing

MAP and AMP
methods
improve GMSK
synchronization

Ray-tracing
method predicts
cellular
propagation

Dual-band phones that are vehicle mounted and handheld need a switch to connect be-
tween an external and an attached antenna, and to connect one of these antennas to a
transmitting power amplifier (PA) or a receiving circuit. This requires a high-power,
dual-pole, triple-throw (DP3T) switch with low insertion loss. This device, realized as a
heterojunction-field-effect-transistor (HF'ET) monolithic microwave integrated circuit
(MMIC), has been developed by Akira Nagayama, Masatoyo Nishibe, Takayuki Inaoka,
and Nobuhiro Mineshima of Japan Radio Co. (Saitama, Japan). Some gallium-arsenide
(GaAs) MMIC switches are available, but all are single pole, double throw (SPDT) or
double pole, double throw (DPDT) and none can be operated above +33 dBm. The GaAs
device implemented by the authors exhibits a mean gate-leakage current of 50 nA/mm
at +33 dBm of additional RF power, and an insertion loss of 0.4 dB (at +34 dBm) at a fre-
quency of 950 MHz. See “Low-Insertion-Loss D3PT Switch for Dual-Band Cellular
Phones,” IEEE Journal of Solid-State Circuits,Vol. 34, No. 8, August 1999, p. 1051.

Voltage-controlled variable capacitors (varactors) are important elements in the fil-
ters and oscillators of high-frequency radio transmitters and receivers. Key parameters
are high quality factor (Q) and wide tuning range. Advances in RF microelectrome-
chanical systems (MEMs) fabrication techniques support the construction of high-qual-
ity tuning capacitors according to Charles L. Goldsmith, Andrew Malczewski, Zhimin J.
Yao, Shea Chen, John Ehmke, and David H. Hinzel of Raytheon Systems Corp. (Dallas,
TX). They built RF MEMs capacitors on a high-resistivity silicon (Si) substrate with a
1-um-thick layer of Si dioxide (Si0,) as a buffer layer using surface micromachining tech-
niques. The resulting devices operate at up to 40 GHz with tuning ratios in the range of
70:1 to 100:1. Control voltages are in the +30-to- +50-VDC range and switching times are
less than 10 ps. A 6-b variable capacitor with a tuning range of 1.5 to 33.2 pF was fabri-
cated. This capacitor will be used eventually to build a high-performance tunable filter
using only capacitor tuning. See “RF MEMs Variable Capacitors for Tunable Filters,”
International Journal of RF and Microwave Computer-Aided Engineering, Vol. 9, No.
4, July 1999, P. 362.

An improved method of closed-loop synchronization of a radio receiver with the phase
of a carrier signal modulated by Gaussian minimum-shift keying (GMSK) can improve
the performance of digital wireless communications systems, particularly in Europe. The
method proposed by Marvin K. Simon of the California Institute of Technology
(Pasadena, CA) is based on a combination of maximum a posteriori (MAP) estimation of
digital modulation containing intersymbol interference (ISI) and the Laurent amplitude-
modulation-pulse (AMP) representation of continuous phase modulation (PM) convey-
ing digital data. In older GMSK carrier-synchronization schemes, ISI is not taken into
account, leading to subpar performance of the systems. The present method takes IST
into account, allowing systems to approach optimal performance. See “MAP- and Lau-
rent-AMP-based Carrier Synchronization in GMSK,” NASA Tech Briefs, Vol. 23, No. 9,
September 1999, p. 38.

With growing cell-phone traffic in densely populated areas, system providers must re-
duce cell size to build a larger network of microcells and additional base stations. The
problem with a denser architecture is to understand exactly how signals will propagate
through it, and how it will be affected by path loss, delay spread, and other anomalies.
The answer, according to Hae-Won Son and Noh-Hoon Myung of the Department of
Electrical Engineering, Korea Advanced Institute of Science and Technology (Taejon,
Korea), is a very fast ray-tracing method called a ray-tube tree. A ray-tube tree is based
on the uniform geometrical theory of diffraction (UTD) and can operate in a quasi three-
dimensional (3D) environment such as a complex propagation area composed of arbitrary
buildings and streets. The ray-tube tree is described as a point-to-point tracing tech-
nique, which provides greater accuracy than other ray-tracing methods. The authors
used their method in the downtown area of Ottawa, Canada and generated results that
were in close agreement with published measurements. See “A Deterministic Ray Tube
Method for Microcellular Wave Propagation Prediction Model,” IEEE Transactions on
Antennas and Propagation, Vol. 47, No. 8, August 1999, p. 1344.
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SXH-1 High Linearity

Power Amplifier

Stanford Microdevices produces the
highest performance products utilizing
cutting edge technology at the lowest
possible cost. All Stanford MMICs are 100%
tested and qualified annually to ensure
reliable field performance even under the
harshest environments, making Stanford
Microdevices a favorite among major OEMs
worldwide. Over the past five years Stanford
Microdevices has become the preeminent
leader in the design and manufacturing of
GaAs, LDMOS and SiGe amplifier and switch
products.

Offering significant advantages over existing
competitive MESFET technology, the SXH-1 is

ON

call for EVALUATI
DEVELOPMENT KIT
1-800-764-6642

a highly efficient GaAs Heterojunction Bipolar
Transistor power amplifier housed in a low-
cost surface-mountable plastic package.

This GaAsHBT amplifier is fabricated using
molecular beam epitaxial growth technology,
which produces reliable and consistent
performance from wafer to wafer and lot to
lot. The SXH-1 was specifically designed for
use as drivers stages for infrastructure
equipment in the 50-2000MHz cellular, ISM
and narrowband PCS bands. Operating at a
stingy 95ma of current, the SXH-1 is an ideal
choice for multi-carrier as well as digital
applications.
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10kHz-100MHz

A new range of high-performance,
single-band power amplifiers primarily
designed for use in HF transmission, EMC
and scientific applications. Robust and
efficient with less than 1dB compression
at rated power—ideal alternatives to
distributed tube amplifiers

LA300L 300 Watts
LAS00L 500 Watts
LAT000L 1000 Watts
LA4000L 4000 Watts

KM Serles—Microwave
Power Amplifiers

1-8GHz, Up to 1000W

A comprehensive line of high-quality
Class A, high-power amplifiers with
outstanding reliability. Designed for wide-
band EMC and similar RF test applications
but equally suited to operational use,

particularly as solid-state (GaASFET) octave-

band replacements for TWT amplifiers.

c O R P ORATI OMN

Your choice of rugged, high-
reliability amplifiers just got wider.
Three fresh new varieties of Kalmus
amplifiers covering 10kHz to 8GHz
are now ready for market. Pick from
low frequency RF (10kHz-100MHz),
high-frequency RF (80-1000MHz) or
microwave (1-8GHz) ranges.

Today, we offer over a hundred different amplifiers with output powers from 2 to
4000 watts and beyond in simple modular packages, as fully-featured bench top
versions, or rack-mounted with others as a system. We're committed to supplying
amplifiers designed to meet your needs,

Kalmus builds quality products that are fully supported worldwide. For more
information on the new products or to review the entire range, contact your local
representative, call Kalmus direct or visit

our Web site (www.kalmus.com). And if no 7050LC 50 Watts
standard product meets your T200LC 200 Watts
: : 7500LC 500 Watts

precise requirements, let’s
talk about our extensive tw$1000MEHz RIES e tomvas

custom capabilities. Four new wideband, load tolerant, highly linear amplifiers with the industry’s
best 1dB compression figures and very low harmonics. The perfect choice
for radiated RF immunity and comparable broadband test applications.

The RF Amplifier Company

11807 North Creek Parkway South, Suite 109, Bothell, WA 98011  Phone: (800) 344-3341 « (425) 485-9000 * Fax: (425) 486-9657  E-mail: kalmus@kalmus.com * Web: www.kalmus.com

Thermo Voltek

Kalmus is a division of Thermo Voltek, a Thermo Electron Company
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* Our HSP50216 multi-channel Programmable
Down Converter (PDC) features the highest level
of density and programmability in the industry,
in a package the size of a dime.

* The HSP45314 is a complete Direct Digital
Synthesis (DDS) solution that delivers the
highest resolution in the industry.

* Our HSP50415 Wideband Programmable
Modulator (WPM) provides superior filtering
and mixed signal capabilities to support a
multitude of transmit requirements.

» The CommLink family of high-speed data
converters delivers high performance and
low power to address the needs of multiple
air-interface standards.

« CommLink products decrease system costs,
improve system accuracy and reduce time

to market.

« www.intersil.com/commlink/world

1999 Intersil Corporation | CommlLink is a trademark of Intersil Corporation.

©

copyright

wireless power

You need Digital Radio.
CommLink™delivers a world of solutions.

The leader in Digital Radio has a new name - Intersil Corporation. Intersil’s
CommLink family is specifically designed for wireless applications including
cellular basestations, point-to-point microwave systems, wireless local loop,
linear power amplifiers and satellite earth stations. CommLink data converters
and signal processing products deliver the programmable solution to meet the
needs of multiple air-interface standards. Link to your next Software Radio
solution at www.intersil.com/commlink/world or call 1-888-INTERSIL ext.
7962. If you're designing for wireless, Intersil is designing for you.

Intersil Corporation. Ideas in silicon.

A/D Converters D/A Converters Signal Processing Solutions

Part Number _Resolution Rate(MSPS) Part Number  Resolution Rate(MHz) Part Number Description

HIS640* 28 40 HIS660/6 8 60 HSP502148 | ¥ ble Down Converter (PDC)
HI5667/6 8 60 HI5628/6 2x8 60 HS5P50215 Up Converter (PUC)
HI5662 2x8 60 HI5660 8 125 HSP50216* | Multi-channel PDC

HI5767/2 10 20 HI5628 2x8 125 HSP50217% | Multi-channel PUC

Hi3300* 10 20 HI5760/6* 10 60 HSP50016 Digital Down Converter
HI5767/4 10 40 HI5728/6 210 60 HSP50110 Digital Quad Tuner
Hi5740% 2x10 60 HI5760 10 125 HSP50210 Costas Loop Demodulator
HI5767/6 10 60 HIST28 2x10 125 H5P50414% | Wideband Tuner

HI5762 2x10 60 HI5860 12 125 HSP50415* deband Prog

* Contact factory for availability Hi5828 2x12 125 HSP45314* | Diredt Digital Synthesi

Red indicates new product Hi5860 14 125 # Product preview
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Design A o
Low-Noise Communications

Amplifier

Low-Noise Amplifier

This article on low-noise-
amplifier design illustrates

challenges and offers some
belpful hints.

RF Design Engineer

Motorola, Inc., 2100 East Elliot Rd.,
Tempe, AZ 85284, (480) 413-6291,
FAX: (480) 413-5919, e-mail:

brian.battaglia@motorola.com.

OW-NOISE amplifiers (LNAs) represent one of the basic building
blocks of a communications system. In real-world situations, such as
cellular-phone systems, the received signal is very low in power and
must be amplified before the information it contains can be properly
demodulated. But all amplifiers add noise to the signals they boost, and
when amplifying a very low-level signal, the amplifier’s own noise can
swamp the signal. The purpose of an LNA is to amplify the received signal
to acceptable levels while minimizing the noise it adds. This article
describes the design of an LNA that achieves these two important criteria.

The first step in the design is
selecting the active device and circuit
configuration. The simplest amplifier
configuration is a bipolar-junction
transistor (BJT) in a common-emit-
ter (CE) configuration. Figure 1
shows the complete CE amplifier
configuration, which consists of the
transistor, DC-biasing circuitry, and
impedance-matching networks.

Once the device configuration is
chosen, the next step is to find the
DC-bias voltage and current. Usual-
ly, the power-supply voltage is
known or is supplied by the cus-
tomer. Sometimes, however, the cir-
cuit is designed to work over a range
of supply voltages. There are two
advantages to this approach—versa-

(v I,

Inpui'-I
matc
_RF network
input

|

L e

0ul|:u|ll- RF
matcl
network output

1. This block diagram shows the BJT in a common-emitter configuration, along
with the DC bias and impedance-matching networks.

tility and reliability. This circuit is
more versatile because it can be used
in multiple applications. Second, if
the DC power supply is a battery, the
circuit is more reliable because it can
better tolerate the battery’s chang-
ing voltage as power is consumed. A
related design concern is power con-
sumption. In a handheld mobile appli-
cation, the circuit’s power must be
supplied by a battery, and the design-
er must consider the constraints of
such an application. First, there is a
trade-off of available power versus
the weight of the handheld phone.
Customers want small, lightweight
cell phones, so market pressure
forces cell-phone manufacturers to
use small batteries with limited cur-
rent capacity. Thus, the LNA cir-
cuit’s current flow must be kept to a
minimum to conserve power. Anoth-
er reason to minimize the circuit’s
current is to increase battery life.
Cell-phone customers want in-
creased talk time, so market pres-
sure favors cell phones that have long
battery life.

The main design goals of an LNA
are to achieve high gain and low
noise, but the circuit must also be
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mum allowable noise

20 figure is 2 dB. The
circuit must also

——— | 5 mA exhibit an acceptable
//____,__\_\ ~——__ return loss of 15 dB
r 3mA —— | and be unconditional-

. ly stable. Factors

that affect the gain

\
|
|

and noise of the LNA
include the DC bias

current and the

dimensions of the
active device. In

modern fabricated

transistors, each ter-
minal of the device

1 Length of emitter—pm

21 | has an associated
length, width, and

2. This graph shows the change in performance of the
single-transistor, common-emitter LNA as the emitter

length varies.

unconditionally stable over a wide
bandwidth. Stability is a critical fac-
tor in any design, especially at higher
frequencies. If an amplifier is unsta-
ble in its operating range, it will oscil-
late. Even instabilities outside the
operating range can be detrimental
due to feedback and adjacent-chan-
nel requirements. One way to predict
stability is to calculate the factor MU.
MU is derived from the scattering
parameters (S-parameters) of the
circuit, as shown in equation 1.

-5
MU =(1-5,7)/[S,, - det(S)$;, *]

+(85,,502) (1,

where:

* = the conjugate operation, and

det S =5, 5 — 55,52

The stability factor MU must be
greater than 1 in the operating fre-
quency range to guarantee uncondi-
tional stability. Other factors to be
accounted for are the input return
loss (IRL) and the output return loss
(ORL). Since the CE configuration is
a single-gain-stage amplifier, IRL
and ORL are the S-parameters S,
and S,,, respectively. For simplici-
ty’s sake, nonlinear RF parameters
such as intermodulation distortion
(IMD) and the 1-dB compression
point are neglected.

In this design, the desired mini-
mum gain is +15 dB and the maxi-

number of fingers.
The base and collec-
tor dimensions are
fixed, but because of
the fact that the emitter has the most
impact on the device’s performance,
its dimensions are varied. The results
of varying the emitter length are
shown in Fig. 2. It is apparent from
this graph that the simplest LNA
configuration—that of a single tran-
sistor configured as a CE—will not
meet the desired design goals. There-
fore, a more complex circuit is
required.

The natural thing to do is add
another active device to the circuit.
There are several methods of com-
bining two transistors, including cas-
cade, cascode, and differential pair.
The cascode configuration, shown in
Fig. 3, consists of a CE followed by a
common base (CB). This configura-

tion is similar to the existing single
common-emitter configuration, but
has some advantages over it. In the
CE configuration, there is a capaci-
tance between the collector and base,
and it is magnified by the Miller
effect. Therefore, the input and out-
put are not fully isolated. This leads
to performance degradation at high-
er frequencies. In the cascode config-
uration, the RF input is applied to
the base of the CE transistor and the
RF output is taken from the collector
of the CB transistor. This configura-
tion yields better isolation than the
single-transistor, CE configuration.
The trade-off is circuit complexity.
Now there are twice as many tran-
sistors and, therefore, twice as many
variable device dimensions. To opti-
mize performance, the designer must
vary the CE dimensions, the CB
dimensions, the DC operating point,
and the impedance match.

In RF design, the matching of the
cireuit plays a critical role in obtain-
ing optimum performance. Tradition-
ally, the input and output are
matched to the impedance for maxi-
mum power transfer. However, the
goal of the LNA design is not to opti-
mize power, but noise figure and
gain. Unfortunately, calculating
impedance to optimize gain, noise,
and power often yields three differ-
ent values. Modern simulation soft-
ware can compute the impedance for
the optimum values of gain and noise.
Figure 4 shows the three im-
pedances. The impedance for maxi-
mum gain is at the center of the circle

Input-match
RF network

input

2o

Vee
O Output- RF
match | output
network
CB

3. This block diagram illustrates the two-transistor cascode configuration,
along with the DC bias and impedance-matching networks.
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Optimum
gain

on the left of the chart, while the cen-
ter of the circle on the right of the
chart is the impedance that yields
minimum noise figure. The optimum
impedance for power is at the very
center of the chart. Clearly, optimiz-
ing the impedance for one factor

! the designer must
face.

At this point, the
designer must replace
the ideal sources in
the bias circuit and
ideal values in the

matching circuit with
equivalent real com-

simultaneously guarantees non-opti-
mal values for the other factors. This

power

Optimum |

Smith chart

Optimum
noise figure

is another example of a trade-off that | ponents. This often

State-of-tihe-art
Quality Crafted,
Full Service —

Cable
Manufacturing

A.) HCMC manufactures and stocks
fully tested standard straight semi-rigid
and flexible assemblies which can be
hand formed.We also provide cable
assemblies tosclustomer specification.

B.) HCMC has design and engineering
capabilities to produce custom delay
lines to meet specific packaging and
performance requirements.

C.) Utilizing our manufactured

cable HCMC is providing miniature
interconnect components to meet
customer specified requirements for
surface mount applications on printed
circuits and microwave substrates.

Haverhill Cable and Manufacturing Corp.

Semi-Rigid Coaxlal Cable Specialists
TEL (978) 372-6386 <+ FAX (978) 373-8024
P O. BOX 8222, Haverhill, MA 01835
www. haverhillcable.com
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4. The optimal-load impedances for
three different characteristics lie at
different points on the Smith chart.

presents the designer with a new set
of problems. First, the bias network
must be robust enough to function
properly over a range of power-sup-
ply voltages and temperatures. This
introduces additional complexity into
the bias network. The real compo-
nents in the bias network—the resis-
tors and large capacitors—operate at
DC voltages, so frequency effects are
not a problem. The matching net-
work, however, contains real capaci-
tors and inductors that operate at RF
frequencies. Real components differ
from ideal ones in several respects.
First, real components have a price
associated with them. There is a
trade-off between price and perfor-
mance of these parts. The competi-
tiveness of today’s markets often
forces designers to use inexpensive
components in their designs. Real
discrete components have a finite
resistance called series-equivalent
resistance (SER). The SER intro-
duces losses that result in lower gain
and noise figure. Although typically
only a few tenths of an ohm in value,
SER will affect the matching net-
works. Discrete components also
have a Q value, measured at a partic-
ular frequency, that can contribute to
unwanted resonance. A component’s
series-resonant frequency (SRF) is
the frequency where it will behave
erratically. For example, if an induc-
tor is operated at or above its SRF, it
might behave as a capacitor. To avoid
this, select components where the
SRF is much higher than the operat-
ing frequency. Also, leaded through-
hole parts have leads that add series
inductance to a design, and surface-
mount parts have pads that add
shunt capacitance to a circuit. All of
these factors can degrade the cir-
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cuit’s performance from the
ideal, and the designer must
carefully take them into
account.

Another issue is that of
packaging a completed de-
sign. If the circuit is to be
integrated and sold as an
integrated circuit (IC), it
must be packaged. The
package introduces several
negative effects. In an IC,
the bond wires add unwant-
ed inductance (L) and the

20

Gain

10

| Gain =16.65 dB

| Noise figure =1.9 dB

PN

1.5

2.3 GHz

Frequency 2.5 GHz

bilities of a circuit. In some
cases, such as the nonlinear
RF effect, two-tone IMD
products, the models cannot
predict behavior at all. The
designer must face the trade-
offs, take into account manu-
facturing variability and
model inaccuracy while still
exceeding all of the design
specifications. Typically, the
designer “pads” the design
with some headroom to com-
pensate for these problems.
Once the circuit is built, the

2.5

ainbiy asioN

bond pads add unwanted
capacitance (C). Isolation
between pins in the pack-
age is also important. Lack
of pin-to-pin isolation in a feedback
circuit can lead to major reliability
problems and stability concerns. The

additional inductance in the emitter |
of the collector-emitter section can !

severely degrade the noise figure of
the circuit. Additionally, several
grounds are usually needed to
improve the performance of RF cir-

5. This graph shows the performance characteristics of the
final cascode LNA design.

cuits, but the package has a limited
number of pins. After using the
input, output, and power-supply pins,
there may not be enough ground pins
to accommodate an adequate design.

Finally, the designer relies heavily
on the accuracy of the device models.

The models often have difficulty |

measuring accurately the RF capa-

designer usually adjusts the
bias circuitry and matching
networks to optimize perfor-
mance. For the LNA design in ques-
tion, Fig. 5 shows the final simulation

results. ®®
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Power Combiner

Construct A Millimeter-Wave
E-Plane Integrated

Power Combiner

This novel device combines the
power of two Gunn diodes to
genevate robust millimeter-
wave signals.

Jun Xu, Yi Long, and Chao Li
Institute of Applied Physics, University
of Electronic Science and Technology
of China, Chengdu 610054, People’s
Republic of China; (86) 028-3202526,
FAX: (86) 028-3254131, e-mail:
Jxu@uestc.edu.cn.

UNN diodes are widely used as microwave and millimeter-wave low-
noise oscillators. But the output power from a single Gunn device is
relatively low and, therefore, is not suited for medium-power appli-
cations. One approach to achieve higher output power is to combine
the power of two Gunn diodes. This article presents the design of a novel,
millimeter-wave power combiner for that purpose. The combiner circuit
adds the contributions of two Gunn chips through an E-plane coupled, sus-
pended stripline and finline structure, which is housed in a WR-28 waveg-
uide. At the Ka-band, this power combiner can handle output-power levels
from 200 to 305 mW over a bandwidth of more than 550 MHz.
Millimeter-wave power combiners = ers, and hybrids of these three cate-
can be segregated into four main cat- | gories. ! The circuit-level category
egories—chip-level combiners, cir- | includes an approach called the reso-
cuit-level combiners, spatial combin- | nant-combining approach, which usu-
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1. This diagram shows the physical structure of the power combiner and its
constituent components.
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2. This schematic diagram shows the power combiner’s equivalent circuit.
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ally applies rectangular- or cylindri-
cal-waveguide-resonant-cavity com-
bining techniques.? While the mil-
limeter-wave integrated circuit (IC)
is superior to other transmission
lines, the resonant E-plane integrat-
ed power combiner presented in this
article is even better. To achieve
good repeatability in manufacturing,
this combiner uses Gunn chips
instead of packaged Gunn devices.
By optimizing the dimension of the
E-plane-coupled suspended stripline,
finline, and mounting cube, the com-
biner can generate substantial out-
put power over a particular portion
of the Ka-band.

Figure 1 shows the physical config-
uration of the combiner, which con-
sists of four main sections. The slid-
ing short in the waveguide serves to
mechanically tune the combiner’s
frequency. The resonant-cavity sec-
tion consists of an E-plane-coupled
suspended stripline. The Gunn chips
are affixed to the mounting cubes by
hot-pressure welding. The mounting
cubes are situated beside the coupled
stripline, and each diode chip con-
nects to the circuit through a gold
(Au) belt, which is ultrasonically
bonded to the chip. A finline-to-
waveguide transition section couples
the stripline section to a standard
waveguide, and conveniently pro-
vides the bias for the circuit. The
WR-28 standard waveguide acts as
the output port.

DESIGN FEATU

Power Combiner
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4. This graph shows the combined power output versus frequency of both

Gunn diodes operating simultaneously.

The interaction between the Gunn
devices and the circuit converts some
of the applied DC energy into mil-
limeter-wave power, but most of the
DC energy is converted into heat. It
is therefore important to consider
the chip’s heat-sinking capability to
prevent overheating and subsequent
destruction of the device during
operation. The method used to mount
the Gunn chip is the same as in ref. 3.

Figure 2 shows the equivalent cir-
cuit of the power combiner. The two
Gunn chips are connected in series
because only the odd mode of the E-
plane coupled suspended stripline
can be excited. The impedances of the
two Gunn chips, Z; and Z,, include
the inductance of the Au belt. X, is
the reactance of mounting cube. At

02 303 304

05
Frequency—GHz

306 307 308 309

3. This graph shows the power output versus frequency of the individual Gunn

diodes when activated separately.

the plane where the Gunn chips are
located, X, is the reactance of the slid-
ing short and X, is the diminishing
reactance between the coupled sus-
pended stripline and finline. Z;, is the
equivalent impedance of the load.

To obtain high output power, the
Gunn devices must be well-matched
to the circuit. To optimize power, the
designer must carefully consider the
equivalent circuit shown in Fig. 2, the
steady-state oscillation condition of
the combiner, and the parameters of
Gunn chips. By optimizing structural
parameters such as the slot width,
coupled-stripline width and length,
and the dimensions of the mounting
cube as well as the finline-to-waveg-
uide transition section, the designer
can achieve excellent circuit
performance.

In constructing the power combin-
er, the authors housed the E-plane
circuit of the power combiner in a
WR-28 waveguide for Ka-band oper-
ation. The circuit pattern was etched
on a 10-mil (0.254-mm)-thick Duroid
5880 substrate with a dielectric con-
stant of 2.22, The GaAs Gunn chips
were manufactured by Nanjing Elec-
tronic Devices Institute of China. To
reduce the influence of parasitic
inductance, the length of Au belt
between the chip and circuit was
kept as short as possible.

When testing the combiner’s per-
formance, the authors first operated
it with only one chip active at a time,
and then with both chips active. Fig-

i ure 3 shows the test results of the
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Power Combiner

power combiner operating with only
one chip active at a time. Curve A
indicates the output power when
only chip number 1 was activated
with a bias of +4.8 VDC and 0.88 A.
With only chip number 1 active, the
circuit achieved more than 40-mW
output power from 30.16 to 30.85

power of 122 mW at 30.49 GHz.
Curve B shows the output power
when only chip number 2 was acti-
vated with a bias of +4.9 VDC and 0.7
A. With only chip number 2 active,
the circuit achieved more than 15-
mW output power from 30.15 to 30.80
GHz, and reached a maximum output

GHz, and reached a maximum output | power of 92 mW at 30.45 GHz.
W L i
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5. This graph of the power output and frequency of the combiner demonstrates

its stability over two 2.5-h periods.

To operate the combiner with both
chips active, their respective bias
conditions remained the same as for
single-chip operation. Figure 4 shows
the combiner’s output power versus
frequency. With both chips active,
the combiner achieved more than
200-mW output power from 30.61 to
31.16 GHz, and reached a maximum
combined output power of 305 mW at
30.74 GHz.

Figure 5 shows the power output
and frequency of the combiner over
two 2.5-h periods. During the first
period, the combiner was tuned to a
frequency of 30.74 GHz. Then the
combiner was tuned to 30.93 GHz and
ran for another two and a half hours.
Over both periods, the combiner

demonstrated very good stability. ®®
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Imagine ubiquitous computing.
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EM Software

EM Software Helps
Refine EIA Klystron

De si n The use of a powerful but easy-to-use
g computer-aided-engineeving software
program made possible vapid improvements in
the design of a millimeter-wave klystron.

LECTROMAGNETIC (EM) simulation software can be a powerful
computer-aided-engineering (CAE) tool. In one case, this software
helped to solve a difficult problem in the design of a millimeter-wave
extended-interaction (EIA) klystron. Similar to all amplifiers based
on vacuum electron devices, excellent beam transmission is of paramount
importance. A recent Ka-band (approximately 30-GHz) amplifier proto-
type had suffered from less-than-optimum electron-beam focusing. Simu-
lating the klystron using EM software showed the designers where the

David Garpenter

Vice President

Vector Fields, Inc., 1700 North
Farnsworth Ave., Aurora, IL 60505;
(630) 851-1734, FAX: (630) 851-
2106, Internet:
http:/fiwww.vectorfields.com.

Peter Horoyski and beam was hitting the cavity of the klystron and helped guide the redesign
Mark Hyttinen of the magnet pole piece that solved the problem.
Physicists Klystron RF amplifiers are recog- | presents designers with the chal-

CPI Canada, Inc., Georgetown,

Ontario, Canada.

nized globally as rugged and reliable
sources of RF power and, as such, are
used in large numbers in communica-
tions and radar applications. The con-
version mechanism is the familiar
space-charge wave process where
velocity modulation in an electron
beam transforms to current or densi-
ty modulation with distance. An elec-
tron gun produces a narrow beam of
electrons, which is maintained at a
required diameter by a magnetic field
while it passes

———— | {rough the tube’s

RF section.

As the use of the
lower-frequency
microwave spec-
trum for satellite
and terrestrial com-
munications grows
to saturation, the
need for millimeter-
wave devices be-
comes apparent.
However, extrapo-
lating microwave

vacuum electron

1. This axisymmetric model of the EIA klystron’s
magnetic circuit shows the lines of magnetic flux.

devices into the mil-
limeter-wave range

lenges of fabricating miniature preci-
sion parts and controlling high-cur-
rent-density electron beams.

Conventional klystrons do not scale
well to the millimeter-wave region. If
a conventional microwave klystron
were simply scaled to smaller dimen-
sions to produce higher frequencies,
increased skin-effect losses would
drastically reduce amplifier gain. In
addition, the magnetic-field require-
ment would quickly increase to a
range that exceeds the saturation
limit of the magnetic pole pieces. The
current density at the cathode sur-
face would similarly increase to levels
well beyond what is acceptable for
long operational life.

The EIA klystron was developed
some years ago to overcome the prob-
lems of high-frequency operation. An
ETA klystron contains a ladder-like
structure that forms a series of cavi-
ties where the electron beam passes.
‘When the beam enters an RF-excited
cavity with approximately syn-
chronous velocity, it receives cumula-
tive velocity modulation at each gap.
The resonated slow-wave structure
provides high RF interaction
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DESIGN FEATURE

EM Software

impedance compared to a single-gap
Klystron.

A particular challenge in the design
of a millimeter-wave klystron is a well-
focused and confined electron beam.
This is achieved with the use of highly
refined computer modeling, precision
assembly techniques, and high-perfor-
mance cathodes and magnetic struc-
tures. The goal is to produce an elec-
tron-beam diameter with minimum
ripple and cause the beam to pass as
closely as possible to the beam tunnel
without collision. This makes it possi-
ble for the circuit to be heated
mainly by the inevitable RF
losses, enabling the thermal
capacity of the copper (Cu)
circuit to be used for maxi-
mum RF power.

In an early prototype of a
recent Ka-band (approxi-
mately 30-GHz) device devel-
oped by CPI Canada (George-
town, Ontario, Canada), the
electron beam, which is
focused by two sets of perma-
nent magnets, was partially
intercepted by the RF circuit.

(2D) analysis of the klystron. This
software package was selected due to
its outstanding technical functionali-
ty and a graphical user interface
(GUI) that greatly reduces the time
required to complete the analysis.
Before purchasing the software, sci-
entists from CPI Canada analyzed a
series of cases where the software did
an excellent job of predicting the
results of several experiments involv-
ing the company’s products.

CPI engineers graphically generat-
ed amodel of the klystron by defining

reduced the RF performance of the
device and could potentially have
produced reliability problems by
generating heat that might have
caused the interaction circuit to fail.
By showing exactly how the beam
was being focused in the prototype,
the analysis output helped designers
to gain a clear understanding of the
problem (Fig. 2). CPI Canada’s scien-
tists used the software to evaluate
alternate designs for the magnetic
circuitry. The software helped to
improve each design iteration by pro-
viding more understanding
of how the changes made in
the magnetic field affected
the nonthermal trajectory
of the electron beam. Within
a few iterations, each of
which took only an hour to

two to develop, the scien-

tists had created an alter-
nate magnetic pole piece
design that, according to the
software, directed the beam
through the gaps without

The quality of the focus could

intercepting any of the
cavities.
Following the simula-

easily be measured by mea-
suring the current transmit-
ted by the device. But with
the device assembled, there
was no way to probe the
internal electron dynamics to deter-
mine where the problem was.

This problem would have been
time-consuming and expensive to
resolve by traditional experimental
methods. Without a method to mea-
sure the electron trajectories inside
the device, designers would have had
to infer the beam dynamics based on
probes external to the vacuum enve-
lope. Building a prototype vacuum
electron device is costly and requires
a considerable lead time. Once the
device was built, designers could eas-
ily determine how well it worked, but
would be limited in their in situ diag-
nostic capability.

Fortunately, personal-computer
(PC) software that is easy to use and
relatively inexpensive is now avail-
able to model EM devices, including
space-charge effects. CPI Canada
engineers selected OPERA-2D soft-
ware from Vector Fields, Inc. (Auro-
ra, IL) to perform a two-dimensional

circuitry.

2. This axisymmetric model of the EIA klystron’s gun
optics includes electron trajectories from the cathode,
through the gun region, and into the tunnel in the RF

a 2D cross-section using the soft-
ware’s advanced computer-aided-
design (CAD) facilities. The program
then automatically divided the model
into finite elements. The material
properties of the components were
specified from the library of material
data contained in the system.

The analysis provided graphical
output including graphs and his-
tograms of the solution and contour
plots that showed the magnetic-field
values superimposed on the surfaces
of the model (Fig. 1). The program
also produced particle trajectory
plots that showed the predicted path
of the electron beam. The results of
the initial iteration matched the
experimental results. The output of
the analysis indicated that the non-
thermal electron beam, instead of
passing smoothly through the gaps of
each cavity, was partially intercept-
ing the cavity structure. If not cor-
rected, this problem would have

tions, the next step involved
building a prototype of the
new design. Once this proto-
type was built and charac-
terized, measurements re-
vealed that it met the objective of
focusing the beam smoothly through
the gaps in the cavities without inter-
ception. After additional testing, the
design has been deemed a success and
is currently in production for use in
commercial satellite-communications
systems.

This project clearly demonstrates
the advantages of EM simulation in
the design of millimeter-wave
devices. Engineers can determine the
values of EM fields at every point in
the problem domain and can deter-
mine the precise trajectory of a parti-
cle stream. With many devices, this
information cannot be obtained
experimentally, forcing engineers to
rely in part on trial and error. The
ability of analysis to provide values
over the entire problem domain
allows engineers to have a better
understanding of their design and
often, as in this case, helps them to
improve its performance. se
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DESIGN FEATURE

Multichip Modules

Manufacturing Practical
28-GHz Multichip
M d I These frequency upconverter and downcon-
0 u es verter modules ave designed for high-volume
applications in broadband wiveless-access
systems using veadily available technologies.

ROADBAND wireless-access systems, such as local multipoint dis-

tribution services (LMDS) and multipoint video-distribution sys-

tems (MVDS), tend to operate at millimeter-wave frequencies

where spectrum is available. These frequencies were formerly occu-
pied by low-volume applications, including radio astronomy and military
systems, and the high cost of the equipment reflected the low volumes of
the applications. But as broadband wireless-access applications blossom,
new techniques are being developed to produce higher volumes of millime-
ter-wave equipment at lower prices. The report that follows details the
design and development of frequency upconverter and downconverter mul-
tichip modules (MCMSs) for LMDS use at 28 GHz. The MCMs are suitable
for high-volume, low-cost manufacturing using printed filters, GaAs mono-
lithic microwave integrated circuits (MMICs), discrete surface-mount-
technology (SMT) components, and a polytetrafluoroethylene (PTFE)

composite software substrate.
The heritage of millimeter-wave

Liam M. Devlin, G.A. Pearson,
A.W. Dearn, and S. Williamson
Plextek Ltd., London Rd., Great
Chesterford, Essex CB10 INY,
England; 01799 533 200,

FAX: 01799 533 201,

Internet: http://www.plextek.co.uk.

millimeter-wave systems for com-

&y

Ty 1

1. This photograph shows the
millimeter-wave downconverter MCM.
All decoupling was realized through
0402-size SMT components.

electronics has been one of radio
astronomy and military systems,
with hardware that was produced
very expensively and in small vol-
umes. But with the growing use of

2. This photograph shows the
millimeter-wave upconverter MCM,
which includes some diagnostic
subcircuits.

mercial applications, particularly in
LMDS and MMDS, manufacturers
must scramble to find new ways to
design and manufacture millimeter-
wave equipment cost-effectively.
GaAs MMIC technology offers a
way to fabricate large volumes of
repeatable, reproducible millimeter-
wave circuits at low cost. However,
module assembly techniques, suit-
able for circuits operating at millime-
ter-wave frequencies, can be com-
plex and costly. These techniques
also tend to be incompatible with
low-cost manufacturing methods,
which could be adopted for the bias-
ing, control, and intermediate-fre-
quency (IF) circuitry. Still, low-cost
approaches have been successfully
implemented in Europe for produc-
ing low-cost millimeter-wave sub-
assemblies for LMDS. The basis for
one approach involves the use of
PTFE substrates rather than ceram-
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Multichip Modules

ic boards, with the attachment of = capacitances and inductances) used = substrate is the drilling of via holes

bare semiconductor die and SMT = for interconnections.
components in a single process step. .

The following details the
design, fabrication, and
measurement of a 27.5-to-
29.5-GHz frequency upcon-
verter and a 27.5-to-
29.5-GHz frequency
downconverter.

Careful choice of sub-
strate is vital. In addition to
being low cost, the substrate
should possess the following
properties for optimum
use at millimeter-wave
frequencies:

® Thin substrate height
(to reduce dispersion and
radiation losses).

e Low dielectric constant
(which helps to reduce the
effects of tolerance varia-
tions and avoid impractical
dimensions for distributed
structures).

® Well-controlled dielec-
tric constant (reduces per-
formance variation).

* Low dissipation factor
(low loss).

With these factors in
mind, the material chosen
was Rogers RT Duroid®
5880, a glass-microfiber-
reinforced PTFE composite
with a dissipation factor (tan
8) of 0.0009 and a relative
dielectric constant (e,.) of 2.2
(with a standard dielectric-
constant tolerance of
+0.02). The substrate mate-
rial is available in thin
heights and a height of 0.005
in. (0.0127 ecm) was selected
for the millimeter-wave
designs at 28 GHz. The
material is also available
with brass backing. In addi-
tion to providing mechanical
rigidity, the brass backing
allows bare MMIC die to be
mounted within pockets cut
into the substrate. The
result is the surface of the
die being practically level
with the surface of the sub-
strate, minimizing the
lengths of bond wires (and
the resulting parasitic

The first stage of processing the
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$11 /)
)2
—2 . ! -10
T / \ 3
1 -3 -5 |
& f/ =
; —
-4 7 20
-5 ; -25
/
-6L. -30
0 50

Frequency—GHz

3. The insertion loss and impedance matching were
evaluated as functions of frequency for a 0.3-nH bond wire
in a 50-() system.

50-0
microstrip

Bond wire

Connection
to die

4. Provided that the residual inductance of a bond wire is
low enough, it can be incorporated into a lowpass-filter
structure.
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5. This simulated performance is based on the model of a
lowpass filter structure incorporating the 0.3-nH
inductance of a typical Au bond wire.

. and mounting holes. Selective plating
of the through-substrate via holes, to

make contact between the
substrate’s front-side metal-
lization and its backside
metallization, then occurs.
Next, the chip-mounting
pockets are cut into the sub-
strate, revealing the brass
backing. Selective nickel-
gold (NiAu) plating of the
copper (Cu) tracking and the
brass of the pocket bases
provides protection from
contamination and a surface
suitable for Au wire
bonding.

ASSEMBLY PROCESS

The first stage in the
assembly process is to dis-
pense conducting epoxy to
the pocket bases for die
attachment and onto the
placement pads for the
attachment of any SMT
components. For develop-
ment work, dispensing is
carried out manually. When
high-volume manufacturing
is implemented, automated
dispensing methods are
applied. The bare die and
the SMT components are
then placed on the sub-
strate. Again, this is per-
formed by hand during the
developmental stage, but is
automated with pick-and-
place machinery during
high-volume production.
The epoxy is then cured and
all components are fixed in
place, including bare die and
SMT, in one step.

After curing, the dice are
bonded to tracks or pads on
the Duroid using 0.001-in.-
diameter Au wire, using
wedge-wedge thermosonic
bonding. Figure 1 shows the
completed assembly of the
27.5-t0-29.5-GHz downcon-
verter MCM. Some diagnos-
tic subcircuits have also
been fabricated on the same
tile. No discrete microwave
capacitors were used. All
decoupling is realized
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WHETHER YOUR HARD WORK HAS
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through 0402 SMT components. This
reduces component cost and assem-
bly complexity.

A photograph of an upconverter
MCM (which also includes some diag-
nostic subcircuits) is shown in Fig. 2.
The 4-GHz IF amplifier and the RF
power-detection circuit have been
realized entirely with SMT

volume use. Multiple bonds increase
assembly time and require a larger,
nonstandard bond pad (with more
parasitic shunt capacitance); tape
bonding also has a significant cost
penalty. Option 2 is viable but
requires all ICs to be designed for a
specific assembly process. Also, the

RF on-wafer (RFOW) measured per-
formance of the 1Cs will differ signif-
icantly from the in-circuit perfor-
mance as the RF port bond wire
inductance, which the circuit”s per-
formance has been optimized to
include, would be missing. Option 3
allows ICs designed for best RFOW
performance to be used. So

components and can be seen
at the bottom left-hand side
and bottom right-hand
side of the photograph,
respectively.

Although this fabrication
procedure results in the
shortest practical bond-wire
lengths, there is still an
associated inductance of

RF

RF LNA

Subharmonic
mixer

~e a5

LO input

IF LNA

[ output

long as the bond wire induc-
tance is low enough, it can
be absorbed into a practical,
lowpass-filter structure,
such as that shown in Figure
4. The printed open-circuit
stubs act as a shunt capaci-
tance and the narrow (high-
impedance) series micro-
strip line serves as an

IF

approximately 0.3 nH per
bond for 0.001-in.-diameter
Au bond wire. At lower fre-
quencies, the reactance that
this represents is very low

6. The millimeter-wave frequency downconverter module
is designed to handle input frequencies from 27.5 to 29.5
GHz and provide an IF of 4 GHz.

inductance to complete the
third-order lowpass-filter
structure.

Figure 5 shows the simu-
lated performance of a low-

and can be ignored. At mil- 30 i T 50 pass-filter design, which
limeter-wave frequencies, 20 a uses this technique to incor-
however, even this low /"""‘\531 porate a 0.3-nH bond wire
inductance can cause signifi- 10 / N 30 inductance. It has been opti-
cant performance degrada- 0 / \ 20 mized for use to 30 GHz.
tion. Figure 3 shows a plot of - -10F N 10 & | Improved return loss and
the simulated insertion loss T 20 S 0 1 insertion loss, compared to
and match of a 0.3-nH bond & b /“”" \ 2 | the simple series bond wire
wire versus frequency in a =30 — Vi N -10 case, is evident above 10
50-0 system. By 18 GHz, the | 0|1\l 1\ \ 20 | GHz

return loss of the bond wire 50 \‘ \ e -30 A downconverter MCM
has fallen to below 10 dB. By 60 \. |q l"! ﬂ 20 was designed and fabricated
28 GHz, the return loss is using the methods de-
below 7 dB, with an associat- ~10 -50 scribed above. It operates
ed insertion loss of more : Frequency—GHz L over an RF frequency range
than 1 dB. of 27.5 to 29.5 GHz, with an

It is clear that simply 7. The performance of the downconverter’s lowpass- IF range of 4 GHz. The local-
accepting the performance filter/IF-amplifier subcircuit was evaluated through oscillator (LLO) input is in the
degradation caused by a 0.3- measurements. range 11.75 to 12.75 GHz, as
nH bond wire at millimeter- the downconverter uses a
wave frequencies is not 30 sub-harmonic mixer which
acceptable. There are three accepts a half-frequency
options for resolving the - 2 b‘/.m_'_. LO. All components used
problem: I 20 are commercially available.

1. Reduce the inductance £ A block diagram of the com-
by using multiple parallel § 15 plete downconverter is
bond wires or Au tape. = shown in Fig. 6.

2. Use ICs which have g 10 The low-noise amplifier
been designed to accommo- S 5 (LNA) and the mixer are
date a 0.3-nH inductor at all 0.25-pm gate-length pseu-
RF ports. 0 domorphie-high-electron-

3. Incorporate the induc- 27 28 29 30 mobility-transistor
tance into a lowpass-filter Frequency—GHz (PHEMT) GaAs MMICs,
structure. which are used in bare die

Option 1 is not the best 8.The conversion gain of the frequency downconverter
approach for low-cost, high- was measured around 23 dB as a function of frequency.

form. Image filtering is real-
ized using a five-element,
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KMW Has Wide Range of Quality

Attenuators To Handle All Your Needs

Designed by KMW for consistency and stability, these attenuators will be your first choice for
building wireless communication system applications!

KAT10045A000 | Step-Rotary Attenuators 4
_ Product Code No. KAT1004SA000 l KAT2004SA000 | KAT1S04SA000 t KAT2SO4SA000
Operating Type Break-Before-Make Make-Before-Break
Frequency Range DC ~ 3CHz DC ~ 3GHz DC ~ 3GHz t DC ~ 3GHz
Insertion Loss (max.) 0.2dB 0.2dB 0.2dB 0.2dB
VSWR (max.) 1.15:1 s 1.15:1 1.15:1
Increm;:;gleA(tct’;r;uation 0-1 0-10 0-1 0-10
KAT2004SA000
Attenuation Step (dB) 0.2 1 0.2 4
Noﬁﬁinal Impedance 50 ohm 50 ohm
1/O Port Connector SMA(F) / SMA(F) SMA(F) / SMA(F)
Average Power Handling 2W @ 2GHz 2W @ 2GHz
Temperature Range -55'C ~ +85°C -55°C ~ +85°C
Dimension (inch) 1.93%1.5641.51 1.93*1.56*1.51

KAT1304CA001

B Continuously Variable Attenuators

Contactless Structure for High Power Handling Capability,
up to 2W average @2GHz.

Product Code No.

A type : KAT1304CA000
B type : KAT1304CA001

Frequency Range DC ~ 1GHz 1~ 2GHz 2 ~ 3GHz
Insertion Loss (maxt)v 0.15dB 0.3dB 0.35dB
VSWR (max.) 125:1 1.25:1 1.25:1
Attenuation Range (max.) 4dB @ 1GHz 13dB @ 2GHz 25dB @ 3GHz
Nominal Impedance 500hm
1/O Port Connector

SMA(F) / SMA(F)

Average Power Handling l 2W @ 2GHz & 25°C, without Heat-Sink

Temperature Range

-55°C ~ +85°C
Dimension (inch) |

[ A type : 1.496*1.102*0.470, B type : 1.225*1.102*0.470

B Fixed Coaxial Attenuators are available
N-type, SMA-type Connectors

13131 East |166th Street, Cerritos, CA 90703-2202
1-800-8320-KMW * www.kmwinc.com

tel: 562-926-2033 * fax: 562-926-6133
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BREAKTHROUGH IN

FREQUENCY CONTROL

At the center of every new frequency control device produced by Champion Technologies is an innovative
Integrated Circuit that outperforms anything in its class. GSIC (2nd Generation Integrated Circuit)
packs a powerful punch in a small package, enabling advanced product development first.. fast.

Here are just a few of the features FE - Technology gives you:

* CMOS, Submicron Technology * Allows sub-miniature SMT Packaging

* Integrated Oscillator Circuit with Automatic * Low Crystal Drive Levels - Stable Oscillation
Gain Control (AGC) Over Temperature

+ Capable of Frequencies of 100 MHz and Beyond * Allows maximum gain during start up

* Excellent VCXO Linearity for 5V and 3.3V Control Ranges = 45% to 55% Symmetry
* TriState Output for Autotesting.

You'll find €54 technology in the new Champion VCXO series such as K1526, K1528, K1536 and CMV.
Best of all, it's real and available right now. For details call: $00.888.1499

Champion

TECHNOLOGIES, INC.

Enabling Excellence

www.champtech.com /2GIC
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Multichip Modules

printed coupled-line filter,' while the
lowpass IF filter is a printed stub
design. It is strictly a bandstop filter,
which rejects the one-half L.O fre-
quency output of the mixer (which
can be particularly high for subhar-
monic mixers). An inexpensive SMT
component is used to realize the IF
amplifier, with a network of 0402 pas-
sive components and printed stubs to
provide flat gain-versus-frequency
response.

TEST CIRCUITS

In addition to the complete down-
converter, a number of subcircuits
were fabricated on the same tile for
diagnostic purposes. Figure 7 shows
the measured performance from 1 to
16 GHz of a subcircuit comprising the
IF lowpass filter and IF amplifier. It
exhibits a gain of 16 dB at 4 GHz and
arejection of more than 55 dB for the
11.75-t0-12.75-GHz one-half LO fre-
quency range. The conversion gain

versus frequency of the complete
downconverter is around 23 dB (Fig.
8). The image rejection is more than
35 dB across the band.

A plot of the IF port output spec-
trum for an RF input of 40 dBm is
shown in Figure 9. The subharmonic
mixer contains a one-half-L.O amplifi-
er. The level of unfiltered one-half
LO at the IF output of the mixer is
approximately +4 dBm. This is quite
significant and is the reason for the
bandstop nature of the IF filter. The
one-half-1.O level at the output of the
entire downconverter is =39 dBm,
having been substantially attenuated
by the IF filter. The one-quarter-1.O
products are a result of the one-quar-
ter-LO output from the signal source
used to drive the LO. If this frequen-
ey component is present in the end
system, a simple highpass filter on
the LO port of the mixer can be used
to attenuate it.

Similar to the downconverter, the

Frequency—GHz

13

9. These measured results show the output spectrum of the downconverter’s IF
port, using an RF input signal at -40 dBm.

LO input

IE Subharmonic il Power
driver mixer Driver amplifier
IF A~ ”\J o RF
mo_l> % = % X output
Detector

- ol

10. The frequency upconverter is based on a heterodyne architecture using

commercially available components.

SURFGOIL"
Inductors &
Transformers

SMT TUNABLE RF GOILS

* Inductance from 14 nH to 680 uH
*Tuning range up to +7.5%

*Five terminal pad layout allows for
a variety of inductor and trans-
former configurations

SMT AIR COIL

* Inductance from 5.3 to 43.0 nH
* 2 sizes:

3.7 x4.4x3.2mm

71 x4.4x32mm

SMT TRANSFORMERS

*Encapsulated 4.5 x 3.4 x 3.1 mm
*Bobbin wound 4.4 x 4.4 x 3.3 mm
*Dual operture cores
Baluns
Directiondl Couplers
Power splitters i
2 windings (with.and wt‘rhou# tcp)
3 sizes: 45x45x258mm v

sunrcoiﬁsm
CHIP INDUCTORS

InducTonce from 2.2 nH to T mH
13 model séries.in.& slzes:
1.0 x 0.5 x 0.5 mm (0402)
1.6 x 0.8 x 0.8 mm (0603)
2.00 x 1.25 x 1.25 mm (0805)
2.5x2.0x 1.6 mm (1008)
3.2x25x22mm (1210)
45x%x3.2x3.2mm (1812)
« Shielded. unshielded, ferrite core
and nonmagnetic models
* Operating temp: -40° to +85°C
= Carrier and reel standard

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

SPRAGUE
GO0DMAN

1700 Shames Drive, Westbury, NY 11590
Tel: 516-334-8700 » Fax: 516-334-8771
Website: http://www.spraguegocodman.com
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PmT 1SO9002

LMDS Phase Locked DROs
Single Loop PLDROs

Dual Loop PLDROs

Free Running DROs
Drop-in- Module DROs
Frequency Range 0.2 to 30 GHz
e Analog and Digital PLDROs

Typical Phase Noise @13.2 GHz

100 Hz - 85 dBc/Hz
1 KHz -105 dBc/Hz
10 KHz -115 dBc/Hz
100 KHz -120 dB¢/Hz
1 MHz -135 dBc/Hz

Based on 100 MHz SC- Xtal Reference

Power output to 20 dBm
Spurious <-80 dBc
Harmonics <-20 dBc

5 to 15 V supply options

-30 °C to +85° C operating Temp.
Size 2.25” x 2.25” x0.65” (Ext Ref)
High Reliability

Hermetic versions available
Reference 5 MHz to 300 MHz
Less than 4 weeks delivery

Unit C-10
3 Nami Lane

PmT
Mercerville. NJ 08619

Tel: 609-586-8140 Fax: 609-586-1231
www.PmTinc.net Email: Pmmt@aol.com
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upconverter adopts a

heterodyne architec-
ture and uses only

=238

commercially avail-

able parts. As can be
seen from its block

Level—dB
2o

diagram (Fig. 10), the

upconverter uses the
same subharmonic

AL
T

mixer as the down-

deEasd

[

converter. All of the 5
transmit-chain RF
amplifiers are 0.25-

40
Frequency—GHz

pm-gate-length 11.These plots show the measured nominal gain of an
PHEMT MMICs, upconverter subcircuit containing the predriver
used in bare die form. amplifier and two printed coupled-line bandpass filters.

The IF amplifier

and lowpass filter are +30 -

similar to those in the P
receiver (downcon- +25 /,r"
verter), although an +20 ]

intermodulation per-

E
(-}
amplifier with higher L
formance is used in |&*

0'/7

the upconverter. Up- 4

converters for LMDS +5

systems, operating in
the 28-GHz band, are
likely to use non-con-

-40 -85 -30 -25 -20 -5 -0

IF input power—dBm

stant-envelope modu- 12. These plots show the measured power-transfer
lation schemes and characteristics of entire frequency upconverter.

good transmitter lin-

earity will be important. Some sys-
tem developers are also considering
higher-order modulation schemes,
such as 16-state quadrature ampli-
tude modulation (16QAM), where the
requirements for linearity will be
even more stringent to preserve
modulation fidelity.

FILTERING SIDEBANDS

The unwanted sideband output
from the mixer (LO - IF) will be at
around the same level as the wanted
RF signal (RF = LO + IF). The LO
output will also be at a significant
level and these signals, together with
any other unwanted spurious out-
puts, must be heavily attenuated
prior to final amplification. Two five-
element coupled-line bandpass filters
are used, one on either side of the
variable-gain predriver amplifier.
Figure 11 shows the measured per-
formance of a subcircuit containing
this structure. The image and LO
rejection is more than 70 dB. The
variable-gain amplifier has a gain-
control range of more than 15 dB and

can be used to adjust the post-mixer
gain to optimize linearity or compen-
sate for gain variations with frequen-
cy or part-to-part performance varia-
tions. The overall conversion gain of
the entire upconverter is around 43
dB. Figure 12 shows the measured
power-transfer characteristics with
1-dB gain-compressed output power
level of +23 dBm.

As has been shown, this low-cost
manufacturing process can be readily
applied to the high-volume produc:
tion of millimeter-wave modules for
such growing markets at LMDS anc
MMDS. The process is based on com:
mercially available materials anc
components and includes surface-
mount components suitable for han-
dling with automated pick-and-place
machinery.
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ONLY VCO BUFFER AMPLIFIERS
WITH DUAL OUTPUT DRIVES

The MAX2470-MAX2473 family of VCO buffer amplifiers offers the highest level of functionality and isolation
performance spanning 10MHz to 2500MHz. These devices are ideal for use with both discrete and module-
based VCO designs.

Features:
Vee + 69dB Isolation @ 200MHz
e ¢ -30dBc Harmonic Suppression
| BIAS | + Dual Output Drives
Lo, P B DAE + 10MHz to 2500MHz Operation
@—‘ F » ¢ +2.7V to +5.5V Supply Range
| DRIVE SECOND + Small 6-Pin SOT23 Package
grsores > MIXER OR PLL Applications:

¢ Cellular/PCS Handsets
+ Private Mobile Radios
+ ISM-Band Radios

+ Active Balun

S0T23-6 z . .
PACKAGE + High Isolation Buffering

Select from a Full Family of VCO Buffers Spannmg 10MHz to 2500MHz

|  HARMONIC
FREWEIIBY REVERSE
PART | RANGE | ISOLATION GAIN | SUPPRESSION |  SUPPLY CURRENT FEATURES
: (MHz) ' (dB) (dB) . (dBc) @ (mA) 3
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. Dual differential outputs, single-
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Dual differential outputs,

MAX2471 | 10to 500 | 69 @ 200MHz 16.9 -29 5.1 differential inputs

. Dual open-coliector outputs,
MAX2472 | 500 to 2500 | 49 @ 900MHz 10.2 25 5.1 single-ended input

; . Single open-collector output,
MAX2473 | 500 to 2500 | 48 @ 900MHz 11.8 25 2.5 to 4.3 (adjustable) adjustable bias/output power

FREE Wireless Design Guide —Sent Within 24 Hours! FREE FULL L1NE WAIR EXTALOG

ON CD-ROM

includes: Data Sheets and Cards for Free Samples

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
6:00 a.m. — 6:00 p.m. Pacific Time

M AXI /W

www.maxim-ic.com

: RF ‘Wireless openings in: IC
ict Management. Email

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194.

Distributed by Arrow, CAM RPC, Digi-Key, Eimo, Marshall, Maxim Distribution, Nu Horizons, and Zeus.
Distributed in Canada by Arrow and Marshall.

MAXIM is a registered trademark of Maxim Integrated Products. @ 1999 Maxim Integrated Products

CIRCLE NO, 378



Precision
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Immediate Delivery
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Superior Selection. ..
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COMPLETE POWER MANAGEMENT
FOR SATELLITE HANDSETS

Six Digitally Controlled Outputs Plus Power Management in a Single IC

The MAX886* and MAX888 are highly integrated power-supply systems for satellite phones, private mobile radios,
and other hand-held portable applications. The wide input voltage range of the MAX886/MAX888 allows many
Li-lon/NiCd/NiMH battery configurations and accommodates wall-cube chargers even when the battery is removed.
For flexibility, the input to each linear regulator is available and can be powered from the battery to get the highest
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- RESET | = = 1D0o -k
SINGLE PUSHBUTTON Ve }
ON/OFF CONTROL
L | - E=s OV/3V/5V SIM POWER LDO |
\ e Sty 5V CHARGE |
@  PUSH ON/ MAX886 :
| oo MAX888 FENEE 1 \\f REGULATED 5V |
CHARGE PUMP
32-TQFP Compare to —— —— FOR LCD OR VCO

1.6mm High 8-SO - -
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Radiation Effects

Gauging The Effects Of
Gell-Phone Radiation On

The Brain

What ave the possible adverse effects that
cellular phones might have on human

brains, and can these effects be minimized
by alternative antenna configuvations?

M.A. Halim

Senior RF Engineer

SR Telecom, Inc., 425 Legget Dr.,
Kanata, Ontario K2K 2W2, Canada;
(613) 599-2244 ext. 2083, FAX: (613)
599-2255, e-mail:
Mohammed_Halim @srtelecom.com.

ISCUSSIONS have been many but studies have been few about the
effect of the close proximity of handheld cellular and cordless
phones on human brains. The discussions have been inconclusive
thus far, but opinions about these effects range from no effect to
short-term memory loss to brain tumors. This article identifies four direct
effects possible from exposure to electromagnetic (EM) radiation from
cellular phones that are of major concern. They are the interference
caused by an external signal acting on the normal neurological signals, the
unwanted excess currents flowing through the neurological networks,
induced current exceeding the current-handling limitation of the neuro-
logical networks, and dissipation of heat into the brain tissues. To investi-
gate cell-phone radiation, it is helpful to borrow methods that are used to
analyze a similar situation—the EM interference (EMI) associated with

During operation, a handheld cel-
lular phone is placed very close to the
brain and, thus, an analysis of its
effects must involve near-field situa-
tions where, in the immediate vicini-
ty of a radiating antenna, the EM
fields are predominantly induction
fields. For a vertically polarized,
quarter-wave monopole located on a
large ground plane, the electric field
E and the magnetic field H along the
ground plane at a short distance d
from the monopole are given by:

H=14/2md)’
E=1An/(2md)’ (1)
where:
I, = the peak base current of the
monopole,

A = the wavelength of the frequen-
cy of operation, and

n = 120 7 = the impedance of free
space.

If Py is the power radiated by the
monopole having a radiation resis-
tance Ry, then:

RF transmitters and other electronic equipment.

1, = (2P | Rg)"? (2)

For a cellular gxe with Pg = 1.6
W, Ry =36.5(), and an operating fre-
quency of 1.9 GHz:

1, =029
A=0.158 (3)
Therefore:
H=1185 x

107 7d* (A/m), and

E=0.447/d° (V/m) (4)

where:

d = meters.

During the operation of a cellular
phone, the nearest part of the brain is
approximately 5 em from the base of
the antenna and the medium of prop-
agation is almost entirely free space.
Hence, the value of H is approxi-
mately 0.5 A/m and E is about 179
V/m. Although some modifications to
these results are expected due to the
smaller size of the ground plane asso-
ciated with the monopole mounted on
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DESIGN

a cellular phone, the magnitude of
these fields is, nevertheless, quite
large. In comparison, a 100-kW
broadcast transmitter, located typi-
cally 10 km away and operating at
100 MHz, produces an electric field of
approximately 0.15 V/m. With these
estimates, it is possible to investigate
the effect of the electric and magnet-
ic fields on human brains.

To facilitate calculations, an ana-
lytical model of the brain is used. The
neurological network carrying the
nerve signals is assumed to contain a
large number of closed loops and
open-ended probes. These loops cou-
ple to the magnetic field so that the
coupling is maximum when the loop
planes are perpendicular to the mag-
netic field. Similarly, the probes cou-
ple to the electric field so the coupling
is maximum when the probes are
parallel to the electric field.

First, consider a loop of area S (m?)
with its plane perpendicular to the
magnetic field. The coupled magnetic
field appears as an induced EMF,
Vi1, across a gap in the loop, given by:

Vi, = ousH (5)

where:

o = the angular frequency of oper-
ation, and

p = the magnetic permeability of
the medium.

The brain is assumed to be a non-
magnetic medium, so p = pu, = 47 X
10" H/m. Then, V;;, will be approxi-
mately 7600S V. Let Ry, be the inter-
nal resistance of the voltage source
Vir.- Then, for a particular load Ry,
(which includes the ohmic resistance
of the loop and any resistance due to
other coupled loops), the current I}
through the loop is given by:

1,0 =7500S/ (Ry + Ry ) (6)

In addition, currents from the
other coupled loops, I, will also
flow through this loop so that the
total induced current flowing
through the loop is:

Iy =1+ 1 (7)

Next, consider a probe of length 1

(m) located parallel to the electric

field. The coupled electric field will

develop an induced voltage Vip

across the probe, which for a short
probe of length 1is given by:

) FEATURE
Radiation Effects

Vip = E| (8)
Then for E = 179 V/m, V;p will be
(1791) V. Therefore, if Ryp is the
internal resistance of the voltage
source Vp, then for a particular load
Rip (which will include the ohmic
resistance of the probe and those due
to any other coupled probes), the
resulting probe current Ipg is given
by:

Ipo =179/ (Rip + R p) (9)

In addition, currents from other
coupled probes, Ipe, will also flow
through this probe so that the total
induced current flowing through the
probe is:

Ip=1Ipp+1Ipc (10)

Therefore, a cellular phone in oper-
ation creates an induced current Iy, in
aloop and Ip in a probe, modeling the
neurological network of the brain.
These currents might interfere with
the normal brain signals already pre-
sent in the loop and in the probe.
Also, if the magnitudes of these cur-
rents exceed the current carrying
capabilities of the neurological net-
work, the network itself could
become susceptible to damage. Final-
ly, the neurological network is not
designed to carry these externally
induced currents and so the currents
are ultimately dissipated into the
surrounding tissues in the form of
heat. This may not be harmful for rel-
atively weak currents acting for a
short period of time. However, the
possibility of harm due to long-term
dissipation into these tissues does
exist. Thus, theoretically, a cellular
phone is capable of affecting the
human brain in various ways, includ-
ing the disruption of brain functions
and possibly inflicting some damage
on the tissues in several areas of the
brain.

REASON FOR GONCERN

Evidently, any type of EM field,
from near or far, strong or weak, high
frequency or low frequency, will cou-
ple to the neurological network of the
brain to produce an induced current.
Assuming that the magnitude of this
current does not exceed the specified
limit of the neurological network, no
damage to the network itself is antici-

pated. However, there is still the pos-
sibility of interference with the nor-
mal brain signals and the as-yet-
unknown effect of dissipation. If this
induced current is quite small, the
effect of its dissipation into the sur-
rounding tissues for a short period of
time may not be particularly harmful.
However, the consequence of expo-
sure of these tissues to low-level dissi-
pations for a long period of time is not
clear. This chronic, low-level exposure
is probably already occurring in the
form of exposure to high-frequency
radiation fields from broadcast trans-
mitters and low-frequency induction
fields from power lines. These EM
fields have been present in the envi-
ronment for many years, but so far
have eluded direct linkage to any neu-
rological disorders. By comparison,
the use of handheld cellular phones
results in levels of exposure that are
on the order of 60 dB higher than
those due to broadcast transmitters.
The possibility of damage is therefore
significantly higher.

As mentioned earlier, the four
areas of major concern are the inter-
ference caused by an external signal
acting upon the normal neurological
signals, the unwanted excess cur-
rents flowing through the neurologi-
cal networks, induced current
exceeding the current-handling limi-
tation of the neurological networks,
and dissipation of heat into the brain
tissues. The consequences of all of
these four effects are physically mea-
surable, including the specification of
the maximum neurological current
limit. Moreover, the evaluation of the
induced currents that were previous-
ly derived requires the electrical
resistance per unit length of the neu-
rological conductors. Also, an
approximate diagram of the neuro-
logical network to estimate the loop
and probe dimensions as well as the
parameters for the mutual couplings
are needed. But to carry out these
measurements, access to a human
brain is necessary, and those who
have that access are mostly in the
medical profession. The techniques
involved in the measurements are
relatively straightforward and could
easily be conducted in a hospital lab-
oratory. Once the measured data are
available, they could be referenced
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with the computed engineering data
to draw an overall picture of the mag-
nitude of the problem. It thus
appears that the involvement of the
medical-research community is
essential to make any meaningful
progress toward the achievement of
the desired results.

So far, some possible effects of radi-
ation from a cellular phone on human

brains have been discussed in general
terms without any definite conclu-
sions. However, as previously men-
tioned, more tests are still to be con-
ducted and a definite answer may not
be available for quite some time. In
the mean time, efforts should be
directed toward the development of
ways to reduce the level of the offend-
ing radiation. There are two ways to
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reduce the magnitudes of the electric
and magnetic fields at a particular
location produced by a given radiator.
One is by increasing the distance
between the location and the radiator,
and the other is by blocking the radia-
tion in that particular direction.

In the case of a cellular phone, the
distance between the phone and the
brain could be increased if the phone is
fitted with an audio-output jack to be
connected to a headphone-microphone
set. With a connecting cable of one
meter, even for a line-of-sight sce-
nario, the electric field could be
reduced from 179 V/m to approxi-
mately 17.7 V/m. The extra advantage
of this arrangement is that both hands
remain free during conversation.

Alternatively, the monopole anten-
na on a cellular phone could be
replaced by a printed antenna, such as
a dipole, patch, or spiral antenna.
These types of antennas operate with
a ground plane behind them to prevent
back radiation. Proper design could
produce a cardioid (heart-shaped)
type of radiation pattern with a deep
small-angle null in the back direction.
This would yield a radiation pattern
that looks as if it were omnidirection-
al, with an angular section blocked by
the head of the operator. Note that the
width of the null should approximate-
ly correspond to the angle projected
by the brain. The gain of this type of
antenna is expected to be higher than
that of the monopole, so that the per-
formance of the cellular phone might
not be compromised, even along the
beam edges. The width of the antenna
could be the same as that of the cell
phone, but the length should be small-
er to avoid blockage by the holding
hand of the operator. This antenna
could be integrated into the cellular-
phone circuitry with a possible
increase in thickness, but that would
be a small price to pay for the subse-
quent peace of mind. With volume pro-
ductions, the price of the printed
antenna will probably be close to that
of the monopole. In a fixed wireless
system, a wall-mounted indoor termi-
nal could use a similar technique such
as a built-in directional antenna that is
pointed outward to reduce the indoor
radiation. ®®
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Signal Shaping

Galculate Power In Gaussian-
Modulated Wireless

Systems

Undevstanding how Gaussian amplitude
modulation affects power and wave shaping is

important in improving the pevformance of
wireless data systems.
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HASE-SHIFT keying (PSK), a special case of phase modulation,® is
the modulation scheme used for digital wireless data communica-
tions. This modulation should not create any spectrum spreading
into adjacent channels, but spreading does occur. The reason is the
application of shaping to a phase-modulated signal which is used to reduce
intersymbol interference (ISI). The shaping is required to distinguish
between symbols and, thus, to improve the performance of a wireless digi-

tal data system.

Applying shaping to a phase-modu-
lated signal causes a problem, howev-
er, because it creates the appearance
of Gaussian-type amplitude modula-
tion (AM) on the phase modulation
(PM). The term “Gaussian type”
includes all types of pulses where the
time-domain representation is similar
to their frequency-domain representa-
tion. AM does not detract from the

advantages of PM, but it does impose
constraints on system linearity. That
is, shaping increases the peak-to-aver-
age power ratio, and the appearance of
higher-than-expected peaks—com-
pared to unshaped PM signals—caus-
es unwanted nonlinearity effects.

The goal of this article is to show
the appearance of AM on the phase-
modulated scheme and to predict the
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2. Two consecutive RRC pulses can have opposite

1. A square unshaped pulse (dashed line) is shaped by a
root-raised-cosine function (solid line) into an amplitude-
modulated signal. Shaping is necessary to distinguish
between symbols to improve system performance.

polarities (shown here) or the same polarity (see Fig. 3).
The curves represent the instantaneous power (Pinst1) for
the sequence compared to two consecutive square pulses
(Pinst3).
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value of the peak-to-average power
ratio increase caused by the Gaus-
sian-type AM. To figure out the actu-
al value of the peak-to-average power
ratio, the graphs of the single Gaus-
sian-type pulse and the combination
of two consecutive pulses were creat-
ed. The combination of more than two
pulses should not contribute notice-
ably to the ratio of peak-to-average

DESIGN FEATU
Signal Shaping

power since the spread of each of the
shaped pulses is constrained to the
adjacent slots. However, to confirm
this, the combination of three consec-
utive pulses was evaluated. Then the
peak power of the sequence was
found from the graphs. A value of
average power was found from caleu-
lations. It was determined that the
resulting peak-to-average power
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ratio exceeds the similar ratio for an
unshaped signal (equal to 1) by
approximately 3 to 4 dB. This result
coincides with the one obtained from
statistical calculations.”

Statistical calculations are avoided
in this article, but their results are
well-known.? Rather, the idea is to
visualize AM to eliminate the mys-
tery associated with it.

GRAPHICAL INTERPRETATION

The software used in the demon-
stration is MathCAD, which can cre-
ate graphs according to formulas
developed in the analysis. Then the
results are evaluated within the
framework of the software package.

From the graph, the following
information is found:

e The graphical justification of the
appearance of the AM in the PM
scheme.

e The length of the shaped pulse at
a particular length of the correspond-
ing square pulse.

e The actual peak power value of
the pulse sequence.

The value of the average power
and, consequently, the value of the
peak-to-average power ratio, are
found from calculations.

The name of the MathCAD file is
paper_2.med, which is available from
the author on request.

The formula describing root-
raised-cosine (RRC) pulses is
derived from the formula for the
Gaussian pulse:

sin(ﬂ.’- L) cns(n’-i-a)

T T

(1) (w55
w—|I—-|\mT—a
T T1

The graphical representation of
this equation is provided in Fig. 1.

The dashed line represents a single
unshaped bit. The solid one shows the
same bit after a shaping application.
After the shaping application, the
input signal clearly does not have
constant amplitude—it becomes an
amplitude-modulated signal. The
appearance of the AM explains the
increase of peak-to-average power
ratio. In order for any two pulses to
have the same energy, they have to
occupy the same area.! Therefore,
the shaped amplitude-modulated
Gaussian-type pulse has to have the

fit) := (1)
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CMM2321 2.4-25GHz ISM 30.0 30-52 — +5 700 SO-8
CMM3554 3.45 - 3.50 GHz W-CDMA 24.0 — — +7.75 600 SO-8
Power GaAs FETs
Frequency Operation Current Gain P1dB Noise 3rd Order Products Package
Model Range Application (Volts) (mA) (dB) (dBm) Figure (dB) (dBc) Type
CFK2162-P1 800 - 900 MHz Base Station/Handset 8 800 20 33 —_ 30 (@ 29 dBm) SO-8
CFH2162-P1 800 - 900 MHz Base Station 10 1100 20 36 —_ 30 (@ 33dBm) Power Flange
CFB0301 0.8 - 2.0 GHz Base Station/Pole Top/LNA Duplexers 5 70 16 22 0.8 58 (@ 5 dBm) Micro-X
CFK0301 0.8 - 2.0 GHz Dual Phase/Gain Matched LNA 5 70 16 22 0.8 58 (@ 5 dBm) S0-8
CFK2162-P3 1.8-2.0 GHz Base Station/Handset 8 800 14 33 — 30 (@ 29 dBm) SO-8
CFH2162-P3 1.8-2.0 GHz Base Station 10 1100 14 36 — 30 (@ 33dBm) Power Flange
CFK2162-P5 2.3-2.5GHz Base Station/Handset 8 800 12 33 — 30 (@ 29 dBm) SO-8
CFH2162-P5 2.3-2.5 GHz Base Station 10 1100 12 36 — 30 (@ 33dBm) Power Flange

This is only a partial listing of Celeritek’s RF IC products for wireless communications.

Celeritek is a low-cost, volume producer
of wireless communication products for
worldwide applications.

For up-to-date information on all
Celeritek products and services visit our web
site: www.celeritek.com

Or contact one of our representatives, or
the factory, with your specific product
requirements. 32836 Scott Boulevard, Santa Clara, CA 95054 USA

Ask for a catalog on our Semiconductor Phone: (408) 986-5060 Fax: (408) 986-5095
Products for Wireless Communications. www.celeritek.com

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #727
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Delivering the solutions to wireless communications.
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NEC Silicon

Solutions... from 25¢

Want to make life simpler? Reduce the parts count in
your design with low cost NEC Silicon RFICs.
But be aware of the side effects!

Fewer parts can make your design more reliable,

your QC easier, and your assembly faster and
more efficient.

NEC RFICs come in a variety of package styles,
including low cost plastic and surface mount, plus

eesecescessesnccsccssenocnecnsenseses essssssssse ssssscssssnse esssscescsscccsccncvssnscsncss ecssscsssssse sssssscssensnsesrecssves

ea®

they're available on tape and reel. Best of all, their
quality and reliability are proven. With a production
rate exceeding 20 million RFICs 2 month, no one
knows this technology like NEC.

Our Silicon RFIC Selection Guide lists speci-
fications for these and dozens of other devices. You
can download a copy from our website, or call our
Fax Hotline and request Document #502.

®
@ @

5V WIDEBAND RFIC AMPS —FROM 25¢

;.PART E‘ ;s ) Pad
UPC1678GV 50MHz-2.0GHz 23 6  +1559 49 500MHz
g UPC2708TB 50MHz-2.9GHz 15 6.5 +9.2 26 1.0GHz
5 __/' UPC2709TB 50MHz-2.3GHz 23 5 +8.7 25  1.0GHz
20 — . UPC2710TB 50MHz-1.0GHz 33 3.5 +10.8 22 500 MHz
/h\UPC/TJQSTB upcz% UPC2711TB 50MHz-2.9GHz 13 5 -2.6 12 1.0GHz
N " \ UPC2712TB 50MHz-2.6GHz 20 4.5 -0.4 12 1.0GHz
i, /PC‘Z708TB )(‘\¥ UPC2763TB UPC2713T 50MHz—-1.2GHz 29 3.2 +0.3 12 500 MHz
l / \ \ UPC2776TB 50MHz—-2.7GHz 23 6.0 +6 25 1.0GHz
\ UPC2762T8 UPC2791TB 50MHz—1.9GHz 12 5.5 +1 17  500MHz
UPC2749T8B UPC2792TB 50MHz—1.2GHz 20 3.5 0 19  500MHz
10
UPC2747TB UPC2745TB . At kL e . 3 : # =
;]PC2745T;7 SOMHI 276"2 12 6 -‘3:0 7.5 500MHz 7
° o o s 20 e 3.0 Faza. (GH2) UPC2746TB  50MHZ-1.5GHz 19 4 3.7 7.5 500MHz
GAIN vS. FREQUENCY UPC2747TB 100MHz—1.8GHz 12 3.3 -11 5 900MHz
UPC2748TB 200MHz-1.5GHz 19 2.8 8.5 900 MHz
A\e\‘ us Q’ UPC2749TB 100MHz-2.9GHz 16 4 -12.5 6 1.9GHz
B““"“ UPC2762TB 100MHz-2.9GHz 14.5 7 7 27 1.9GHz
UPC2763TB 100MHz-2.4GHz 20 5.5 6.5 27 1.9GHz
N EC 411 UPC2771TB 100MHz—-2.1GHz 21 6 11.5 36 900MHz
W\RELES ” Prices at 100K quantity
YMP os\Y

Selection guides, data sheets, application notes, S Parameters and non-linear model data can all be found at WWW, Cel.COm



5V PRESCALERS —FROM 70¢

3V FREQUENCY CONVERTERS —FROM 60¢

L RF Frequency . Conversion  Output IP3
i PART MHZ) lcc (mA) . Gain(dB)  (dBm) ~
UPC2756TB! 100 - 2000 5.9 14 [}
UPB1506/07GV + 64/128/256
‘ ‘ uPC2757TB* 100 - 2000 5.6 13 o
y T 1 100 - 2000 11 17 +6
UPB1508GV + 2 UPC2758TB 7
UPC2768GR’ 10 - 450 7 80 -17
UPB1509GV - 2/4/8 UPC8106TB? 100 - 2000 ° ° +1
T ¢
(2.2 -5.5V) upce112TB* 800 - 2000 8.5 13 -10
UPB1510GV + 4 3
UPC8116GR 100 - 500 4.1 6.5 -
1. Downconverter 2. Upconverter 3. AM/ASK Receiver IC
0 0.5 1.0 1.5 2.0 2.5 3.0 Freq. (GHz) U P CB 1 046 R
IQ MODULATOR

FREQUENCY RANGE Evaluation boards

for most NEC RFICs
are available free from CEL

..'...uoc-...‘
.

PLUS DISCRETES...!

Mobps & DEmobps —FROM $1.60

RF IN

UPC8104GR UPC2766GR
1Q MODULATOR 1Q DEMODULATOR
W/UPCONVERTER

* RF BW —DC to 1GHz

o [F BW—DC to 100 MHz

* 35dB typ AGC dynamic range
* 30dBc typ distortion

* 3 — 5 Volt operation

o Ports for IF filter

* 10MHz I/Q BW

e 400 MHz IF Bandwidth
» 1.9GHz RF Output

RFIn

UPC3205GR

IQ DEMODULATOR

© RF BW — 440 to 520 MHz
® [FBW—0.3 to 30MHz

¢ On Chip 90° Phase Shifter
* 56dBc typ distortion

California Eastern Laboratories

4590 Patrick Henry Drive ® Santa Clara, CA 95054 = Fax-on-Demand 800-390-32323 (US & CaNnADA)

DISTRIBUTORS: Arrow (800) 525-6666 Reptron El
Mouser Electronics (800) 346-6873 Electro Sonic
CIRCLE NO. 274

ectronics (888) REPTRON
(800) 567-6642 (CANADA)
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FUJITSU

GET PLUGGED INTO OUR
SOLUTIONS FOR YOUR
MICROWAVE APPLICATIONS.
VISIT US AT THE WIRELESS
SYMPOSIUM 2000, BOOTH 335,
FEBRUARY 22-24 AT THE

SAN JOSE CONVENTION CENTER
SAN JOSE, CALIFORNIA.

EXPERIENCE THE POWER
OF OUR INNOVATION

T U_S'AT'THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #335

'FUJITSU COMPOUND SEMICONDUCTOR, INC.
2355 ZANKER RD., SAN JOSE, CA. 95134-1138
ph: 408.232.9500 fax: 408.428.9111

.
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HIGH-PERFORMANCE™S

ULTRA

MODEL NUMBER

DB0O130LA2
DB0218LW2
DB0218LA1
DB0226LA1
DB0426LWH1
DB0440LW1

TB0218LW2
TB0218LA1

TB0226LW2
TB0440LW1

HIGH ISOLATION MIXERS ’

MODEL NUMBER

DMO0052LA2
DMO0104LA1

DMO208LW2
DM0408LW2
DM0412LW2
DM0812LW2
DM0520LW1

SUB-HARMONICG MIXER

MODEL NUMBER
SBE0440LW1

BEROADBAND MIXERS

FREQUENCY RANGE
RF/LO IF CONVERSION
(GHz) (GHz) LOSS (dB, Typ.)

DC to .75
DC to .75
DCto .5
DCto2
DCto 2
05tc 8
0.5t08
0.5t08
0.5to 20

FREQUENCY RANGE LO-RF
RF/LO IF ISOLATION
) (GHz) (dB, Typ.)

DCto 0.5
DCto 1 ‘ -
DCto 2
DCto2
DCto4 :
DCto 4 /8

FREQUENCY RANGE

. VISIT USATTHEWIRELESS SYMPOSI & x Bmon OOTH #1327
. cmcuuo 225



Signal Shaping

same area as the original square one.
To accomplish this, the pulse spreads
out into areas assigned to the adja-
cent pulses. The overall length of the
Gaussian-type pulse is approximate-
ly two times larger that the corre-
sponding square pulse length. This
change in the pulse length makes
adjacent pulses overlap. It leads to
the increase of the instantaneous

amplitude of the resulting pulse,
which, in turn, leads to the change of
peak-to-average power ratio.

Two consecutive pulses can be
either of the same polarity (Fig. 3) or
of opposite polarities (Fig. 2).
Depending on the sequence, the
peak-to-average power ratio will dif-
fer. To determine the peak power

value from the figures and the aver-

i
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RF ON FIBER lm
GIVES YOU THE FREEDOM

f GO:FAR:AND. WIDE.

SINGLE BIDIRECTIONAL FIBER

WDM
TRANSCEIVER

Go far with your repeater, microcell and back-hauling systems needing a
remote antenna from the base station. Anacom’s high performance RF/Fiber
Optic modules give your system the capability to transmit 10km, 20km or more

- all at <1 dB/km RF loss.

IN-BUILDING

RF
COMBINER

FIBER OPTIC TRANSCEIVERS

Cover wide areas in your distributed antenna, in-building or pico-cell systems
requiring reliable coverage over a large area. Cost-effective RF/Fiber Optic
transceivers allow you to remote dozens of low power antenna with impunity.

Anacom’s proprietary RF/Fiber Optic transceivers are rugged, compact OEM
modules designed for easy integration into your AMPS, GSM,
PCS/PCN, LMDS, WLL, IF or other antenna system. Anacom’s

responsive product support group and flexible volume manu- &

facturing methods assure you an efficient design and a success- §

ful transition to production. Welcome to the wireless revolution.

Anacom Systems Corporation, 100 Jersey Avenue, Bidg. A, New /&

i

Brunswick, NJ 08901. Phone: 732-846-2680. Fax: 732-846-2626 ¥ & ¢

RF ON FIBER

Visit our Web Site: www.anacomsystems.com
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age power value, use the following
equations:
For pulses of the same polarity,

g2 = f)+ f(t=TI) (2)

Pinst2(1) = [g2(1)]? (3)
And for pulses of opposite polarity,
gl(t)= fi)—- fir-T1) (4)

Pinsti(t) = [gl(1)]? (5)

Figures 2 and 3 represent the
instantaneous power values for the
sequence of two RRC pulses. The
resulting power distribution for the
sequence of two pulses with opposite
polarities is shown in Fig. 2. The sim-
ilar distribution for the sequence
with the same pulse polarities is
shown in Fig. 3. For comparison pur-
poses, the instantaneous power dis-
tribution of a single RRC pulse as
well as two consecutive square puls-
es is shown on the same graphs.

According to the definition, peak
power is a maximum value of instan-
taneous power. From the graphs, get
the value of the peak power for the
sequences of two pulses. It is 1.53.

The value of average power is
found from calculations—average
power is defined as the instantaneous
power averaged over a specified time
interval:

Pav = lim LI T e(n)?dr
T oo 2T J-T
(6)

This formula requires a knowledge
of the value of instantaneous power
in the time interval of —«, =, The
only way to obtain that value is
through statistical caleulations,
which are omitted in this presenta-
tion. The purpose of this technique is
to help develop a visual understand-
ing of the affects of AM on digitally
modulated signals. If the statistical
calculations were allowed, it would
obscure the visualization process.

It would help if the signal under
consideration were a periodic one. In
that case, it would be sufficient to
know only the small portion of the
whole signal somewhere in the inter-
val of —Ty/2, Ty/2. The rest of the sig-
nal is known, since it repeats itself
over the period T,,.

The formula for defining a periodic




Move ahead of the competition with MECA standard and customized microwave and RF components.

When you're looking for the right components for your cellular
or PCS application, you want a supplier with a proven track
record—and a vision for the technology that’s down the road.

MECA has been designing and manufacturing microwave and
RF components since 1961. This experience gives us the power
to offer a broad product line that addresses your passive coaxial
component needs—whether it’s a standard component or cus-
tomized to meet your unique requirements. In fact, we've made
significant contributions to cellular, wireless, and PCS technologies.

We also employ the highest possible product testing and quality-

assurance techniques in the business. Our quality system is based
on ISO 9002 standards.

In addition, MECA maintains many standard
components in stock which are available for
overnight delivery.

Put the driving force in cellular and PCS
components into your systems today.

Call (973) 625-0661 for your MECA product

catalog, or visit our website at www.mecaelectronics.com.

Attenuators Couplers Power Dividers Terminations

* 1-50 watt « Single/dual + High isolation * .50-200 watts ECA ELECT ICS. IN

+ Attenuation directional * 2-, 4- 6-, 8-way + Low VSWR ﬂ'g Ecast Main Sgeﬂ)?xﬂe,@mg;
values (0-50 dB) * Hybrid * N, SMA * N, SMA, SMB, Phone (973) 625-0661 » Fax (973) 625-1258

* N, SMA, BNC, TNC -« High-power BNC, TNC e-mail: mecasale@webspan.net

models (up to 500 watts)

Website: www.mecaelectronics.com
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Signal Shaping

signal is:'
8(1)=gt—Tp) (7)

Equation 6 applied to the periodic
signal with the period T, is simplified:

TD
I 2 .2
Pav,,, = ?0- | 7 g(n)“dt (8)

2

Clearly, digitally modulated sig-

nals used in wireless communications
are not periodic ones. However, for a
better understanding of the nature of
the digital-modulation effects,
assume a certain periodic pattern in
the signals under consideration. Sta-
tistically speaking, there is an equal
probability of the sequence of two
pulses with the same polarity as the
sequence of two pulses with opposite

From
he people RAL
t g%uzp aGﬁt—Er'%lmEmmpang

General Microwave Corporation
425 Smith Street ® Farmingdale, NY 11735-1198
TEL: 631-630-2000 ¢ FAX: 631-630-2066
http://www.GeneralMicrowave.com

With Wider
Bandwidth & Greater
Dynamic Range!

MICROWAVE
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polarities.

It follows from eq. 7 that the value
of average power is not dependent on
the periodic properties of the signal.
So imagine the signal under consid-
eration to be a pseudo-periodic one,
consisting of an equal number of each
of the pulses’ sequences.

This provides a method of calcula-
tion of average power. Specifically, at
first, calculate the average power of
the sequence of two pulses with the
same polarity. The sequence is of a
periodic nature. Assume that the
whole data stream consists only of
this sequence, with a period of 2T1—
the period of this sequence. Then,
since this sequence is only 50 percent
of the assumed pattern, divide the
resulting value of average power by
2. Conduct the same operation on the
sequence of two pulses with the
opposite polarities. Adding both
results provides the average power
of the imagined data stream. This
supports finding the peak-to-average
power ratio of the data stream.

CALCULATING POWER

Using the suggested method and
eqs. 3 and 5 substituted in 8, the fol-
lowing results are obtained for the
values of average power for each of
the bit sequences:

1 T
Pavl := —I Pinstl(t) dt | (9
av [Z-TI . instl(t) J (9)

71
Pav2 := (ﬁ Pinst2(t) dtj (10)

-T1
Pavl represents an average power
of the sequence of two RRC pulses
with opposite polarities. Pav2 repre-
sents the power of the same sequence
but of the pulses with the same polar-
ity. According to the method’s guide-
lines, the period of the sequence, T,,
is equal to 2T1. The values of an aver-
age power for RF-modulated data
streams are:
Pavl = 0.478
for a data stream consisting only of
the periodic sequence of two RRC
pulses with opposite polarities, and
Pav2=0.8
for a data stream consisting only of
the periodic sequence of two RRC
pulses with the same polarities.
According to the method’s guide-
lines, each sequence is accountable
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CHIP INDUCTORKITS

NEW! 0402CS Series
1.0nH-40nH, 5% tolerance
21 values (10each) KitC128 $60

' 0603CS Series
1.6 nH-270nH, 5% tolerance
37 values (10each) KitC124 $80
KitC124-2 (2% tolerance) $100

0805CS Series
3.3nH-820nH, 5% tolerance
26 values (10each) KitC103 $60
Kit C103-2 (2% tolerance) $85

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

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

NEW! 1008HQ High QSeries
3.0nH-100nH, 5%+ 10% tolerance
14 values (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 (12each) KitC102 $60

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

LOW PROFILE POWER INDUCTORS

MEW! LP02506 Power Wafers™
4.7pH -1000pH,0.16-1.9 Amps
15values(aeach) Kit C132 (In-board versions) $60
KitC133(On-board versions) $60

gEW! LPT3305 Shielded Power Wafers™
1pH -47 uH, 0.6- 1.6 Amps
11 values (3each) KitC130 $60

D03308 Series
10pH-1000pH, 0.05-2 Amps
13 values (3each) KitC109 $60

POWER INDUCTORKITS

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

MEW! DO1813HC High Gurrent Series
0.56 pH-48.1pH,0.72 -6 Amps
9values (3each) KitC131 $60

DS3316 Shielded Series
1pH -47pH,0.8-5Amps
11values (3each) KitG116 $60

NEW! DO3316HC High Current Series
0.33pH -3.3uH,6.4-16 Amps
7values (3each) KitC126 $45

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

DT1608/3316 Shielded Series
1uH-1000pH,0.8-5Amps
38values (3each) KitC104 $95

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

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

D05022HC High Current Series
0.78uH-10H,6.0-15Amps
9values (3each) KitC113 $60

FOR EVEN MORE KITS VISIT
HTTP://ORDER.COILCRAFT.COM

A AAS At

DESIGNER'S
KIT

DESIGNER’S

KiT
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order.coilcraft.com

The longest line
of magnetics 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 &
magnetics. And no -
one makes it so easy
to order, even on (T
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.

VISIT US AT THE WIRELESS SYMPOSIUM
& EXHIBITION BOOTH #740

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

only for 50 percent of the assumed
pattern. It means that the average
power of the whole-assumed
sequence is:

Pav = 1/2(Pavl) + 1/2(Pav2) = 0.63

This comprises all of the data nec-
essary for calculations of peak-to-
average power ratio. The peak power
(from Fig. 3) is equal to 1.53. The
average power, Pav, is equal to 0.639.

Usually, the value of peak-to-aver-
age power ratio is expressed in deci-
bels by the equation:

R=10 ‘log(i)
Pav

Substituting into eq. 11, R comes
out to 3.8 dB, the value exactly
obtained by statistical methods for
QPSK modulation scheme.”

(11)

Stripline/Microstri

* Transmission Line

Miniature/Subminiature

CROWAVE FILTER COMPANY, INC.
6743 KINNE STREET » EAST SYRACUSE, NY 13057
800-448-1666 » 315-438-4700 » FAX: 315-463-1467
http://www.microwavefilter.com
mfcsales@microwavefilter.com

e-mail:
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Clearly, this method is not intend-
ed to substitute for statistical calcu-
lations. Only statistical caleculations
can predict the real content of the
data stream. However, the correla-
tion shows that a good guess was
made for the content for at least one
data-stream scheme. It confirms that
the generic approach was correct.

There is another interesting obser-
vation confirming the validity of this
approach. It is known from the sta-
tistical calculations that if the modu-
lation scheme does not support the
constellation diagram’s coordinate
crossing, the peak-to-average power
ratio is reduced. It follows that for a
QPSK modulation scheme, the peak-
to-average power ratio is 3.8 dB,
while for OQPSK modulation scheme
it is only 2.4 dB.” Both schemes use
the same constellation diagram. The
only difference between them is that
OQPSK prohibits an abrupt change
of phase of the signal vector. This
method explains the reason for the
change of the peak-to-average power
ratio in those two modulation
schemes.

The abrupt change of the vector’s
position reverses polarity of the I and
Q bit streams. It makes the appear-
ance of the sequence certain with two
bits of opposite polarities in each bit
stream (I or Q). The value of the peak
power for the periodic sequence of
two pulses with opposite polarities is
1.14 (Fig. 2). The value of the aver-
age power for that bit sequence
(assuming that the sequence consists
only of a string of pulses with oppo-
site polarities) is 0.478. So the peak-
to-average power ratio is ~3.8 dB.

The value of the peak power for the
periodic sequence of two pulses with
the same polarity is 1.53 (Fig. 3). The
value of the average power for that
sequence (assuming that the sequence
consists only from a string of pulses
with the same polarities) is 0.8, from
eq. 9. So the peak-to-average power
ratio is ~2.8 dB—smaller than in the
case with abrupt phase changes. In
reality, the content of QPSK and
0QPSK data streams is going to differ
drastically from the 2-b models consid-
ered earlier. However this example
permits visualizing the advantages of
the refined change in the position of
the signal vector versus the abrupt
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our vne oource
for Microwevs
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MCNIMPC

MULTI-LAYER and

METAL-BACKED BOARDS

CAPABILITIES

* Multi-Layers Utilizing Mixed
Dielectrics

» Metal-Backed Circuits with
Plated-thru-Holes
including Aluminum

« 2 mil Lines/Spaces

* Fine Line Etching

* Selective Plating

* Tight Tolerance Machining
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* Plated Through Holes

VISIT US AT THE WIRELESS SYMPOSIUM
& EXHIBITION BOOTH #1004
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NATIONAL, INC.

2302 Industry Court, PO Box 453
Forest Hill, MD 21050
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E-mail: sales@mcn-mmpc.com
http:// www.mcn-mmpc.com
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E-mail: sales@men-mmpe.com
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position change. The
result coincides with
the trend given by sta-
tistical predictions.
The combination of
more than two consec-
utive pulses should not
contribute noticeably
to the ratio of peak-to-
average power. The
reason is that the
spread of each of the
shaped pulses is con-
tained to the adjacent
slots. In order to con-
firm this, evaluate the
sequences of three
consecutive pulses, de-
termine the maximum
peak value of these
sequences, determine
the average value of
the sequence produc-
ing the maximum
peak, and find the
resulting peak-to-
average power ratio.

Signal Shaping
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3. Two RRC pulses of the same polarity produce the
instantaneous power Pinst2. The peak power for
pulses of the same polarity is much larger than that
for pulses of opposite polarity (see Fig. 2). Thus, the
type of sequence determines the peak-to-average
power ratio. The increase of the ratio over an
unmodulated signal is due to Gaussian-type AM.

Possible combinations of three con-
secutive pulses are as follows:

g4(1)=g2(t)- fit+TI)
go(1)=g2(t)+ f(t+T1)
g3()=gl(t)— fit+TI)
g5(t)=gl{t)+ flt+TI)

(12)
(13)
(14)
(15)

The graphs represent the instanta-
neous power values for the sequence

of three RRC pulses.

For the com-

parison, the instantaneous power dis-
tribution of three consecutive square

pulses is shown on the same graphs.

From Fig. 4 it follows that there
are two combinations creating the
same value of peak power, 1.97. It is
the sequences, gh(t) and g6(t).
Assuming that the whole pattern
consists of sequence gh(t), calculate
its average power using the method
described previously. The period of
the assumed periodic signal Ty is
going to be equal to 3T1 (since the
sequence consists of three pulses
with period T1). The formula for the

; ’
2 _ o

Instantaneous power
T

g3(t)2 —
52 - --
| os()? — —

0 |
& : £
N A
n t -

Instantaneous power
—
T

} .
AN
(b) =

s

4. The peak-to-average power ratio is not increased for different combinations

of three consecutive RRC pulses. Two combinations, g5(t) in (a) and g6(t) in (b),
produce the same peak value. Calculating the average value for each sequence
provides almost equal results. The resulting peak-to-average ratio is very close

for both sequences.
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SXA-289 High Linearity

Power Amplifier

\ //

Stanford Microdevices produces the
highest performance products utilizing
cutting edge technology at the lowest
possible cost. All of Stanford MMICs are
100% tested and qualified annually to
ensure reliable field performance even
under the harshest environments, making
Stanford Microdevices a favorite among
major OEMs worldwide. Over the past five
years Stanford Microdevices has become
the preeminent leader in the design and
manufacturing of GaAs, LDMOS and SiGe
amplifier and switch products.

The SXA-289 is a high efficiency GaAs
Heterojunction Bipolar Transistor power
amplifier, housed in a low cost surface-
mountable plastic package and uses
Darlington pair technology for broadband
performance from 50-2000 MHz. It's fabri-
cated using molecular beam epitaxial
growth technology which produces reliable
and consistent performance from wafer to
wafer and lot to lot. The SXA-289 amplifiers
were specifically designed for use as driver
stages for infrastructure equipment in the
50-2000 MHz cellular, ISM and narrow band
PCS bands. Its high linearity makes it an
ideal choice for multi-carrier as well as
digital applications.

Freq. GainidB} S11 522 P1dB TOIF Voitage Currer
(MHz) Typ. Typ.  Typ. (dBm) (dBm]

g 800900 200 154 201 240 405 50 15

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #921

CIRCLE NO. 335

For performance,
reliability and value,
turn to Stanford
Microdevices.

ALSO COMING SOON!
SXL/SXT CELLULAR & PCS BAND
POWER AMPLIFIERS.

l‘___J Mlcrodewces

& We Deliver RF Innovation
- 1-800-764-6642
www.stanfordmicro.com

All company and/or product names are trade-
marks and/or registered trademarks of their
respective owners.




KEY FEATURES

APPLICATIONS

e Small sizes to 0402 ¢ Mobile Communications
* High Q/Low ESR e Wireless LAN & Modems
¢ SRF to 6.0 GHz e GPS Receivers
* Low cost e CATV/SAT TV

Visit our website today for detailed technical information.

JOHANSON (T'Jg[narill?, Ca}lifomia
TECHNOLOGY WA2S ik con

CIRCLE NO. 407 or visit www.mwrf.com

FOR WIRELESS AND SONET SYSTEMS

BLILEY BLILEY NV45C-SM OCVCXO

Cpuy, = e

Low pawer consumption in a compact SMT package.
SCcut or AT cut crystal. HCOMOS or TTL output. ;
Frequency Range: 2.5 MHz to 20 MHz
Frequency Stability: SC Crystal: +6 X 10-8

sscsssusssscane tsesscsscccscacnssnroas AT Crystal: £1.5X 107
The first name in telecom frequency PRODUCT WEB ADDRESS: »
control has 3 new high stability Crystal i)
Oscillators for wireless and SONET BLILEY T79C SINGLE DIP TCXO

High Stability over a wide temperature range.
Square wave, fast rise/fall time. Drives 10 TTL loads.

g Frequency Range: 1 MHz to 40 MHz
As these components suqgest, the Temperature Stability: 1.5 ppm over -40°C to +85°C

Bliley standard of advanced frequency 0+ wes aooess:
| control electronics is telecom’s new | www.bliley.com/t79¢.htm |
ik hallmark. Contact us.

systems in SMT, DIP, or European style
designs - Customized to Order.

BLILEY NV47 OCVCXO SERIES

3 European Style units. Sine Wave or TTL/HCMOS.

Wide choice of specs with special VSAT features.

Frequency Range: (Sine Wave)10 MHz T0 25 MHz
(TTL/HCMOS)1.5 MHz to 25 MHz

PRODUCT WEB ADDRESS:

“ELECTRIC COMPANY
2545 West Grandview Boulevard, P.0. Box 3428
Erie, PA 16508-0428
Tel. (814) 838-3571 Fax: (814) 833-2712
E-Mail: info@bliley.com

See Our On-line Catalog & Tour Our Fadility. |

|
.bliley.col

CIRCLE NO. 439 or visit www.mwrf.com
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DESIGN FEATURE

Signal Shaping

calculation of average power (eq. 8) is
modified to include an adjustment for

the RF-modulated data stream:

E.TI

V5 o= —3"%‘_[2;
)

The result of the calculations is:

Pavb =0.89

Substituting this value and the
peak value into formula (11), the fol-
lowing is the value of peak-to-aver-
age power:

R55 ~ 3.5 dB

Conducting the same operation on
the sequence g6(t), the result is:

Pav6 = 0.927

Substituting this value and the
peak value to eq. 11, the value of
peak-to-average power is:

R6; ~ 3.3 dB

The results (R5; and R6; ) confirm
that including more than two pulses
per sequence is not increasing the
value of peak-to-average power
ratio. It is another confirmation that
the suggested method of calculations
(that is, evaluation of a two-pulse
sequence) is correct.

It is important to keep in mind that
the preceding presentation was
related to alleged baseband signals.
That is, signals applied to the input of
an RF modulator. RF modulation is
performed according to the formula:

Vmod (t) =
A[I(1) cos (w,1) - O(1) sin (@,1)] (17)

Here, the symbols Q and I repre-
sent data streams. The symbol V is
an RF-modulated signal. The I and Q
are orthogonal to each other, so they
are mutually independent. It means
that in order to obtain an average
power of an RF-modulated signal
simply multiply each pulse of the
data stream by a sin (w.t) [or cos
(w.t)] and perform calculations of
integrals (eq. 8). Since this multipli-
cation should reduce the result by
half, the peak-to-average power
ratio for the RF-modulated data
stream would be increased by 3 dB.
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Designed for Ultimate Quality

Your Complete Switching
Solution from KMW

KMW new 6P7T switch is designed for W-CDMA IMT2000.
KSW120125000 |  KSW67042L000 KSW450421000

. Switch Type
- Frequency Range DC ~ 3GHz
Insertion Loss (max.) : 0.2dB

“VSWR (max.) 1151 : a5:
Isolation (min.) : 80dB

Latchiﬁg Latching 2

Actuating Voltage 12vdc + 10% 12Vdc + 10% 12Vdc + 10%
/Current (max.) | /240mA (@ 12Vdc, 25°C) | /165mA (@ 12Vdc, 25°C) | /165mA (@ 12Vdc, 25°C)
~_I/O Port Connector SMACF) / SMACF) SMAGE) / SMA(F) SMA(F) / SMA(F)

~ RF Power Handling 100W CW (@ 1GHz) 250W CW (@ 1GHz) 250W CW (@ 1GHz)
~ 1.339*1.575°0.528 2.441%2.177%2.165 1.626*1.874*1.626
Higher Frequency available, up to 18GHz

Power Handling Capability, up to 250W CW& 4KW Peak @1GHz

Available Options

Internal Termination, Indicator Circuitry, Suppression Diode, TTL Logic,
Self De-Energizing Circuit, Various 1/O Connector type, other Operating Voltage

Operating Mode

5 million life cycle SPDT switch available upon request.

13131 East 166th Street, Cerritos, CA 90703-2202
1-800-8320-KMW * www.kmwinc.com
tel: 562-926-2033 ¢ fax: 562-926-6133
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WE HAVE OVER 1000 DESIGNS AVAILABLE
WE ALSO DO CUSTOM DESIGNS

Since 1973 OMNIYIG has been at the forefront
of advanced YIG technology, manufacturing
state-of-the-art YIG components, Detectors,
Limiters, Comb Generators, and integrated
subsystems. We are continually designing and
manufacturing new state-of-the-art YIG
components for Airborne Systems/Space/Ship
Board Commercial/EW/ECM/Jammers/Radar/
Communication.

OMNIYIG’s products are available for
commercial use, yet are built under stringent
military specifications (MIL-E-5400) Class I/
MIL-STD-883 (Typ). Our advanced products
are designed into some of the world’s most
sophisticated systems, including commercial,
EW, and ECM programs such as the ALQ-99,
ALQ-117,ALR-172, ALR-56C, ALR-62, ALR-64,
ALR-67, ALR-69, APR-39, WLR-8, Rapport Ill
andweare onboardthe F-15, F-16, F-18, EA6B,
EF111, B-1, B2 Stealth, L-130 and more. We
maintain and continue technology
improvement.

YIG BAND PASS AND
BAND REJECT FILTERS
* Frequency Range: 0.4 GHz to 40 GHz
* Octave and Multioctave Frequency Ranges

e Sizes:1.2x1.2x1.2inch
1.0x1.4x1.4inch
1.4x1.4x1.4inch
1.7x1.7x1.7 inch

YIG MULTIPLIERS

¢ Frequency Range: 0.4 GHz to 40 GHz

¢ Octave and Multioctave Frequency Ranges

¢ Input Frequency: 100 MHz to 2000 MHz;
fixed or variable

¢ Output Frequency: 100 MHz to 40 GH:z

e Sizes:1.4x1.4x1.4inch
1.7x1.7x1.7 inch

YIG OSCILLATORS

* Frequency Range: 0.4 GHz to 20 GHz
* (Octave and Multioctave Frequency Ranges

* Sizes: 0.5x1.0x1.0",1.0x1.0x1.0",
1.2x1.2x1.2°,1.0x1.4x1.4",
1.7 x1L.7x 1.7, 1.7 x 1.7 x 1.7"

LIMITERS,
COMB GENERATORS
and DETECTORS

DRIVERS are available as integrated

components with the YIG devices. Analog
drivers with 0-10 volts and 12-hit digital
drivers.

3350 Scott Bivd., Bldg. #66, Santa Clara, CA 95054
PHONE: (408) 988-0843 » FAX: (408) 727-1373
Email: OMNIYIG@IX.NETCOM.com

Web: www.OMNIYIG.com

omnivic (] inc.

Ins. Bandwidth
Omniyig  Freq. Range Loss @ 40dB
Model (GHz) (max.) (min.)
No. (dB)  (MHz)
6- , 8- and 12-STAGES
P106RX 05-10 15 10
L106RX 1.0- 20 15 10
C105RX 2.0 - 8.0 1.5 10
X106RX 80-124 15 20
Ku106RX 12.0 -18.0 1.8 20
M102RX 4.0 -124 15 8
M103RX 40-124 1.5 10
M104RX 4.0 -18.0 1.5 10-60

YIG BAND
PASS FILTERS

The filters can be integrated with analog
drivers or 12-hit digital drivers huilt to
commercial or military specifications.

Frequency Range: 0.4 GHz to 40 GHz
3-Stages, Dual 3-Stages

4-Stages, Dual 4-Stages

6-Stages

7-Stages

3350 Scott Bivd., Bldg. #66, Santa Clara, CA 95054
PHONE: (408) 988-0843 + FAX: (408) 727-1373
Email: OMNIYIG@IX.NETCOM.com

Web: www.OMNIYIG.com

OMNIYIG @ INC.

OUTPLT

LIMITERS,
COMB GENERATORS
and DETECTORS

Frequency Range: 0.01 GHz to 40 GHz

THIN FILM YIG
OSCILLATORS

Omniyig Freq. Range  RFPwr. 2™
Model (GHz) Output  Har.
No. (mW) (dBc
YOM1517 05 - 2.0 20-60 16
YOM1518 1.0 - 40 20-60 16
YOM1514 4.0-12.0 10 15
YOM1513 4.0- 10.0 10 15
YOMS83 2.0 - 6.0 20 12
YOM1948 3.5-10.5 15 12
YOM1317 2.0 - 8.0 20 12
YOMm818 8.0-18.0 20 12
YOM1516 6.0- 18.0 20 10
YOM2320 2.0- 10.0 13 1
YOM2321 5.0-18.0 13 9

We offer other models with 2 Harmonic
~b0 dBc. Oscillators integrated with 2-stage
filters are available.

 WEVIENER B BN

YIG MUI.TIPLIERS

STANDARD UNITS
Output Computer Tested

Omniyig Input Output  Output
Model Freq. (GHz) Pwr.
No. (dBm)
YM 1001 1-2GHz 2-13 6

YM 1002 100MHz 1-12 -33
YM 1003 200MHz 1-12 -28
YM 1004 500MHz 1-12 -10
YM1026 1-2G6Hz 2-18 2

YM 1027 100MHz 1-18 -40
YM1028 200MHz 1-18 -30
YM1029 500MHz 1-18 -22
YM1087 .1-2GHz 1-12 -25

* RF input power on all models 0.5 to 1.0
watts.

Fast switching, MIL-Spec Hi-Reliability and
units integrated with drivers, oscillators or
amplifiers also available.

3350 Scott Blvd., Bldg. #66, Santa Clara, CA 95054
PHONE: (408) 988-0843 + FAX: (408) 727-1373
Email: OMNIYIG@IX.NETCOM.com

Web: www.OMNIYIG.com

OMNIYIG @ INC.



YIG FILTERS
Omniyig  Freq. Range  Ins. Bandwidth
Model (GHz) loss @3dB
No. (dB) (MHz)
6-STAGE
P106 05-10 6.5 12-30
L106 10-20 55 20-35
$106 20-40 5.0 20-40
c106 4.0 -8.0 45 25-40
X106 8.0-124 45 25-40
Kui06 12.4-18.0 4.5 28-45
3-STAGE
P103 05-10 50 14-25
L103 1.0 -20 35 20-35
$103 20-40 3.0 20-35
G103 40-80 3.0 25-40
X103 8.0-124 3.0 25-40
Ku103 12.4-18.0 3.5 30-45
4-STAGE
P104 05-10 6.0 12-23
L104 1.0 -20 45 20-35
$104 20 -40 4.0 20-35
Cc104 40 -8.0 40 25-40
X104 8.0-124 4.0 25-40
Kui04 12.4-18.0 4.0 28-45
DUAL 2-STAGE
P1022 05-10 35 17-30
L1022 1.0 -20 3.0 24-35
$1022 20-40 25 25-40
c1022 40-80 25 25-40
X1022 8.0-124 25 25-40
Ku1022 12.4-18.0 2.5 30-45
MULTIOCTAVE BANDS
M1611/2 1.0 -18.0 55 25-65
M1612/4 2.0 -18.0 6.5 25-75
M102/2° 1.0 -12.4 50 25-60
M1613/2 1.0 -124 55 25-60
M1048/4 4.0- 18.0 6.0 25-60
M203/4° 1.0- 180 6.5 25-70

Other Multioctave YIG Filters are available.
Analog and 12-bit digital drivers are
available for all YIG devices.

3350 Scott Bivd., Bldg. #66, Santa Clara, CA 95054
PHONE: (408) 988-0843 * FAX: (408) 727-1373

omnivic ) inc.

DETECTORS,
LIMITERS and COMB

GENERATORS

Since 1973 OMNIYIG has been designing and improving the performance
of detectors, limiters, and comb generators. We have many new designs
in many sizes. We also integrate input power amplifiers with the comb
generators. Some of our standard designs are shown below. Send for our

complete catalog.

ZERO BIAS SCHOTTKY
DETECTORS
Omniyig Freq. Range  k Factor TSS |
Model No. (GHZ (mv/mw) (dBm)
Zero Bias
0DZ0004A 0.1-18 1200 -51
ODZ0510A 0.5- 4 1750 -53
0DZ0518A 1.0-12 1250 -52
0DZ0527A 2.0-12 1250 -52
0DZ0328A 2.0-18 1250 -52
Tunnel Planar
ODTOOD4A 0.1-18 750 -50
ODTO510A 0.5- 4 800 -50
0DT0527A 2.0-12 800 -50
ODT0328A 2.0-18 700 -50
ODTO240A 6.0-18 700 -50
COMB GENERATORS
Omniyig Input Output
Model Freq. Output Freq. Pwr.
No. (MHz) Range (GHz) (dBm)
OHG10140 100 0.1-4 -10
OHG10118 100 0.1 -18 -40
OHG20218 200 0.2-18 -34
OHG30318 250 0.25-18 -29
OHG51027 500 05-18 -20
OHG61027 1000 O0.1-18 -33
OHG72027 2000 2.0-18 -10
OHG61026 1000 1.0-26 -35
OHG71026 2000 2.0-26 -20
TRACKING
YIG FILTERS/
YIG OSCILLATORS
Omniyig Freq. Filter Tracking
Model Range IL (MHz)
No. (GHz) (dB)

M129YT0 0.5-2 5.5 5
M120YTO 2-8 5.0 T
M121YTO 8-18 5.0 8
Oscillator RF power output +13 dBm.
Integrated with Analog or 12-bit TTL drivers.

3350 Scott Bivd., Bldg. #66, Santa Clara, CA 95054
PHONE: (408) 988-0843 + FAX: (408) 727-1373

omnivic [)ine.

LIMITERS

Max.  Max.
Omniyig Freq. Range Ins. Loss Lkg. Pwr.
Model No.  (GHz) (dB) (dBm)*

PIN Diode

OLP2801A 0.1-05 0.5 +20
OLP2817A 1.0-4.0 05 +19
OLP2726A 2.0-8.0 1.2 +19
OLP2640A 6.0-18.0 2.0 +18
OLP2650A 2.0-18.0 2.5 +18

Schottky

O0LD2802A 0.1-1.0 0.5 +15
OLD2709A 0.5-2.0 0.5 +15
0LD2762A 2.0-8.0 1.0 +14
OLD2635A 4.0-18.0 25 +14
OLD2650A 2.0-18.0 2.5 +13
*Measured at 1 Watt CW Power

COMB GENERATORS with
INTEGRATED INPUT RF AMPLIFIER

Omniyig Input Output
Model Freq. Output Freq.  Pwr.

No. (MHz) Range (GHz) (dBm)
CG252A 100-200 0.1- 12 -24
CG253A 100 1.0- 18 -38
CG256A 200 1.0- 18 -35
CG259A 250 1.0- 18 -30
CG262A 500 1.0- 18 -18
CG265A 1000 1.0- 18 -15
CG266A 1000 2.0- 26 -33
CG268A 2000 2.0- 18 -20
CG269A 2000 20- 26 -35

Call Omniyig with your requirements or
for a new updated catalog. We offer
many other models covering a variety of
frequencies.

CIRCLE NO. 238

3350 Scott Blvd., Bldg. #66, Santa Clara, CA 95054

PHONE: (408) 988-0843 < FAX: (408) 727-1373
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Low Power, Laaise
YIG-Based Synthesizers
for Digital R

adlos

“Look to the leader in YIG-Technology”

MICRO
LAMBDA, INC.

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #435

A

Micro Lambda, Inc. a leader in the
development of next-generation YIG
devices now offers Y1G-Based
Frequency Synthesizers covering the
2-12 GHz frequency range. Designed
specifically for Digital Radio ODU's and
harsh commercial environments, these
synthesizers offer excellent integrated
phase noise characteristics over carrier
offset frequencies from 10 kHz to

10 MHz.

Tunable bandwidths of either 2 GHz

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

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

FEATURES

* 2-12 GHz Frequency Coverage

* Excellent Integrated Phase Noise
Characteristics

= Compact Size

3-Line Serial Interface

* Low Prime Power

* 500 kHz Step Size

* Internal Memory
(last frequency programmed - recall)

MLSL-SERIES SYNTHESIZERS

This series of synthesizers utilize an
external 1 to 50 MHz crystal reference
oscillator to generate tunable frequencies
covering the 2 - 12 GHz range. OQutput
power levels of +12 dBm to +15 dBm are
offered depending on frequency, with a
standard tuning step size of 500 kHz.
Input tuning commands are via 3-Line
Serial interface. The size of these
compact units is 2.5" x 2.5" x 1.0" without
mounting plate and consume less than

6 watts of prime power. The units have
an internal memory capability which
“recalls” the last frequency programmed
when the prime power is removed and
reapplied. Standard models include

2-4 GHz, 4-6 GHz, 5-7 GHz, 7-9 GHz and
9-11 GHz. Specialized frequency ranges
are easily implemented utilizing the
versatile synthesizer architecture.

48041 Fremont Blvd. Fremont, CA 94538 (510)770-9221 mcrolambda@aol.com  www.micro-lambda.com
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Portable by Design

Emerging Applications Boost
Eighth Wireless Symposium

The growth of the wiveless industry depends on the
widespread acceptance of new data-based applications, such
as Bluetooth, HomeRF, and wiveless Intevnet sevvices.

JACK BROWNE
Publisher/Editor

propagation issues. It covers basic
concepts and definitions used by an-
tenna professionals, key antenna
characteristics, such as VSWR, radi-

IRELESS applications have become such an integral part of this
industry that most high-frequency engineers now take them for
granted. But the past two years have witnessed the first signs of
inconsistent growth in wireless markets, due largely to occa-
sional slumps and inaccurate forecasts in cellular handset sales. Still, the
wireless industry is strong, and high-frequency engineers will continue to
be challenged by the usual design constraints of better performance and
lower cost, with the additional pressure of shorter time to market. And the
one place that they can find answers to their design-related questions is at
the Wireless Symposium/Portable By Design Conference & Exhibition,
scheduled for February 22-24, 2000 in the San Jose Convention Center
(San Jose, CA).

Entering its eighth year, the Wire-

Corp. (Manchester, NH). The one-

less Symposium has become a meet-
ing place of choice for many engi-
neers involved in wireless systems
design. The conference provides
many educational opportunities for
engineers to enhance their skills in
many different areas, including RF,
analog, digital, packaging, and
power-supply disciplines. The many
full-day and two-day workshops (see
table), for example, cover everything
from antennas and propagation to
wireless measurement techniques.
Taught by industry experts, these
workshops are compact up-to-date
courses that can bring novice engi-
neers up to speed on unfamiliar top-
ics and provide a solid review of a
specific technological area for more
experienced engineers.

The course “Antennas and Propa-
gation for Wireless Communica-
tions,” for example, is taught by Dr.
Steven Best, CEO of Cusheraft

day workshop offers a broad intro-
duction to antenna properties, an-
tenna-design considerations, and

ation pattern, polarization, axial ra-
tio, directivity, and gain. The course
includes an overview of different an-
tenna types, such as wire antennas,
microstrip antennas, circular-polar-
ized designs, and aperture antennas.
The workshop reviews a variety of
RF propagation issues, such as path
loss, multipath fading, polarization
distortion, noise and interference,
and diversity implementation, and
details the impact of each parameter
on overall wireless system perfor-
mance. The workshop concludes with
some practical examples of the con-
cepts presented and demonstrations
of actual antenna design using some

NDERS AT SHOW

e Eight Annual Wireless Symposium
ceremony hosted by the new Internet
 Wonders (http://www.wireless-
nveil the “Seven Wireless Wonders of
the Wireless Wonders website, a site
:lreless Shopping.” The site provides
‘wireless products, such as two-way
lobal Posmomng System (GPS) re-
se products electronically. In addi-
fore January 1, 2000 can nominate
99 for an award as a top product of
uary 1 through February 20, 2000
oducts, with a chance to win a free
ifunction telephone (a $299 value). The
Symposium & Exhibition/Portable
th‘ Z
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commercially available antenna-de-
sign software.

For wireless engineers delving
into digital signal processing (DSP),
the two-day workshop “DSP Made
Simple” represents a fast-paced but
accessible introduction to a complex
topic. Taught by Rick Lyons of the
respected educational firm, Besser
Associates (Mountain View, CA), the
workshop tries to keep mathematical
content to a minimum. Still, it intro-
duces the basic equations behind
DSP and fully explains their imple-
mentation according to signal-pro-
cessing theory. The workshop incor-
porates just enough mathematies to
develop a fundamental understand-
ing of DSP theory. It illustrates the
theory with well-chosen examples,
and covers many key topics in DSP
theory, including lowpass and band-
pass sampling, discrete Fourier
transforms, and the development of
finite-impulse-response (FIR) digital
filters.

In addition to traditional favorites
such as “RF Fundamentals” (taught
by Rick Fornes of Besser Associates)
and “Wireless Made Simple” (taught

Wo

A
MPB'ES@mmuum

Portable by pesign

by Al Scott of Besser Associates),
the workshop lineup includes proven
presenters such as Morris Engelson
of JMS (Portland, OR), Darryl Schick
of Linear Lightwave (Lafayette Hill,
PA), Randy Rhea of Eagleware
(Tucker, GA), and Eric Drucker of
PLL Consultants (Seattle, WA).
Each has presented workshops in
years past at the Wireless Sympo-
sium, and each has refined and devel-
oped their presentation for optimum
effectiveness. Morris Engleson’s
one-day workshop, simply titled
“Measuring Wireless,” provides
comprehensive insights into differ-
ent types of wireless signals, includ-
ing digitally modulated signals, elec-
tromagnetic interference (EMI), RF
interference (RFI), pulsed signals,
high-power signals, broadcast sig-
nals, television signals, and effective
methods for measuring these signals
with a spectrum analyzer. Engleson,
often referred to as “The Father of
the Spectrum Analyzer” for his pio-
neer work in developing applications
for this workhorse RF/microwave in-
strument, teaches with humor and
with his experience, shows attendees

kshops at a glance

how to become more efficient and ef-
fective with the instrument. The
course explains the many different
measurements that are possible on a
particular type of signal and how to
set up the spectrum analyzer for a
particular measurement result.

Darryl Schick, formerly chief engi-
neer at RDL (Conshocken, PA), has
spent several years following devel-
opments in current and third-genera-
tion (3G) cellular and personal-com-
munications-services (PCS) systems
and standards. His two one-day
workshops address the present and
future of cellular access—code-divi-
sion multiple access (CDMA) and
wideband CDMA (WCDMA), re-
spectively. The first course, entitled
“Fundamentals of CDMA Technol-
ogy for PCS,” takes an in-depth look
at CDMA wireless technology, and
how CDMA is implemented in the
TIA/ETA/IS-95 wireless communica-
tion standard. Topics covered include
CDMA performance issues, cyclic-
redundancy-check (CRC) and for-
ward-error-correction (FEC) coding,
interleaving, orthogonal (Walsh)
coding, pseudorandom-noise (PN)
coding, in-phase/quadrature (1/Q)
modulation, call establishment, sig-
naling, and the I1D-95 CDMA stan-
dard. This course is recommended as
a pre-requisite for the second work-
shop, called “3G Wideband CDMA
Technology Standards.” This second
course examines 3G Wideband
CDMA technology, and how 3G-
CDMA is implemented in the TTA
c¢dma2000® and European Telecom-
munications Standards Issue
(ETSI)/ARIB WCDMA standards.
This course builds on the previous
day’s “Fundamentals of CDMA
Technology for PCS” seminar, cover-
ing 3G-specific concepts including
high-bit-rate data transmission,
OVSF coding, turbo coding, embed-
ded pilot symbols, quadrature PN
spreading, asynchronous cell-site op-
eration, and detailed overviews of
the cdma 2000® and ETSI/ARIB
proposed standards.

One of the longest-running work-
shops at the Wireless Symposium,
Randy Rhea's popular “Oscillator
Design” course, teaches a unified ap-
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proach to the design of oscillators
with inductor-capacitor (LC), trans-
mission-line, surface-acoustic-wave
(SAW), and crystal resonators. The
course, which covers fixed-frequency
sources and voltage-controlled oscil-
lators (VCOs), provides a full under-
standing to the design of oscillators

~
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that leads to higher performance and
lower-cost designs. Topics include
starting, nonlinear behavior, phase
noise, harmonies, tuning, quality fac-
tor (Q), and low and high power, with
emphasis in the frequency range of
100 to 2400 MHz.

Eric Drucker, a relative newcomer
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to the Wireless Symposium's educa-
tional team, has nonetheless im-
pressed attendees with his grasp of
phase-locked-loop (PLL) concepts.
He returns to the Eighth conference
with his “Phase Locked Loop” work-
shop for designers of frequency syn-
thesizers. The course covers the fun-
damentals of analysis, design, and
modeling of PLLs, as well as phase
noise and how it affects system-level
performance. The course reviews the
various components that make up a
PLL design, including oscillators, di-
viders, and phase detectors.

TECHNICAL SESSIONS

The technical sessions at the Wire-
less Symposium/Portable By Design
Conference & Exhibition are indica-
tive of many future-locking applica-
tions, such as WCDMA, 3G systems,
Bluetooth, and HomeRF. A technol-
ogy track chaired by Rob McMorrow
of Alpha Industries (Woburn, MA),
“Cellular, Cordless, PCS, including
3G & WCDMA,” includes sessions
on spread-spectrum techniques,
WCDMA and edma2000 measure-
ments, a comparison of the enhanced-
GSM system Enhanced Data Rates
for GSM Evolution (EDGE) and
WCDMA, a tutorial session on wire-
less local-area networks (WLANSs),
and the feasibility of a single-inte-
grated-circuit (IC) cellular radio. The
spread-spectrum session, for exam-
ple, provides basic information with
minimal mathematical formulation.
It covers frequency-hopping tech-
niques, direct-sequence PN systems,
hybrid systems, as well as processing
gain,

Perhaps the most intriguing ses-
sion in this track deals with the possi-
bility of a one-IC radio. The radios in
next-generation cellular telephones
will have to address multiple bands
as well as multiple modes of opera-
tion. To achieve the inconsistent
goals of lower cost, smaller size, and
higher functionality, designers are
turning to higher levels of chip inte-
gration. Radio functions that once
took five to six ICs to implement
have been replaced with as few as
one or two highly integrated ICs. Pa-
pers in this session will compare ex-
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isting highly integrated solutions for
cellular and cordless handsets.

In a track on “Advanced Tech-
niques” chaired by Doug Lockie of
Endgate Corp. (Sunnyvale, CA),
nonlinear analysis, amplifier design
(covered from the start to the finish
of a specific design), and new simula-

A
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tion techniques are addressed. The
amplifier session covers load-pull
methods and simulation of adjacent-
channel power (ACP) and third-or-
der intercept (IP3) performance,
with an examination into the trade-
offs in device technology, size, and
bias in practical amplifier circuits.

MMT-1808 (0.8 to 18 GHz)

Prompt
Delivery

MMT-4003 (3.0 to 40 GHz)

* Millimeterwave Tuners to 110 GHz on Request *

Visit our Website at www.focus-microwaves.com for free Literature,
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The session on new simulation tech-
niques explores how the theory of
neural networks can be applied to
wireless systems design, and how
electromagnetic (EM) simulators are
increasingly finding a place among
designers of high-frequency wireless
components and systems, especially
those designed for millimeter-wave
applications at 28 GHz and above.
Veteran Wireless Symposium
Chairperson Ben Zarlingo returns
with a track on test and measure-
ment techniques and advances, in-
cluding a session on analyzing new
signal formats by linking software
with instrumentation. In this session,
an approach is presented for charac-
terizing new signal and modulation
formats where the companion re-
ceiver—constructed in a software
simulation with standard electronic-
design-automation (EDA) tools—can
perform full analysis functions on
waveforms captured and imported
from a vector signal analyzer. Addi-
tional sessions in the test and mea-
surement track cover the testing of
wideband and Bluetooth systems, in-
cluding troubleshooting techniques
for wide bandwidth and frequency-
hopped signals, and techniques for
digital demodulation of signals from
20 to 500 MHz, measurement of
EDGE signals, and the impact on ex-
isting GSM-based measurement sys-
tems. A new technique for accelerat-
ing ACP measurements; quality
measurements on 3G signals, includ-
ing code-domain power, error-vector
magnitude (EVM), rho and compli-
mentary cumulative distribution
functions (CDF's); and measurement
differences between CDMAZ2000 and
CDMAOne systems are also offered.
Another experienced Wireless
Symposium Chairperson, Tom
Brinkoetter of Anritsu Co. (Morgan
Hill, CA), will be moderating a track
of sessions on WLANSs, Bluetooth,
and HomeRF systems. A session on
WLANS, for example, will open with
a Federal Communications Commis-
sion (FCC) consultant providing an
update on F'CC policies and interpre-
tations of the rules for WLANSs. The
session will include a presentation by
a Vice-Chairman of the IEEE 802.11




soos LJLTRA-LO’ ESK

EIA MICROWAVE CAPACITORS

Nnew

rom

e | OWEST ESR IN CLASS -
TYPICALLY 80 mQ @ 1 GHz

® HIGHEST WORKING VOLTAGE

FOR 0603 NPO
* BROADEST VALUE RANGE

® LOw COST, WITH THE SUPERIOR
PERFORMANCE AND RELIABILITY
YOU EXPECT FROM ATC

!NTRODUCENG ATC's 600S ULTRA-LOwW
ESR CAPACITORS, DESIGNED AROUND RF
AND MICROWAVE APPLICATIONS TO SUP-
PORT REQUIREMENTS WHERE LOW LOSS
AND HIGH PERFORMANCE ARE PARAMOUNT.
FOR USE IN:

® CELLULAR BASE STATION EQUIPMENT
® HIGH Q FREQUENCY SOURCES

¢ BROADBAND WIRELESS SERVICES

® SATCOM

e POINT-TO-POINT / POINT-TO-
MULTIPOINT RADIO

to learn more

Click here SPECIFICATIONS

Wi . atceramics.com

k ATC SERIES 600 S
CASE SIZE: 0603
CAP. RANGE: UP T0 100 PF
WVDC: 250 V
FOR ATC'S .
EUROPEAN ESR @ {1 GHz: 80 mQ TYP.
SALES OFFICES, . DIELECTRIC: NPO
American
SN MARKING: EIA CODE
* * £
et Technical PACKAGING: TAPE & REEL PLUS OPTIONS
y OPTIONS: SPECIAL TESTING & PACKAGING
SEE OUR WEBSITE C era-nies
VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #732 b 4aar
PHONE: 516-622-4700 ¢« FAX: 516-622-4748 * E-MAIL: SALES@ATCERAMICS.COM ‘i /ﬂﬁé\“
ENG\NEER‘;)

CIRCLE NO. 336 B



QUIET!

13.2 GHz Phase Noise (HP E5500)

-80
90 5~
Yin
Wy
-100 -
fy
-110
Wy
r\\r\"‘\/‘f M Wil
120 A AL AN,
\
M
130 %
™
-140
01 10 10.0 100.0 1000.0

Offset Frequency (KHz)

Nexyn Corporation
678 Bend Drive
Sunnyvale, CA 94087

Tel: (408) 732-0793
Fax: (408) 730-0378
Visit our website at www.nexyn.com

CIRCLE NO. 417

)
Wil‘ele@mmm

Portable by Design

committee, describing the group's
progress on the WLAN standard,
with recent recommendations. An
additional session on WLANSs will
describe a newly recommended mod-
ulation format “CCK” to reach 11-
Mb/s data rates, and wired Ethernet
compatibility, and provide a descrip-
tion of a new radio chip set that im-
plements the new 802.11 CCK/di-
rect-sequence, spread spectrum
(DSSS) modulation. Additional ses-
sions will detail how the Bluetooth
and HomeRF standards can be ap-
plied to the development of home
multimedia networks. The session
will include a report on a low-cost di-
rect-conversion radio IC that sup-
ports IEEE 802.11 standards, and
will evaluate how anew IEEE 802.11
chip set performs in a reference
PCMCIA II card design.

A track on components for wire-
less systems design chaired by An-
thony Wutka of Texas Instruments,
Inc. (Dallas, TX) covers the design in
addition to the use of a variety of key
components, including operational
amplifiers and analog-to-digital con-
verters (ADCs). The opamp session
will cover the general physics driv-
ing the trend toward higher accu-
racy, lower voltage, and lower-cost
opamps. It will show attendees what
to look for when choosing opamps for
applications in this new and growing
market, cover key specs, testing
techniques, and trim techniques. It
would also include corroborating re-
port information from industry ana-
lysts that note which applications
show the strongest use of these new
op amps and why the overall market
growth is expected. The session on
high-speed ADCs will review the
progression of high-speed ADCs
with power consumption of less than
100 mW, and power-saving strate-
gies for off-the-shelf ADCs. The ses-
sion will also present a new approach
to portable-system firmware devel-
opment called out-in approach,
wherein the interface software and
the core functionality are developed
together. It will show how to detect
coding errors and performance er-
rors much earlier than the firmware
development methods that are usu-

ally used.

Another old friend of the Wireless
Symposium, Paul Khanna of Agilent
Technologies (San Jose, CA), will
chair a session on broadband wire-
less access. The session will provide
an update on fixed wireless access,
with a focus on recent developments
in the field of wireless access using
multiuser multipoint distribution
system (MMDS) and license-exempt
bands. A second session on broad-
band wireless-access will examine
developments in the field of fixed
wireless access solutions using mil-
limeter-wave frequencies, with a fo-
cus on local multipoint distribution
systems (LMDS) and a European
perspective on broadband wireless
access. In addition, Dr. Khanna will
be in attendance for awards presen-
tations at the Wireless Symposium
hosted by a new website for wireless
e-commerce, http://www.wireless-
wonders.com (see sidebar).

INTEGRATED CGIRCUITS

One of the most dedicated mem-
bers of the Wireless Symposium
Technical Committee, Mark McDon-
ald of Linear Technology Corp. (Mil-
pitas, CA), will be chairing a track on
wireless IC solutions. His track will
include a session on single-mask pro-
grammable RF IC technology and
how it can be applied for solutions in
dual-band cellular telephones. The
technology supports straightforward
optimization of such parameters as
bias, noise figure, and output power
from a base wafer.

In contrast to the tiny IC, a track
on base-station trends chaired by Pe-
ter Rha of San Francisco University
(San Francisco, CA) offers presenta-
tions on a number of state-of-the-art
base stations employed in cellular
and PCS systems, providing insights
into what is currently possible at this
level. Sessions highlight the architec-
ture and signal-processing issues of
reconfigurable base stations to sup-
port multiple standards of cellulaz
and PCS systems, the design meth-
odology of a single intermediate-fre-
quency (IF) Global System for Mo-
bile Communications (GSM)/EDGE
transmitter by modeling the DSP,
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digital-to-analog converter (DAC),
and IF/RF sections, and architecture
issues related to providing a cost-ef-
fective software-radio design for
base stations.

A track on modulation techniques
chaired by Earl McCune of Tropian,
Ine. (Cupertino, CA) spotlights hy-
brid-phase-shift-keying (HPSK)
spreading, which has been proposed
as the spreading technique for the re-
verse link of 3G technologies, such as
WCDMA and edma2000. In these
systems, the mobile phone can trans-
mit multiple coded channels at differ-
ent power levels. HPSK supports
multichannel transmission while
minimizing the peak-to-average
power ratio of the signal. A presenta-
tion on HPSK will explain how the
technique works and why it has been
selected as the spreading method for
3G direct-sequence, spread-spec-
trum systems.

ANTENNAS AND RADIOS

The sessions previewed here are
only a sampling of the many presen-
tations to be made at the upcoming
Wireless Symposium/Portable By
Design Conference & Exhibition.
For example, a track on high-power
design chaired by Dave Osika of
ANADIGICS, Inc. (Warren, NJ) re-
views the circuit topologies and de-
vices for 3G handsets, while a track
on antennas chaired by Peter
Slettman, Remec Magnum (San Jose,
CA) covers microcellular and in-
building antennas, limitations on
small antennas, and the latest smart-
antenna designs. A session on ultra-
wideband radio design chaired by
Eric Schmidt of Centerpoint Broad-
band Technologies (San Jose, CA)
will unveil new products and tech-
nologies for this time-modulated ra-
dio technology, as well as a review of
the latest in OC-12 modems for point-
to-point LMDS applications. For
more information on the Wireless
Symposium/Portable By Design
Conference & Exhibition, contact
Conference Manager, Betsy Tapp, at
Wireless/Portable 2000, 611 Route 46
West, Hasbrouck Heights, NJ 07604;
FAX: (201) 393-6297, e-mail: btapp
@penton.com, Internet: http:/www.
WirelessPortable.com. ®®
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DuPont

National Semiconductor chose
DuPont Green Tape™ materials to
integrate passive components into

circuit substrates used in wireless

communications devices, improving

performance and reducing circuit
size and cost.

The Challenge: Small-Size,
High-Performance Circuits
for Wireless Telecom
In wireless communications devices

such as cellular telephones, wireless

LANSs and satellite global positioning

systems (GPSs), the ratio of passive
to active components may be more
than 100:1, which increases circuit
size, weight and cost. National
Semiconductor engineers needed to
address the problem of integrating
the necessary passive components,
while still meeting circuit size and
cost-reduction goals.

In addition, the new circuit had to meet
complex performance requirements.
Portable wireless components typically
operate in the 900 MHz-2.4 GHz
range, and require high efficiency
(or high Qs) to meet stringent power
and signal integrity requirements.

The Solution: Dupont 951
Green Tape™ System
The new circuit substrates use the
DuPont 951 Green Tape™ system

with embedded indu
capacitors, combined with Natic
Semiconductor’s BICMOS
frequency synthesizer 1Cs.

The combined technology was

first used on a VCO/synthesizer
designed to embed the resonator
and several passive circuit elements
of a loop filter in a frequency control
module. The embedded technology
reduced circuit size by a factor of
four and cut costs by half. The circuit
has eight conductive layers, 200-
micron lines and spaces, and 150-
micron vias. It contains two buried
inductors and four buried capacitors.
Each substrate master produces 64

individual circuits.

The embedded functions of the
substrate eliminate many inter-

connections with poorly controlled
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impedance, which traditionally
require additional components to
control the effects of parasitics
and impedance mismatches.
Concurrent design of active RF
1Cs with substrates containing
embedded passives simplifies
IC design and improves circuit
efficiency to reduce power
consumption, improve battery life,
or reduce battery size.
For more information,
call DuPont at 1-800-284-3382,
press 3, or visit the DuPont

Microcircuit Materials Web Site
(http://www.dupont.com/mcmy/).
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New Era Products Check-In
At Wireless Symposium

The innovative components needed to sustain the growth
of wireless communications in the 21st century will
make their debut at the Wiveless Symposium.

GENE HEFTMAN

Senior Editor

T is a new year, a new century, and a new millennium, and another op-

portunity to ponder and examine the newest products and latest tech-

nology available to designers of wireless-communications equipment.

The big event takes place at the Eighth Annual Wireless Symposium and
Exhibition in San Jose, CA, February 22-24, 2000. Next year, 400
providers of components, test equipment, software, and services will begin
the journey into 21st century communications technology. Ahead in this
adventure lie the opening stages of third-generation (3G) wireless, the
first trials of Bluetooth technology, the mobile Internet, local-area net-
works (LANs), plus unknown projects still in the embryonic stage. Some of
the kinds of products needed to get there appear on the following pages.
Thousands more will be on display at the Symposmm
Phase-locked source ——
offers low phase-noise

A new series of fixed-frequency,
phase-locked sources that operate
over the range of 70 to 300 MHz de-
liver optimum performance in terms
of phase noise and spurious rejection.
They use a custom-built phase-detec-
tor chip with a noise floor of —160
dBm. This device can handle fre-
quencies up to 50 MHz to enable a
phase-locked loop (PLL) to do a com-
parison at the input-reference fre-
quency (in most cases). This lowers

the divide-by number of the voltage-
controlled oscillator (VCO) fre-
quency, resulting in lower phase
noise, higher spurious rejection, and
wider loop bandwidth, if needed, to
substantially minimize microphonic
effects. The device is housed in a
compact surface-mount package

(SMP). The sources are well suited
for high dynamic-range applications.
Synergy Microwave Corp., 201
McLean Blvd., Paterson, NJ
07504; (973) 881-8800, FAX: (973)
881-8361, e-mail: sales@syner-
gymwave.com.
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Single-balanced mixer
smaller than hybrids

An ultra-miniature single-bal-
anced mixer, the HMC272MS8
comes in an 8-lead plastic surface-
mount Mini Small Qutline Package
(MSOPS8). A passive mixer, it is con-
structed of gallium-arsenide (GaAs)
Schottky diodes and a planar trans-
former balun on a single chip. The
RF port is balanced via the mono-
lithic-microwave-integrated-circuit
(MMIC) balun while the local-oscilla-
tor (LO) port is connected directly to
the diodes. The device can be used as
an up- or downconverter for personal
communications systems (PCS),
wideband code-division multiple ac-
cess (WCDMA), 2.4-GHz industrial-
scientific-medical (ISM) band, and
other communication systems. No
external components are required to
operate the device. Measuring 0.118
X 0.190 X 0.040 in. (3.0 X 4.9 X 1
mm), the mixer is the thinnest one on
the market. Electrical performance
is guaranteed over the temperature
range of —40 to 85 C. Samples with
evaluation printed-circuit boards
(PCBs) and production quantities, in-
cluding tape-and-reel packaging, are
available from stock. P&A: $0.69
(100k qty.). Hittite Microwave
Corp., 12 Elizabeth Dr. Chelms-
ford, MA 01824; (978) 250-3343,
FAX: (978) 250-3373, Internet:
http://www.hittite.com.
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surfing
for
surface

breeeng.com
“The Surface Mount Experts”

Bree Engineering

RF Microwave Filter
Manufacturing & Design

1269 Linda Vista, San Marcos, CA 92069
(760) 510-4950 * Fax: (760) 510-4959
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EDA software has
more automation
A new release of the Advanced De-

sign System (ADS) electronic-de-
sign-automation (EDA) software
package from the EEsof group aims
at improving designer productivity
in the areas of design automation, de-
sign education, and usability. Re-
lease 1.3 includes new tools called de-
sign guides to help less experienced
designers achieve first-pass success
easier and faster. Enhancements to
the ADS core provide real-time in-
teractive tuning of multiple parame-
ters, analysis, and synthesis of trans-
mission lines, filter synthesis,
matching network synthesis, im-
proved noise analysis, and faster
large-scale circuit-envelope simula-
tions. To make designers more
knowledgeable, the company offers a
curriculum of application-specific
short courses developed by industry
and academic experts. Agilent
Technologies, Inc., Test and
Measurement Org., 5301 Ste-
vens Creek Blvd., MS 54LAK,
Santa Clara, CA 95052; (800)
452-4844 ext. 6850.
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Power GaAs FETs
designed for WLL

A family of gallium-arsenide
(GaAs) field-effect transistors
(FETs) can be applied as power de-
vices in wireless-local-loop (WLL)
power amplifiers (PAs) in the 3.4-to-
3.6-GHz frequency band. The MGFC
series offers typical P1dB power out-
puts ranging from 4 to 30 W, while
third-order intermodulation (IM3)
distortion for the series is typically

—45 dBc at power outputs from 25 to
34.5 dBm, depending on the specific
device. The FETs are matched inter-
nally to 50 (2 to simplify system de-
sign. They are hermetically sealed in
metal/ceramic packages for high reli-
ability. Mitsubishi Electronics
America, Inc., 1050 East Arques
Ave., Sunnyvale, CA 94086;
(408) 730-5900, Internet: http:/
www.mitsubishichips.com.
CIRCLE NO. 136 or visit www.mwrf.com

Datacom transceivers
work over short range

The second-generation (2G) ampli-
fier-sequenced-hybrid (ASH)
transceiver family is designed for
short-range data-link applications in
North America, Europe, and Scandi-
navia. The TR1000 is the North
American version at 916.5 MHz, the

TR1001 is for Europe and Scandi-
navia at 868.35 MHz, and the TR3000
handles I-ETS 300 220 applications
at 433.92 MHz. ASH transceivers are
small hybrids that offer a completely
integrated solution, with all RF fil-
ters and active circuitry contained
within the module. The receiver con-
tains a log detector in combination
with digital automatic-gain control
(AGC) achieves 100-dB dynamic
range. On the transmit side, a user
can choose on-off-keying (OOK) or
amplitude-shift-keying (ASK) modu-
lation. Transmitter power can be ad-
justed to meet Federal Communica-
tions Commission (FCC) limits with
a wide range of antennas.

The TR1000 and TR1001 are
housed in 0.28 X 0.40 X 0.08-in. (0.71
% 1.02 X 0.20-cm.) metal-ceramic hy-
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i 1 Watt Linear Power LMDS Base Station Transmitter

LOIN RF OUT
F=*13.5 - 15.5 GHzemmll || BPF " A 2 A i Detector F="26 - 31.5 GHz
+10 to +15 dBm P1dB = +30 dBm

Driver Power

* = Any 300 MHz Bandwidth

Variable
Attentuater

45 days delivery for small quantities (5-10 PCS)
at a price of $2250.00 each, or (1000 PCS) at a
price of $1550.00 each.

IFIN
F="1.1-4.5GHz
-15 to -25 dBm
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Power Amp}liﬁers
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D@wnﬂC@)nverters
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Full Transceiv(ers

12 To 60 GHz Coverage

Narda DBS Microwave

48056 Golden Foothill pm]r’]kwary n rd
DBS Microwave Inc. El Dorado ][—T[IMhy CA 95762 a a
Phone: (q‘l ‘f)) 939-7545 dbs microwave
Fax: (916) 939-7540

emails info@dbsmw.com an ‘9 communications company
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brid packages. The TR3000 comes in
2 0.35 X 0.42 X 0.08-in. (0.89 X 1.07 X
0.20-cm) package of similar construc-
tion. P&A: $17.50 (1000 qty.). RF
Monolithics, Inc., 4347 Sigma
Rd., Dallas, TX 75244; (972) 448-
3700, FAX: (972) 387-8248, Inter-
net: http:/www.rfm.com.
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Solid-state RF amps
test CDMA drivers

Three solid-state RF amplifiers
are intended for testing the driver
amplifiers used in code-division-mul-
tiple-access (CDMA) wireless trans-
mission. The “S” series amplifiers are
similar to an existing family but de-
liver more power at narrower band-
width. All three—the 12081G3,
60S1G3, and 30S1G3—offer fre-
quency response from 0.8 to 3.0 GHz,
and are intended to test narrower
frequency responses than the origi-

C\/\\
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nal family. The amplifiers can mini-
mize adjacent-channel power, a key
factor in achieving high-quality
CDMA transmissions. P&A:
120S1G3, $67,000; 60S1G3, $35,000;
30S1G3, $18,000. Amplifier Re-
search, Inc., Souderton, PA;
(215) 723-8181, Internet: http:/
WWW.ar-amps.com.
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Silicon-carbide transistor
suits wireless

Silicon-carbide (SiC) metal-semi-
conductor-field-effect-transistor
(MESFET) technology is a new high-
power alternative to traditional gal-
lium-arsenide (GaAs) and metal-ox-
ide-semiconductor (MOS) processes.
The CRF-20010 is a SiC power tran-
sistor for wireless and broadecast ap-
plications. It is a 48-V, 10-W high-lin-
earity RF transistor having a gain of
12 dB at 2 GHz. In some applications,

the device can eliminate a DC-to-DC
converter as may be required with
GaAs and MOS devices. The typical
application is in a driver stage of
wireless base-station amplifiers. It
can operate under a number of access
methods including time-division mul-
tiple access (TDMA), code-division
multiple access (CDMA), and fre-
quency modulation (FM). Cree Re-
search, Inc., 4600 Silicon Dr.,
Durham, NC 27703; (919) 313-
5300, FAX: (919) 313-5452, Inter-
net: http://www.cree.com.
CIRCLE NO. 139 or visit www.mwrf.com

TCXO/VCXO comes in
surface-mount form

Housed in a surface-mount-pack-
age, the Model X03080 is a tempera-
ture-compensated/voltage-con-
trolled crystal oscillator for wireless
applications. The frequency range is
10 to 100 MHz. Operation is from a 5-

RF and WMicrowave

Sonoma Scientific

Isolators and Circulators

SinglewJ ui{ctioh |

TETRA/EGSM/PCN/PCS/WCDMA Designs

Isolation: 23 dB TYP, Some Designs>28 dB

Insertion Loss: 0.3 dB TYP, Some Designs<0.15 dB
Power: 100 Watts TYP, Some Designs>200 Watts
Dual Junction Units Also Available
» Surface Mount & Connectorized Units
* 150 MHz to 40 GHz
* High Performance
* Low Cost
» High Volume

Sonoma Scientific
3589 Westwind Blvd., Santa Rosa, CA 95403
Ph. (707) 522-0181 Fax (707) 522-0184
Email: isolators@sonomascientific.com
Visit us at: http://www.sonomascientific.com
CIRCLE NO. 416 or visit www.mwrf.com

207-D North 1st Street, Stroudsburg, PA 18360
1-877-MegaPhase » 1-877-MegaFax
570-424-8400 » 570-424-6031

megaphase.com
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From all of us at Ericsson RF Power Products

Watch for us in 2000 with exciting new products for
W-CDMA, GSM, DAB, PCS and more. And take some
time this Holiday season to visit our web site at:

www.ericsson.comlrfpower

. - Technology Choice .
Ericsson :
RF Power Products
+46 8 757 4700 Europe

o
+1 408 776 0600 United States ERICSSON ’
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V power supply. The temperature
stability is + 0.75 PPM over the tem-
perature range of —30 to 70°C. De-
pending on the version, aging per
year can be as low as = 1 PPM maxi-
mum. The output signals from the
various models are sine waves. Oscil-
lators are housed in a 0.98 X 0.69 x
0.22-in. (2.49 X 1.75 X 0.559-cm) sur-
face-mount reflow package. Piezo
Technology, Inc., 2525 Shader
Rd., Orlando, FL 32804; (407)

A
Wi rEIesfammsium

Portable by besign

298-2000, FAX: (407) 293-2979, e-
mail: sales@piexotech.com., In-
ternet: http:// www.piezotech.
com.
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High-frequency duplexer
used for wireless modems
The CCDP-90 is a 2.4-GHz du-
plexer designed for wireless modem
applications. It achieves 100-dB re-
ceiver-to-transmitter isolation be-
tween channels with less than 2.5-dB
loss in the passhand. One channel
passband is 2400 to 2424 MHz while
the second is 2440 to 2463 MHz. The
duplexer comes in a package measur-
ing5.0x 35X 1.0in. (12.7 X 89X 2.5
em) with SMA connectors. Standard
as well as custom designs are avail-
able. ClearComm Technologies,
Inc., 1918C Northwood Dr., Sal-
isbury, MD 21801; (410) 860-
0500, FAX: (410) 860-9005, e-

mail: clearcomm@dmv.com, In-
ternet: http://www.clearcom
mtech.com.
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Subminiature crystal
fits portable products
Measuring just 0.125 % 0.01 X 0.03
in. (3.2 X 2.5 X 0.7 mm), the FA238
series of crystals are designed for
portable applications requiring
miniature surface-mount packages.
The crystals are available over a fre-
quency range of 20 to 50 MHz and op-

Iz

oror (PBest Performance in
a Supporting (Role, the

MWinner is...

Sector Microwave

Equipment

Used Industrial Equipment is Less Expensive
and Usually Available Without Delay. Find the
Equipment You Need in the World’s Largest
Database of Used Industrial Equipment -

The Used Equipment Network. UEN Carries
over 70,000 Items, including Metalworking,
Material Handling, Chemical Process,
Electrical, Communications & Transportation

www.buyused.com

SAVE TIME & MONEY

BUY & SELL USED

Go With the Winner.....

Use Sector Switches!!

999 Grand Blvd.,
Deer Park, L.I., N.Y. 11729
(516) 242-2300
FAX: 516-242-8158

www.sectormicrowave.com

S

UEN is operated by Used Equipment Directory
Hasbrouck Heights, NJ

Call 201-393-9558 for more information

CIRCLE NO. 413

CIRCLE NO. 432

MICROWAVES & RF « DECEMBER 1999




A SUBSIDIARY OF THE GENERAL ELECTRIC
COMPANY PLC OF ENGLAND

Millwatts to

o PRODUCT RANGE: FOR:
g @ TRAVELING WAVE TUBES AVIONICS

@ MAGNETRONS DEFENSE

@ PASSIVE COMPONENTS COMMUNICATIONS
CDL LOW NOISE AMPLIFIERS o MEDICAL
SPECIALIZ i

@ INTEGRATED MICROWAVE INDUSTRIAL

ASSEMBLIES

Microwave oo

@ CUSTOM DESIGN PRODUCT DEVELOPMENT

Components -z
& PRODUCT SUPPORT

Shopping for microwave products couldn’t be easier. EEV is world renowned as the

company with a wide range of components across the entire microwave spectrum.
Now with the integration of solid-state activities EEV can offer even more innovative
integrated solutions for your requirements.

USA: EEV, Inc. CANADA: EEV Canada Ltd., UK: EEV Ltd,, wWWwWWw.eev.com
Telephone: (914) 592-6050 Telephone: (305) 678 981 | Telephone: +44 (0) 1245 493493

Toll Free: 1800 DIAL EEV Facsimile: (905) 678 7726 Facsimile: +44 (0)1245 492492

Facsimile: (914) 682-8922 E-mail: inffo@eevinc.com E-mail: inffo@eev.com

E-mail: info@eevinc.com
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erate in the fundamental mode. Tol-
erances available are =30 and =50
PPM. They are packaged in ceramic
cases and are rated for operation
from -20 to 70°C. P&A: $1.40 (pro-
duction quantities). Epson Elec-
tronics America, Inc., 1960 E.
Grand Ave., El Segundo, CA
90245; (310) 955-5300, FAX: (310)
955-5400, Internet: http://www.
eea.epson.com.
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Low-loss LTCC materials
extend past 40 GHz

The Green Tape®™ 943 system is a
low-loss, low-temperature-cofired-
ceramic (LTCC) materials system
that offers low loss-tangent and at-
tenuation equivalent to that of poly-
tetrafluoroethylene (PTFE) lami-
nates and thin film on alumina at 40
GHz and beyond. It is available with
a full line of compatible co-fired silver
(Ag) and gold (Au) conductors. Green
Tape LTCC materials are used to
create high-density interconnects
with embedded functions. They are
becoming the materials of choice for
functions that must meet demanding
size and cost requirements. DuPont
Microcircuit Materials, 14 T.W.
Alexander Dr., Research Trian-
gle Park, NC 27709; (919) 248-
5752, Internet: http:/www.du-
pont.com/mem.
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Computer simulation aids
in filter designs

A new version of the CST Mi-
crowave Studio (ver. 1.1) software is
used for filter design and the design
of high-speed digital devices. A new
feature is the Eigenmode Solver,
through which a modal analysis of
eigenmodes supports the fast calcu-
lation of weak coupled or high reso-
nant structures. The new version
also enables better importing of com-
puter-aided-design (CAD) data and
the reading of DXF files used with
planar structures. A number of other
improvements are also incorporated
in ver. 1.1. CST of America, Inc.,
124 Mount Auburn, Suite 200N,
Cambridge, MA 2138; (617) 576-

A
Wiralesahmsium
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5857, FAX: (617) 576-5702, e-
mail: info@cst-america.com.
CIRCLE NO. 144 or visit www.mwrf.com

Test emulator extends
coverage to 2.5 GHz

To meet the requirements of next-
generation wireless systems, the
4600AH Noise and Interference Em-
ulator has been upgraded to a fre-
quency range of 2.5 GHz. This will
enable it to handle testing of equip-
ment that operates in the personal-
communications-systems (PCS),
IMT-2000, and 2.4-GHz industrial-
scientific-medical (ISM) bands. The
instrument is integrated for per-
forming accurate carrier-to-noise
(C/N) and carrier-to-interference

(C/1) tests. It accurately measures
the power of an incoming RF signal,
then adds the specified amount of
noise or interference to obtain a de-
sired C/N or C/I ratio. It is available
with TASKIT/4600 for Windows
software to facilitate test setup and
control. Telecom Analysis Sys-
tems, Inc., 34 Industrial Way
East, Eatontown, NJ 07724;
(732) 544-8700, FAX: (732) 544-
8347, e-mail: sales@taskit.com,
Internet: http://www.taskit.com
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EM simulator designs
complex structures

The High-Frequency Structure
Simulator (HFSS) version 7.0 en-
ables engineers to design three-di-
mensional (3D) high-frequency
structures such as connectors, inte-
grated-circuit (IC) packages, and an-
tennas found in cellular phones, com-
munications systems and microwave
circuits. Version 7.0 integrates an op-
timization and parametries module
called Optimetrics™, and a faster
solver engine. This allows the user to
import simulation results directly

into the optimizer, allowing engi-
neers to understand device charac-
teristics over a large design space.
Then it is easy to identify the highest
performance design that is least sen-
sitive to manufacturing tolerances.
The program permits users to opti-
mize s-parameters and any field
quantity that can be calculated using
the post-processor. Examples in-
clude far-field gain, near-field magni-
tude, and specific absorption rate.
Ansoft Corp., Four Station Sq.,
Pittsburgh, PA 15219; (412) 261-
3200, FAX: (412) 471-9427, e-
mail: info@ansoft.com.
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Power meters make
HDTV measurements
High-definition-television
(HDTV) measurements are the key
application for the 4530 Series RF
Power Meters. Designed for produc-
tion testing, the instruments can
make high-speed peak and continu-
ous-wave (CW) power measure-
ments from 10 kHz to 40 GHz, de-
pending on the sensor, across a
20-MHz modulation bandwidth. The
series incorporates statistical analy-
sis features such as histograms and
cumulative distribution functions,

(ST
enabling them to conduct fast analy-
sis of complex signals such as HDTV.
Up to 500,000 samples per second can
be captured in single-channel statis-
tical mode. Prices range from $3650
to $5650 with 12-wk. delivery. Boon-
ton Electronics Corp., 25 East-
mans Rd., Parsippany, NdJ
07054; (973) 386-9696, FAX: (973)
386-9191, Internet: http://www.
boonton.com.
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For-All Your Measurement Needs
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MAURY MICROWAVE can provide the necessary equipment
for making s-parameter, load pull, fixture characterization,
device characterization, or any other measurement you require.

Our complete line of test port cables, connectors, test fixtures, tuners,
and software includes all the tools you need for accurate measurements.
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Manual Tuners to 50 GHz

2640D
L ! ?! 7941A
‘4’“?‘

Label: fixture measurement

3 w Yz

. MT956D S-Parameter/Fixture \
Measurement Software runs 8045N High Matching Range
under Windows® 95/98/NT and Manual Tuner, used for device
works with most Hewlett-Packard characterization, is specifically
and Anritsu network analyzers. designed for PCS and Cellular

. Applications.
MT950G with MT982A Automated Tuners

8944B VNA Test Port Cable and Adapt(r Kit

eW
_‘ i MT950G Transistor 8944/8946 VNA Test Port Cables
/ Test Fixture is ideal and Adapters are perfect for making
& for testing short lead precise phase and amplitude stable
S - D transistors packages.* measurements up to 50 GHz.
: \\Q *Custom inserts (like those at left) are available. :
W For moré information about these and other fine Maury products,

call or fax our SALES DEPARTMENT at the numbers below.
M AURY MICROWAVE Visit us on the World Wide Web at

r‘l CORPORATION httpilwwwmaurymwcom
wgs."» < "
2900 Inland Empire Blvd * Ontario, California 91764, USA + Tel: 909-987-4715 'Fax: 909-987-1112

Email: maury@maurymw.com
VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #1138
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Learn about the latest products and

technologies without leaving your desk

The EDTN Network in partnership with

the ENEN.com production, technical and
studio staff bring you a continuing series
of live, interactive online audio & visual
seminars. These seminar# are intended
to introduce you to new products

provided by leading manufacturers

and software developers. The seminars

are also archived so you can view them

at your convenience.

To attend an online seminar
go to: www.netseminar.com

ENE N

ELECTRONICS DESIGN, TECHNOLOGY
& NEWS NETWORK

www.enen.com www.edtn.com




Ine Amplifier Technology Is Ours,
But The Power Is All Yours.

We build over 22 years of accumulated design PI’OdUCfS:

technology and production know-how into all our * Low Noise Ampilifiers for all standards
LNAs, HPAs, PLL Oscillators and Converters. This * High Power Amplifiers:

results in unequalled power that gives our customers ggﬁx’ ?g&iaggkﬁr?aﬁ %’O’Bd
the competitive edge in performance, cost and WLL, LMDS, SATCOM

delivery. From our ISOQOOj factory, more ‘rhqn e Ku-Band VSAT Transmit

15,000 units have been shipped and installed in « PLL Oscillators (Ku thru Ka Bands)

Cellular, PCS, WLL and Satellite communication e LMDS Converters
infrastructures worldwide. ¢ Active Frequency Multipliers

When YOU need power we deliverl e Custom Designs for RF to Milimeterwave

e Volume Production Capacity

il MICROWAVE & RF INCORPORATED

In Readiness For Phone: 408-727-1189 Fax 408-727-5915
Next Age Technology email: itkim@nextec-rf.com
VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #1906 CIRCLE NO. 383



Electromagnetic Software
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for 3D Planar Analysis

| Precise analysis of
~ -MMICs -MICs  -modules  -antennas
-PCBs -3D planar interconnects

NEW! Version 6.0 release with
- faster field solver (2x to 10x!)
- shared PC/UNIX network licensing
- redesigned interfaces for Windows/Motif
- plug-in interface to HP-EESof ADS

KCC Micro-Stripes™

for Full 3D Analysis

Efficient 3D time-domain analysis of
-waveguides -antennas -RF packages
-3D interconnects  -RF transitions

Coming Soon! Version 5.0 release with
- new solid modeler based on ACIS SAT kernel
- solid model import/export
- parameterized element definition
- integrated macro facility for automation

NOW AVAILABLE: Sonnet Lite, a FREE 3D Planar EM software suite.

Visit our web site (www.sonnetusa.com) for FREE DOWNLOAD.

Accurate analysis means

success on f7/ 'S¢ fabrication.

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #1033

© Copyright 1999 Sonnet Software, Inc.

Sonnet Software, Inc. e 1020 Seventh North Street e Suite 210 o Liverpool NY e 13088

(315) 453-3096 e fax: (315) 451-1694

info@sonnetusa.com e wWww.sonnetusa.com
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How Could So Many Companies Be Wrong?

Bluetooth markets should begin to explode in 2000. At least, that is the hope and think-
ing of the founding Bluetooth member companies, Ericsson, IBM, Intel, Nokia, and
Toshiba Corp., along with more than a thousand other companies in support of the de-facto
standard as part of the Bluetooth Special Interest Group (SIG). The predicted market
numbers are staggering, with projections in the area of hundreds of millions of electronic
devices per year. But the expected costs for these devices are also shocking, in the neigh-
borhood of $10 or less for complete Bluetooth transceiver systems operating at 2.4 GHz.

Combine the aspects of high volume and low cost with the implied critical time to mar-
ket issues, and Bluetooth represents a wireless market that is not unlike other large wire-
less markets, such as those for hand pagers and cellular telephones. The difference is that
where a family today might own one or two cellular handsets, the potential number of
Bluetooth devices within a household is large. Conceivably, any electronic device that can
be controlled, or that can contain memory, is a candidate for Bluetooth. The most com-
monly touted applications revolve around the personal computer (PC), such as using Blue-
tooth wireless interconnections to link a PC to a printer, or to transfer database files be-
tween a PC and a cellular telephone or Personal Digital Assistant (PDA).

A number of companies are already manufacturing Bluetooth solutions (see “Bluetooth
Projections Push Product Development”), notably Scandinavian firms such as Digianswer,
Ericsson, and Sonera, although companies in the US, such as National Semiconductor, and
in Germany, such as TEMIC Semiconductors, have also taken a lead in the market with in-
tegrated-circuit (IC) building blocks.

With so many companies taking a vested interest, it is reasonable to assume that Blue-
tooth will take off. It is a very straightforward standard, largely based on the specifications
for the Digital European Cordless Telephone (DECT) system. Since Bluetooth is based on
established regulations in Europe, Japan, and North America within the unlicensed indus-
trial-scientific-medical (ISM) frequency range of roughly 2.4 to 2.5 GHz, no frequency-allo-
cation lotteries need be held, as with personal communications services (PCS). It is simply
one of those rare applications in which the available ISM bands within each area of the
globe happened to coincide, much to the delight of equipment suppliers everywhere. In
Europe and the US, for example, the available ISM frequencies at 2.4 GHz span from 2400
to 2483.5 MHz, with the exception of Spain, which uses 2445 to 2475 MHz and France,
which uses 2446.5 to 2483.5 MHz. In Japan, the range is 2471 to 2497 MHz.

In all cases, Bluetooth radios employ frequency-hopping, spread-spectrum (FHSS) meth-
ods, jumping across 70 1-MHz-wide channels. A basic Bluetooth system consists of a radio
transmitter and receiver, a baseband control unit, and link-management software. Fre-
quency-shift-keying (FSK) modulation is used to modulate data on the wireless carriers.

Bluetooth has an almost elegant simplicity to it, where radios can operate as either mas-
ter or slave units, with as many as seven slaves per master within a piconet. Since the mas-
ter of one piconet can be a slave within another piconet, there is almost endless flexibility
within the Bluetooth format—one of the many reasons for such optimism about the future
of Bluetooth.

Ron Schneiderman
Chief Editor

Wireless Systems Design
Jack Browne
Publisher/Editor
Microwaves & RF
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BLUEIOOI « Bluetootlbro.e tions
jection

Ron Schneiderman
Chief Editor, Wireless Systems Design

Bluetooth Projections
Push Product Development

Bluetooth stands to
become the fastest-

f market projections mean anything today in wire- growing de-facto

less communications, one of the most dramatic is gtandard ever.

that before the year 2002, Bluetooth technology will

be built into hundreds of millions of electronic de-

vices. This would make Bluetooth technology the fastest-growing de-facto standard, and would certainly chal-
lenge the Internet as the fastest adaptation of any technology ever.

So much for the hype, where are the products? A few key players demonstrated the potential for Bluetooth at
the recent Telecom ‘99 in Geneva and several more new products will be on display at the Bluetooth Developers
Conference this month in Los Angeles.

In Geneva, Motorola used its P1088 “smartphone,” expected to be available early next year, to demonstrate
Bluetooth’s capabilities. Motorola is reportedly working Bluetooth across six of its product groups, including its
commercial land-mobile operation, and Telematics, which deals with automotive applications. Motorola has also
recently acquired Danish Bluetooth specialist Digianswer from Olicom A/S. Digianswer’s current Bluetooth ef-
fort is a PC card-based Bluetooth developer’s kit that it has been selling for at least seven months. Many of the
companies at Telecom ‘99 were using the Digianswer device to demonstrate their Bluetooth technology.

Motorola will embed Digianswer’s Bluetooth technology into its Digita DNA wireless connectivity, portable
computing, and home-networking product lines. The Digianswer product is a Type IT PC card with Bluetooth
compliant hardware/firmware and software support for Windows 95/98. The card is available in two versions, a
0- and +20-dBm radio, the second of which has additional features such as signal-strength indication and pro-
grammable radio amplifier. Ericsson also demonstrated a Bluetooth-based cellular handset, headset, and digital
camera at Geneva .

Perhaps the most-interesting application of Bluetooth at Telecom ‘99 was by Sonera, Finland’s leading net-
work operator, which used the technology in a soft-drink vending machine. Using the Bluetooth link, drinks could
be ordered using a Wireless Application Protocol (WAP)-based phone.

The application is a natural for Sonera, which supplies public-key-infrastructure (PKI)-based solutions for
mobile commerce throughout Finland. Sonera subscribers use pay-by-
Global System for Mobile Communications (GSM) phones to buy con-
sumer products and services. The company anticipates a fast-growing
and eventually huge mobile e-commerce market and views Bluetooth as
an opportunity to create a transaction-based market for mobile-network
operators.

The Gartner Group believes that at least 75 percent of new mobile
phones shipped by 2004 will support e-cash payment by Bluetooth links
to point-of-sale (POS) terminals and vending machines.

With more than 1100 members in the Bluetooth Special Interest Group
(SIG), expectations for Bluetooth technology are high. Shipments of
Bluetooth-enabled products are expected to begin to pick up during the
1. Less than 1-mm thick, Silicon  first half of 2000 and will then ramp up noticeably in the second half of

Wave's Bluetooth integrated the year. Growth will continue into 2001 and by 2004, the Converging

circuit (IC) combines radio, Markets & Technologies Group of Cahners In-State Group is projecting
modem, and controller that Bluetooth devices could exceed 400 million units.

functions in a single Several semiconductor, test and measurement, antenna, and other ven-
component. dors are pressing hard to take advantage of those heady numbers. [
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Projections

Silicon Wave (San Diego, . bronn, Germany), a wholly
CA) plans to delivery a fully AimoF's Bluetooth controtler owned subsidiary of Atmel
integrated Bluetooth radio, ARM Corp. (San Jose, CA), has
modem, and synthesizer. TOMI launched its own short-
The radio is designed using a External 1 A | range RF transceiver for
direct-conversion architec- o memory J(i PCMC'A<:> Bluetooth. The T2901 com-
ture for the 2.4-GHz trans- Flash | e IMe12CE plies with all Bluetooth spec-
ceiver. The modem is also | Internal -| USB e | ifications and, along with At-
fully integrated, including Tx RAM mel’s forthcoming Bluetooth
burst timing and control. « "] UART judy single-chip controller (base-
Synthesizer functions are fx > Bluetooth - band) and standard flash,
fully integrated and require <‘ 3wire bus bhaseband [<— forms an integrated module
no external voltage-con- | A Voice > with all of the ICs needed for
trolled oscillator (VCO) or <‘ - - < <€ cogec B Bluetooth. The new con-
resonator. The chip (Fig. 1) | \REchip-control signals troller (AT76C551) will inte-
requires no major external grate an ARM7 TDMI core

discrete components or
other devices. Rather, it in-
terfaces to a simple switch
and antenna, system-timing
crystals, and a small number of low-
cost discrete capacitors and resistors.

Dave Lyon, Silicon Wave’s CEOQ,
views the device as the first high-vol-
ume, low-cost application of a soft-
ware-define radio, or software radio.
The integration of so much functional-
ity on a single chip provides the fastest
path to a $5 Bluetooth solution in the
marketplace. Lyon believes the price
for high volumes of the component will
drop to $5 by the end of 2001.

The Silicon Wave chip functions as a
radio-peripheral device and connects
to a separate complementary-metal-
oxide-semiconductor (CMOS) digital
controller that implements the high-
speed data-control functions of the
Bluetooth medium-access-control
(MAC) layer. By next year, Silicon
Wave plans to provide a single-chip ra-
dio-modem-synthesizer with the Blue-
tooth MAC layer integrated on the
chip. Based on customer requirements,
Silicon Wave will also facilitate the in-
tegration of the controller functions
into a separate baseband controller or
host processor in the customer’s prod-
uct by making the digital controller for
the radio-modem-synthesizer avail-
able in four options—standalone, inte-
grated into the radio-modem-synthe-
sizer integrated circuit (1C),
incorporated into a separate baseband
controller, or incorporated directly into
the customer’s host processor.

Silicon Wave is currently shipping
component prototypes. The device is
available in a 68-pin, 10 X 10-mm plas-
tic package and is supported by Blue-
tooth protocol stack software up

10

2. Atmel’'s AT76C551 Bluetooth controller, available
in several options, integrates an ARM7TDMI core
and dedicated Bluetooth baseband block.

through the host-controller-interface
(HCI) layer, which can be licensed
from Silicon Wave. Production sam-
ples will be available in the first quar-
ter of 2000 with full production in the
second quarter.

Meanwhile, Silicon Wave has agreed
to collaborate on Bluetooth develop-
ments with TDK Systems Europe
Ltd., Tokyo-based module maker
Taiyo Yuden Co. Ltd., Hitachi Semi-
conductor (America), Ine. (San Jose,
CA), and Amkor Technology (Chan-
dler, AZ), and Extended Systems,
Inc./Counterpoint Systems Foundry.

The TDK agreement takes advan-
tage of that company’s interface and
mobile-communications software-
stack expertise. The first TDK prod-
ucts to incorporate Silicon Wave RF
devices will include PC Cards, Blue-
tooth kits for GSM phones, Bluetooth
Compact Flash adapters, modems,
and local-area-network (LAN) access
points. Taiyo Yuden will incorporate
Silicon Wave RF ICs into modules for
use in communications and computer
products. Hitachi will use its 16-b H8S
microcontroller as the baseband con-
troller and Silicon Wave's radio mo-
dem controller (RMC) to provide a
complete Bluetooth solution to origi-
nal equipment manufacturers (OEMs)
and module manufacturers. Extended
Systems/Counterpoint will focus on
developing a portable, embedded-pro-
tocol-stack matching Bluetooth speci-
fications. Silicon Wave’s RMC will be
packaged in Amkor’s MicroLead-
Frame IC packages.

TEMIC Semiconductors (Heil-

(Fig. 2), dedicated Bluetooth
baseband block, voice codec,
and standard interfaces, and
will interface directly with
the T2901 transceiver.

The T2901 adheres to the Bluetooth
0-dBm output power at the antenna,
spectrum spreading with 1600 fre-
quency hops per second switching
among 79 channels in the 2.4-GHz
band, with a gross data rate of 1 Mb/s.
Full-duplex transmission is achieved
by using a time-division-duplex (TDD)
scheme. The phase noise of the VCO of
—89-dBe/Hz at a 500-kHz offset as
well as transmit/receive (Tx)/(Rx)
turn-around-time of 100 p.s also meets
Bluetooth specifications.

The device has a ramp-signal gener-
ator for a smooth inerease of the out-
put power and an auxiliary voltage-
regulator on-chip. The supply-voltage
range is +2.7 to +3.3 VDC (+6 VDC
with additional PNP transistor). A
proprietary on-chip image rejection
mixer converts the frequency down to
111 MHz, reducing power drain. The
image-rejection mixer offers up to 35-
dB image rejection.

At —80 dBm, the sensitivity ex-
ceeds the Bluetooth requirements by
10 dB. “This distinguishes our solution
from others by a 10 times higher oper-
ating range,” says Udo Tillman, mar-
keting manager for Bluetooth RF so-
lutions at TEMIC.

The T2901 also contains a modula-
tion-compensation circuit (MCC) for
modulating the VCO. The MCC en-
ables an advanced closed-loop modula-
tion scheme, preventing frequency
drifts as usual with conventional open-
loop modulation and eliminates the
need for in-phase/quadrature (1/Q)
modulation used in some competing )
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RF solutions.

TEMIC is also developing a silicon-
germanium (SiGe) front-end IC
(T7024) for Bluetooth, which will in-
clude a power amplifier (PA) and low-
noise amplifier (LNA) as well as the
drivers of a positive-intrinsic-negative
(PIN) diode switch. This part, in con-
Jjunction with T2901, provides a +20-
dBm solution that will boost the range

of Atmel’s Bluetooth system beyond
100 m.

Samples of the T2901 are currently
available in TQFP48 packages.
TEMIC also is providing a design kit
with the reference design, interface,
and RF board, as well as evaluation
software.

Atmel will also provide all Bluetooth
software through the HCI and will de-
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velop software through the logical-
link-control adapter-protocol
(L2CAP) level.

Ericsson is also working with ARM
(Cambridge, United Kingdom) to in-
troduce a family of ARM-powered Er-
icsson Bluetooth cores and firmware
for licensing by OEMs and Si vendors.

“We have designed and imple-
mented several ARM7/TDMI core-
based controllers which have been
successfully incorporated into a vari-
ety of products including Eriesson mo-
bile phones,” says Orjan Johansson, di-
rector and general manager of
Eriesson’s Bluetooth Product Unit
(Stockholm, Sweden).

Ericsson and ARM are also co-de-
veloping software support, with full
compatibility to electronic-design-au-
tomation (EDA) tools through proto-
typing, interoperability testing, and
system-level verification. Prototype
Si of the initial Ericsson Bluetooth
core is available now.

Ericsson has unveiled a Bluetooth
headset for cellular phones. The head-
set has a radio chip that gives the user
a wireless range to 30 ft. (10 m). It can
be used with Eriesson’s T28, T28
World, and R320 cellular phones.

Ericsson has also signed an agree-
ment with Visa International to de-
velop secure payment solutions for the
purchase of goods and services over
the Internet via a mobile terminal over
open standards that include Bluetooth.
One area of cooperation will be devel-
oping a payment system for mobile e-
commerce using Ericsson’s Bluetooth-
enabled electronic wallet, which can
serve as a conventional wallet for bills
and coins, and contains multiple smart-
card readers. A smart card inserted
into the wallet can communicate with a
Bluetooth-based mobile terminal. The
mobile phone can be used for Internet
shopping using the smart card in the
wallet for payment.

Another company, Widcomm, Inc.
founded last year in San Diego, CA
specifically to design and manufacture
wireless products using Bluetooth
technology, has demonstrated its
Blue-Connect module, which is built
on Handspring’s Springboard expan-
sion platform. Blue-Connect will en-
able Handspring’s portable Visor or-
ganizer to automatically connect with
several computing devices.

With this add-on module, Wid- ()
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BLUETOOTH * Bluetooth = |
Projections

comm lets Visor users manage e-mail,
update contact information, and down-
load calendar appointments via a fast
and secure radio link. Future imple-
mentations of the unit will enable
users to access the Internet.

Widecomm is also working with Acer
NeWeb (San Jose, CA), the Acer
Group’s advanced communications di-
vision, to produce Bluetooth modules
produced by Acer, but based on
Wicomm technology. Texas Instru-
ments (Dallas, TX) is producing the
chip sets for Widcomm’s Blue-Connect
product.

Widecomm and Acer plan to follow
their arrangement on Blue-Connect
with an ongoing series of Bluetooth so-
lutions, including Bluetooth-enabled
personal-computer (PC), personal-
digital-assistant (PDA), and cellular-
phone adapters.

The Blue-Connect will be available
in the second quarter.

Las Vegas, NV-based Ensure Tech-
nologies has come up with a wireless

PC security solution for Bluetooth.
Called XyLoc, the device is designed to
prevent unauthorized access to confi-
dential information, and simultane-
ously makes access to network ser-
vices and business applications more
convenient for authorized users. At the
same time, XyLoc simplifies imple-
mentation of public key infrastructure
(PKI) by security digital certificates
stored on PCs, ensuring that they are
protected from unauthorized use.
George Brostoff, president of En-
sure, says his company’s technology
will feature Bluetooth-compatible
smart cards that will be interoperable
with any Bluetooth-enabled device.
Philips Semiconductors also expects
to be a major Bluetooth player. Due to
its similarities to the Digital European
Cordless Telecommunications (DECT)
standard, where Philipsis already a fac-
tor, Dirk Braune, international prod-
uct-marketing manager for corded and
cordless telephone ICs in Philips Semi-
con’s Telecom Terminals Business Unit,

Coaxial Cable for
RF and Viicrowave

207-0 North Tst Street, Stroudsburg, PA 18360
1-87 7-MegaPhase » 1-877-MegaFax
570-42494-8400 » 570-42494-60317

"
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says that the company was “60 to 70
percent there with the Bluetooth de-
sign before we even started.” Philips’
first Bluetooth chip set will be ready to
ship by early next year.

“By April next year, we will have an
enhanced baseband controller work-
ing with the UAA3558 transceiver,
with specialized hardware and soft-
ware for highly integrated Bluetooth
solutions,” notes Braune, “And soon
after that, we will have embedded-
system components to meet a wide
range of different Bluetooth profiles.”

Braune says that the range of Blue-
tooth solutions depends much on the
synergies between Philips Semicon-
ductors and VLSI Technology that
prompted their recent merger. On the
RF side, Philips contributes low inter-
mediate-frequency (IF) transceiver
technology, which it originally devel-
oped for DECT. Philips has also incor-
porated its new UAA3558 Bluetooth
transceiver into a thin-film hybrid RF
module that measures 10 X 12 mmand
consumes 45 mA in the receive mode
and 30 mA in transmit mode. VLSI
Technology will provide its baseband
controller for the Bluetooth product.

National Semiconductor Corp.’s
(Santa Clara, CA) Bluetooth entry is
the single-chip LMX3162 transceiver,
which also comes out of its work with
24-GHz DECT phones. The chip can
be used in combination with National’s
SC14402 integrated baseband proces-
sor for handset implementation.

The test and measurement commu-
nity is also onto Bluetooth with Agi-
lent Technologies (formerly Hewlett-
Packard) adding Bluetooth capability
its ESG-D series of digital generators
and 89441A vector signal analyzer for
testing Bluetooth designs,

A number of antenna companies are
Bluetooth-ready. RangeStar Interna-
tional Corp. (Aptos, CA) has devel-
oped a surface-mountable, single- or
dual-band antennas that can deliver a
0-dBi gain and is small enough to be
embedded into almost any product. It
measures 18 X 3.8 X 1.6 mm and
weighs 1 g.

Centurian International (Lincoln,
NE) is also demonstrating an internal
antenna for Bluetooth-enabled
portable computing devices. The an-
tennas are available in two designs—a
planar inverted F antenna (PIFA) or a
patch variation. BT
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Developing Measurement
Solutions For Bluetooth

Manufacturing test
requires the generation

etwork connections for computers, peripheral de- of GMSK frequency-

vices, and communications equipment have tradi- hopped signa|s and the
tionally taken the form of wire. But with the

emerging Bluetooth standard, economical, short- capture and ana|y5|5 of
range wireless local-area networks (WLANs) these signals over a

may soon be a reality. Bluetooth employs time-di- . .

vision duplexing (TDD) with slow frlt)aquency hop- _su ltably wide

ping to communicate over multiple wireless chan- InSstantaneous

nels. The physical and data links are u

straightforward, but the relevant test and mea- bandwidth.

surement issues for performance verification may

pose some problems.

A Bluetooth network consists of a master device and one or more slave devices." As many as seven slave
devices may be active at a particular time, but additional slave devices can be in the idle or packed state. In
Bluetooth terminology, a master device and its set of slave devices is referred to as a piconet. The coverage
area of a piconet can be extended by permitting a device to be attached to one or more piconets.

Bluetooth operates in the 2.4-GHz industrial-scientific-medical (ISM) band. In the US and Europe, except
for France and Spain, Bluetooth employs 79 channels, each with a bandwidth of 1 MHz. In Japan, France, and
Spain, the system is based on 23 channels, spaced at 1-MHz intervals. Data are transmitted at a raw bit rate
of 1 Mb/s with Gaussian frequency-shift-keying (GFSK) modulation employing a bandwidth-time (BT) prod-
uct of 0.5. Bluetooth is based on TDD, using 625-ms timeslots. All transmissions from the master device must
begin in an even-numbered timeslot. All transmissions from a slave device must begin in an odd-numbered
time slot. However, transmissions are allowed to span multiple time slots, up to a maximum of five time slots.
As a result, data transmission is not constrained to be symmetrical and the available bandwidth can be di-
vided between uplink and downlink traffic in various ratios. The maximum asymmetric data rate is 721 kb/s
and the maximum symmetric data rate is 185.6 kb/s (Fig. 1).

Robust operation is enhanced by frequency hopping. Bluetooth uses slow frequency hopping, at a hop rate
of 166 hops/s or one hop per time slot.

The Bluetooth standard specifies two types of physical links—synchronous-connection-oriented (SCO) and
asynchronous-connectionless (ACL) links. The
SCO links are intended for the transmission of

._- continuous streams of 64-kb/s audio. The standard
b e Master

L ed supports pulse-code-modulation (PCM) encoded

el e e audio (using A-law or pm-law weighting) and con-
ianfHup e tinuous-variable-slope-delta (CVSD) modulation
S u s e encoded audio. The ACL links are used for data

. e Slove transmissions.
.: G — transmits Complete validation of a Bluetooth system of-

> fers a number of test challenges, including verifi-

5625 : 4 cation of output-power calibration, spectral-mask
i

verification, frequency-hop control, loopback test-
1. The Bluetooth TDD/frequency-hopping ing, and protocol validation. However, given pres-
structure is based on 625-ps time slots. sures to meet market demands at prices as low ()
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2. These four screens show the frequency spectrum, amplitude
profile, modulation characteristics, and spectrogram of simulated
Bluetooth signals.

as $5 for Bluetooth devices, the scope
of manufacturing testing can be as-
sumed to be minimal. However,
achieving sufficient design margins
to allow minimal manufacturing test
will require component designs with
wide operating tolerances. As a re-
sult of these conflicting require-
ments, designs should be fully char-
acterized prior to manufacturing.

Characterization of a frequency-
hopping TDD design presents the
challenge of simultaneously captur-
ing frequency and amplitude transi-
tions. Of particular interest will be
the frequency-hopping pattern, oscil-
lator set-on time, as well as the am-
plitude profile of the Bluetooth sig-
nal. The key to acquisition and
analysis of these signals is the ability
to seamlessly record a signal over a
sufficiently long period of time, and
then apply post-acquisition signal
processing in order to examine the
signal with regards to frequency,
amplitude, modulation, and transient
behavior.

Given the pseudorandom nature of
the frequency-hopping pattern, it is
difficult to capture any particular
burst with a traditional spectrum an-
alyzer or modulation analyzer. A rel-
atively new tool, known as a real-
time spectrum analyzer, offers the
wide instantaneous bandwidth

needed to capture entire frequency-
hopping sequences.

The measurements presented here
are intended to demonstrate the na-
ture of Bluetooth signals and the
measurement challenges presented
to component designers. To create a
frequency-hopping GFSK-modu-
lated TDD signal, a model SMIQ03B
vector-signal generator from Rohde
& Schwarz (Munich, Germany) was
used. A frequency-hopping list was
created and stored in the signal gen-
erator and combined with an ampli-
tude-versus-time control list. The
signal generator was loaded with a
short list of only 15 hops across a 20-
MHz frequency span. The signal gen-
erator can be used for repetitive se-
quences having as many as 2000
frequency hops over any desired
span.

Signal acquisition and analysis were
performed with a model 3086 real-
time spectrum analyzer from Sony/
Tektronix (Beaverton, OR). The ana-
lyzer incorporates a downconverter
and is followed by an analog-to-digi-
tal converter (ADC) for signal acqui-
sition. This allows the instrument to
capture signals in instantaneous
bandwidths as wide as 30 MHz for pe-
riods that last to 50 ms. Reducing the
capture bandwidth (and, therefore,
the sampling rate of the ADC) en-

Supplement To Penton’s Electronics Group/WINTER ISSUE

ables extended periods of waveform
acquisition. Analysis of the captured
waveform is achieved by reprocess-
ing the signal to derive time-versus-
amplitude, time-versus, deviations,
as well as spectral information. Addi-
tional details regarding real-time
spectrum-analysis concepts can be
found in reference 2 at the bottom of
this page.

The complete record of all cap-
tured information, known as a spec-
trogram, can be seen in the lower
left-hand quadrant of Fig. 2. The x-
axis shows frequency (across a 10-
MHz span) while the y-axis shows
time, measured over a period of 15
ms. The colors in the spectrogram
represent the absolute amplitude of
the signal, ranging from blue at -100
dBm to red at 0 dBm. It can be seen
that the signal is on during nine
bursts in the observation window for
this test, with hopping taking place
several times. It can also be seen
from the three consecutive bursts on
the same frequency that there is a
slight frequency drift on each hop.

The spectrogram of Fig. 2 consists
of several hundred frames of data.
Any of these frames can be re-
processed in new domains by using
one of the marker functions to select
a frame for reprocessing. Figure 2
also shows a classical spectrum-
analysis display, along with a time-
versus-amplitude display in the up-
per right-hand frame. The start of
the burst was selected for display,
showing a rise time of approximately
35 ps. The lower left-hand display
was processed to show deviation ver-
sus time. The noise at the beginning
of the demodulated waveform indi-
cates that no burst is present. As the
amplitude of the burst stabilizes
halfway through the time period, a
deviation of approximately =200
kHz can be seen.

The Bluetooth standard provides a
low-cost method for electronic de-
vices to interact over wireless links.
The standard accommodates moder-
ate-rate data transfers (to 721 kb/s
assymetric and 185.6 kb/s
symmetric).BT
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Transceiver Provides
Bluetooth System Solutior

Based on a
multifunction

ffective radio designs for Bluetooth products begin transceiver IC. this

with transceiver integrated circuits (ICs) such as H H
the LMX3162 from National Semiconductor (Santa receiver and transmitter

Clara, CA). Leveraging the company’s proven CiFcuit can meet the

phase-locked-loop (PLL) technology, the LMX3162 needs of Bluetooth and
is suitable for low-power Bluetooth and HomeRF

applications in the 2.4-GHz band. It was used as the HomeRF desi gns for the

core of an RF transceiver design capable of meet- next several years.
ing the basic Bluetooth low-power specifications.

Introduced earlier in 1999 (see Microwaves & RF,
April 1999, p. 138), the bipolar-complementary-metal-oxide-semiconductor (BiICMOS) LMX3162 radio transceiver
was designed for low-cost frequency-modulation (FM) schemes such as Gaussian frequency-shift keying (GFSK).!
A high tolerance to system nonlinearity supports decreased operating current and lower voltage headroom. In
particular, the transmitter side of the radio benefits enormously. There is only a single frequency-modulated car-
rier which is insensitive to amplifier nonlinearities.> Noncoherent demodulation meets the bit-error-rate (BER)
performance requirements of these protocols and translates to simpler receiver architectures at reduced cost.*®

The full transceiver (Fig. 1) consists of the LMS3162 transceiver IC, a power amplifier (PA), voltage-controlled
oscillator (VCO), voltage regulator, transmit/receive (Tx/Rx) switch, ceramic filter, and surface-acoustic-wave
(SAW) filter. The LMX3162 BiCMOS IC® contains the PLL Tx and Rx functions. The 1.3-GHz PLL is shared be-
tween Tx and Rx sections. The transmitter portion of the LMX3162 includes a frequency doubler and high-fre-
quency buffer and employs direct VCO modulation. The receiver portion consists of a 2.5-GHz low-noise down-
converting mixer, an intermediate-frequency (IF) amplifier, a high-gain limiting amplifier, a frequency
discriminator, a received-signal-strength indicator (RSSI), and an analog DC compensation loop. The receiver ()
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1. This block diagram shows a complete Bluetooth transceiver based on the LMX3162 IC.
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section has a single-conversion archi-
tecture and the received signal is de-
modulated by a quadrature discrimina-
tor.” The IC features an on-chip
regulator to allow supply voltages
ranging from +3.0 to +5.5 VDC.

The ceramic filter is shared between
the Tx and Rx sections, while the SAW
filter provides the necessary IF selec-
tivity. The RSSI output may be used
for channel-quality monitoring and
regulation of transmitted power, as re-
quired by HomeRF and Bluetooth
specifications, respectively. The exter-
nal regulator supplies the

signal in Tx mode or idling in Rx mode.
There are two concerns with the open-
loop mode of operation.

The first issue is VCO drift as the
loop capacitors discharge or charge
(due to the leakage currents associated
with the PLLs charge pump and the
VCO’s varactor diode). This implies
that the VCO’s drift must be negligible
compared to the carrier frequency. To
achieve low-frequency drift of less
than 50 kHzin 25 ns at the upper end of
the operating temperature range, a
large capacitor is mandated. This mod-

is used to suspend the operation of the
opamp with sufficient isolation of the
capacitors. Once the PLL is closed, the
switch resumes sampling.

The maximum dwell time for Blue-
tooth is 11.25 ms, in the scan mode dur-
ing which the transceiver is receiving
only. Frequency drift can be avoided
without additional circuitry by using
the PLL in closed-loop mode while re-
ceiving data. This may degrade the
BER by a decibel or two, which is ac-
ceptable because the transceiver easily
meets Bluetooth’s minimum sensitiv-

ity requirements.

VCO and prevents frequency
pulling. The Tx/Rx switch
provides a path between the
antenna and either the Tx or
Rx section. The PA is imple-
mented using a discrete bipo-
lar transistor. An external
VCO module provides the
transceiver’s local oscillator
(LO) signals.

The transceiver’s on-board
PLL runs at one-half the fre-
quency of the industrial-scien-
tific-medical (ISM) band (2.4
to 2.5 GHz). An integrated
frequency doubler synthe-

Lmve21
Rs +

Switch

The second issue with open-
loop modulation is subtle.
The VCO’s phase noise can
be thought of in the time do-
main as cycle-to-cycle jitter
in the instantaneous fre-
quency. At the instant the
loop is opened, the instanta-
neous frequency of the VCO

< ea

380 pF

2200 pI

shows a random fluctuation
due to the phase noise, and
this must be included in any
error-budget calculations of
transmitter accuracy. This
indicates that the phase noise
is an important design crite-

sizes the required ISM-band
frequencies. This architecture
alleviates the disturbance to
the LLO when the PA is switched on.
The radiation is isolated by offsetting
the PA output frequency from the LO
frequency.

The PLL is shared between the Tx
and Rx sections, since HomeRF, Blue-
tooth, and upbanded DECT are half-
duplex time-division-multiple-access
(TDMA) systems, with data transmit-
ted and received in different time slots.
The length of time is determined by the
particular protocol. The PLL must be
able to hop to a desired carrier fre-
quency in a particular amount of time
(the lock time) before data transmis-
sion and reception can begin. The lock
time is defined as the time the PLL
takes to settle down to an acceptable
frequency error.

To improve performance as well as
reduce the cost of implementation, the
transceiver transmits and receives
data in the open-loop mode.? The PLL
is first locked at the desired carrier fre-
quency and then shut down during
data transmission or reception. In this
short duration, the VCO is subse-
quently modulated by the baseband

N

2. This low-drift PLL circuitry maintains the
transceiver's frequency-stability performance.

ification limits the loop bandwidth and
increases the lock time substantially.
This situation is particularly demand-
ing for HomeRTF applications. The lock
time requirement is 134 ps, while the
open-loop Tx time is 20 ms. Additional
circuitry is required to improve the
current leakage without sacrificing the
loop bandwidth.

To resolve this issue, a unity-gain
opamp, a CMOS sampling switch, and
a low-leakage capacitor are employed
between the loop filter and the control
line of the VCO (Fig. 2). This configu-
ration handles the lock-time and cur-
rent-leakage requirements by using
different values of capacitors. With this
implementation, a small capacitor in
the loop filter is used to provide loop
bandwidth and phase margin to
achieve the required lock time while a
large capacitor at the control line of the
VCO reduced the frequency drift. The
unity-gain opamp duplicates the infor-
mation (voltage) stored to the low-
leakage capacitor (the large capacitor)
while the PLL is in lock mode. In open-
loop mode, the CMOS sampling switch

rion for open-loop modula-

tion. The phase noise of the

PLL must be minimized,
even though the loop is unlocked dur-
ing transmission and reception. Con-
ventional techniques for noise reduc-
tion must be employed, such as
low-phase-noise crystal oscillators and
good grounding and filtering tech-
niques to reduce the noise spikes com-
ing from the digital part of the radio.

A Tx signal is generated on the radio
by simple frequency modulation of the
VCO. A shaped baseband is applied di-
rectly to the loop filter or the modula-
tion port of the VCO. The VCO module
chosen for the Bluetooth radio, the
model URAESX630A from Alps, has a
modulation port connected to the
VCO’s internal varactor diode through
a series capacitor separate from the
tuning-voltage input port.” The ampli-
tude of the signal generated by the
baseband processor is adjusted by are-
sistive divider to obtain the desired

- frequency deviation.

In the Bluetooth transceiver, the
output of the VCO is fed to the
LMX3162, where its frequency is dou-
bled and is also used as the PLL input.
The frequency-doubled signal is )
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then buffered and is output from the
LMX3162 at —7.5 dBm. This signal
needs to be screened through a high-
pass filter to reduce the level of what is
now a subharmonic signal at one-half
the frequency. The level of this unfil-
tered harmonic signal is approximately
11 dB below the level of the desired sig-
nals. The amount of amplification re-
quired by the next-stage, off-chip am-
plifier depends on the protocol being
used. This Tx section was tested for
Bluetooth operation in the low-power
mode (with a requirement of 0 dBm).
Adding to this minimum level approxi-
mately 1dB of loss in the Tx/Rx switch
and 2-dB loss in the post-amplifier ce-
ramic bandpass filter, and the power
output from the PA should be approxi-
mately +3 dBm, yielding a required
gain of 10.5 dB. The amplifier was de-
signed with a BF'P420 bipolar transis-
tor from Siemens (Munich, Germany).
The amplifier runs off a voltage regula-
tor internal to the LMX3162, which has
a+2.7-VDC output rated at 10 mA cur-
rent. The transistor was biased at a col-
lector-emitter voltage of +1.7 VDC
with a quiescent current of 10 mA.

Some Bluetooth options and other
protocols require higher Tx power lev-
els, in the range of +20 dBm and more.
This mandates the use of high-effi-
ciency PAs, such as the model ITT2302
from ITT GaAsTEK (Roanoke, VA)
for upbanded Digital European Cord-
less Telecommunications (DECT) and
the same company’s model I'TT2304 for
Bluetooth and HomeRF.' These am-
plifiers connect directly to the —7.5-
dBm output of the LMX3162, and also
offer an on-board Tx/Rx switch, 14-dB
gain low-noise amplifier (LNA), and
+3.6-VDC operation. The BFP420-
based PA is not required when using
the ITT2304.

After power amplification, the Tx
signal is filtered to remove all harmon-
ics and subharmonic components of the
carrier signal, as required by Blue-
tooth protocol and regulatory organi-
zations, such as the Federal Communi-
cations Commission (FCC). The
protocol determines the acceptable
level of spurious content. A two-stage
ceramic filter was chosen for this pur-
pose, a model DFC22R44P084LHA
from Murata Electronics (Smyrna,
GA).The filter has a 3-dB bandwidth of

84 MHz centered at 2.442 GHz and typ- |

ical insertion loss of 2 dB."
The VCO gets its power supply from

22

an external low-noise voltage regula-
tor. The regulatorisolates the supply to
the VCO from the power supply to the
other parts of the radio and from vari-
ous transients. Most important of
these transients occurs when the PA is
switched on. The required peak power
can be in excess of +20 dBm. At typical
operating voltages of +2.7t0 +3.6 VDC,
the supply currents for these PAs are
greater than 150 mA. This can result in
current-resistor (IR) voltage drops
from the battery’s internal resistance
and the printed-circuit-board’s (PCB’s)
conductive traces. The VCO has a
worst-case pushing figure of approxi-
mately 5 MHz/V. The VCO oscillates at
one-half the desired Tx frequency, so
the pushing figure also effectively dou-
bles, to 10 MHz/V. Most 2.4-GHz proto-
cols require frequency accuracies on
the order of =50 kHz. This is the total
frequency accuracy required of a
transmitter and includes effects due to
the temperature coefficient and initial
accuracy of the crystal employed for
the PLL; the frequency jump resulting
from opening the PLL; and frequency
pushing of the VCO. A typical error-
budget distribution would allocate =20
kHz out of the total =50 kHz to errors
caused by pushing. Dividing this by 10
MHz/V, the allowed noise on the
power-supply pin of the VCO1is £2mV.
Now consider the connection of the
battery to the PA and the VCO, and
that the two traces have 2 ¢cm in com-
mon. Assuming 35-pm-thick copper
(Cu) traces that are 12 mils wide, the
series resistance of the trace comes to
approximately 22 m(), assuming resis-
tivity of 20 nQ/m for Cu. The internal
resistance of a typical nickel-metal-hy-
dride (NiMH) battery used in cellular
handsets is approximately 0.25 (). The
total series resistance becomes 0.272 ()
and the IR drop computes to 40.8 mV,
which is in excess of what is allowed.
The voltage regulator shields the VCO
from all such switching events.

A ceramic filter selects the desired
frequency band received by the an-
tenna. The LMX3162 processes the re-
ceived signals at an IF of 110.5 MHz
and the LO is chosen to be 110.5 MHz
below the RF input signal. The ceramic
filter rejects the image frequency 221
MHz below the RF input while also re-
moving or attenuating out-of-band
blockers.

While the transceiver meets the
BER requirements of Bluetooth and

HomeRF, some applications require
the use of an external LNA. An LNA
built using the BFP420 transistor can
achieve 13-dB gain and 2-dB noise fig-
ure. It can run off the second voltage
regulator internal to the LMX3162.

Once the received signal enters the
LMX3162, it is downconverted by the
low-noise 2.5-GHz mixer to 110.5 MHz.
The mixer has 17-dB gain with 11-dB
noise figure. The output third-order in-
tercept point (IP3) of the mixer is +7.5
dBm. The LO is derived from the fre-
quency doubler internally, and in the
Rx mode, the Tx output buffer of the
LMX3162 is shut down to conserve
power.

After the RF signal is downcon-
verted to IF, it must be band limited for
channel selection. The IF filter pro-
vides selectivity and prevents genera-
tion of spurious signals in the limiter
and the quadrature detector. Limiters
are inherently very nonlinear devices,
and in a hostile environment, stronger,
unwanted signals can “capture” the re-
ceiver if no IF filtering is employed.'
Band-limiting is also required to pro-
vide optimum BER, the primary re-
quirement for which is to limit the
noise power as much as possible. This
filtering can be performed before the
quadrature detector and after it. How-
ever, it is a known fact that diserimina-
tors have nonlinear performance with
respect to the input signal-to-noise ra-
tio (SNR)."? This is called the threshold
effect. The discriminator needs to see
an SNR that is above a certain thresh-
old, otherwise its performance de-
grades rapidly. Thus, the IF signal
must be filtered early in the receiver
chain.

In the radio, the IF filter is imple-
mented by a low-cost commercial
DECT SAW filter, the
SAFU110.6MSA40T from Murata
Electronics. The filter is centered at
110.6 MHz, with a 3-dB bandwidth of
1.5 MHz. The minimum insertion loss is
approximately 3 dB. The SAW filter is
matched to the LMX3162 using two in-
ductors and two capacitors. As the
market for 2.4-GHz products in-
creases, SAW filters that have been de-
signed specifically for these protocols
will be made available by various ven-
dors and improve the performance of
these radios. After the initial filtering,
the IF signal is amplified by the IF am-
plifier and fed to the IF limiter. A re-
sistor and two capacitors provide
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some filtering.

The LMS3162 demodulates the IF
signal by quadrature demodulation.”
The phase-shifting tank consists of a
capacitor, an inductor, and a varactor
diode. The varactor diode is used to
tune the tank circuit, along with its as-
sociated parasitic elements, to exactly
110.5 MHz. The voltage at the output of
the quadrature discriminator is mea-
sured by the baseband controller’s
ADC and compared to a reference. The
generated error signal is amplified and
converted back to an analog signal by
using a digital-to-analog converter
(DAQC).

Using elements with different qual-
ity factors (Qs) and values can change
the Q of the tank. Higher Qs mean a
narrower bandwidth and greater sen-
sitivity. This translates to better SNR
and greater ISL.**'® Conversely, lower
Qs result in slightly lower SNR and
lesser ISI. The LMX3162 has an inter-
nal 1-pF quadrature shift capacitor.

Once the signal has been demodu-
lated, it is passed through an active
lowpass filter. This limits the noise
bandwidth of the system and provides
larger peak-to-peak voltage output.

The LMX3162 provides a feature
that eliminates the effect of any initial
frequency offset between the trans-
mitter and the receiver. Most RF pro-
tocols have an initial synchronization
field during which a string of alternat-
ing digital 1s and Os is transmitted.
During this time, the demodulated sig-
nal is well known and its average rep-
resents the nominal center frequency
of the transmitter. This average level
can be captured by a sample-and-hold
circuit and used as a reference level for
a data-slicing comparator, which con-
verts the demodulated signal into
logic-level 0s and 1s. The LMX3162
features an on-board sample-and-hold
circuit for this purpose. An internal re-
sistor of 3 k() and external capacitor to-
gether provide the averaging time con-
stant. The sample-and-hold action is
controlled by the LMX3162’s S_Field
input.

The transceiver achieves a BER of
10°# for a Bluetooth modulated signal
at an input power of —83 dBm, with the
received signal being offset by the
+115-kHz frequency offset allowed by
Bluetooth. This measurement was per-
formed on the transceiver without an
LNA and using the low-cost DECT
SAW filter. This performance easily

meets the Bluetooth minimum-sensi-
tivity requirement of —70 dBm, With
the use of a high-performance LNA
and a SAW filter optimized for the ap-
plication, sensitivity of —96 dBm can
be expected.

The Bluetooth and HomeRF specifi-
cations require frequency accuracies of
+75 and =120 kHz, respectively. The
transmitter must be within this limit
and the receiver must be able to oper-
ate with these frequency offsets.

The maximum operating tempera-
ture in the Bluetooth specifications is
+35°C ambient. Adding to this 10° due
to the self-heating of the product, the
drift specification must be met at
+45°C. This is 20° above room temper-
ature, and quadruples the leakage cur-
rent to 220 pA. The maximum continu-
ous Tx time for Bluetooth is five slots
or 3.125 ms. Bluetooth has a channel
spacing of 1 MHz, but the IF of the ra-
dio is at 110.5 MHz. This means that
the LO must be synthesized with a fre-
quency resolution of 0.5 MHz. The
PLL output is doubled in frequency
and this halves the resolution requires
from the PLL to 0.25 MHz. For 0.25-
MHz frequency resolution, the phase-
comparison frequency that must be
used is 0.25 MHz. The lock-time re-
quirement for Bluetooth is 220 ps, and
budgeting for margins and program-
ming time reduces this to 180 ps. To
achieve a lock time of less than 180 ps
with a phase-comparison frequency of
0.25 MHz requires a total loop-filter ca-
pacitance of approximately 5 nF. Using
this value, the frequency drift on ac-
count of leakage is calculated as:

Af = leakage AtK=1 Vi O/ (o

The drift in 3.125 ms is approxi-
mately 20 kHz which meets the Blue-
tooth requirement of 40 kHz.

The lock and drift requirements of
HomeRF are demanding. The Alps
VCO employed in the transceiver has a
tuning sensitivity, Kycq, of 140 MHz/V
at 2.4 GHz. A phase-detector compari-
son frequency of 250 kHz was used, as
well as a second-order loop filter, with
a loop bandwidth of 40 kHz and phase
margin of 50 deg. The lock time is mea-
sured from the falling edge of signal
that shuts down the PLL to 1225 MHz
(or 2450 MHz at the Tx-output port)
within 5 kHz of the final frequency (or
10 kHz at the Tx-output port). The lock
time is 111 ps.
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The frequency drift due to the cur-
rent leakage is measured starting from
the rising edge of the PLL, PLL_PD.
The low drift of 778 Hz/ms at +85°C is
much better than what is required for
HomeRF.

In a test for co-channel interference
(CCI), the radio met a BER of 10~ for
a CCI thatis 11 dB below a designed in-
put signal at levels as low as —80 dBm.
At the specified desired signal level of
—60 dBm, the radio even meets the
BER for a CCI that is only 6 dB. For
Bluetooth’s first three years, the CCI
requirements are somewhat relaxed,
allowing radios to meet a CCI specifi-
cation of 14 dB, a level at which the
LCM3162 performs well to —83-dBm
sensitivity.

For adjacent-channel-interference
(ACI) requirements, a Bluetooth radio
must perform at a BER of 10 with an
undesired signal interfering at a 1-
MHz offset. The desired signal must be
at the same level as the interference
signal, both specified at —60 dBm. The
three-year relaxed specification for the
1-MHz test is an ACI that is 4 dB be-
low the desired signal (which the
LMX3162 radio meets). The low-cost,
off-the-shelf SAW filter selected for
the radio has a 3-dB bandwidth of 1.5
MHz and is wider than that required
for Bluetooth. The LMX3162-based ra-
dio meets the 2-MHz ACI specification
for levels from —81 to —30 dBm. When
evaluated for a Bluetooth ACI at a 3-
MHz offset frequency, the LMX3162-
based radio meets the specification

from —72 to —35 dBm.BT
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BLUETOOITH « RF
Measurements

Ray Akraw, Market Development Engineer
Agilent Technologies, Inc.; (800) 452-48%44, Internet. hitp://agililent-tech.com.

Perform Bluetooth
RF Measurements

A good understanding
of Bluetooth transmitter

easurement solutions for Bluetooth must prop- and receiver

erly exercise the transmitter and receiver sec- requirements can be
tions of a device under test (DUT). These solu- d - f |
tions are made more complex by the fact that converted into usefu

Bluetooth employs signals that are a sequence of techniq ues for
time-division-duplex (TDD) bursts, as well as fre- " -

quency hopping. But solutions are readily avail- measuring de5|gns and

able, based on commercial test equipment and prototype devices.

meeting the requirements of established Blue-

tooth specifications.'

Bluetooth systems operate in the 2.4-GHz industrial-scientific-medical (ISM) band using spread-spectrum
(frequency-hopping) techniques. Variations in the basic frequency range exist in Japan, Spain, and France,
relative to the rest of Europe and the US as different power classes are used for different operating ranges,
but many of the principles presented here for Bluetooth measurements can be applied to the different inter-
national versions of Bluetooth receivers and transmitters.? The reader may note some minor deviations from
the test procedures which are a result of the recent churn in the Bluetooth RF test specification as it solidi-
fies to its final version.

Different measurements are made for Bluetooth transmitter and receiver testing.’ Figure 1 shows a
transmitter measurement setup with a Bluetooth DUT placed in a loopback mode as a slave (rather than a
master) unit. As a slave, it must generate its burst timing by receiving poll packets from the test-signal gen-
erator. In this way, a signal from the digital-signal generator can be transmitted into the DUT’s receiver and
looped back through its transmitter for analysis. The Bluetooth DUT’s test mode is controlled either by pro-
tocol sent over an RF connection or by direct digital control—either method requires a Bluetooth test-mode
control. Since cable losses and impedance

mismatches within the Bluetooth band can be
severe, good-quality interconnections and
Spectrum components should be used as part of the test
— RF in analyzer setu
Digital for | Bluetooth p. .. .
signal |loopback| DUT If a direct cable connection is not possible
generator > (Icml&:;:k ‘s’?gcr:g{ api| PC between a Bluetooth DUT and the measure-
T analyzer controller ment equipment, a coupling device, such as an
est (optional) .

commands y antenna, is necessary. The path loss between
(host link Power the antenna and test equipment should be in-
, OrRF) meter cluded in the calculations. Table 1 provides a
Bluetooth summary of the test parameters required for

‘ezgl"‘t‘lf’o'ie 2 Bluetooth transmitter tests.
2 RS-232 Since Bluetooth signals are a sequence of
TDD bursts, triggering is critical. To obtain a
1. This measurement setup is suitable for evaluating viewable signal, triggering should occur on
the performance of Bluetooth transmitters. If a direct the rising edge of the signal envelope. Fre-
cable connection is not available between the quency hopping adds a further degree of diffi-
Bluetooth DUT and the test equipment, a coupling culty to Bluetooth transmitter-signal analysis.
device (such as an antenna) is needed. While frequency hopping is essential to the §
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2. Bluetooth output-power measurements are performed in the time
domain, based on these pulsed-signal characteristics.

operation of a Bluetooth device, it is
not necessary for parametric testing.
To reduce the number of variables
and identify individual performance
characteristics, frequency hopping
can be turned off for a number of
tests. However, the transmit (Tx)
and receive (Rx) channels can be set
at the extreme ends of the band, fore-
ing the Bluetooth DUT’s voltage-
controlled oscillator (VCO) to switch
frequency.

Three different types of payload
data are called out for in different
test cases—PRBS9, 10101010, and
11110000 data sequences. Each pat-
tern provides different stress
mechanisms and is chosen for each
measurement. PRBS9 is a pseudo-
random-bit sequence of period 2° — 1
that is intended to simulate live traf-
fic. It produces a modulated signal
with a spectral distribution approxi-
mating that of a real signal. The

10101010 pattern provides an addi-
tional test for the modulation filter. It
also changes the spectral shape of the
transmitter output. The 11110000
pattern enables a check of Gaussian
filtering. After a series of four ones or
zeros, the output should have
reached a fully settled condition.
Either a spectrum analyzer or a
vector signal analyzer (VSA) can be
used for many Bluetooth transmitter
measurements. VSAs differ from
traditional spectrum analyzers in
that they can capture the magnitude
and phase of a signal. A VSA can be
useful for a wide selection of mea-
surements in the time, frequency,
and modulation domains (changes of
frequency as a function of time).

e Transmitter
Testing

RF transmitter power measure-
ments include average power in a
burst, peak power, power density,
and power control. Power level is a
critical parameter is a digital commu-
nications system. These tests help to
ensure that power levels are high

enough to maintain links, yet low ()

Table 1: Bluetooth tfansmltter test parameters

L Measurement
i Packettype | Payload data bandwidth
78 | pEBsp 3-MHz RBW,
e i 3 MHz VBW
8 PRBS 9 100-kHz RBW,
o 100-kHz VBW
DHI ' 4 iPEBND 3-MHz RBW,
Sl - 3-MHz VBW
| bm | PRBES | 100kHzRBW,
b _ . 300-kHz VBW
B oo, NS
| o 10301000
oo | PEmeo NS
L e NS
e s Ny

:~.~.'»_10hé‘g"estfs'p§pqrtéd;zﬁsié‘hgﬁtspéeiﬁe&.i '
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enough to minimize interference
within the ISM band and to maximize
battery life.

Output-power measurements are
performed in the time domain using
the appropriate signal analyzer. Av-
erage power is measured over at
least 20 to 80 percent of the duration
of a signal burst (Fig. 2). The dura-
tion of the burst (the burst width) is
the time between the leading and
trailing 3-dB points compared to the
average power (which is also mea-
sured with the signal analyzer). In
addition to measuring average
power, signal analyzers allow the
user to view other meaningful data,
such as transient events. Using a
swept-tuned spectrum analyzer, the
signal envelope of a burst can be
viewed in the time domain by setting
the frequency span to zero. External
triggering can be used to capture a
burst-mode signal. The number of pe-
riods displayed is controlled by the
sweep time. Using the analyzer’s
peak-detector mode, the peak-power
level can be measured by setting the
trace to max hold and using the peak-
search function. The average power
of a burst can also be determined by
analyzing the trace data. The test
must be repeated for all frequency
channels.

Average and peak power are simi-
larly measured with a VSA. VSAs
provide a triggering delay feature to
support viewing of a burst signal
prior to the trigger point. VSAs also
provide an average or mean power
function to automatically determine
the average power (Fig. 3). The
sweep time and the trigger delay are
adjusted to measure the average
power of the burst, while avoiding
the rising and falling edges. The re-
sults are expressed in equivalent
isotropically radiated power (EIRP).
Since EIRP is a measure of the radi-
ated power of the system, this mea-
surement includes the effects of the
transmitter, cable loss, and antenna
gain. When performing tests that use
direct port-to-port connections, the
gain of the antenna must be added to
all measurements to ensure that the
overall system will not exceed the
DUT’s power-output specifications.

The power-density measurement
provides the peak power density in a
100-kHz bandwidth. The measure-
ment starts with the signal analyzer

Supplement To Penton’s Electronics Group/WINTER ISSUE

in the frequency domain, a center fre-
quency in the middle of the Bluetooth
frequency band, and a span that is
wide enough to view the complete
band. The analyzer’s resolution band-
width is set to 100 kHz. A one-minute
signal sweep is performed with the
trace in max hold with peak detec-
tion. The peak value of the trace is
found—this frequency becomes the
analyzer’s new center frequency
(Fig. 4a).

For the second part of the mea-
surement, the analyzer is changed to
the time domain (zero span) and a sin-
gle one-minute sweep is performed
(Fig. 4b). The power density is caleu-
lated as the average of the trace. This
calculation may be performed on a
spectrum analyzer by analyzing the
trace data and averaging the results.
A VSA can also determine the mean
power of the trace.

Power-control tests allow testing or
calibration to be performed on the
level-control circuitry in those Blue-
tooth devices that support power
control. Power control is performed

in the same manner as average
power measurements, but at three
discrete frequency channels. The
power-control test verifies power
levels and power-control step sizes to
ensure that they are within the spec-
ified range.

The transmit-output spectrum
measurement analyzes the power
levels in the frequency domain to en-
sure that out-of-channel emissions
are minimized. This helps reduce
overall system interference and en-
sure regulatory compliance. The
three-part measurement checks that
the operating frequency range is
within limits at the —80-dBm/Hz
points. It also checks the bandwidth
at the —20-dB points to ensure that it
is less than or equal to 1.1 MHz.
Lastly, it provides a mask for adja-
cent-channel power requirements.

Figure 5 shows an output spec-
trum display of a Bluetooth signal
with a +5-dBm carrier in swept
mode. The span is set to 10 MHz. A
low-noise signal generator was used
to produce the spectrum display— )
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the noise levels from a Blue-
tooth DUT would typically
be higher.

The output spectrum pro-
vides a combined view of the
effects of modulation and
power switching. Overlaps
may occur, but failures at
offsets greater than 500 kHz
from the carrier frequency
are likely due to switching
transients. This can be con-
firmed by comparing the
output-spectrum plots with
the burst profile for a par-
ticular Bluetooth DUT.

Unlike some other time-

Log magnitude—dBm

sured and averaged to-
gether. Then, the maximum

deviation from the average

for each of the 8-b sequences

is computed. The maximum

deviations and the average
of the maximum deviations

are used in the result. This

procedure is performed for

the 00001111 payload se-

quence over a period of at
least 10 packets. This

process is then repeated

5 [Pojur 2.004 gt

with the 01010101 payload

-1.0

Time—pus

380.9

sequence. Due to the numer-
ous data points, this test
lends itself to software con-

division systems, such as
Global System for Mobile
Communications (GSM) and
Digital European Cordless
Telecommunications (DECT), which
have gated and non-gated measure-
ments, Bluetooth’s output-spectrum
measurement is not gated. Spectrum
measurements should capture the
entire period for a burst, as well as
the space between bursts to include
modulation and transient effects.
Bluetooth-modulation measure-
ments include evaluations of modula-
tion characteristics, initial carrier-
frequency tolerance, and the amount
of carrier-frequency drift. Modula-
tion measurements reflect the per-
formance of the modulator circuitry
as well as the stability of the local os-
cillator (I.O). The modulator and the
VCO may be affected by digital noise
on the power supply or by transmit

3. This display of average and peak power was made
with an HP 89441A VSA at 2.402 GHz using a
sweep time of 380 ps.

power bursts. Verification of modula-
tion characteristics requires the abil-
ity to demodulate the Bluetooth sig-
nal so that the frequency of each bit
can be determined.

A test of modulation characteris-
tics is actually a frequency-deviation
measurement. For modulation char-
acteristics, two sets of a repeating 8-
b sequence are used in the payload
sequence—00001111 and 01010101.
The combination of the two se-
quences is used to check the modula-
tor performance and the premodula-
tion filtering.

If a VSA is used to demodulate the
signal, phase and symbol information
are maintained. The frequencies of
each bit in the 8-b sequence are mea-

trol.

@ Modulation
Quality

Modulation quality can also be
evaluated with a VSA. Modulation-
quality measurements, such as fre-
quency-shift-keying (FSK) error,
magnitude error, and eye diagrams,
which are not a direct part of the
Bluetooth specifications, can provide
invaluable troubleshooting tools.

The initial carrier-frequency toler-
ance test verifies the accuracy of the
transmitter’s carrier frequency. A
standard DH1 packet with a pream-
ble, and with pseudorandom bit se-
quence (PRBS) as payload, is used.
The initial 4 b of a packet, the pream-
ble bits, are analyzed to determine
the extent of the frequency deviation
from center frequency. This mea-
surement requires the signal to be ()

Receiver test parameters

» | BER
Packet type Payload data | (percentage)
DH1 PRBS 9 0.1
DH5 PRBS 9 0.1
(DH3)
Longest PRBS 9 0.1
S supported
- Loopback DH1 PRBS 9 0.1
 Loopback |  DHI PRBS 9 0.1
i : _Loopbaek DH1 PRBS 9 0.1
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4. These displays of power density were made with an HP 8594E spectrum analyzer at a center frequency of
2.441 GHz and span of 240 MHz (a) and center frequency of 2.477 GHz and span of 0 Hz (b).

demodulated to measure the fre-
quency deviation of each symbol. Af-
ter demodulation, the frequency off-
set of each of the preamble bits is
measured and averaged. When per-
forming this measurement, the ana-
lyzer’s frequency span should be
wide enough to provide proper de-
modulation of the wide-bandwidth
Bluetooth signal (Fig. 6). Any spec-
trum-analyzer function that provides
autocorrection of the center fre-
quency must also be disabled during
this measurement. The Bluetooth
specification requires that this mea-
surement be performed with fre-
quency hopping on and off. In either
case, the analyzer is set to one fre-
quency channel. When hopping is on,
there will be an additional effect of
slew as the transmitter quickly
jumps from one frequency to the
next. The slew may be noticed in the
initial carrier-frequency offset as the
carrier frequency settles. The addi-
tional stress from hopping will help
to identify amplifier-response
problems.

A more convenient method of mea-
suring the initial carrier-frequency
tolerance is available with the HP
89441A VSA in demodulation mode.
With its result length set to the min-
imum number of symbols (10), the an-
alyzer provides the carrier offset in
its symbol-error display. Since this
minimum number of symbols is
greater than 4, the user may notice
less variation in the result due to
noise. It is important that the 0101
pattern continue.

Carrier-frequency drift is also
measured as a demodulated signal

using a VSA. The payload data con-
sist of a repeating 4-b 1010 sequence.
To perform this measurement, the
absolute frequencies of the four pre-
amble bits are measured and inte-
grated to provide the initial carrier
frequency. Then, the absolute fre-
quencies of each successive 4-b part
in the payload are measured and in-

tegrated. The resulting frequency
drift is the difference between the
average frequency of the four pream-
ble bits and the average frequency of
any four bits in the payload field. The
maximum drift rate can also be
checked, and is defined as the differ-
ence between any two adjacent 4-b
groups within the payload field. )
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This measurement is re-
peated with the lowest, mid-
dle, and highest operating
frequencies, first with hop-
ping off, then with hopping
on. It is also repeated for
varying packet lengths.
Software control makes this
repetitive measurement
more straightforward.
Tuning tests may be per-
formed on Bluetooth sig-
nals. These tests include

Log magnitude

ors or shades corresponding
to the highest amplitudes.

The out-of-band spurious
emissions tests confirm that
the Bluetooth radio is oper-
ating within regulatory re-
quirements. Two types of
spurious emissions test are
identified in the Bluetooth
specifications—conducted

2450
Frequency—GHz

emissions and radiated
emissions. Conducted emis-
sions are a measure of the

2.455

analysis of the burst profile,
PLL settling time, and
other timing characteris-
tics. While not part of the
Bluetooth specifications, these tests
can help engineers ensure that their
designs meet the criteria of the spec-
ifications.

Burst rise and fall times can be
measured in the time domain using a
signal analyzer. No definitions for
rise and fall time have been devel-
oped for Bluetooth. The conventional
industry definition of rise time is the
time required for a pulse signal to
rise from its 10-percent amplitude
point (—20 dB) to its 90-percent am-
plitude point (—0.9 dB). The fall time
is defined with the same amplitude
points, but in reverse. The DECT
standard (which is similar to Blue-
tooth) defines rise and fall times
somewhat differently, with the rise
time from the —30-to —3-dB ampli-

tude points and the fall time from the
—6-to —30-dB amplitude points. Pre-
triggering allows the rise time to be
easily captured and measured. There
is no defined mask test for the burst
profile. Some devices may exhibit
faster transients than these defini-
tions, but excessive fast switching
will cause failures in the output spec-
trum test by creating increased spec-
trum spreading due to the sharper
edges of the burst.

A VSA can be used to create spec-
trogram displays that illustrate
characteristics such as PLL settling
time at turn on. The spectrogram dis-
plays frequency on the x-axis and
time on the y-axis. Amplitude is
shown through different colors or
shades of gray with the brightest col-

70 kHz
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6. An HP 89441A VSA was used to produce this display of initial
carrier frequency tolerance for an offset frequency of 70 kHz from a

center frequency of 2.45 GHz.
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5. This output-spectrum display was made with an
HP 8594E spectrum analyzer at a center
frequency of 2.45 GHz and a span of 10 MHz.

e

spurious emissions gener-
ated by the DUT from its an-
tenna or output connector.
Radiated emissions are a
measure of the spurious emissions
leakage from the cabinet of the DUT.

Separate standards are specified
for these tests in the US and in Eu-
rope. The US follows the Federal
Communications Commission (FCC)
Part 15.247 standard while Europe
follows the European Technical Stan-
dards Institute (ETSI) ETS 300 328
standard.

Spurious emissions tests are per-
formed using a spectrum analyzer to
sweep through frequency ranges
looking for spurious signals. Specifi-
cations for spurious emissions are
provided in the Bluetooth RF Test
Specifications.! The ETSI standard
requires a spectrum-analyzer fre-
quency range to 12.75 GHz while the
FCC standard specifies a frequency
range to 256 GHz. Tests requiring
compliance to the International Spe-
cial Committee on Radio Interfer-
ence (CISPR) publication 16 may re-
quire EMC spectrum analyzers with
quasi-peak detection capability.

o« Receiver
Measurements
Receiver measurements specified
for Bluetooth include the following:
sensitivity using single-slot data
packets, sensitivity using multiple-
slot data packets, carrier-to-interfer-
ence (C/I) performance, blocking per-
formance, intermodulation (IM)
performance, and maximum input
level. Bluetooth receiver perfor-
mance is evaluated in terms of bit-er-
ror rate (BER). Table 2 offers a sum-
mary of the test parameters for
Bluetooth receiver tests.
Sensitivity is tested by sending
various impaired signals to the re-
ceiver and then measuring the re- ()
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7. This BER test setup employs output signals from the Bluetooth

DUT’s baseband processor.

ceiver’s BER. The transmit power is
chosen to that the input the receiver
is —70 dBm. The test is performed at
the lowest, middle, and highest oper-
ating frequencies. The impairments
are defined in the test procedure and
include variations in the carrier-fre-
quency offset, carrier-frequency
drift, modulation index, and symbol-
timing drift. The HP ESG-D series of
signal generators is ideal for generat-
ing these signal impairments. The
sensitivity test for multislot packets
is similar to that for the single-slot
packets, except that DH5 packets are
used instead of DH1 packets. If DHH
packets are not supported, DH3
packets can be used.

The C/I performance is measured
by sending co-channel or adjacent-
channel Bluetooth-modulated signals
in parallel with the desired signal and
then measuring the receiver’s BER.
The ratio of the carrier-signal level to
the interfering-signal level is speci-
fied. The test is performed at the low-
est, middle, and highest frequencies,
with the interfering signals at all op-
erating frequencies within the band.

The blocking performance test
specifies a Tx and Rx frequency of
2460 MHz. The tester continuously
sends a Bluetooth-modulated signal
that is 3 dB more than the reference-
sensitivity level. Simultaneously, the
tester sends a continuous-wave (CW)
interfering signal and measures the
BER of the receiver. The full compli-
ance test requires the interfering sig-
nal to range from 30 MHz to 12.75
GHz in 1-MHz increments. The am-
plitudes associated with each fre-
quency range are detailed in the
Bluetooth specifications.

IM performance measures un-
wanted frequency components re-
sulting from the interaction of two or
more signals passing through a non-
linear device. The measurement is
performed by the test source contin-
uously sending a Bluetooth-modu-
lated signal that is 6 dB above the ref-
erence sensitivity. Simultaneously,
the tester sends signals to generate

third-, fourth-, and fifth-order IM
products. The BER is then measured
to determine the performance of the
receiver in the presence of IM distor-
tion. Multiple signal generators may
be required when performing the
C/1, blocking performance, and IM
performance tests.

o BER
Testing

The maximum input-level test
measures the BER performance
when the input signal is set at a max-
imum power level, specified at —20
dBm. The test is performed at the
lowest, middle, and highest operat-
ing frequencies.

To perform the BER tests, a signal
generator can be used to generate a
Bluetooth-modulated signal and
transmit this signal to the DUT. The
signal is then routed through the
DUT and demodulated. The data are
then returned to a BER tester for
analysis. Test setups can either be
based on routing the clock, data, and
gate outputs of the baseband ()
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Surface Mount
Low Cost
Small Size

Lowest Insertion Loss:
0.15dB typ.

Amplitude Balance:
30dB

Best Isolation: 25dB typ.

3dB Surface Mount Couplers

Part  Frequency InsertionAmplitude Return
Number (MHz2) loss Balance Loss

HY89 815-960 0.13dB 0.30dB -20dB
HY185 1700-2400 0.15dB 0.30dB -20dB

HY185 Typical Performance (mln)

1700.00:
2 1850.00
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8. This modification to the BER test setup uses the output of the
Bluetooth receiver’s FM demodulator.

processor to the BER tester (Fig. 7)
or by taking output signals from the
Bluetooth receiver’s frequency-mod-
ulation (FM) demodulator (Fig. 8). In
this latter setup, the output of the
DUT’s FM demodulator is routed to
a signal generator’s BER tester in-
puts after the signal has been digi-
tized and the clock signal has been re-
covered. Alternatively, the digitized
output of the threshold detector may
be looped back directly to the BER
tester along with a clock signal. Both
of these examples are ideal for re-
search-and-development (R&D)
work where direct access to the
DUT’s circuitry is available.

A third method requires a BER
tester with the capability of demodu-
lating a Bluetooth signal. In this case,
the DUT must be instructed to loop-
back its receiver signal using test-
mode commands. These commands
may be sent over the RF link or
through direct-digital control of the

Bluetooth

Signal radio
generator Rx
BER fester j
(decoding Tx

PRBS9
sequence) WP test

commands
(RF or host link)

RS-232 | Bluetooth
test-mode

control

9. In this BER test setup, the
Bluetooth DUT is placed in
loopback mode with the BER
tester.

DUT. The output of the DUT’s trans-
mitter can then be routed to the BER
tester for analysis. Provided with a
PRBS 9 payload, the BER tester can
determine the BER (Fig. 9).

For non-frequency-hopping appli-
cations, there are several ways of
creating a Bluetooth signal with a
signal generator. The HP ESG-D se-
ries of signal generators offers a
built-in Bluetooth signal selection
(with Option UND). This feature pro-
vides the ability to define a Bluetooth
signal and offers several user-defined
impairments. With option UNS, the
same series of signal generators al-
lows the manual creation of pulsed
2FSK signals with Gaussian filtering
and customizable payloads to simu-
late Bluetooth signals.

Furthermore, customized arbi-
trary-waveform files for the HP
ESG-D series of signal generators
has been created in order to simulate
normal as well as impaired Bluetooth
signals. These files require the dual
arbitrary-waveform-generation op-
tion (option UND). The impaired
Bluetooth signals support advanced
analysis of Bluetooth receivers by
stressing the reception as well as de-
modulation capabilities of the DUT.
The files are available on the Inter-
net, at the Bluetooth portion of the
Agilent Technologies’ site at
http://www.agilent.com/find/ blue-

tooth_waveforms.BT
References

1. Bluetooth RF Test Specification, Revision 0.31,
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CA.

Cr vy st T DAarmtar n Clamstrmevime £ e~ 1~ IVATINITED 1CCLIT



LML RAr LSSl =/

DESIGN - Ana

Apply Optical WDM

ToW

overage, capacity, and cost are the “three Cs” of
wireless systems. All service providers want the
greatest possible coverage and capacity for the
lowest cost, although these requirements are in di-
rect conflict. Fortunately, fiber-optic transport sys-
tems, notably based on wavelength-division multi-
plexing (WDM), can help ease the pain of wireless
system buildouts and make the dream of broad-

log Fibebptics

Henry Wojtunik, CEO

Anacom Systems Corp., 100 Jersey Ave., Building A, New
Brunswick, NJ 08901; (732) 846-2680, FAX: (732) 846-2626,
e-mail: hwojtunik@anacomsystems.com, Internet:
hitp:/www.anacomsystems. com.

ireless

band services a reality.

In the early stages of a wireless system buildout, the goal is to provide full coverage at a reasonable cost
until revenues start to flow. A wireless system buildout involves a creative mix of technologies and hardware
approaches to achieve complete but cost-effective coverage. Fiber-optic WDM systems offer a practical so-
lution in the buildout of practically any form of wireless system, including cellular, personal communications
services (PCS), local multichannel-distribution systems (LMDS), multichannel, multipoint distribution sys-
tems (MMDS), and wireless local loops (WLLs).

Fiber-optic transport systems are based on broadband RF-to-optical converters (transmitters) and opti-
cal-to-RF converters (receivers), or combinations of the two in fiber-optic transceivers. The input to a fiber-
optic transmitter is a 50-( RF connector and the output is a fiber-optic connector (Fig. 1). Inside the trans-
mitter is a semiconductor laser diode that emits optical energy at a wavelength of 1300 nm and at an optical
power level of 2 mW. The transmitter controls the bias to the laser diode ensuring that it is operating in its
linear region. The transmitter circuit monitors the optical output of the laser and adjusts the bias current to
ensure optimal linear operation over temperature and time.

The fiber-optic receiver accepts the optical signal and reconverts it to an RF signal. The receiver contains
a high-speed, linear photodetector that is also matched to 50 ). The RF input and output circuitry matches

1. The input to a fiber-optic transmitter is a
50-() RF connector and the output is a fiber-
optic connector.

MICROWAVES & RF

Systems

Fiber-optic links using
WDM can be used in a
wide range of wireless
applications to minimize
cost, signal loss, and
RFI, as well as to
maximize coverage and
capacity.

the impedance of the laser and detector to 50 £, provid-
ing a conventional RF interface. A fiber-optic transmis-
sion link can be characterized as a 50-() system with
gain, third-order intercept point (IP3), and input noise.
Once these parameters for the RF/fiber-optic link are
known, conventional RF system design techniques can
be used. The table shows key performance parameters
for an RF/fiber-optic link.

Figure 2 shows two examples of system configura-
tions for a fiber-optic-based RF transmission and distri-
bution system. A fiber-optic link supports remote place-
ment of an RF head from the base station or modulation
equipment. The remote unit contains a power amplifier
(PA), duplexer, and low-noise amplifier (LNA) in addi-
tion to the fiber-optic transceiver.

The original application for use of RF/fiber-optic sys-
tems was to reduce RF coaxial cable losses from the
equipment hub to an antenna or to reduce the weight as
well as the wind load on an antenna tower. Modern ()
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since the two com-

Repeater

Single
bidirectional fiber

Fiber-optic
WDM
transceiver

munications paths
exhibit identical
loss.

Optical multi-
plexing systems
are analogous to
electrical multi-

In-building

combiner

Fiber-optic transceivers

plexing systems.
In time-division-
multiplexing
(TDM) systems,
two or more sig-
nals are inter-
mixed in the time
domain. Portions
of individual sig-

nals occupy alter-
nating time slots.

2. These are only two examples of system
configurations for a fiber-optic-based RF
transmission and distribution system.

systems use fiber-optic transmis-
sions for advanced system
configurations.

In conventional RF/fiber-optic dis-
tribution systems, one fiber is used
for the uplink and a second fiber for
the downlink. A key advantage in us-
ing fiber-optic technology, however,
is the ability to easily multiplex mul-
tiple optical signals onto a single
fiber-optic cable. This reduces the
leasing cost of the fiber cable, re-
duces the required quantity of dark
fibers (a fiber-optic cable that is in-
stalled in the field but not currently
being used), as well as guaranteeing
uplink and downlink gain balance

1300 um® .
e Fiber- |_ @ L
NS |opticWDM ™ 43p9
and
1500 nm
Equivalent RF loss
Pot  1300nm 1500 nm
Ato C 1dB 40 dB
BtoC 40 dB 1dB
AtoB 100 dB 100 dB
CtoA 1dB 40 dB
CtoB 40dB 1dB.

3. A wavelength division
multiplexer has three ports—
a common port and two
I/0 ports.

In frequency-divi-
sion-multiplexing
(FDM) systems,
multiple signals
are aligned in the frequency domain.
WDM is most similar to FDM. In-
stead of RF separation between in-
dependent channels, separation is
achieved through optical wavelength
(essentially color).
o Wavelength
Windows

In a simple WDM RF/fiber-optic
system, the uplink operates at a
wavelength window centered at 1300
nm while the downlink operates
within a wavelength window cen-
tered at 1500 nm. An optical filter or
wavelength-division multiplexer is
used to combine and separate the op-
tical signals. The wavelength-divi-
sion multiplexer is similar to an RF
duplexer. The wavelength-division
multiplexer has three ports—a com-
mon port and two input/output (I/0)
ports (Fig. 3). The pathway from one
of the I/0 ports to the common port
allows 1300-nm light to pass with
very low loss. From the second 1/0
port through to the common port,
1500-nm light passes with very low
loss. Of course, the 1500-nm pathway
exhibits low loss for optical signals in
the 1500-nm window while attenuat-
ing light at 1300 nm. (For more on op-
tical signal loss, refer to the sidebar.)

The optical passband of a simple
bidirectional WDM filter is quite
wide. This is important because the
wavelength of a laser transmitter
will vary with temperature. At room
temperature, the wavelength must
be situated in the middle of the fil- ()
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path loss. Also, the

Fiber-optic cost of a WDM

tap fiber-optic trans-

BTS | | ceiver is slightly
: higher than the

Fiber- - # ‘F':g'k cost of two stan-

optic Fiber- (o 10km) § 5.0q fiber-optic

wbm SMI"I‘JI:I transceivers.
innscalnee LR o When fiber-optic

leasing costs are
considered, this
additional cost,
when amortized
has a payback pe-

4. An optical tap is intrinsically bidirectional,
allowing it to couple signals from and insert

signals into a fiber-optic link.

ter’s passband in order to ensure that |
the wavelength does not drift outside
the WDM’s cutoff wavelength with
temperature. In two-path fiber-optic
systems, this is quite readily
achievable.

o Fiber-Optic

Benefits

Once an RF/fiber-optic system is
properly designed, it provides many
benefits with minimal trade-offs in
performance. The benefits include the
reduction of fiber-optic cable usage
and leasing costs, which in certain
states or countries can be quite high.
The trade-offs are relatively insignifi-
cant, including a slight amount of addi-
tional optical loss, which amounts to
approximately 1 dB additional RF

riod of less than six
months. Some of
the applications
that follow may
help to illustrate the power of a WDM
link when applied to different wireless
systems.

Modern repeaters, for example,
use fiber-optic signal transport to a
great extent. Using repeaters during
a wireless system buildout period can
greatly improve the cash flow of an
operator while ensuring full RF cov-
erage. WDM transceivers when used
within a fiber-optic repeater can fur-
ther increase the cost savings of the
repeater installation. A properly de-
signed fiber-optic repeater can pro-
vide the same coverage footprint as a
base-transceiver station (BTS),
thereby enabling the reduction in
number of costly base stations and
their required T1 line backhauls. ()

55 . - : ! P Ty o 1 ;
: hwss across the ﬁber-aptxl hnk o *Tﬂ X 6 9 dBo or 138 dBe
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LPA ﬂuplexar

optical system.
This requires an
analysis of the
number of cell
sites to be ser-

Primary
antenna

; Fiber
 Fiber- Fiber-
optic optic
~ WDM WDM
transceiver fransceiver

: viced on the bus
Diversity | 2nd the fiber dis-
antenna | tance between cell
LNAs sites.
; A modem can be

used with a broad-

As capacity increases, the repeaters
can be used in new buildout areas. A
WDM link operates effectively re-
gardless of the modulation format, in-
cluding time-division multiple access
(TDMA), code-division multiple ac-
cess (CDMA), or quadrature ampli-
tude modulation (QAM).
e lIncreasing

Coverage

A classic problem in wireless sys-
tem design is providing adequate cov-
erage along a highway. A highway is a
long, narrow route with a relatively
high density of users. Fiber-optic tech-
nology offers a unique solution for this
problem. With the appropriate WDM
fiber-optic transceivers and optical
building blocks, a linear bus system
can be designed that operates over a
single fiber. At certain points where a
cell site is required, an optical tap can
be used to couple a portion of the opti-
cal signal. Since the optical tap is in-
trinsically bidirectional, it can be used
to tap the fiber-optic forward-path sig-
nal and insert the return-path signal.
At a subsequent cell site, a tap can be
used to couple that site’s signal to and
from the fiber-optic bus. This can be
repeated for up to five or more cell
sites (Fig. 4). Proper optical design is
required to ensure balance across the

5. A three-path WDM fiber-optic link can be used for
communication systems using diversity antennas.

band fiber-optic
link for monitoring
and control. Typi-
cally an RF modem that uses some
type of digital keying of a subcarrier is
employed. The subcarrier must be se-
lected so that its harmonics or its in-
termodulation (IM) with the RF signal
does not create in-band spurious prod-
ucts. Fortunately, with 2000 MHz of
bandwidth available, the issue of find-
ing the proper modem carrier is
simplified.
eAdvanced
WDM Systems

While WDM has been presented in
dual-wavelength systems, WDM sys-
tems are not limited to two wave-
lengths. In a two-path system, the
two major optical windows are at
1300 and 1500 nm. The WDM trans-
ceivers to separate these two wave-
length windows are readily available.
Laser transmitters with wave-
lengths tuned to the center of these
major windows are also readily avail-
able. To add a third channel or more,
one or both of these main wavelength
windows must be split to create nar-
rower passband channels. The filters
required to do this become more com-
plex and the laser transmitters must
be designed to operate in these nar-
row optical windows. More impor-
tant, the laser transmitters must en-
sure that the output wavelength ()

;:Parameter

Bandwidth

Flatness across full band
RF gain over 3000-ft. fiber

~ Input/output VSWR
Third-order intercept point
Equivalent input noise
Operating temperature range
Power supply

RF/fiber-optic link
parameters at a glance

Specification

100 to 2000 MHz

62 dB

0dB

1.8:1

+25 dBm

2130 dBm/Hz

230 to +75°C

+12 VDC at 250 mA
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remains within the cutoff points of
the optical filters. This usually re-
quires thermoelectric coolers to
maintain a laser’s temperature at
+25°C regardless of the ambient tem-
perature. These coolers can draw up
to 1 A current and may be a reliabil-
ity concern. An improved technique
developed by Anacom Systems Corp.
(New Brunswick, NJ) eliminates the
need for narrowband filters and
power-hungry thermoelectric cool-
ers. It offers three- or four-path mul-
tiplexing using a single optical fiber.

In addition to their low

loss and high reliability,

optical transmissions are

inherently immune to

radio-frequency

interference (RFD.

An example of a WDM system with
more than two paths is an application
using diversity antennas. In this
case, a three-path WDM fiber-optic
system can be applied. This requires
one downlink path, but with two op-
tical uplink paths on the same fiber
(Fig. 5). Three individual fiber-optic
transmitters and receivers are still
required, integrated into a single
compact module. The wavelengths of
the three transmitters and the opti-
cal sensitivities of the three receivers
are set in order to allow three optical
signals to pass along the single fiber
cable but not to interfere with each
other or to create crosstalk.

RF/fiber-optic links provide many
benefits in wireless systems. In addi-
tion to their low loss and high relia-
bility, optical transmissions are in-
herently immune to RF interference
(RFI)—an important consideration
with the increasing use of RF in wire-
less applications. Also, RF/fiber-op-
tic links provide high performance
that is independent of modulation
format. The fiber-optic modules are
compact and provide conventional
RF interfaces for ease of integration
into wireless systems. [HSD
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Software Models 10-Gh/s
Differential Amplifier

A powerful new time-

domain simulation tool
igh-speed digital and optical circuits represent a makes it pOSSible to
modeling challenge for any simulation software. predict the performance

Fortunately, a new time-domain simulator from

Optotek (Kanata, Ontario, Canada), MMICAD of high-speed digital

WAVEFORM®, represents a major advanceinthe and fibe r_optic circuits
accurate prediction of the nonlinear response of

high-frequency and high-speed circuits. It can be and devices.

used advantageously in the design of GaAs inte-

grated circuits (ICs) for use in high-speed optical

communication modules, improved microwave circuit packages, and nonlinear transmission lines.

The new MMICAD WAVEFORM software addresses transient analysis in strongly nonlinear circuits and
combines the accuracy of frequency-domain simulation of passive circuit elements with time-domain simula-
tion of nonlinear components using advanced models. By solving the response of fast microwave and opto-
electronic circuits in the time domain, MMICAD WAVEFORM complements the capabilities of harmonic bal-
ance simulators conventionally used to predict the steady-state response of RF and microwave circuits. The
strengths of time-domain analysis include the prediction of voltage waveforms at every node in a nonlinear
circuit, the ability to examine pulsed RF network responses, the examination of transients and start-up times
in oscillators, analysis of filter step-functions, visualization of switching waveforms in fast digital circuits, and
the prediction of unintentional oscillations.

The unique capabilities of the software were demonstrated in application to the analysis of a laser-driver
differential amplifier output stage operating at 10 Gb/s. The feasibility of operating at higher bit rates can
also be explored using MMICAD WAVEFORM.

offaat=l.s
cIo=TRsK 27

2 Thls mput 5|gnai was used in the 5|mulat|on A

1. This differential amplifier schematic diagram +1.5-VDC offset was used for each of the voltage
was developed with the MMICAD WAVEFORM source elements in order to achieve a 0-V gate-
program. source voltage for each PHEMT driver.
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sive. But our real
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RF power transistors
for your applications.
To save you a load of
time and expense in
production, we deliver
every transistor fully
optimized to fit your
circuit. No tweaking,
tuning or rework
required at the factory.
Don’t waste time
trying to track down
catalog transistors. Call
408-986-8031 x224
for a perfect fit and
lowest-cost solution.
Or visit www.ghz.com.
We'll review your needs

and build from there! AROUND.
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3. These DC bias conflgurahons are for the diode section (a) and the PHEMT section (b) of the differential

amplifier.

In the circuit design that was in-
vestigated, the signals to the differ-
ential amplifier arrive on a mi-
crostrip line, traveling through bond
wires to reach the amplifier. In mod-
eling this high-speed amplifier, the
first task is to define the S-parame-
ters for the microstrip line using a
linear circuit simulator. The differen-
tial amplifier is intended to operate
at 10 Gb/s. Therefore, the microstrip
lines are characterized to 100 GHz.
The parameters used for the mi-
crostrip line were that of R04350 ma-
terial from Rogers Corp. (Chandler,
A7Z). S-parameter data were gener-
ated through the use of the MMI-
CAD linear circuit simulator.

The MMICAD WAVEFORM soft-
ware was then used to generate the
equivalent impulse response of the
frequency-domain S-parameter file.
The resulting MMICAD WAVE-
FORM impulse file was used for the
subsequent time-domain analysis.

o Circuit
Schematlc
MMICAD WAVEFORM'’s sche-
matic-capture program was used to
define the schematic diagram for the
differential amplifier circuit, which
has two laser diodes in the drains of
the driver FETs (Fig. 1). This circuit
uses the 0.25-mm MMT H40 pseudo-
morphic-high-electron-mobility-
transistor (PHEMT) process from
GEC Plessey (Northants, Caswell,
England). The PHEMTs were the
GEC MMT H40F4x60 devices, mod-
eled using EEHEMT parameters. A
standard heterojunction model was

used for the diode. Inspection of the
circuit shows that a +1.5-VDC offset
is required for each of the
VSOURCE PWL elements, corre-
sponding approximately toa 0-V Vgs
situation for each PHEMT driver
(Fig. 2).

Next, a DC bias check was per-
formed. The bias information gener-
ated by MMICAD WAVEFORM is
shown in Figs. 3a and b. For the dri-
ver PHEMTS, Vds = +2.3 VDC, and
for the constant-current PHEMTSs in
the source circuitry of the driver 0

CIRCLE NO. 452
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4. This is the current waveform that was used to drive
the differential amplifier’s right-side laser diode, as
viewed by MMICAD WAVEFORM'’s voltage probe.

PHEMTs, Vds = +1.47 VDC. The
slight asymmetry is due to the bias
supplied by the input-signal wave-
form (sigin.wav), and the comple-
mentary input from the inverted in-
put-signal waveforms. For the
purpose of the differential amplifier
simulation, the bias condition ap-
peared satisfactory.

o Waveform
Analysis

Next, the program is instructed to
perform a simulation of the circuit
waveforms. The differential ampli-
fier was fed with a 10-Gb/s pseudo-
random-bit-sequence (PRBS) signal
with 20-ms rise and fall times. The
amplifier was simulated for a period
of 7.2 ns.

The software’s voltage-probe out-
put was used to display the current
waveform into the right-side laser
diode (F'ig. 4). The resulting eye dia-
grams are shown in Fig. 5. The upper
trace shows the controlling voltage
while the lower trace shows the pre-
dicted current through the laser
diode. Note that the peak amplitude
is approximately 10 mA for a driving
signal level for the voltage source of
100 mV.

The feasibility of operating at a
higher bit rate of 40 Gb/s was also in-
vestigated. The amplifier was simu-
lated for 1.8 ns with 5-ps rise and fall
times. The resulting eye diagram is
presented in Fig. 6, showing that this
particular design is not suitable for
operation at 40 Gb/s.

The MMICAD WAVEFORM soft-
ware supports the use of RLC

- - - kW
& £ 2 2 ms [

[dx=1450@8 dY=-44580

§
N S IR IR BT
L

lumped passive components, inde-
pendent and controlled voltage as
well as current sources, nonlinear
SPICE-equivalent diode models, and
advanced GaAs metal-semiconduc-
tor-field-effect-transistor (MES-
FET) and HEMT models, including

5. These eye diagrams were generated for the
differential amplifier simulated at 10 Gb/s.

the EEHEMT and version 3 of the
Triquint-Only-Model (TOM3). The
software can also use S-parameter
data derived from linear and nonlin-
ear circuit simulators, from electro-
magnetic (EM) simulators, or from
vector-network-analyzer (VNA)

TAKE THE HEAT.

Between the four walls of this wafer-thin attenuator are near microscopic
deposits of patented magic. Like climate control for your circuitry, the thick film-
resistive technology in Thermopads® compensates for changing temperature and

keeps power output flat.
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RDLs DSG-2000A
Digital Signal Generator

The only digital signal generator that lets you
create all modulation formats - TDMA, GSM,
and CDMA. You can configure any code
channel combination, as well as its 1/Q gain,
phase, and timin? relationships. You can even
adjust baseband filter coefficients. Perfect
symmetry and high dynamic range let you
dccurately measure the adjacent-channel
power level of your amplifiers.
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6. These eye diagrams were generated for the differential amplifier

simulated at 40 Gb/s.

measurements. The software sup-
ports digital bit-stream definitions,
with the capability to control a cur-
rent or voltage source with an arbi-
trary waveform generator file. Users
can verify the DC bias condition of a
circuit by displaying the voltages at
each node and the currents into each
element in a circuit. In addition, the
voltages at all nodes and the currents
into each circuit element can be
saved in a SPICE-compatible raw
data file for each time step for addi-
tional analysis of bias-plane trajecto-
ries, circuit-transfer characteristics,
as well as current-voltage (I-V)
characteristics.

The MMICAD WAVEFORM
time-domain simulator has been de-
veloped for use in the prediction of
waveforms in fast microwave circuits
where accurate S-parameter data
can be imported and used in a simu-
lation. The program allows high-fre-
quency designers to include complex
frequency-dependent effects in pas-
sive circuits. Since MMICAD
WAVEFORM can import S- and Y-
parameter data for passive networks
with as many as 19 ports, designers
can determine the transfer response
for the passive circuitry that is ex-
ternal to a monolithic microwave IC
(MMIC), such as the interactions be-
tween a MMIC and its package.

The use of the time domain has
many advantages for high-frequency
analysis. It can be applied for the pre-

diction of voltage waveforms at
every node in a nonlinear circuit. It
can also be used for analyzing filter

step functions and for examining the
pulsed responses of a high-frequency
or high-speed network. The software
is suitable for visualizing switching
waveforms in high-speed digital cir-
cuits and for evaluating transients
and start-up times in microwave
oscillators.

MMICAD WAVEFORM runs on
an IBM personal computer (PC) or
compatible machine with Windows
95, 98, or NT operating systems. The
recommended computer configura-
tion includes a Pentium-grade micro-
processor running at 350 MHz or
faster and a minimum of 64 Mb of ran-
dom-access memory (RAM).

MMICAD WAVEFORM operates
as a standalone software package. It
can also be incorporated into the firm’s
MMICAD suite of software tools for
seamless data transfer. Opotek Ltd.,
62 Steacie Dr., Kanata, Ontario
K2K 2A9, Canada; (613) 591-0336,
FAX: (613) 591-0584, e-mail:
sales@opotek.com, Internet:
http//www.opotek.com. [ISD

COOLEST CHIP ON THE BOARD.

We've got the patent on the most heat-dissipating chip termination around.

Asymmetrical wrap geometry means morve solderable terminal area. And
that leads to less thermal nasties and the need for heat sinks and tabs.

You can get production volumes of these cool babies in BeO and non-toxic
AIN, on tape and reel, and in many sizes and configs.
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David J. Ballo, Product Manager

Agilent Technologies, Inc., 1400 Fountaingrove Pkwy., Santa Rosa, CA
95403; (707) 577-1400, e-mail: david_ballo@hp.com.

Multiport System Speeds
Production Testing

A multiport network
analyzer coupled with
ot all high-frequency components are created with SOMe Innovative
two ports--many have three or more. Testing these @ lj bration techn iq ues
components with a conventional two-port vector .
network analyzer can be tedious and time consum- Ca@n iNCrease
ing due to the number of connections. For example, pl"OdllCtiO“ -testing
an eight-port device may require as many as 56 h h
connections to test all possible signal paths. Fortu- t roug pUt'
nately, there is a better way, using a specially de-
signed multiport network analyzer and multiport
test set. The new 87050E multiport test sets from Agilent Technologies (Santa Rosa, CA) are designed to
work with the company's 8712ET/ES (1.3-GHz) and 8714ET/ES (3-GHz) RF VN As to provide complete mea-
surement systems for 50-() multiport devices.

Featuring solid-state switching with specified performance to 2.2 GHz, the test sets come with 4, 8, or 12
test ports. These multiport test systems eliminate time-consuming reconnections to the device under test
(DUT) and compared to most other multiport test systems, dramatically reducing the time required for cal-
ibration. Side benefits include lowered risk of misconnections, reduced operator fatigue and repetitive-mo-
tion injuries, and minimal wear on cables, connectors, calibration standards, and the DUT. These attributes
help increase production throughput while reducing manufacturing costs.

Calibrating a multiport test system without software or instrument firmware that is optimized for multi-
port test applications can be a time-consuming and tedious task. Agilent 87050E-based test systems feature
internal calibration standards and advanced calibration techniques that eliminate redundant connections of
reflection standards, reduce the number of through standards needed to calibrate all possible transmission
paths, and minimize the effect of test-system drift (Fig. 1). Full two-port vector-error correction is supported
with specified performance at the calibration plane, whether in a fixture or at the ends of test cables, pro-
viding excellent measurement accuracy.

Calibrating a multiport test system using two-port error correction and a
traditional network analyzer (one without firmware designed to handle mul-
tiport calibration) requires a unique instrument state for each measurement
path, with each measurement path consisting of a pair of test ports. This
model of the test system forces many redundant connections of reflection-
calibration standards. For example, there are six unique measurement
paths on a four-port device (between ports 1 and 2,1 and 3, 1 and 4, 2 and 3,
2 and 4, and 3 and 4). For each path, an open-, short-, and load-calibration
standard is connected to each test port, for a total of six connections of re-
flection standards per path. Since there are six unique measurement paths,
a total of 36 connections is made. Intuitively, each reflection standard should
only have to be connected once to each test port, resulting in only 12 con-
nections. As the number of ports increases, the number of connections re-
quired to calibrate all possible measurement paths grows exponentially

Agilent

1. An Agilent 8712E series VNA and (Fig. 2). For a 12-port test system, there are 66 possible measurement

87050E multiport test set paths, requiring 396 connections of open-, short-, and load-reflection stan-

form a complete 50-() multiport test dards to calibrate all these paths, instead of the minimum possible value of

system.

3 312 or 36.
MICROWAVES & RF « DECEMBER 1999
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Now there’s a cost-cutting, time-saving
alternative to building Power Amps from scratch.

Still designing high-power RF amplifiers the
old-fashioned way? Design with QuikPAC
amplifier components instead. Their consis-
tent quality, outstanding performance and
low unit price make switching to QuikPACs
easy and cost-effective.

Using QuikPACs instead of ordinary transis-
tors shortens design cycles and allows you
to dedicate more time to innovation. Or sim-
ply be more productive. And because we've
done some of the integration for you, your
RF amplifiers will actually be easier and less
expensive to manufacture.

Want more design flexibility? QuikPACs let
you choose how much integration you want
while retaining total control over the stages
that make your designs unique. Replace one
stage with one QuikPAC or many stages with
many QuikPACs. It's up to you.

See how easy it is to switch to Xemod QuikPAC
high-power RF amplifier components—the
building blocks of the wireless future. For
more information, call 1-408-733-7229 or
visit www.xemod.com.

Xemod, Inc. ¢ 333 Soquel Way ¢ Sunnyvale, CA 94086 < 408-733-7229
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The 87050E-based multiport

Multiporgystem

Reflection Connections

Through €

test systems feature a novel
calibration procedure called
Test Set Cal, which eliminates
all redundant connections of re-
flection standards. An open-,
short-, and load-calibration
standard is connected and mea-
sured only once for each test
port. In this way, no redundant
data are collected. The raw

12-port

Cal combines the measure-
ment of an external through
standard with reflection mea-
surements of the internal cali-
bration standards to separate
each transmission path into
parts--the network-analyzer
response, the response of the
test set's source port, and the
response of the test set's load
port. These individual re-

measurement data of each cali-
bration standard is saved in an
internal data array, along with
measured data of the through
standards. When a user defines a
measurement path, the analyzer se-
lects the data corresponding to the
two test ports, which comprise that
particular measurement path. This
data are then used to calculate the
correction coefficients needed to per-
form vector-error correction.
Another unique aspect of Test Set
Cal is that it greatly reduces the
number of through connections
needed to test all possible transmis-
sion paths. A traditional approach to
calibrating a multiport test system
would be to perform a through mea-
surement for each measurement
path (note: for simplification, this pa-
per will treat the through calibration
as one connection and one measure-
ment). Continuing with the four-port
example above (with six unique mea-
surement paths), a traditional

2. Test Set Cal reduces the number of
connections required to calibrate all possible
measurement paths for multiport testing.

21 connections of calibration stan-
dards. Using Test Set Cal with a 12-
port test system, only six through
connections are needed to character-
ize all 66 possible transmission paths.
The through standards can have zero
or non-zero electrical length. Non-
zero-length throughs must be char-
acterized for electrical delay and loss,
and this information must be entered
into the network analyzer as part of
the calibration-kit-definition file.

To achieve a minimum-through
calibration, Test Set Cal uses internal
calibration standards built into the
test set (Fig. 3). These internal stan-
dards are also used during an auto-
matic procedure where the test sys-
tem recalibrates itself through a
process known as SelfCal. The mini-
mum-through portion of a Test Set

sponses can then be used to de-
termine the transmission coef-
ficients of any possible path.
Since the individual parts are
common to many transmission paths,
the number of through measure-
ments needed during calibration is
greatly reduced. This technique can
be used with calibrations associated
with transmission/reflection network
analyzers , and with full two-port cal-
ibration associated with S-parameter
network analyzers.

The 87050E-based multiport
tests systems feature a unique self-
calibration feature called SelfCal.
SelfCal is an internally automated
calibration procedure that uses solid-
state switches to measure calibration
standards located inside the test set.
SelfCal executes automatically in
only a few seconds (at an interval de-
fined by the user), so the impact to
the test process is minimal. After a
SelfCal executes, the multiport test
system is restored to the same

calibration would require six
through measurements. Test
Set Cal requires through con-
nections only between adja-
cent port pairs. Adjacent port
pairs are defined as port n and
portn+ 1, wheren=1,3,5"79
or 11. For the four-port exam-
ple, only two through connec-
tions are required to character-
ize all six paths. During
calibration, a through standard
is connected between port 1
and port 2, and between port 3
and port 4. Note that for mea-
surements on a three-port de-
vice, it is still necessary to cali-
brate four test ports using the
minimum-through algorithm.
However, a four-port Test Set
Cal requires only 14 connec-
tions of calibration standards,

\

measurement accuracy that is
achieved immediately after
performing a Test Set Cal. Self-
Cal reduces the effects of test-
system drift, which improves
overall measurement accuracy
between Test Set Cals.

With SelfCal, the interval be-
tween external-standards-

N
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’\ N
To Analyzer

Transmission
RF Input

s
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ToAnalyzer ¥
Reflection
RF Output

TestSet /™

potz \ %)
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whereas calibrating all possible
paths of a three-port device us-
ing a traditional VNA requires

3. This simple block diagram shows one pair of
internal calibration standards within the
Agilent 87050E multiport test set.

MICROWAVES & RF « DECEMBER 1999
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based Test Set Cal can be much
longer than the calibration in-
terval required by a traditional
test system. Test Set Cal inter-
vals are typically between
once-a-week and once-a-
month, depending on environ-
mental variations and the qual-
ity of the system components
between the test set and the
DUT. Agilent Technologies,
Inc., 1400 Fountaingrove
Pkwy., Santa Rosa, CA
95403; (707) 577-1400, In-
ternet: http:// www.agi-
lent.com. FISD



Now in Production
Packaged pHEMTs!

Product Features:

Noise Figure: 0.5dB @ 1800 MHz*

Gain: 15dB @ 1800 MHz |
P 29 dBm @ 1800 MHz |
IP3: 46 dBm

Filtronic Solid State is now in production with Low Noise and High Dynamic Range
low-cost SOT-89 packaged pHEMTSs. Filtronic Solid State is offering Millennium-leading
technology for the year 2000 and beyond for Base Station, Wireless Local Loop, and
W-CDMA applications from 500 MHz to 4 GHz.

If this isn’t surprising enough, call (800) 737-6937 and ask about our volume pricing
available through Richardson Electronics Distribution, in quantities up to 10,000 each.

Model Number | Noise Figure Gain P.as IP3

LP750S0T89 0.7 dB* 14dB 24 dBm 40 dBm
LP1500S0T89 0.5 dB* 16 dB 27 dBm 44 dBm
LP3000SOT89 0.5 dB* 15dB 29 dBm 46 dBm

*with optimum Noise Figure biasing
Base Stations

Wireless Local Loop - W-CDMA/IMT 2000

Visit our website, http://www.FiltronicSolidState.com o ﬁwg‘g
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Software Simplifies

Linear Gircuit Analysis

This flexible suite
of CAE design tools
combines linear
circuit synthestis,
simulation, and
layout functions in
a user-friendly
Windows
environment.

RF DESIGNERS OVER THE YEARS HAVE COME TO
know the power of linear circuit design software from
Eagleware, Inc., (Tucker, GA). The company’s latest
release, GENESYS 7, adds simulation and synthesis power,
but also becomes easier to use than earlier versions. While
previous versions loosely coupled multiple synthesis and
simulation engines, the GENESYS 7 architecture was
rebuilt from the bottom to support multiple simulation
engines while also making full use of the 32-b Windows
95/97/NT operating system. The software suite employs
object-oriented techniques to allow function modules and
design elements to operate independently, yet to communi-
cate with each other seamlessly and effortlessly.

Introduced this past August (see
Microwaves & RF, August 1999, p.
141), GENESYS 7’s use of object-ori-
ented techniques improves simula-
tion and optimization speeds by a fac-
tor of 10 or more compared to earlier
versions of the software. By using
diakoptic methods, results can be
efficiently stored and reused in a tree

structure of cached memory without
the need for constant recalculations.
Efficient memory use is achieved by
eliminating unnecessary nodes dur-
ing the initial parsing of a circuit
schematic diagram. For example,
simulations performed on a nine-pole
elliptic filter are completed approxi-
mately 12 times faster in GENESYS
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ped-element design screen was used to

2. The software’s multifunction capabilities support a single

screen with schematic diagram (lower left), layout (lower

m'zh,t), and simulated ger;ormance ( uﬁFW plots).
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Sonnet® Lite is based on the industry standard Sonnet em® Suite which is
providing EM analysis to hundreds of companies around the globe. Sonnet
is a proven EM software solution, with over 16 years of industry use.

And you can download the lite version, right now, for free.

Sonnet Lite analyzes:
e 3D Planar circuits such as Microstrip filters,

To obtain your FREE copy

Coupled Lines, Spiral Inductors and many of the software, visit:
more! WWW.sonnetusa.com
. Up to 2 Metal Layers Download the software or

. Up to 4-port circuits

o Solutions requiring up to 16 MB of RAM | order a CD-ROM.

Available for Windows 95/98/NT. CD-ROM Bonus!

The complete 1882 biography
“The Life of James Clerk Maxwell”

% VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #1033

Sonnet Software, Inc. ® 1020 Seventh North Street o Suite 210 e Liverpool NY e 13088
(315) 453-3096 e fax: (315) 451-1694 e info@sonnetusa.com e www.sonnetusa.com

Crannet ad om 11re reagictaraed tradamarlee F Qanmnet Saftarare The CIDSIE NM D94 A verret bt 1TOOO C v em e + CAftroarara Tee



S O F T W A RE

s oL UT

I O N §

7 than the same simulation per-
formed in earlier versions of the soft-
ware suite. Solutions are arrived at
quickly, with dramatic convergence
for even large circuits.

GENESYS 7 features a new on-
screen environment developed in the
spirit of the latest Microsoft Win-
dows standards. Operators can now
organize schematic diagrams, circuit
layouts, simulated performance
graphs, and analyses within a single
file. Also, multiple files can be opened
simultaneously to compare and con-
trast results. Movable toolbars man-
age screen space. For rapid local
changes, a click on the right-hand
mouse button provides instant access
to pop-up command menus. By using
the undo and redo (virtual) buttons, a
designer can experiment with differ-
ent circuit topologies and formats.

A powerful new post-processing
engine in GENESYS 7 increases the
speed of importing and combining
data. Data collected from several
sources, such as electromagnetic
(EM) simulators, circuit simulators,
and actual test results, can be com-
pared and processed or new parame-
ters can be calculated from a single
source of data. Once equations have
been entered into GENESYS 7,
results can be displayed in tables or
graphs, allowing changes in parame-
ters to be made through tuning keys.
Tuning changes are shown by real-
time changes to the graphical results.
For example, Leeson’s equation can
be used to display oscillator phase
noise. Similarly, relative gain, the dif-
ference between the maximum gain
and the gain at any frequency, can be
calculated and displayed. Conditional
statements, such as IF-THEN and
GOTO enable the development of
processing flow-control systems.

GENESYS 7 comes with a com-
plete range of lumped and distribut-
ed component models. It also
includes microstrip, stripline,
slabline, coaxial, and waveguide
models and components. The soft-
ware includes an extensive S-param-
eter library containing more than
30,000 device files from 14 vendors.
The simulation program has been

Software Simplifies Linear
Circuit Analysis

totally redesigned to accommodate
circuits of any size, with no limits on
the total number of subcircuits,
ports, or simulation frequencies. An
“intelligent” simulation feature saves
processing time by only resimulating
circuits or parts of circuits that have
been changed or tuned from a previ-
ous simulation.

A typical design process begins
with the user selecting of one of the
seven synthesis programs. These
include matching network synthesis,
oscillator synthesis, inductor-capaci-
tor (LC) filter synthesis, distributed
filter synthesis, active filter synthe-
sis, delay equalization, and transmis-
sion-line synthesis. A filter design
was chosen for this review.

The opening page of the lumped-
element filter-design program
enables an operator to specify filter
type, topology, number of sections,
and frequency parameters (Fig. 1).
Once filter parameters are specified,
the program captures the design as a
schematic diagram or net list for sim-
ulation and/or layout. Simulation out-
puts can include S, Y, H, and Z
parameters plus noise and stability
factors. Once simulated performance
is plotted, an operator can assign
variable and execute tuning on a
design, and perform Monte Carlo and
statistical analysis.

GENESYS 7’s schematic-entry
work area allows circuit diagrams,
layouts, and predicted performance
to be shown on the same screen (Fig.
2). In the case of this example filter,
the swept response is plotted in two
different scales to aid in analysis. In
the schematic diagram, each compo-
nent has a corresponding footprint,
which is placed in the layout window
and connected by “rubber-band”
lines. With manual layouts, a design
is created using lines, arcs, polygons,
and other geometric forms. Prede-
fined layout footprints can also be
inserted along with free-form text.

The software can support up to 128
layers, including dielectric layers,
metallization, silk screening, solder
masks, and solder paste. Using
GENESYS 7’s integrated layout
module, users can automatically cre-

ate a layout from the circuit schemat-
ic built earlier, or manually create a
layout through interactive design.
Tuning and optimization can be per-
formed through the schematic-entry
or net-list formats.

Once a design is complete, a user
can perform multilevel EM simula-
tion using the =EMPOWER= ML
tool. Typical multilevel designs
include air bridges and cross-coupled
structures. A new co-simulation
(using circuit and EM simulators)
feature enables an operator to quick-
ly verify the accuracy of multilayer
circuits with embedded lumped com-
ponents without cumbersome data
transfer. The co-simulation feature
can analyze signals traveling on an
unlimited number of layers with an
arbitrary set of dielectric layers, and
is suitable for analyzing microwave
circuits containing transistors,
lumped capacitors, and distributed
components, such as Lange couplers
and spiral inductors.

During a co-simulation, GENE-
SYS automatically recognizes the
lumped components, removes them,
adds internal ports, and runs the EM
simulation. Then, the multiport data
are transparently included in a cir-
cuit simulation. Once the initial
design is complete, the lumped com-
ponents can be interactively tuned or
automatically optimized at high
speed. Upon completion of a design,
the software can generate files for
manufacturing using built-in Gerber
and DXF writers.

The GENESYS 7 software runs on
any IBM personal computer (PC) or
compatible machine with Windows
95 or higher operating system, at
least 32 Mb of random-access memo-
ry (RAM), and at least 30 Mb of avail-
able hard-disk memory. P&A: $1997
and up (depending on options); stock.
Eagleware Corp., 4772 Stone
Dr., Tucker, GA 30084; (770) 939-
0156, FAX: (770) 939-0157, Inter-
net: http://www.eagleware.
com. |
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Economical Package Aids
Design Of Linear Gircuits

This cost-effective
program offers all
of the features of
high-end design
tools,

with the added
benefit of unique
amplifier noise
and gain trade-off
tracking
capabilities.

LINEAR-CIRCUIT SIMULATORS HANDLE THE BULK
of the design work at RF and microwave frequencies. Yes,
other tools are used, including nonlinear simulators and
electromagnetic (EM) design software. But the linear sim-
ulator is still the computer-aided-engineering (CAE)
workhorse for small-signal amplifiers and a wide range of
passive components, such as couplers, filters, and power
dividers. One of the brightest new and affordable additions
to the current lineup of available linear-circuit simulators
is LINC2 from Applied Computational Sciences (Escondido,
CA). The LINC2 package combines a suite of RF analysis
tools with a powerful RF and microstrip-circuit simulator.
And the $495 price makes the software attractive for prac-
ticing engineers as well as engineering students.

.................................
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This split-screen view shows LINC2’s schematic capture and simulated
performance-display capabilities.
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LINC2 (see figure) is a personal-
computer (PC)-based program that
uses a nodal circuit-description for-
mat similar to those used in the
Series IV suite of programs from
Agilent Technologies (former
HP/EEsof, Santa Rosa, CA) and the
=SuperStar= suite of software tools
from Eagleware (Tucker, GA).
LINC2 incorporates matching net-
work synthesis, microstrip and
stripline transmission-line synthesis,
pi- and t-pad design, and a circles
utility for designing input (I)- and
output (0O)-matching networks
around a two-port or transistor cir-
cuit. The software includes a gener-
ous collection of lumped-element
component models.

The program is divided into two
functional sections—swept-frequen-
cy analysis for broadband problems
and single-frequency analysis. The
swept-frequency analysis mode is
used for active and passive circuit
simulation. The single-frequency
analysis with its circles utility is
automatically invoked when an
external S-parameter file is loaded
from the main menu. This feature is
primarily intended for the analysis of
active device data such as a bipolar
transistor or field-effect transistor
(FET) at a specific frequency.

The circles utility is intended for
automated amplifier design based on
Smith Chart displays of operating
power-gain circles, available power-
gain circles, noise circles, and gain
and noise circles, with adjustments
made according to design trade-offs.
Other displays include x-y plots, sta-
bility circles, to indicate the best
choices for source and load termina-
tions, and simultaneous (bilateral)
conjugate matching at both ports
when stability permits.

The circles utility automatically
synthesizes input and output net-
works to provide good impedance
matches for a user’s choice of circuit
topologies, including L, pi, t, and var-
ious transmission-line and stub
forms. The networks generated by
the circles utility are based on inter-
active displays of gain, noise figure,
and stability circles overlaid on a

Package Aids Design
0f Gircuits

Smith Chart.

LINC2’s output data covers all
four S-parameters, including magni-
tude (in linear or logarithmic for-
mats) and phase of forward transmis-
sion (Sy), reverse transmission (Sqz),
input-reflection coefficient (S,;), and
output-reflection coefficient (S,,).
Other outputs include voltage stand-
ing-wave ratio (VSWR), group delay,
maximum stable gain (MSG), K and
delta stability indicators, and real
and complex input and output
impedances. Users can drag and drop
frequency markers within a graphics
window to provide details about a
particular point. Any graphical out-
put can be viewed and printed as a
table.

LINC2 can import S-parameter
data from test equipment or stored
files for direct analysis or export S-
parameter data generated as the
results of an analysis session. In addi-
tion, S-parameter data can be
imported according to the require-
ments of a circuit file to represent
part of that file as a two-port circuit
element, such as a transistor or pas-
sive circuit element.

The LINC2 program can tune any
circuit component while displaying
the effects of those changes on the
computer screen for any circuit
response or performance parameter.
The tuned response is shown as a
dashed line while the initial response
remains on the screen as a solid curve
or line. This capability enables
instant visual comparison between
initial and tuned responses. This type
of instant tuning simulation provides
invaluable insights into techniques
for optimizing a design.

The sensitivity of a circuit to com-
ponent tolerances can be quickly
evaluated by tuning a part’s value
and noting the degree of movement
in the response. Tuning is not limited
to adjustment of component values.
Parameters such as quality factor
(Q), transformer turns ratio, trans-
mission-line length, and characteris-
tic impedance can also be tuned.

LINCZ2’s statistical analysis sec-
tion provides Monte Carlo yield anal-
ysis for uniform distributions of ran-

dom variations in selected circuit
parameter values. Monte Carlo anal-
ysis affords a means to study the per-
formance deviations produced when
the parameter values of one or more
components are varied about a nomi-
nal value, such as a comparison in
overall performance when using 5-
percent resistors versus 10-percent
resistors.

LINC2 is supplied with effective
hard-copy documentation. The docu-
mentation includes models and
examples of active and passive cir-
cuits, such as amplifiers, filters, and
coupled transmission lines. Tutorials
include stabilizing a potentially
unstable transistor amplifier, ampli-
fier design and simulation using
bilateral conjugate matching tech-
niques, and low-noise-amplifier
(LNA) design. Included on the com-
pact-disc-read-only-memory (CD-
ROM) program disk are approxi-
mately 2000 S-Parameter files
representing semiconductor devices
from Agilent Technologies (formerly
Hewlett-Packard Co.) and California
Eastern Laboratories/NEC (Santa
Clara, CA) for use in circuit designs.
A synthesis and simulation design
feature using the LINCZ2 program
can also be found in an earlier issue of
this magazine (see Microwaves &
RF, August 1999, p. 123).

The LINC2 software runs on any
IBM PC or compatible machine with
an 80486 or newer miceropro-
cessor/math-coprocessor and the
Windows 3.1 or later operating sys-
tem. The computer should have at
least 2 MB of random-access memory
(RAM) along with 2 Mb of available
hard-disk memory. A Windows-com-
patible graphics printer is required
in order to produce hard-copy docu-
mentation.P&A: $495; stock.
Applied Computational Sci-
ences, 1061 Dragt Pl., Escondi-
do, CA 92029; (760) 612-6988, e-
mail: comps ci@funtv.com,
Internet: http://users.funtv.
com/~compsci.
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Software Upholds

New Design Standards

This new suite of
software tools is
specifically
designed to meet
emerging
standards for
unified mixed-
signal simulation
techniques.

INCREASING DEMAND FOR ELECTRONIC SYSTEMS,
in automotive, avionics, communications, medical, and
other applications, is outpacing the electronic industry's
ability to cost-effectively design such systems. As a result,
software developers are being driven to create a highly uni-
fied mixed-signal simulation language that can flow mod-
els from different functional tools, such as analog-design
tools and SPICE simulators. One of the first fruits of this
push toward integration is the ADVance platform from
Mentor Graphics (Wilsonville, OR). The platform inte-
grates digital, analog, and mixed-signal hardware-descrip-
tion-language (HDL) code with SPICE in a single simula-
tion environment. The integrated software suite complies
with the new standards set by the Institute of Electrical
and Electronic Engineers (IEEE) for visual HDL (VHDL)

and analog-mixed-signal (AMS) use.

The VHDL-AMS code can directly
represent complex models by com-
bining differential equations, alge-
braie constraints, and logical con-
trols. The VHDL-AMS code can also
be used to describe nonelectrical ele-
ments, such as device or component
packaging or automobile braking
systems.

The ADVance platform offers one
possible solution to this need to more
quickly design complex circuitry.
The platform can directly represent a
complex analog and mixed-signal
model by combining differential
equations, algebraic constraints, and
logical controls. This architecture
enables synergistic coexistence of
digital- and analog-design method-
ologies based on industry standards.
Conventional macromodeling may be
used alone or in combination with
direct modeling. Descriptions in
VHDL-AMS that combine analog
and event-driven elements are many
times more efficient than SPICE-

style macromodels. The new
ADVance software suite comes with
new levels of simulation for system-
on-chip (SOC) designers while fully
supporting the IEEE VHDL-AMS
standard.

The CommLIB module within the
ADVance platform contains 238 com-
munications-related functions, from
simple digital blocks and math func-
tions to complex telecommunications
functions. Each model can be pro-
grammed through input parameter
definitions. The module's library of
function blocks is extensive, and
includes pre-emphasis and de-
emphasis functions, modulators,
demodulators, and companders.
Mentor Graphics Corp., 8005
SW Boeckman Rd., Wilsonville,
OR 97070; (800) 547-3000, (503)
685-7000, Internet: http://www.
mentor.com.
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In a modern era one company has been
at the forefront of advanced electronics
systems for the defense, aerospace,

and communications industries: Zeta. requency Mult
Doing business for over 30 years!

When your system calls for a level of
performance that’s beyond prevailing
standards you need more _than_ a product,

you need a solution.

At Zeta we provide solutions that include
a full range of microwave products and
subsystems specifically designed for use
in missile guidance, ground support
equipment, radar, satellite communica-
tions, data links and other demanding
applications. Our customers include
United States government agencies,

foreign governments, as well as major
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military and commercial contractors.

So, when you are called on to perform,
place your trust in a name you know . . .

Zeta.

ZETA

2811 Orchard Parkway, San Jose, CA 95134 Tel 408.434.3600 Fax 408.433.0205 e-mail zeta@zeta-sni.com
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Toolset Sorts
Through Signal Gontent

This easy-to-use
collection of
signal-processing
routines simplifies
the task of
performing
advanced analysis
on complex
waveforms.

SIGNAL PROCESSING IS MUCH SIMPLER WITH THE
right tools or, to be precise, the right toolset. In this case,
the toolset is virtual, contained within a package of pro-
grams from National Instruments Corp. (Austin, TX). The
software toolset includes components for digital filter
design, third-octave analysis, joint time-frequency analysis
(JTFA), wavelet and filter-bank design, and spectral analy-
sis. It also contains the Virtual Bench-Dynamic Signal
Analysis (DSA) tool for dynamic signal acquisition, display,
and analysis. All of the programs are accessed through a

straightforward graphical user interface (GUI).

The toolset’s digital filter-design
component is a general-purpose
design tool for signal-conditioning,
control-systems, and digital-signal-
processing (DSP) applications. Users
can quickly and easily design digital
filters for signal-conditioning and
control-systems applications without
being an expert in DSP technology.
Users can interactively design filters
such as lowpass, highpass, and band-
stop filters, as well as digital band-
pass finite im-
pulse-response
(FIR) and infi-
nite-impulse-re-
sponse (IIR) fil-
ters without
programming
experience. In
addition, the digi-
tal-filter design
application in-
cludes the ability
to create arbi-
trary response
filters by modify-
ing the magni-

The JTF A software was used to analyze this seismic
wawveform for its power spectrum (right-hand plot) and its

time Tesgonse (lower glot),

tude response
plot.

Unlike conven-
tional signal-

analysis technologies, the JTF A soft-
ware examines signals in the time
and frequency domains simultane-
ously. The JTFA software can be
applied in almost all applications
where Fast Fourier transforms
(FFTs) are normally used, such as
radar-image processing, vibration
analysis, and dynamic signal analy-
sis. In the analysis of a seismic wave-
form, for example, the simultaneous
use of the time and frequency do-
mains provides information about
the power spectrum and time re-
sponse of the waveform (see figure).

The wavelet and filter-bank design
program is a unique tool for signal
classification. By interactively
selecting a wavelet prototype (equi-
ripple or maxflat) and different FIR
filter combinations, an operator can
easily find the best wavelet or filter
bank for an application. P&A: stock;
$995.00. National Instruments
Corp., 6504 Bridge Point Pkwy.,
Austin, TX 78730-5039; (512)
794-0100, Internet: http:/www.
natinst.com.
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The lightest microwave cabie in the world
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UTIiFLEX® cables with DuPont’s® ARACON® metal - The UFJ Series is 25% lighter than comparable braided copper cable

clad fibers are light as a feather. stronger than steel with a strength that’s five times greater than steel! When you marry
When you put together a team like Micro-Coax and DuPont®, you those incredible specs with UTiFLEXS insertion loss of 0.2 dB/ft. at

18 GHz, you get a unique cable that can handle just about anything.
expect breakthrough results. And

they delivered! The new cables are perfect for space-flight, aerospace, and
airframe applications—anywhere and everywhere lightweight

That breakthrough is the new
UTiFLEX UFJ (Lightweight

microwave cables are a critical design element.

UTIiFLEX cables with ARACON® They're going to change the way you
Ultra Low Loss) Series -

think about microwave cables.. forever. For more details,
B call for our FREE brochure at 1-800-223-2629,

cables. Using
DuPonts® ARACON® ultra-thin fiber as the 5

shielding braid instead of heavier silver-

or visit us at www.micro-coax.com

R micro-coax:

plated copper wire, these new cables shatter
Leading the way in transmission line solutions.

Il barriers in li i formance.
all barriers in 11ghtwe1ght perlormance ARACON?® is a DuPont® registered trademark.
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Tool Tackles
Digital Filter Design

Even first-time
users will be
quickly designing
advanced digital
filters and
generating C code
without long hours
spent on tutorial
lessons or
programming
instructions.

DIGITAL FILTER TYPES SUCH AS FINITE-IMPULSE-
response (FIR) and infinite-impulse-response (IIR) filters
are widely used in cellular telephones and base stations as
well as in other wireless communications system. For those
responsible for designing and working with digital filters,
the QEDesign 2000 program from Momentum Data Sys-
tems (Fountain Valley, CA) could prove to be an invaluable
addition to a desktop or laptop computer. The easy-to-use
software provides a menu-driven toolset for the design and
implementation of FIR and IIR digital filters. |

The QEDesign 2000 program
includes extensive error-checking,
extensive on-line help features, effi-
cient 64-b floating-point calculations,
and 128-b floating-point calculation
for critical problems. Coefficient
quantization is variable with scaling
from 8 to 32 b. For FIR filters, the
number of taps are determined by
using the window calculation defined
by a user’s inputs. The coefficients
for the taps are determined by using
Fourier series design techniques for
computing the impulse response and
the window coefficients.

The QEDesign 2000 program sup-
ports the most useful methods of
designing FIR filters, including win-
dow design and Parks-McClellan
design approaches. Since all frequen-
cy functions are periodic on the unit
circle of the Z-domain, the magnitude
and phase of these FIR filters are
periodic functions in the frequency
domain. This allows the functions to
be represented as Fourier series
with Fourier coefficients represent-
ing the FIR filter coefficients.

The QEDesign 2000 program can
design IIR filters by creating them
first in the analog domain (S-plane)
and mapping them to the digital
domain (Z-plane), or by designing

them directly in the Z-plane. The
QEDesign 2000 package supports
five types of analog-filter prototypes
and three methods of transforming
an S-plane design to the digital
domain. QEDesign 2000 also pro-
vides an allpass filter with arbitrary
group-delay capability, which is
designed directly in the Z-plane.
QEDesign 2000 offers the unique
capability to graphically design fil-
ters by adding or deleting poles
and/or zeros as well as by moving
existing poles and/or zeros. This
capability is sometimes useful when
creating filters that cannot be speci-
fied in a conventional manner.
Changes in filter responses are
simultaneously displayed as poles
and zeros are moved or deleted.
Rectangular or polar coordinate sys-
tems can be used together with zoom
capabilities for precise placement of
poles and zeros. Momentum Data
Systems, Inc., 17330 Brookhurst
St., Suite 140, Fountain Valley,
CA 92708; (714) 378-5805, FAX:
(714) 378-5985, Internet: http:/
WWW.INCS,COML.
CIRCLE NO. 526 or visit www.mwrf.com
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~omplements frequency domain circuit
simulators allowing:

 prediction of voltage waveforms at every
node in a nonlinear circuit

 analysis of pulsed RF network responses

- analysis of filter step-function

 examination of transient and start-up times
in oscillators

 visualization of switching waveforms in fast
digital circuits
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Free Software Determines
Telecom System Features

This powerful
suite of analysis
and planning tools
can transform a
personal computer
into a complete
design center for
passive RF
communications
systems.

COMMUNICATIONS SYSTEMS DESIGNERS NOW
have a design tool that will not cost them an arm and a leg.
In fact, it will not cost them anything. The Andrew
Microwave System Planner (AMSP) software is offered free
of charge from Andrew Corp. (Orland Park, IL). AMSP is a
practical suite of software tools that helps electrical engi-
neers configure the passive portion of a complete RF and
microwave communications system at frequencies from 3 to
20 GHz. The software and its seven functional routines
include all of the features necessary to design a communi-

cation site.

AMSP users can create and save
communications-system designs for
as many as five operating bands by
selecting from a library of passive
transmission-line components, such
as coaxial cable assemblies. The soft-
ware automatically checks transmis-
sion-line components for frequency
compatibility and provides perfor-
mance parameters, such as insertion
loss and VSWR, for each transmis-
sion-line component, including coax-
ial cables and connectors. The pro-
gram also calculates system insertion
loss and VSWR for selected cables. A
selection program for base-station
antennas offers radiation-pattern
envelopes (RPEs) for a wide range of
antennas, and shows complete speci-
fications for easy viewing, printing,
and exporting into other software
programs.

Using listings from a family of
HELIAX® cable assemblies, design-
ers can specify the exact length of
cable run needed for a particular sys-
tem design.

Engineers can create templates for
future designs, simplify the design of
multiple sites, obtain an instant visu-
al display of a system’s electrical
characteristics, and examine changes

in performance based on changes in
components. Upon completion of a
design, the AMSP software provides
a user with a customized bill of mate-
rials for all of the Andrew parts nec-
essary for the system. The software
also enables the system designer to
add items to the bill of materials and
provides outputs in formats ex-
portable to many other common
applications. Users can access any
section of the design cycle for review.

The software suite also includes
the Andrew Broadcast System Plan-
ner (ABSP). This is a design tool for
configuring digital- and analog-tele-
vision broadcast systems. It supports
analysis of antennas with various
polarizations, and provides output-
data-covering antenna patterns,
tables of information, and power-
analysis data. The ABSP program
can generate electronic files of anten-
na patterns for propagation studies.
It is equipped with more than 35 pop-
ular broadcast-transmission lines.

In addition, the free software suite
also contains the Andrew Terrestrial
Microwave Antenna Selection
(ANTDERS) and AntWind software
programs. The ANTDES tool con-
tains information on all the microwave
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Software Determines
Telecom System Features

antennas listed in the latest Andrew
catalog (No. 37). The program dis-
plays and prints radiation-pattern
envelopes of all the antennas listed in
that catalog. AntWind is a software
tool that calculates wind forces trans-
mitted to towers by the mounted
antennas. Also, eZGuide is a small
program that simplifies the process
of ordering microwave-transmission
lines. The exact component type,
waveguide size, flange type, compo-
nent dimensions, operating frequen-
cy, and finish can be specified. Each
product is pictured on screen and dia-
grammed for easy reference.

Finally, the AMSP suite of tools
contains the PSI Select Pressuriza-
tion Planner, which offers complete
information on pressurization prod-
ucts and accessories. The program
performs system calculations and
dehydrator selection either for a new
site or for modifying an existing site.
PSI Select Pressurization Planner
also provides catalog information and
several tutorial pressurization pre-
sentations in files compatible with
Microsoft PowerPoint.

The AMSP software, which has a
built in disabling function for a limit-
ed shelf life (but which also ensures
that obsolete equipment is not listed
in the software), is supplied on a com-
pact-disc-read-only memory (CD-
ROM) free of charge. The program
runs on any IBM personal computer
(PC) or compatible machine with an
80486 or higher microprocessor; a
minimum of 6 MB of random-access
memory (RAM); Windows 95, 98, or
NT operating system; 4 MB of avail-
able hard-disk memory; a mouse or
other point device; and video-graph-
ics-array (VGA) capability. The soft-
ware is also available to educational
institutions involved in the teaching
of RF design and theory. P&A: free;
stock. Andrew Corp., 10500 W.
153rd St., Orland Park, IL
60462; (800) 255-1479, FAX: (800)
249-5444, Internet: http://www.
andrew.com.
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Your Design Innovations: Priceless.

a Book: Absolutely Free.

FC's 1999 Oscillator Data Book is our idea

book for design engineers. With over 170

pages of the latest products and information,
including extensive application notes, you're sure
to find innovative solutions to your frequency
control design needs.

To receive your free copy of OFC's new Data
Book, call us at 717-486-3411 or fax your request
at 717-486-5920. You can also e-mail OFC at
sales@ofc.com or visit us on the web at

www.ofc.com. VISIT US AT THE WIRELESS SYMPOSIUM

& EXHIBITION BOOTH #1335

T
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TELE QUARZ GROUP

Dak Frequency Control Group

World Leaders in Frequency Control Products

CIRCLE NO. 436 or visit www.mwrf.com

i $3 wanaquid fiters

"Excellent....eSeptum is
exactly what we have
% been looking for."
PR AR Steve Rempel, R&D Mgr.
Marki Microwave

Plot results in "real time" with up to 14 variables.
Calculate 697 frequencies in seconds.
Investigate temperature and tolerance effects.
& GHz & up: PCS PMP PCN LMDS - NO Tuning!

e e

FREE Trial at www.engineers.com
Ph 408-445-2902 email sales@engineers.com Fax 408-265-2410
CIRCLE NO. 496 or visit www.mwrf.com
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We believe in providing our
customers with the highest quality
products and services using the
most cost effective manufacturing
processes and with the shortest
possible cycle time.

Pacific Microwave Corporation can
provide you with complete solutions for
your RF and Microwave manufacturing
needs. Our extensive RF and Microwave
Assembly and testing capability covers
DC to 40 GHz range, US based engineers
and technicians have certified the
expertise of our people for attachment
processes for GaAs Fets, MMIC chips
onto high frequency thin film circuits and
softboards. Our engineers and technicians
are likewise highly qualified to test, align
and troubleshoot RF and Microwave
assemblies. Our full turnkey capability will
provide you with a dramatically increased
manufacturing capabilities with minimal
overhead infrastructure cost of our
organization while maintaining the
premium quality of your products.

With Pacific Microwave Corporation, you
will enjoy the benefits of a true
outsourcing program, because we are
committed to give you the manufacturing
solution you need - that which consistently
delivers only the best products and
services.

PARTIAL LIST OF

PRODUCTS

MANUFACTURED

AND TESTED

DEVICES

All types of ceramic packages,

TO8, Flatpacks, Open Carrier

Modules, etc.

e Wide band, narrow band,
internally matched amplifiers

o Attenuators

e Low Noise Amplifiers

* Power Amplifiers up to 60 Watts

e Voltage Controlled Oscillators (VCO)

e C-Band & Ku-Band Amplifier Modules

SUBSYSTEMS

e VSAT Transmitters : C-Band, Ku-Band

e Multi-Channel Loopback for Cellular
Base Station

o Multi-Carriers Divider / Combiners with
Auto Sensor for Cellular Base Station

o Transceivers up to 40 GHz

e Spread Spectrum Outdoor Units

COMPONENTS

e Voltage Controlled Oscillators
o Gun Oscillators

e Lumped Filters up 2 GHz

o Power Dividers / Combiners
e Low Noise Amplifiers

e Amplifiers up to 40 GHz

e Frequency Multiplier up to 40 GHz
® Diplexers up to 26 GHz

® Mixers, Attenuators & Switches
e Phase Locked DROs

e Free running DROs

e Synthesizers

Pacific Microwave Corporation .... offering you Solutions for the Future, Today.

PACIFIC MICROWAVE CORPORATION

# 5 West Road, Special Export Processing Zone
Light Industry and Science Park, Cabuyao, Laguna
Tel. (6349) 543-0655 to 57, (632) 696-9960

Fax. (6349) 543-0657
E-mail: pmc@pacific-microwave.com

CIRCLE NO. 328

Visit us @ www.pacific-microwave.com

PMC WIRELESS, INC. (AGENT)
1500 Wyatt Drive, Suite 11

Santa Clara, California, U.S.A.
95054-1522 U.S.A.

Tel. (408) 986-8878

Fax. (408) 986-8823
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APPLICATION NOTES

t (ATE) systems rely on fast switching networks to route
- and a device under test (DUT). An article in the No-
: Measurement News from Agilent Technologies (Engle-
HP 3499A and HP 3499B switches for ATE applications.
ve-slot, full-rack-width switching mainframe unit while the HP
unit. The switch units operate from DC to 26 GHz. The
s while the later can switch as many as 80 channels.
des information on new electromagnetic-interference
we, millimeter-wave production test systems, multiport
ctor-signal-analyzer (VSA) measurements for digital radio de-
ince analyzer. Copies of the November 1999 issue (Is-
ews are free on request from: Agilent Technolo-

rement News, P.O. Box 3828, Englewood, CO
44, Internet: http//www.agilent.com/find/tmn59.
: CIRCLE NO. 194 or visit www.mwrf.com

plifiers, The Analog Devices Solutions Bulletin. In ad-
lability of a free book for those who visit their website,
a line of amplifier products and applications ranging from
es dsets. :

oplication paragraph is devoted to the AD8313 RF detector inte-
ed for RF detection to 2.5 GHz, the IC converts an RF sig-
alue. The IC provides a limiter output for accurate phase de-
hift-keying (PSK) and frequency-shift-keying (FSK) applications.

paragraph covers the AD8321, a single-ended cable-television
plifier with low distortion. The literature explains how this dig-
t amplifier can eliminate the need for a differential-to-single-
igh-performance CATV systems, while achieving at better
us-free dynamic range at 42 MHz when driving +11-dBm power into
f the October 1999 issue of Amplifiers, The Analog Devices So-
ailable on request (while supplies last) from: Analog Devices,
ogy Way, P.O. Box 9106, Norwood, MA 02062-9106; (781) 329-
: , FAX: (781) 326-8703, Internet: http://www.analog.

CIRCLE NO. 195 or visit www.mwrf.com

oceurs over networks tailored for speed. One such network, the
node (ATM) system, has become a global standard for high-
and data communications. For those interested in learning
ittle book called the ATM Pocket Guide is available from
ermann (Eningen, Germany).
t guide offers an introduction to ATM, along with a review of the
M services and equipment and projections for markets in the

xpected throughout next year, especially in the wide-area-
. The pocket guide explains this optimism due to the accep-
y British Telecom and the Germany Deutsche Telekom.
cket guide offers a technical description of ATM as well as a sim-
_explain the standard without technical terms. The text de-
interfaces, differences in cell codes, how connections are made,

ydel, network-management techniques, errors and alarms that
systems, as well as error-detection and correction methods.

rough and useful handbook on ATM. It even includes sections on
ent techniques, and a list of abbreviations. Copies are free from:
-mann GmbH & Co., Marketing International, Postfach
ingen, Germany; (49) 7121-86-1616, FAX: (49) 7121-86-
yago.de, Internet: http://www.wg.com.

e ' CIRCLE NO. 196 or visit www.mwrf.com
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RF Connectors * Cable Assemblies * Resistive Products

HAS YOUR RF CONNECTOR SUPPLIER...

a) Been swallowed up by a huge conglomerate?
b) Moved to a new location and lost the recipe?

c) Changed names and forgotten yours?

If so, SV Microwave can solve your problems by providing:

* An accessible engineering staff

* A supportive and helpful sales team
* Quick responses

* Short lead times

* Direct equivalents

* An array of Mil Qualified items

Tired of being treated like a number? Feeling misplaced in the
confusion? Being turned away on special design projects?
Give us a call. We haven't lost the personal touch!

3301 Electronics Way, West Palm Beach, Florida 33407
Tel: 561-840-1800 » Fax: 561-844-8551 « E-mail: sales@svmicro.com
VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #339
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System Automates
Power-Amp Testing

By leveraging the power and speed of a sevies of vector network

analyzers, this measurement system can speed the design and
production testing of power amplifiers.

JACK BROWNE
Publisher/Editor

OWER-AMPLIFIER (PA) testing can be one of the more time-consuming series of tasks in wire-

less system design. But the introduction of an automated Power Amplifier Test System (PATS)

from Anritsu (Morgan Hill, CA) may change not only the nature of power-amplifier testing, but

of wireless system design itself. The system, which automates and accelerates such complex
amplifier tests as harmonic distortion and intermodulation distortion (IMD), is built around the com-
pany's series MS4600 "Scorpion®" vector network measurement systems. Versions of the analyzers,
and PATS, are available for 10 MHz to 3 GHz and 10 MHz to 6 GHz.

The Scorpion systems revolutionized vector net-
work analysis (see “Vector Analyzers Measure
Noise Figure,” Microwaves & RF, September 1998,
p. 103). In addition to traditional S-parameter mea-
surements, Scorpion systems added the capabilities
to perform noise-figure measurements, IMD mea-
surements, gain-compression and phase-distortion
measurements, as well as
harmonic-distortion
measurements. The
model ME7840A PATS
(Fig. 1) builds upon the
Scorpion foundation by
adding increased power-
handling capability
through a new test set
with all of the necessary
precision components,
and straightforward ap-
plication software that
allows even first-time
users to automate com-
plex PA measurements.

The system offers a
wide range of automated

measurements, includ- 1. PATS combines a dedicated test set with a

ing all four S-parame- powerful vector network analyzer (VNA) and

ters (including “hot” S92 measurement software to automate once-difficult
measurements), gain nonlinear amplifier measurements.

compression, phase distortion, IMD, as well as
power-added efficiency (PAE) at different drain
currents. The system can accommodate amplifiers
under test (AUTS) at power levels to 100 W. PATS
can provide a variety of output displays, including
S-parameters as a function of frequency (data that
are ideal for use in circuit simulators), compressed
output power as a func-
tion of frequency, gain,
and phase as a function
of power, compression
and IMD as a function of
power, and the gain at
compression or satura-
tion. The system can
even simultaneously
show swept power for
four different frequen-
cies.

PATS includes either
a model MS4622C Scor-
pion vector network
measurement system
(usable from 10 MHz to 3
GHz) or a model
MS4623C system (10
MHz to 6 GHz, shown in
Fig. 1), each with direct
receiver access (DRA)
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option, a series MS4782A test set for
high-power measurements, and se-
ries 2300-353 measurement automa-
tion and display software running on
a personal computer (PC) [which can
be supplied by Anritsu or the cus-
tomer] equipped with a GPIB card. A
block-diagram view of the PA mea-
surement system can be seen in Fig,
2. A quick glance will reveal the in-
ternal dual-source architecture of the
Scorpion vector network measure-
ment system that makes possible the
complex higher-order IMD and other
amplifier measurements. Several op-
tions are also shown in the block dia-
gram, including a spectrum analyzer,

current probe, modulation synthe-
sizer, and preamplifiers to boost the
measurement dynamic range.

Each Scorpion vector-network-an-
alyzer (VNA) system packs a great
deal of test capability due to a flexi-
ble architecture. Each system fea-
tures two independent, internal RF
sources, each with a power range of
—15 to +10 dBm. Individual step at-
tenuators with 0-to-70-dB attenua-
tion range (in 10-dB steps) are pro-
vided for the sources, resulting in an
output-power range of —85 to +10
dBm for each source. A power com-
biner in each Scorpion system’s test
set makes IMD testing possible by

! SOURCE 2 SOURCE 1
ﬁ @ SYSTEM
%) CONTROLLER
Q (@l\o (PC)
; = 5 d
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S o nmnc FORWAR
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MODULATION POWER
SYNTHESIZER " SUPPLY

2. The basic architecture of PATS consists of a Scorpion VNA with direct-
receiver-access (DRA) capability, a dedicated test set, and measurement
software on a PC connected through GPIB.
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3. An example of the many
measurements available with PATS
are these output-power and IMD
measurements made as a function
of frequency. Similarly, gain,
harmonic distortion, and PAE can
be measured for a particular
saturation or compression point.

combining signals from the two in-
ternal sources at different power lev-
els and frequency offsets. The DRA
option provides access to all four re-
ceiver channels for maximum flexi-
bility in measuring forward and re-
verse S-parameters over a wide
range of AUT output powers. Sepa-
ration of incident and reflected sig-
nals for each Scorpion system occurs
in the test set.

The PATS system benefits from
the measurement power of the Scor-
pion measurement systems. These
analyzers achieve better than 100-dB
dynamic range and extremely fast
measurement speed—200-us/
point-sweep speed and 1-ms/point
power-sweep speed over a 25-dB
power-sweep range. This type of
measurement speed supports real-
time tuning with the Scorpion stand-
alone systems and with PATS.

PATS itself covers a frequency
range defined by its test set, typi-
cally 0.8 to 2.4 GHz (see table). PATS
achieves an overall dynamic range of
80 dB with an IMD measurement dy-
namic range of 70 dB with two —20-
dBm tones spaced 300-kHz apart and
measured with a 10-Hz intermediate-
frequency (IF) bandwidth. The IMD
measurement accuracy is +1 dB.

A Scorpion system with DRA op-
erates within PATS under control of
the software residing in a PC. The
software supports tuning and align-
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TRW's compact, fully MMIC
transceiver modules put
broadband wireless access
systems in the fast lane by
packaging more telecom-
munications punch into
less space.

Our modules speed and
simplify design engineering
by lowering parts count and
reducing the complexity of

system hardware. All with the
inherent reliability of TRW's
proven millimeter-

TRW Telecom Products —
big advantages in small
packages.

wave MMICs.

We back the
high performance
of our GaAs HBT and
HEMT MMICs with more
life test and reliability data
than just about anyone else
in the business.

§ FXWY

www.trw.com

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #1731

No real animals were used in the
production of this advertisement.

© 1999 TRW Inc.
1S0 9001 Registered
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Like what
you see?
Need more
information?
Do you want
it now?

www.mwrf.com

Visit the
Microwaves & RF
website at:
www.mwrf.com and click the
instant inquiry button to request
information seen in this issue or
visit the manufacturers links for
direct access to all Microwaves &
RF advertisers.
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A [enton

611 Rte. 46 West,
Hasbrouck Heights, NJ 07604
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ment operations by generating real-
time graphic displays of the mea-
sured data on the PC screen. A user
can select overlay plots with single-,
double-, or four-channel simultane-
ous displays of different measure-
ments. For two- and four-channel
displays, each measurement occupies
one half and one quadrant of the dis-
play screen, respectively. The soft-
ware also supports limit checking
and pass/fail testing. Under software

The PATS system at a glance

der) dynamic

control, third-, fifth- seventh-, and
ninth-order IMD products can be
measured and displayed. Also, the
upper- and lower-sideband (USB and
LSB) components of the IMD prod-
ucts are measured and can be dis-
played separately.

Optionally, an external modulation
synthesizer and spectrum analyzer
can be added to perform adjacent-
channel-power-ratio (ACPR) or
spectral-regrowth measurements.

ter bandwidth.)

‘each tone, at
Provision for
rovided greater

 combination with 10-point
e following measurement
r and frequency ranges are
en within 0.5 s: output power,
enth-order IMD products (LSB
and PAE. Data are displayed
on of overlay and multichan-
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High Performance and Low Cost Electromagnetic
Simulation and Optimization Tools

From: Zeland Software, Inc., 39120 Argonaut Way, Suite 499, Fremont, CA 94538, U.S.A.,
Phone: 510-797-8109, Fax: 510-797-8241, E-mail: zeland@zeland.com, Web: http://www.zeland.com

Products:

IE3D planar and 3D Electromagnetic Simulation and Optimization Package

FIDELITY Time-Domain FDTD Full 3D Electromagnetic Simulation Package
Applications:

Microstrip, CPW, striplines, suspended-strip lines, coaxial Lines, rectangular waveguides, high speed
digital transmission lines, 3D interconnects, PCB, MCM, HTS circuits and filters, EMC/EMI, wire antennas,
microstrip antennas, conical and cylindrical helix antennas, inverted-F antennas, antennas on finite
ground planes, and other RF antennas.

Features:

MS-Windows graphic interface for interactive construction of geometry

High efficiency and flexibility MOM and FDTD simulation engines

Non-uniform automatic meshing and de-embedding

Modeling 3D metallic and dielectric structures

Built-in robust and efficient electromagnetic optimization

Accurate modeling of metallic thickness, thin substrate and lossy dielectric materials
Mixed electromagnetic simulation and nodal analysis for large scale simulation
Cartesian and Smith Chart display of S-, Y- and Z-parameters, VSWR

RLC parameter extraction compatible with SPICE

2D and 3D display of current distribution, radiation patterns and near field
Calculation of antenna and scattering parameters including directivity, efficiency and RCS
Current and near field animation

IE3D Simulation Examples and Display FIDELITY Examples

The current distribution on an AMKOR SuperBGA The current distribution and radiation pattern of The near field and Poynting vector display on a
model at 1GHz created by the IE3D simulator a handset antenna modeled on IE3D packaged PCB structure with vias and connectors

IE3D modeling of a circular spiral inductor with IE3D modeling of an IC Packaging with Leads and FIDELITY modeling of a cylindrical dielectric
thick traces and vias Wire Bonds resonator and the Poynting vector display

Poynting vector
and E-field distbubon
on a dielectne resenabor

Zeland Software, Inc. provides excellent technical support and services.
Zeland Software, Inc. is also the north American exclusive representative for the LINMIC product from Jansen Microwave GmbH
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The test set is another important
part of PATS. It incorporates a pre-
cision step attenuator, Wilkinson-
type power combiner, limiter, and
100-W, 30-dB couplers for intercon-
nection to the Scorpion’s four test
ports (two reference and two test
channels). The PATS calibration is
performed with the test set in place,
at the connectors where AUT will be
connected directly. Therefore, the
test-set components and cables are
included in the calibration loop and
their effects are calibrated out, re-
sulting in correct and accurate mea-
surements of the AUT.

PATS offers a great deal of mea-
surement power and flexibility, ac-
commodating amplifiers at power
levels to 100 W continuous wave
(CW). For example, the system can
evaluate output power as well as var-
ious orders of IMD as functions of
swept frequency, while also display-
ing the DC current that is drawn by
the AUT for the frequency range
(Fig. 3). PATS actually has two mea-
surement modes—S-parameter
mode and power-measurement
mode. The S-parameter mode is simi-
lar to the functionality offered by the
standard Scorpion analyzers, with
measurement results that are dis-
played on the PC screen. The power-
measurement mode offers a variety
of swept and multi-tone measure-
ments. This includes two-tone power
sweeps, where the input power of
two tones is swept and measure-
ments can be made of output power
and compression (for each tone),
IMD for the USB and LSB, PAE,
and drain current.

In addition, measurements can be
made of output power and IMD as a
function of frequency for a particular
two-tone 1-dB compression point (or
any compression point from 0.5 to 3.0
dB), amplitude-modulation-to-phase-
modulation (AM-to-PM) conversion,
gain as a function of frequency for a
particular compression point or satu-
ration level, and (with an external
current probe) measurement of the
instantaneous power-supply current
PAE.

The AM-to-PM-conversion test,
for example, is a useful measure of
the type of distortion that can de-
grade signals with PM, such as

COVER FEATURE

quadrature phase-shift keying
(QPSK). During two-tone swept-
power measurements, PATS can
measure the gain and phase of each
tone as a function of input power in
order to determine the AM-to-PM
conversion for each tone. When the
power is swept, an AUT’s output
phase may change as a function of the
output power (and, thus, the input

power). The PATS can provide quali-
tative information about this distor-
tion, and it gives engineers an idea
about the expected effects of de-
gradation on signals with PM.

PATS is a powerful tool for those
who are involved in design and pro-
duction of wireless and other PAs.
The software provides an intuitive,
Windows-based graphical user inter-

Vollsonies

e Solid dielectric

M 1/2" long 10pF

A frimmer capacitors
- the new standard.

reliability

are mutually
exclusive

» Capacitance range:
1-10pF

+ .57 by .312” diameter

* 250 working volts DC

* Ten turns of
linear tuning

* High voltage
versions available

» Cross reference

list available

The A3 Series features our patented solid dielectric design
which eliminates the possibility of intermittent shorting and
microphonics. The rugged construction features positive stops
at minimum and maximum capacitance.

This part is one of a new family of low cost solid dielectric
trimmer capacitors with ranges from 0.3-1.2pF to 0.5-12pF.
For more information and samples of this new family of
trimmers, call us today at (973) 586-8585.

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #1128
° @, 100 Ford Road * Denville, NJ 07834
OItrOIllcs e, 973.586.8585 * FAX : 973.586.3404
ﬁ e-mail: info@voltronicscorp.com
CORPORATION

Our complete catalog can be found at:
The Trimmer Capacitor Company http://www.voltronicscorp.com
CIRCLE NO. 405 or visit www.mwrf.com
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face (GUI) that is easy to learn, while
the hardware provides the measure-
ment capability to thoroughly exer-
cise the nonlinear characteristics of a
medium-to-high-power amplifier.
Tests performed in the power-mea-
surement mode are updated as fast
as 0.5 s (two updates per second), al-
lowing four separate displays to be
shown on the PC screen simultane-
ously (Fig. 4). Operators can select
all four screens for one type of test,
or use the screens for different tests
to compare different performance
parameters under a particular set of
conditions. When two- or four-chan-
nel displays are selected, each dis-
play occupies one half or one quad-
rant of the PC screen, respectively.
Anritsu Co., 685 Jarvis Dr.,
Morgan Hill, CA 95037; (800)
230-2972, (408) 776-8300, FAX:
(408) 776-1744, e-mail: kchurch
@awc.anritsu.com, Internet:
i http:// www.anritsuwiltron.
4. PATS can also be used to view four different measurements com.

simultaneously, using its multiple-screen display capability. CIRCLE NO. 51 or visit www.mwrf.com

10, 100, 250 MHz

Frequency Dividers Model 9640
AVX-FD Series Dual HF Receiver

The Avtech AVX-FD Serles of digital frequency
dividers will divide the pulse repetition Frequency FAange — 0.56 to 32 MHz
frequency of an input pulse train by an
adjustable division factor.

Noise Figure — 10 dB Maximum
-FD1-PS ~ to 10 M|

» Divide by 2to999 .

» Pulse Width adjustable, 50 ns - 50 us Gain— 48 dB +2 dB

* TTLinputs and outputs

AVX-FD2-PS ~ fo 100 MHz Synihesizer Contro/ — RS-232C Interface

» Divideby2t0255

» Pulse Width adjustable, 5ns-5us Syﬂff?ﬁ'SJZEf S/&’p Size— 0.5 MHz over the

» TTLinputs and outpuls tuning range of 4-30 MHz

AVX-FD3-PS ~ to 250 MH. , . .

» Diideby21066536 Synthesizer Tuning Speed— 100 ps Maximum

* Pulse Width fixed at one input period
= ECLinputsand outputs

Many Other Products Available Options
Avtech manufactures a full line of * ECLordifferential-ECL inputs and outputs
general-purpose and high-performance  * Complementary outputs
pulse generators, function generators, # Analogsine-waveinput
delay generators, laser diode drivers,

amplifiers, frequency dividers, and - - P
accessories. Call us or visit our web site  0al@ sheets ~ Application Notes ~ Pricing

for information or to request our new 113 Catalog Requests ~ and more! ~ all at
page catalog (Cat. No. 10) www.avtechpulse.com

A BOX 265, OGDENSBURG '“te rad Ltd | |
NY, 13669-0265 o . L e
AVTECH = Vo fhoge e 8020 Queenair Drive « Gaithersburg, MD 20879

948-7172 . Fax: 301-977-7559

Fax: (613) 226-2802 Phon(3~ 301-

e-mail: info@avtechpulse.
ELECTROSYSTEMS “Pitoilwww gvieEhpulse com

NANOSECOND UK LVOP:I’S INSTR., Wﬂ}LTH W CROSS
WAVEFORM ELECTRONICS e o IRk T

MART
SINCE 1975 GERMANY; FOIC, HAMBURG

e-mail: interad@pop.erols.com

CIRCLE NO. 406 or visit www.mwrf.com CIRCLE NO. 444 or visit www.mwrf.com
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TACONIC

When it comes to designing and manufacturing high performance
laminates, we've always been finding a better way.

SEGE eF B I EEa

¢« PTFE/woven glass

* Tighter tolerances

¢ Long laminates

« Low cost commercially oriented microwave substrate

¢ Shorter lead times

¢ Duplicate manufacturing and service centers: US, Ireland and Korea

Our experienced sales and technical staff aren’t just order takers,
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Philsar’s ultra-low-power radio ICs are
taking personal wireless connectivity to a new high.

You can search high and low - but you won’t find
better IC solutions for personal wireless connectivity
applications. Our solutions are used in high data rate
products such as cell phones and PDAs, and low data
rate products such as keyless entry systems. Philsar lever-
ages its advanced architecture, radio

to develop wireless communications devices that sup-
port standards such as Bluetooth. This results in prod-
ucts that are high on performance, integration and
reliability, and low on power consumption and total
system cost. Want more of the lowdown on Philsar’s

role as catalyst in the wireless

IC design techniques and silicon revolution? Then it’s high time you
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I nnovatzom caa' ld be found in all areas dmfmg
1999, as )m yovtant new products emerged in

hardware, software, and test equipment.

JACK BROWNE
Publisher/Editor

INISHING the decade with a flourish, the high-frequency industry re-
veals numerous product innovations in 1999 in all areas—hardware,
software, and test equipment. It was a year with many peaks and val-
leys, with continued growth in commercial wireless markets and a
predictable flatness to military markets. Many of the new products intro-
duced in 1999 reflect optimism for an increase in wireless activity. What
follows is a list of some of the year’s outstanding product developments.
The Top Products roster is based | (i.e., how much benefit is offered to
not only on technological innovation, - how many engineers). As expected,
but also on practical merit to the = several integrated circuits (ICs) can
high-frequency design community @ be found on the list. As building-

Top Products of 1999 (m alphabetlcal order)

- (October, p. 138)

(Febfuary, p. 140)

(March cover, p. 128)

e (Apnl p. 138)

STM
: (December p. 228)

Eagleware Corp.'s GENESYS Versnon °F software suite
(August cover, p. 141)

block components for larger systems,
ICs often pave the way for future de-
velopments in systems and test
equipment. For example, the
ADB8361 IC from Analog Devices
(Wilmington, MA) is a true root-
mean-square (RMS) power detector
that will have a drastic impact on
how engineers measure power levels
in communications systems. Capable
of evaluating continuous-wave (CW)
and complex modulated signals, the
silicon AD8361 supports measure-
ments through 2.5 GHz using a
patented technique. It performs an

Crae Rssearch s CRF-20010 10-W SIC MESFET

Giga-tromcs 8650A umversal powsr meter (January, p. 132)
~ Maxim !rmgrated Products’ MAX2600 line of SiGe ICs

Maxlm Integrated Products’ MAX104 2 2-GHz ADC
National Semiconductor's LMX3162 Bluetooth radio transceiver
(Son et Soﬂ:var)e s free Sonnet Lma EM sfmuiatfon software

:Iectromcs SD2923 SOD-W MOSET device
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Top Products Of 1999

implicit RMS computation, with the
filtered output of a squaring circuit
being applied to a square-rooting cir-
cuit with a conversion gain of 7.4 V/V
RMS.

One of the first ICs to support
Bluetooth and HomeRF applications
(see special Bluetooth supplement
starting on p. 145), the LMX3162
from National Semiconductor (Santa
Clara, CA) is a bipolar-complemen-
tary-metal-oxide-semiconductor
(BiCMOS) 2.4-GHz transceiver on a
chip. It contains a 1.3-GHz phase-
locked loop (PLL), a 2.5-GHz low-
noise mixer, intermediate-frequency
(IF) amplifier, frequency discrimina-
tor, received-signal-strength-indica-
tor (RSSI) circuit, frequency dou-
bler, and buffer amplifier. Building
upon the company’s strong founda-
tion in Digital European Cordless
Telecommunications (DECT) IC so-
lutions, the LMX3162 has already
been implemented in several Euro-
pean Bluetooth/HomeRF products.

Silicon (Si) processing also led to

the year’s most impressive analog-
to-digital converter (ADC), the
MAX104 from Maxim Integrated
Products (Sunnyvale, CA). Using an
Si-bipolar process capable of transis-
tors with 27-GHz cutoff frequencies,
the MAX104 offers sampling speed
of 1 Gsamples/s with 8-b resolution,
at conversion signal bandwidths ex-
ceeding 2.2 GHz. The MAX104 inte-
grates a fast track-and-hold (T/H)
amplifier and a high-speed quantizer
for digitizing signals from DC to 2.2
GHz. With an analog input frequency
of 125 MHz, the device achieves a
spurious-free dynamic range
(SFDR) of 68 dB.

The company also garnered a Top
Product award for being among the
first commercial suppliers of silicon-
germanium (SiGe) ICs. The
MAX2680, MAX2681, and MAX2682
downconverter mixers and the
MAX2640 and MAX2641 low-noise
amplifiers (LN As) are fabricated not
at IBM’s well-known SiGe foundry
(Hopewell Junction, NY) but in

© Maxim’s own SiGe foundry (one of
the few companies with such capabil-
ities). The mixers are designed for
applications from 400 to 2500 MHz,
with varying levels of noise and dy-
namic range. The MAX2680, for ex-
ample, has a noise figure of 6.3 dB at
900 MHz and 8.3 dB at 1950 MHz. It
offers 11.6-dB small-signal gain at
900 MHz and 7.6-dB small-signal gain
at 1950 MHz.

Perhaps the ultimate capabilities
of the SiGe process may be more ap-
parent in the LN As, with perfor-
mance rivaling that of GaAs LNAs.
The MAX2640 LNA, for example,
exhibits a noise figure of 0.9 dB at 900
MHz, with small-signal gain of 15.1
dB at that frequency. The higher-fre-
quency model MAXZ2641 achieves a
noise figure of 1.3 dB at 1900 MHz,
with small-signal gain of 14.4 dB at
that frequency.

Two other ICs of distinction aided
engineers in digital and optical areas
by making efficient use of a new DC-
to-DC-converter technology. The
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two integrated GaAs photodetector/
transimpedance amplifiers (TTAs)
from ANADIGICS, Inc. (Warren,
NJ), models AMT128502T46F /L
(850-nm) and AMT121302T46F /L
(1300 nm), incorporate the company’s
patented on-chip negative-voltage-
generator circuitry to bias each cir-
cuit’s photodetector. In contrast to
conventional switched-mode DC-to-
DC converters operating at switch-
ing frequencies to 250 kHz, these on-
chip converters work at rates past 10
GHz. With such high switching fre-
quencies, the DC-to-DC converters
can be housed in conventional optical
surface-mount packages. The optical
ICs, which achieve minimum band-
widths of 1.5 GHz, are targeted at Gi-
gabit Ethernet systems operating at
1.25 Gb/s and Fibre Channel applica-
tions at 1.064 Gb/s.

Not to be outdone by the ICs, two
discrete devices made the Top Prod-
ucts list for 1999, the SD2923 N-
channel metal-oxide semiconductor
field-effect transistor (MOSFET)
from STMicroelectronics (Mont-
gomeryville, PA) and the CRF-20010
MESFET from Cree Research
(Durham, CA)—the first commercial
power transistor based on silicon car-
bide (SiC). The former is a single-
ended, gold (Au)-metallized vertical
MOSFET designed to generate as
much as 300-W CW power through
150 MHz. It yields typical gain of 22
dB and efficiency of 55 percent at 30
MHz, with a low junction-to-case
thermal resistance of 0.27°C/W for
maximum power dissipation of ap-
proximately 650 W.

The latter transistor leverages
Cree’s experience with SiC to
achieve 10-W output power from 400
to 2500 MHz, with 12-dB gain at 2
GHz.

Of course, not all components on
the Top Products list were ICs or ac-
tive devices. The Xinger line from
Anaren Microwave (East Syracuse,
NY) represents a dramatic advance
in passive-component technology.
Supporting the trend for shrinking
size in printed-circuit boards (PCBs),
these surface-mount components oc-
cupy little more space than a stan-
dard resistor. The Xinger line in-
cludes baluns, hybrid couplers,
directional couplers, and power di-

Top Products Of 1999

viders for medium- and high-power
applications through 4 GHz. For ex-
ample, the tiny model 3W525 balun is
ideal for personal-communications-
services (PCS) and next-generation
wireless systems. It operates from
1.8 to 2.5 GHz with maximum inser-
tion loss of 0.3 dB. The peak-to-peak
amplitude balance is £0.4 dB while
the unbalanced port return loss is 15

dB. The output ports are offset by a
180-deg. phase difference, accurate
within 5 deg. In spite of the small size
of only 0.65 X 0.48 X 0.075 in. (1.65 X
1.22 X 0.19 em), the balun can handle
CW power levels to 150 W.

Test equipment loomed large on
the Top Products list for 1999, with
several companies offering new
twists to old ideas. The MS2711 from

The Specialist
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Anritsu Co. (Morgan Hill, CA), rep-
resents a major redesign of a tradi-
tional test instrument—the spec-
trum analyzer—into a compact
package that weighs only 4 lbs. (1.8
kg). In spite of measuring only 6.75 X
10.5 X 2.251n. (17.145 X 26.67 X 5.715
cm), the MS2711 is a full-featured,
frequency-synthesized spectrum an-
alyzer capable of scanning 100 kHz to

TECHNOLOG
Top Products Of 1999

3 GHz. With a displayed dynamic
range of 65 dB, the handheld ana-
lyzer yields amplitude resolution of
0.1 dB with amplitude accuracy of
+1/6dB.

The 8650A universal power meter
from Giga-tronies, Inc. (San Ramon,
CA) is an instrument with an eye to
next-generation wireless-communi-
cations testing. With a video band-

dio Products
mmiave

Applicatidns
> Point-t:ofPoint Radio
» Point-to-Multipoint Radio
» MMDS/LMDS
» Wireless Local Loop
» ISM Band Spread Spectrum
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width in excess of 10 MHz, the 8650
can automatically measure the peak
and average power levels of complex
modulated signals, including the
emerging standards for WCDMA
and time-division-multiple-access
(TDMA) signals. The meter, which
operates from 10 MHz to 40 GHz
with a power-measurement range of
-70 to +47 dBm (depending upon
choice of power sensor).

On a larger scale, the 8960 series
10 model E5515A wireless-communi-
cations test set speeds the manufac-
turing test of wireless communica-
tions handsets on the order of
millions of pieces. Introduced in
March as a Hewlett-Packard Co.
(Spokane, WA) product, the test set
is now an Agilent Technologies’
product (with the measurement part
of the company changing names in
November). The first version of the
8960 series 10 model E5515A test set
is aimed at GSM handset testing, al-
though the system’s modular design
and flexible architecture will enable
full support of virtually all wireless-
communications standards, including
TDMA and CDMA systems.

The mobile tester performs all the
measurements needed for final GSM
handset qualification, including call
processing, transmitter testing, re-
ceiver testing, and audio testing. The
test system represents the first use
of the company’s proprietary Re-
duced Instruction Parallel Process-
ing (RIPP) architecture which sim-
plifies remote programming of
complex and parallel measurements
while making it possible to run con-
current measurements (such as
transmitter and receiver testing). In
the test system, three microproces-
sors are run in parallel, with two in-
dependent receiver channels allow-
ing call-processing measurements to
be completely uncoupled from radio
testing. Compared to earlier GSM
test systems requiring 90 s for radio
measurements on a handset, the new
system requires only 9 s.

Another major test system, which
is previewed in this issue (see p. 213),
brings simplicity to complex ampli-
fier measurements. The model
MET7840A Power Amplifier Test
System (PATS) from Anritsu Corp.,
the company’s second product on the




Top Products list, performs once-dif-
ficult measurements, such as inter-
modulation distortion (IMD) and
PAE, under computer control. Based
on the firm’s MS4600 Scorpion line of
vector network measurement sys-
tems, the PATS provides typical fre-
quency coverage of 0.8 to 2.4 GHz
and can test amplifiers with output
power levels up to 100 W,

Software was well-represented on
the Top Products list, with three new
products. Two of these were multi-
function software suites, the GENE-
SYS Version 7 from Eagleware
Corp. (Tucker, GA) and Version 1.3
of the Advanced Design System
(ADS) from Agilent Technologies.
The third was an electromagnetic
(EM) simulator, Sonnet Lite, amaz-
ingly offered free of charge by Son-
net Software (Liverpool, NY).
GENERSYS Version 7 brings new
speed and power to low-cost simula-
tions performed on a personal com-
puter (PC). The software not only in-
cludes filter-, oscillator-, and
amplifier-design modules, but intro-
duces a fast EM simulator, =EM-
POWER-=, for multilayer circuit
simulations.

Version 1.3 of the ADS software
suite was the first new product an-
nounced by the newly formed Agi-
lent Technologies. The new version
offers for the first time Design
Guides, which are dedicated modules
focusing on particular application/de-
sign areas, such as PLLs. Authored
by industry experts, DesignGuides
allow designers to save time in the
development of products within a
specific technology area. The new
version of ADS also introduces noise
analysis at multiple frequencies,
real-time tuning, SPICE import ca-
pability, and yield-sensitive his-
togram capability.

The last software tool, Sonnet
Lite, may have created the most
noise upon its introduction, with
more than 3000 copies given away at
the recent Microwave Theory &
Techniques Symposium (MTT-S).
The software can perform EM analy-
sis of planar structures, compute S-,
Y-, and Z-parameters as well as
SPICE equivalent circuits, and plot
responses on a wide range of for-
mats, including Smith charts and

Cartesian graphs. For those seeking
an introduction to EM simulation and
analysis, this compact-disc read-only
memory (CD-ROM) is a “must have.”

Many fine products introduced in
1999 did not make the Top Products
list. Honorable mentions certainly
belong to Mini-Circuits (Brooklyn,
NY) for their development of an RF
choke capable of operating to 8 GHz

| PRODUCT TECHNOLOGY |

Top Products Of 1999

MEC Magnum (San Jose, CA) for
their innovative SectorShape hub-
mounted local-multipoint-distribu-
tion-system (LMDS) antennas (see

tion measurement system (see

(see October cover, p. 131), to RE-

November, p. 177), and to RDL, Inc.
(Conshohocken, PA). for their CTS-
1000 cable-television (CATV) distor-

September, p. 117).
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High-Power MOSFET

High-Power MOSFET Targets
VHF Applications

A single-ended silicon MOSFET offers 300-W
output power and enhanced thevmal packaging for
a varviety of applications.

Jim Davies

Design Engineer

Dr. Brett Hanson
Staff Engineer
STMicroelectronics, 141 Commerce Dr., Montgomeryville, PA 18936; (215)
361-6400, FAX: (215) 362-1293, Internet: http://www.st.com.

IGH-OPERATING junction temperatures can consume the best high-

power RF transistor. If consideration is not taken to remove the

heat generated by the junction, degradation in device performance

and reduction in its operating lifetime will be the consequences. The
SD2923 300-W metal-oxide semiconductor field-effect transistor (MOS-
FET) from STMicroelectronics, Inc. (Montgomeryville, PA) overcomes
these classic device limitations through a thermally enhanced package
that has lower thermal resistance than widely used pedestal packages. The
silicon (Si) MOSFET is suitable for use to 150 MHz with high gain which
makes it ideal for various applications including plasma generation, exci-
tation, and frequency-modulation (FM) broadcast amplifiers.

The thermally enhanced package | were measured using an infrared
has lower thermal resistance than | (IR) imaging unit. Again, the
the widely used pedestal (P) pack- | results were in favor of ;
ages. A finite-element analysis was | the NP package with a
performed on a similar non-pedestal = 25-percent improve-
(NP) package and the results showed @ ment in thermal
a 10°C lower peak temperature than = resistance which
the P package under the same ther- = corresponds to
mal conditions. The SD2921-10 and a = an operating life
similar ST device were then chosen improvement of
to further demonstrate the enhanced = approximately = |
thermal properties of the NP pack- = 400 percent. i
age over the P package under normal It should be '
operating conditions. These devices - noted that in
use the same transistor die and share . comparison, the
the same mechanical dimensioning.
The main difference between the de-
vices is that the SD2921-10 is a NP
package and the other was a P pack-
age. Both devices were operated un-
der RF conditions and their corre-
sponding die-junction temperatures

1. The SD2923
discrete component die
consists of two
enhancement-mode DMOS
transistor die that are eutectically
mounted in a parallel configuration.

SD2923 is a larger device than the
SD2921-10, but the overall structure
of the SD2923 package and the
SD2921-10 package are the same and
both devices use the same transistor
die.

The SD2923 discrete component
design consists of two 40-cell, N-
channel, enhancement-mode double-
diffused-metal-oxide-semiconductor
(DMORS) transistor die that are eu-
tectically mounted in a parallel con-
figuration (Fig. 1). Each cell consists
of 60, 127-pm gate fingers, yielding a
source periphery of 1220 mm, sup-
porting a maximum drain current of
40 A. The transistor dice are sepa-
rated by a metallized gate rail where
two, thin-film, gold (Au)-metallized
resistors are eutectically mounted.

For improved current capability

and lower inductance, the
components are con-
nected to each other,
and to the package
by Au wire with a
diameter of 2
mils (50 pm).
Since the dice
and package
use Au metal-
lization and the
bond wires are
also Au, reliabil-
ity issues that
pertain to the con-
tact of dissimilar met-
als between wire, pack-
age, and die are eliminated.
The package is sealed with a ceramic
lid, ensuring the complete integrity

- of the wires and Si die while prevent-
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High-Power MOSFET

ing foreign objects from entering the
package which could cause device re-
liability problems.

The SD2923 has a very high
transconductance (gfs) which de-
notes the DC gain of a MOSFET. It is
defined as the ratio of the infinitesi-
mal change in drain current corre-
sponding to the infinitesimal change
in gate voltage at a specified current
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gain and efficiency of 22 dB and 55
percent, respectively.

level and drain bias. It is important
to measure the gfs in the device’s re-
gion of operation where the gfs is in-
dependent of the drain bias (Vpg).
The gfs of the SD2923 measured at a
drain-source voltage of +10 VDC and
a corresponding drain current of 10 A
is typically 13 S.

Impedance data across a range of
frequencies may be the most impor-
tant information that an amplifier de-
signer needs. Without it, the RF per-
formance may not come close to the
values found in the data sheet. With
properly measured data and sound
impedance-matching techniques,
many hours of circuit-design itera-
tions can be saved. For this reason,
impedances were measured to help
design amplifiers in high-frequency,
FM broadcast, and plasma-genera-
tion markets (see table).

An important item to note is the
small change in input impedance
from 30 to 150 MHz. This can be at-
tributed to the gate resistors which
presents a real impedance at the in-
put across the full band of frequen-
cies, Matching is accomplished by us-
ing transmission-line transformers
and lumped elements that are com-
monly found in many amplifiers.

The SD2923 was characterized in a
common-source mode at 30 MHz
with a circuit optimized for best re-
turn loss and maximum power deliv-
ered to the load with a typical gain
and efficiency of 22 dB and 55 per-
cent, respectively (Fig. 2). The junc-
tion-to-case thermal resistance (R
rH-Jc) Was measured under RF oper-
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ctually, there are several
Areasons why you'd want to
trust Filtran to produce reliable
microcircuits for high-end applica-
tions like aerospace, air traffic

control, satellite, automotive,
and PCS—up to 100 GHz.

As a leader in our field since
1983, we've developed

our own equipment

and processes to
manufacture
truly precision
microstrip,
bonded
stripline, thick
metal-backed
PFTE and mixed
dielectric multilayer
circuits. Take a closer look at
Filtran’s many superior manufac-
turing capabilities, and you’ll see
why we're the manufacturer s .
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circuit designers

worldwide:

1) Precision Photolithography
The accuracy of our
circuit board imaging
(1 mil lines and
spaces, .2 mil)
approaches semi-
conductor grade
resolution through specially

developed processes.

2) Sputtering Metallization
As a leader in the vacuum sputter-
ing industry with several patents,
we can sputter-deposit thin
films, including resistors, onto
-, ) a variety of hard and soft
substrates. Our Sputtered Blind
Hole process offers a superior

alternative to chemical PTH on

aluminum-backed PTFE substrates.

3) Accurate, On-site

Machining Capabilities

Filtran maintains complete on-site
manual and computer-

i aided machin-
ing facilities

to accurately

punch, rout or mill thin substrates
or thick metal backings with
machining tolerances: £.005”,
down to £.001”. We also have a
close association with a local

laser machining facility.

4) Proprietary Sodium Etchant
Our Sodium Etchant formulation
for PTH and edge plating gives us
tight control of processing, result-
ing in reliable, high-performance
circuits and excellent adhesion of

copper to PTFE.

5) Strict Quality Assurance
Our stringent program of in-
process inspection results in high
yields on the most complex
circuits. We strictly monitor all
production processes, and our
upfront engineering, SPC and
final inspection all help to

ensure that products comply

with customer-specified

standards.

2475 Don Reid Drive, Ottawa, Ontario K1H 1E2 Phor\g
VISIT US AT TH

FILTRAN
Microcircuits Inc.

“www.filtranmicro.com

 fmi@filtranmicro.com  Modem: (613) 737-7262

OOTH #818




PRODUCT TECHNOLOGY

High-Power MOSFET

ating conditions using IR techniques
to 0.27°C/W, supporting a maximum
power dissipation of approximately
650 W (Fig. 3).

The SD2923 is rugged. Most
DMOS failures that occur during op-
erating conditions are due to the in-

ability to support the effective drain

voltage across the body-drain PN
junction during an overvoltage con-
dition when, for example, a mis-
matched load causes a large voltage-
standing wave on the drain terminal.
If the device is subjected to an exces-
sive drain-to-source voltage, the
electric field across this junction will
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3. This graph shows the maximum thermal resistance versus case

temperature for the SD2923.

. reach a critical value where the

avalanche current will be generated.
Under these conditions, current
flows from the source to the body, ef-
fectively biasing the internal para-
sitic bipolar transistor to an “on
state, creating a catastrophic failure
rather quickly. The voltage that is
required to turn on the parasitic
transistor has a negative tempera-
ture coefficient. Therefore, this par-
ticular phenomena is more likely
to occur at higher operating
temperatures.

It can be noted that some manufac-

- turers of high-power RF devices do

not specify a load mismatch, but the
SD2923 is guaranteed to sustain a 5:1
load mismatch across all phase an-
gles without degradation in output
power when it is returned to 50 (.
The load mismatch is comparable to |
devices with similar output-power
levels using a push-pull package con-
figuration. The ability of the SD2923

. to handle this severe mismatch can
. be attributed to two design improve-
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High-Power MOSFET

Impedance data for the
design of amplifiers

ments over similar devices. The first
attribute is a proprietary doping
scheme of the transistor die during
the fabrication process, supporting
high current and voltage swings
without inducing turn-on of the in-
ternal parasitic bipolar transistor.
The second attribute is the lower
thermal resistance of the packaging,
supporting increased power dissipa-
tion of the device. These considera-
tions result in a high breakdown volt-
age minimum rating of +125 VDC,
with a typical value of +145 VDC.

Designing the SD2923 offered two
challenges beyond the semiconduc-
tor device design. One was due to the
high gain of the SD2923 in the high-
frequency band and the other was
due to the high-power dissipation of
the single-ended device. The gfs of
the device was very high. As a result,
stabilizing the transistor was ex-
tremely critical. Without the use of
any stabilization technique, the de-
viece would oscillate and destroy itself
under bias conditions before the RF
input was applied. To overcome po-
tential instabilities, gate resistors
were employed. These resistors, as
previously mentioned, are eutecti-
cally mounted inside the package
along with transistor die and are
wired in series with each gate pad.
The layout presents a series resis-
tance to each gate site and, thus, any
difference between the site-to-site
impedances is small relative to the
total. STMicroelectronics, 141
Commerce Dr., Montgomery-
ville, PA 18936; (215) 361-6400,
FAX: (215) 362-1293.

CIRCLE NO. 52 or visit www.mwrf.com
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Spectrum Analyzer

Spectrum Analyzers Facilitate
High-Volume Production Testing

Two new spectrum analyzers can help telecom
manufactuvers develop and test second- and thivd-
genevation wiveless systems.

DON KELLER

Senior Editor

PECTRUM analyzers are indispensable instruments for testing and
troubleshooting wireless devices and systems. With the inexorable !
consumer demand for increased versatility and functionality,
telecommunications manufacturers must respond by developing and
testing second- (2G) and third-generation (3G) equipment. To aid in this
generation-transition process, Tektronix, Inc. (Beaverton, OR), in part-
nership with Rohde & Schwarz GmbH & Co. (Munich, Germany), has in-
troduced two new mid-level spectrum analyzers—models FSP-3 and FSP-7

(see figure).

The FSP-3 and FSP-7 are swept |
spectrum analyzers (as opposed to |
real-time spectrum analyzers) and
are designed for high-volume pro-

multiple-access and

wideband CDMA (WCDMA) stan-
dards. The main difference between
the two analyzers is frequency range.
The FSP-3 measures signals from 9

duction testing of 2G and 3G wireless | kHz to 3 GHz, while the FSP-7 mea-
handsets and base stations. The ana-
lyzers support time-division-multi- |
ple-access (TDMA), code-division-

(CDMA),

sures signals from 9 kHz to 7 GHz.
Frequency resolution—the ability to
analyze two adjacent signals on the
screen—is 0.01 Hz for both units.

This photo shows the model FSP-3 spectrum analyzer. The two models

differ mainly in upper frequency limit.

In the frequency-domain mode, a

- swept spectrum analyzer repeatedly

sweeps through an operator-selected
span of frequencies, measuring the
root-mean-square (RMS) amplitude
value of the signals it encounters.
The speed at which the FSP-3 and
FSP-T sweep through a selected fre-
quency span is adjustable from 2.5
ms to 16000 s in 10-percent incre-
ments. A slow sweep time reveals
more-detailed information, while a
fast sweep time reveals fast-chang-
ing events. In addition to selecting
the span and sweep rate, the opera-
tor must select the “chunk” of fre-
quencies over which each amplitude
measurement is taken. The width of
this chunk is called the resolution
bandwidth, and for these models it
can be adjusted from 10 Hz to 10
MHz (-3 dB) in steps of 10 Hz, 30 Hz,
100 Hz, 300 Hz, etc.

In the time-domain mode, a swept
spectrum analyzer repeatedly
sweeps through a frequency span of 0
Hz at an operator-selected center
frequency to detect transients—
changes in the amplitude of a signal
at a particular frequency. The speed
at which the FSP-3 and FSP-7 sweep
through the 0-Hz span is adjustable
from 1 s to 16000 s in five-percent
increments. The maximum resolu-
tion is 125 ns. The resolution band-
width has the same adjustment
range in the time-domain mode as in
the frequency-domain mode. In the
time-domain mode, it should be set as
wide as possible to include all the
components of the signal.

Other RF characteristics of the an-
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alyzers include a total measurement
error of 0.5 dB, which supports
higher tolerances for the device un-
der test and can increase production
yield. A linearity error of 0.2 dB en-
ables precise measurements of such
parameters as gain control and adja-
cent-channel power ratio (ACPR).
The RMS detector, used for measur-
ing digitally modulated signals,
boasts a dynamic range of 100 dB.
The typical displayed average noise
level is =155 dBm/Hz. Typical phase
noise is 94 dBc/Hz at a carrier offset
of 100 Hz, -113 dBe/Hz at 10 kHz, and
-145 dBc/Hz at 10 MHz.

In support of their role as auto-
mated test instruments, these spec-
trum analyzers offer features such as
computerized test interfaces and au-
tomatic test routines. Both models
have general-purpose-interface-bus
(GPIB), Centronics, and RS-232 in-
terfaces. On the GPIB bus, the ana-
lyzers are capable of performing up
to 30 measurements per second in
the frequency-domain mode and 70

Spectrum Analyzer

measurements in the time-domain
mode, including trace transfer of 501
binary data. The analyzers contain
automatic test routines for measur-
ing third-order intercept (TOI), occu-
pied bandwidth (OBW), and phase

THE MAIN DIFFERENGE
BETWEEN THE TWO
ANALYZERS IS FREQUENCY
RANGE. THE FSP-3

MEASURES SIGNALS FROM

9 kHz T0 3 GHz, WHILE THE

FSP-7 MEASURES SIGNALS
FROM 9 kHz T0 7 GHz.

noise. Other features include a quasi-
peak detector, statistical-measure-
ment functions for determining crest
factor and complementary cumula-
tive distribution function (CCDF),

split sereen with separate settings
and up to three traces per screen,
and editable limit lines including
pass/fail indication.

The analyzers display their mea-
surements on a thin-film transistor
(TFT), 501 X 400-pixel color screen
that measures 8.4 in. (21 ¢m) diago-
nally. Front-panel controls include
dedicated hard keys and unit keys for
parameters such as frequency and
amplitude, while vertical and hori-
zontal softkey bars support the
convenient handling of complex
measurement tasks. Tektronix
Measurement Group, P.O. Box
3960, Portland, OR 97208-3960;
(800) 426-2200 request code
1176, FAX: (503) 222-1542, Inter-
net: http://www.tektronix.
com/measurement. Rohde &
Schwarz GmbH & Co. KG,
Muhldorfstrabe 15, D-81671,
Munich, Germany; (49) 180-
5124242, FAX: (49) 89-41293777,
Internet: http:/www. rsd.de.

CIRCLE NO. 53 or visit www.mwrf.com

~ JFW Industries, Inc.

Innovative D.esign
Custom Applications

We are an innovative designer and manufacturer

of matrix switches and programmable test systems for
applications including cellular/PCS laboratory installations
and broadcast equipment production testing.

Features Include:

* RS-232, GPIB,TTL or Parallel control
* 19" rack or bench top packaging

* Wide frequency ranges available

* Blocking and non-blocking configurations

CIRCLE NO. 429 or visit www.mwrf.com

MICROWAVES & RF » DECEMBER 1999
236

JFW Industries, Inc.

5134 Commerce Square Drive
Indianapolis, Indiana 46237
Tele. (317) 887-1340 Fax (317) 881-6790

Internet— http://www.jfwindustries.com
E-mail- sales@jfwindustries.com
ISO 9001 Certified

VISIT US AT THE WIRELESS SYMPOSIUM
& EXHIBITION BOOTH #901



PRODUCT TECHNOLOGY

Coaxial Switch

GCompact Goaxial Switch
Fits Single-Slot VXI Gard

A proven conxial switch design was made more
compact by cavefully reconsideving its mechanical
and electvical configurations.

JACK BROWNE
Publisher/Editor

LECTROMECHANICAL switch design requires a precise balance be-

tween mechanical and electrical requirements. In order to redesign

areliable single-pole, six-throw (SP6T) coaxial switch into a smaller

enclosure, the engineers at Narda Microwave-East (Hauppauge, NY)
had to consider not only the package, but associated electronic compo-
nents, such as the solenoids. The end result, however, is a more compact
DC-t0-26.5-GHz SP6T switch that can readily fit the tight space require-
ments of a single-slot C-size VXI card.

Even though this new compact least 65 dB across its full DC-to-18-
switch employs closely spaced ports | GHz frequency range (45-dB isola-
(see figure), it achieves isolation of at : tion to 26.5 GHz). The cylindrical

This SP6T coaxial switch provides low loss and high isolation through 18

GHz and is designed to fit in a single-slot C-size VXI card format.

The compact switch at a glance

switch housing measures only 2.99 in.
(7.5946 c¢m) long with a diameter of
0.993 in. (2.522 cm). According to the
company’s chief engineer for switch
products, Vinnie Leikus, the new de-
sign sacrifices nothing in terms of re-
liability when compared to the firm’s
larger, older designs. “Because the
connectors are closer together in the
new switch, careful design tech-
niques were required to maintain the
high port-to-port isolation,” offers
Leikus. “In the process, we found
that we needed a new cavity design
as well,” he adds. Electromagnetic
(EM) simulation software proved to
be invaluable in the redesign of the
switch cavity, saving numerous pro-
totyping steps.

DESIGN PROJECT

Development of a more compact
electromechnical switch was not a
trivial task, notes Leikus, “We had to
redesign not only the switch cavity,
but the solenoids and the switch
driver, using surface-mount technol-
ogy to shrink the size of the circuit
board.” The redesigned switch cavity
supports operation through 26.5
GHz, depending on the choice of co-
axial connector.

The new switch design employs a
self-wiping contact ac-
tion for reliable electri-
cal contacts. Since the
switches are used in

nonhermetic environ-

ments, organic films can
accumulate over time

on the switch contacts.
By using switch con-
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Coaxial Switch

tacts with a wiping action, contact
can be made by cutting through this
organic film, which can be as thick as
40 Angstroms. The self-wiping action
cleans the contact every time the
switch contact closes.

IMPROVED PERFORMANCE

The smaller size of the new switch
design actually resulted in some im-
provements in insertion loss and
VSWR compared to existing designs
(see table). The maximum VSWR
through 3 GHz is only 1.15:1, with
performance of 1.25:1 to 8 GHz, 1.35:1
through 12 GHz, and reaching a max-
imum of only 1.45:1 at frequencies
through 18 GHz. The switch also en-
joys low insertion loss, with maxi-
mum loss of 0.15 dB through 3 GHz,
and maximum insertion loss of 0.25
dB through 8 GHz, reaching a maxi-
mum of only 0.45 dB through 18 GHz.
The isolation performance is also
consistently good, with minimum iso-
lation of 85 dB from DC to 3 GHz,
dropping to a minimum of 65 dB
through 18 GHz.

SP6T SWITCH

Development of the SP6T switch
was part of Narda’s joint Perfor-
mance Partners program with Racal
Instruments (Irvine, CA). In fact,
the development of the compact
SP6T coaxial switch has made possi-
ble the design of Racal’s model 1260-
67 VXTI switch module (see Racal In-
struments’ website at http://
www.racalinst.com for more infor-
mation). The module, which can pack
as many as six of the Narda SP6T
switches into a single C-size VXI
card slot, operates to 18 GHz or 26.5
GHz and supports complex signal-
routing operations in high-through-
put, automatic-test-equipment
(ATE) systems.

The new switch is designed to
channel signals across modern com-
munications systems and is ideal for
ATE applications. The switch con-
nections self-terminate to 50 () when
not selected. Narda Microwave-
East, 435 Moreland Rd., Haup-
pauge, NY 11788; (516) 231-1700,
FAX: (516) 231-1480, Internet:
http://www.nardamicro
wave.com.

CIRCLE NO. 54 or visit www.mwrf.com
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Front-End RF IC

Front-End RF IC
Reaches 6 GHz

This monolithic transmit/receive fr

ont end serves

spread-spectrum applications in the 5.1-to-5.8-GHz

ISM band.

DON KELLER

Sentor Editor

PREAD-SPECTRUM devices for wireless local-area networks
(WLANSs), hyper LANS, portable data terminals, and remote-moni-
toring and unlicensed wireless devices in the industrial-scientific-
medical (ISM) band are proliferating, and the demand for such de-
vices is on the rise. To meet this demand, Araftek, Inc. (Freemont, CA) has
developed a gallium-arsenide (GaAs) integrated-circuit (IC) transmit
(Tx)/receive (Rx) RF front end that operates from 5.1 to 5.8 GHz.

The model AR7501 IC contains a
low-noise amplifier (LNA), a power
amplifier (PA), and an RF switch
(see figure). The chip is designed to
operate in a half-duplex transceiver.
When the transceiver is in the Rx
mode, the chip’s PA is deactivated,
the LNA is activated, and the RF
switch feeds the received signal from
an external antenna to the LNA in-
put. The LNA output is then sent on
to the other stages of the receiver. In
the Tx mode, the LNA is deacti-
vated, the PA is activated, the PA
amplifies the transmission signal,
and the RF switch feeds the ampli-

fied signal from the PA output to the
external antenna. The chip’s LNA
and PA can operate individually, but
not simultaneously.

The LNA provides a typical gain of
21 dB that is flat to within =1 dB
from 5 to 6 GHz. Its typical power
output at the 1-dB compression point
is +3.5 dBm, and its typical noise fig-
ure is 3.5 dB With partial external
impedance matching, its typical in-
put return loss is 8 dB and its typical
output return loss is 12 dB. The LNA
typically draws 36 mA from a +5-
VDC power supply.

The PA provides a typical gain of
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This block diagram shows the three major functional components of the

AR7501 front-end IC.

18 dB that is flat to within =1 dB
from 5.15 to 5.85 GHz. The chip’s au-
tomatic-power-control (APC) pin
gives designers access to an output-
power control circuit that allows the
PA output to be adjusted from +11 to
+18 dBm. The PA’s typical power
output at the 1-dB compression point
is +23.5 dBm at 5.15 GHz and +21.5
dBm at 5.85 GHz. With partial exter-
nal impedance matching, its typical
input return loss is 13 dB and its typ-
ical output return loss is 6 dB. The
PA typically draws 308 mA from a
+5-VDC power supply.

At 5.15 GHz, the RF switch pre-
sents a typical insertion loss of 2.3 dB
in the Rx mode, and 2.2 dB in the Tx
mode. With partial external
impedance matching, the switch typ-
ically provides 13 dB of isolation and
an input/output (I/0) return loss of 10
dB from 5 to 6 GHz. With a 10-pF
load on the control line, the switching
speed is less than b ps.

The ART501 includes power-down
logic circuitry that can be activated
through the use of an external posi-
tive-metal-oxide-semiconductor
(PMOS) transistor switch. The chip
is housed in a 28-pin quarter-sized
outline package (QSOP) with an ex-
posed heat slug, making it compati-
ble with Portable Computer Memory
Card International Association
(PCMCIA) card formats. Araftek,
Inc., 48531 Warm Springs Blvd.,
Suite 416, Freemont, CA 94539;
(510) 580-2501, FAX: (510) 580-
2508, Internet: http:/www.
araftek.com.

CIRCLE NO. 56 or visit www.mwrf.com

MICROWAVES & RF « DECEMBER 1999

238




PRODUCT TECHNOLOGY

Power Module

Power Module Line Expands
To Suit DCS and PCS

A company expands its line of amplifier building blocks to
accommodate DCS, PCS, and IMT-2000 (thivd-genevation)
base-station equipment.

PETER STAVENICK
Managing Editor

INEAR-POWER-AMPLIFIER (LPA) manufacturing is often expensive
and unpredictable in terms of time-to-market pressures. Yield-com-
promising hand-assembly steps are often the norm in LPA manufac-
turing. Yet, there is a way for an LPA to be automatically mounted, at-
tached, and tested using conventional surface-mount-technology (SMT)
components, reflow soldering, and automatic test equipment (ATE). The
QPP-301 from XEMOD (Sunnyvale, CA) is an IMT-2000 third-generation
(3G) 100-W QuikPAC™ module that spans the 2110-to-2170-MHz band. It
is package and pin compatible with the cellular and digital-communica-
tions-services (DCS)/personal-communications-services (PCS) parts. The
end result of modularization is a design cycle that is reduced by half with
simplified board layouts and interchangeability in dual-band designs.

QuikPAC is a building-block system
for the design and production of
LPAs. The modules can be used as in-
dividual RF gain and power stages, or
combined to provide very-high power-
output sections. They can also be used
in sets to create multistage amplifiers
and to implement intermodulation-
distortion (IMD) correction systems.
All RF connections to QuikPAC mod-
ules are 50 (). This simplifies the
matching of modules to other active or
passive elements, while simplifying
testing at the module or subassembly

level. It eliminates the need to design
complex matching structures for the
low impedance that is common to RF
power transistors.

Modules in the QuikPAC system in-
clude low-power gain stages with high
intercept points to provide distortion-
free gain in the input sections of me-
dium to power high-linearity ampli-
fiers for use in the error path of a
feedforward design. These modules,
which are multistage corrected ampli-
fiers, can also be used as stand-alone
units. Providing gain and high power

Comparing the RF power modules

for driver and output sections, power
levels to 200-W peak envelope power
(PEP) support the most advanced de-
signs. Phase- and amplitude-modula-
tion modules can adjust the phase and
gain of signals in the error path in or-
der to fine tune IMD suppression.
When used with the phase/amplitude
controller (PAC), this adjustment is
continuous and automatic. The PAC
circuit senses the amplitude and/or
phase of the carrier at several points
in the system and uses this informa-
tion to fine tune the IMD cancellation.

The company’s recent line of PCS
products includes the QPP-201 with
25-W power stages (PEP) and the
QPP-205 which offers 120-W power
stages (PEP). DCS products, which
span 1805 to 1880 MHz, include the
QPP-207 with 25-W power stages and
the QPP-211 with 120-W power stages
(see table).

The standard version of the QPP-
301 supports 100-W power, 9.5-dB
typical gain, +0.2-dB gain variation,
and —26-dBc IMD. Drain efficiency for
two-tone operation at rated PEP is 25
percent with less than 1.7:1 VSWR. In
addition to 50-Q2 RF connections,
other features include top-side
grounds, bias leads that are separate
from RF, and single-polarity biasing.
The compact device geometry leads to
simpler and more consistent matching
and higher specific output powers.
XEMOD, Inc., 333 Soquel Way,
Sunnyvale, CA 94086; (408) 733-
7229, FAX: (408) 733-7327, e-mail:
info@xemod.com, Internet:
http//www.xemod.com.
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Noise Modules

Noise Modules
Track Receiver Fidelity

These custom noise modules can monitor antenna
matching and veceiver integrity over the full
wirveless and PCS bands.

W. Robert Nichols I
Design Engineer
Norm Mendoza
Applications Engineer
Micronetics Wireless, 26 Hampshire Dr., Hudson, NH 03051; (603) 883-2900,
FAX: (603) 882-8987, Internet: http://www.micronetics.com.

ROADBAND noise is an ideal signal source for assessing the perfor-

mance of virtually any electronic device or system that involves de-

tection or processing of a signal. These include platforms such as

wireless and land mobile communications systems, cellular-phone
networks, satellite receivers for cable television (CATV), and even home-
entertainment systems. Sources designed specifically to generate precise
excess noise ratios (ENRs), such as the MicroCal™ line of noise sources
from Micronetics Wireless (Hudson, NH), are ideal tools for characteriz-
ing and validating system performance.

.20 dB DIRECTIONAL COUPLER
4 - . . RECEIVER
RF INPUT
FORWARD (REFLECTED) +
SPIT
DETECTOR [~ ALARM
CONTROI- SURFACE MOUNT
PACKAGE
-
MicroCal™ Module

1. This block diagram shows an example of a MicroCal noise module
integrated with a SPST switch and dual directional coupler.

For example, MicroCal noise
sources with integral VSWR moni-
tors can be used to provide remote
readings of a cellular or personal-
communications-services (PCS) site
antenna’s performance levels. In-
serted between the site’s receiving
antenna and its interconnecting ca-
bles, a MicroCal noise generator is
ideal for remote monitoring of the an-
tenna match to the receiver. Beyond
the antenna, the MicroCal noise gen-
erators can be used as built-in-test
(BIT) sources for tracking the per-
formance profile of the active and
passive components in a receiver
channel.

The MicroCal generators repre-
sent the cumulative experience of a
company involved in pioneering
noise technology more than 25 years
ago. The technology has evolved to
its current generation of miniature
surface-mount-technology (SMT)
noise modules that are ideal for inte-
gration into active and passive com-
ponents and subsystems. The com-
pact size of the MicroCal modules
makes them suitable for integration
into a wide range of components, in-
cluding amplifiers, antennas, cable
connectors, and filters—especially in
components where the physical loca-
tion can make access impractical or
impossible, such as mounted near an-
tennas on communications towers.
The MicroCal modules are well-
suited for end-to-end system track-
ing of cellular and PCS base-station
performance.

The MicroCal noise modules pro-
vide the predictable and repeatable
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performance needed for gauging
component and system performance
levels. For example, the noise
sources have a flat power-density
output versus frequency and only ex-
hibit a small change in reflection co-
efficient (>0.01) when switching from
the off to on states.

One way where a MicroCal noise
source can be used for cellular or
PCS base-station monitoring is when
it is integrated with a dual direc-
tional coupler (Fig. 1). The design ac-
tually consists of an SMT noise
source coupled to a single-pole, sin-
gle-throw (SPST) nonreflective
switch driving the forward path of
the dual directional coupler. When
inserted between a base-station an-
tenna and the receiver input cable,
this noise source can be used to ac-
tively monitor the antenna-to-re-
ceiver impedance match and to track
any change in component character-
istics through the receiver chain. The
coupler is designed to mechanically
match the antenna to the receiver-
cable interface. The SPST switch can
be controlled through transistor-
transistor-logic (TTL) signals to
form a continuous-wave (CW) or
modulated noise source. The Sys-
temView system-level simulation
software from Elanix, Inc. (Westlake
Village, CA) was used to model and
predict the degradation of the an-
tenna-to-receive input-port imped-
ance matching, and simulate an
alarm threshold function for monitor-
ing purposes (Fig. 2).

In this simulation, a diode detector
senses the reflection of noise energy
in the return path of the coupler. A
terminating resistor provides a
matched load for the detector. A ca-
pacitor integrates and stores the de-
tected noise as a DC voltage. A com-
parator is used to compare the
reflected DC level to a user-specified
reference. An alarm is provided
when the reference level is exceeded
by the reflected noise.

4. These three simulated filter
responses are for the reference
channel (top trace), the channel with
2-dB higher insertion loss than the
reference (middle trace), and the
channel with a passband notch
(bottom trace).

Noise Modules

TRACE 2 IS THE INCREASE IN REFELECTED POWER AS A FUNCTION OF MISMATCH

REFELECTED POWER (3)
TRIGGER IS AT 13 % OR.
AVSWR OF 2.15

TRACE 3 IS THE VSWR THRESHOLD LIMIT EXCEEDED QUTPUT

2. These three traces show the noise input spectrum (top), the increase in
reflected noise power from a power impedance match (middie), and the
VSWR threshold trigger (bottom).

3 CHANNEL RECEINVER

3. This three-channel receiver was simulated with SystemView software to
demonstrate the effectiveness of the MicroCal noise modules.

TRACE 1 (TOP) REFERENCE FILTER

TRACE 2 (SECOND) REFERENCE FILTER WITH 2 dB :“
IMSERTION LOSS INCREASE &

TRACE 3 (BOTTOM) REFERENCE FILTER WITH A NOTCH
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Noise Modules

5. This modulated noise signal (left) was used to generate the simulated

HNOLO

responses shown at the right for the three receiver channels.

The first trace in the plot repre-
sents the through-path noise level at
the output of the MicroCal noise
source. The second trace shows the
change in reflected power as a fune-
tion of load mismatch. The third
trace shows the alarm trigger when
the reflected power exceeds a preset
reference level. For this example,
the alarm is activated when the
VSWR exceeds a value of 2.15:1. The
time base has been intentionally set
for a short duration for this simula-
tion. In a real-world application, the
duration could be set for weeks,
months, or years, depending on the
monitoring and calibration require-
ments. Once a receiver has been
characterized with the help of the
noise source, future measurements
can be compared with the original
baseline value. Any change in the re-
ceiver chain will be revealed when
new measurements are compared
with the reference values.

Figure 3 is the block diagram of a
three-channel receiver modeled with
the aid of the SystemView. All chan-
nels operate over the frequency band
of 1.85 to 1.99 GHz. The local-oscilla-
tor (LO) frequency for each channel
is 2.060 GHz. Each channel has an in-
termediate-frequency (IF) band-
width of 140 MHz, spanning a total
IF bandwidth of 70 to 210 MHz.

The IF amplifier gains, detector
parameters, and resistor-capacitor
(RC) filter networks are identical for
all three receiver channels. The top
channel is considered the reference

channel. The center-channel RF fil-
ter has been modeled with insertion
loss that is 2 dB higher than that of
the reference channel. The bottom
channel has a notch filter centered in
the passband of the RF filter. A com-
pact noise module is used as the sig-
nal source to characterize each
channel.

MODELING FACTORS

The filter response was modeled
for each channel prior to downcon-
version to IF. The top trace of Fig. 4
shows the response of a good filter.
The second trace is the response of
the same type of filter with a 2 dB
higher insertion loss. The third trace
is the same filter with a notch at the
center frequency. Although the am-
plitudes of each case are similar, de-
tected excess noise from the three fil-
ters will clearly show the ability of
the noise module’s BIT funection to

BY DISTRIBUTING THE
MICROCAL NOISE MODULES
WITHIN ALL OF A SYSTEM'S

CRITICAL COMPONENTS,

THE FAULT OR SOURCE OF A
SYSTEM'S PERFORMANCE
DEGRADATION CAN BE
TRACED.

. identify each of the three conditions.

The left-hand side of Fig. 5 shows
the modulated noise signal used to
evaluate the three bandpass filters
while the right-hand side shows the
response of the three receiver chan-
nels. The plot on the left-hand side of
Fig. 5 is the modulated noise input.
The right graph shows the reference
channel response to the modulated
noise input at a level of 40 mV. The
middle trace is the channel with an
increase of 2 dB in insertion loss
(compared to the reference channel)
at alevel of 25 mV. The bottom trace
is the output of the channel with the
notch in the passband at a level of
8mV.

Since noise sources have a uniform
distribution of random power, all of
the filters appear to have the same
response shape, however, they differ
in detected amplitude due to the dif-
ference in detected noise power. This
example shows the simplicity of us-
ing precision noise sources as a tool
for tracking a receiver’s performance
characteristic. By distributing the
MicroCal noise modules within all of
a system’s critical components, the
fault or source of the system’s perfor-
mance degradation can be traced to
the offending component or compo-
nents with minimal effort and time.

Additional information on the topic
of noise is available on the Micronet-
ics Wireless website. In particular,
there is an application note entitled
“Understanding noise” (which can be
accessed at the company’s site at
www.micronetics.com/products/und
ersta.htm). The note defines the five
parameters commonly used to spec-
ify noise—output level, output char-
acteristics, noise characteristics, in-
put power, and accuracy/stability.
For example, noise characteristics
such as peak factor (crest factor) and
symmetry are defined, along with ac-
curacy factors such as temperature
coefficient and long-term drift. The
application note also covers common
noise-source conversions, such as ef-
fective noise ratio (ENR) to noise fig-
ure. Micronetics Wireless, 26
Hampshire Dr., Hudson, NH
03051; (603) 883-2900, FAX: (603)
882-8987, Internet: http://www.
micronetics.com.
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Digital Frequency
Synthesis Demystified

Bar-Giora Goldberg

Bar-Giora Goldberg should need no
introduction to readers of this maga-
zine. A frequency contributor to the
“Design Features,” Goldberg was one
of the founding members of Sciteq
(San Diego, CA) where he developed
and refined many direct-digital-syn-
thesizer (DDS) products. His latest
book, Digital Frequency Synthesis
Demystified, provides a comprehen-
sive view of both DDS architectures
and fractional-N  frequency
synthesizers.

These sources must maintain good
stability at narrow channel spacing,
yet be priced according to cost-com-
petitive markets such as cellular tele-
phone, personal communications ser-
vices (PCS), and wireless local loops
(WLLs). Digital Frequency Synthesis
Demystified focuses on the “digitaliza-
tion” of signal generation.

The book’s 10 chapters include an
opening-chapter basic introduction to
frequency synthesis. Chapter 2 covers
synthesizer system analysis, while
Chapter 3 details measurement tech-
niques for analyzing the key parame-
ters, including spurious noise and
switching speed. Chapter 4 highlights
the general architecture of a DDS
while Chapter 5 offers insights on
phase-locked-loop (PLL) frequency
synthesizers. Chapter 6 provides
extensive detail on a key DDS compo-
nent, the accumulator, while Chapter
7 covers the read-only-memory
(ROM) lookup table, and Chapter 8
describes the requirements for digital-
to-analog converters (DACs). The
final two chapters review products
incorporating these various synthesis
techniques.

The book is accompanied by a com-
pact-disc read-only memory (CD-
ROM), with software that will help
readers analyze and manipulate the
design methods described in the book.
(1999, 350 pp., paperback, ISBN: 1-
878707-47-7,$49.95.) LLH Technolo-
gy Publishing, 3578 Old Rail Rd.,
Eagle Rock, VA 24085; (800) 247-
6553, (540) 567-2000, FAX: (540)
567-2539, e-mail: carol@LLH-
Publishing.com, Internet:
http://www.LLH -
Publishing.com.

N
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Stealth Microwave’

The Linearized Amplifier Specialists

Stealth Microwave™ is a division of SSB Technologies, Inc.

1007 Whitehead Road Ext.,
TEL:1-888-SSB-7791 = 609-538-8586 » Fax: 609-53

Irenton, NJ 086 5?’

8-8587

email: sales@ssbtech.com

CIRCLE NO. 440 or visit www.mwrf.com

PLX 8000 SERIES

Low Nmse, Coherent, Phase Locked Multrpher
50 MHz to 1 GHz '

1

WwICh#

THE SOURCE SOURCE

Techtrol Cyclonetics Inc.

815 Market Street
New Cumberland, PA 17070
TEL: 717-774-2746 = FAX: 717-774-6799
E-mail: techtrol@paonline.com
Website: www.tci-ant.com

| Output Frequency:
- Qutput Level:

' STANDARD SPECIFICATIONS:

5 or 10 MHz
50 MHz to 1 GHz
+13 dBm minimum
Operating Temperature: -20°C to +60°C
Coherent Spurious:  <-70 dBc
Phase Noise: @ 630 MHz
@ 100 Hz-108 dBc/Hz
@ 1 KHz-130 dBc/Hz
@ 10 KHz-140 dBc/Hz
@ 100 KHz-148 dBc/Hz
Shock & Vibration: 20 G's
Supply Power: +15 VDC

Input Reference:
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GSM Radio Chip Set

GSM Radio Chip Set Works
With Direct Gonversion

A new radio architecture converts incoming RF
signals divectly to baseband to simplify the design of

wireless phones.

GENE HEFTMAN

Senior Editor

ATTLING for dominance in cellular/digital wireless phone technol-
ogy, competitors strive to make handsets smaller and cheaper, to
consume less power, and operate over longer distances. One way to
achieve these goals is through a (so-called) direct-conversion or
zero-intermediate-frequency (IF) radio architecture where a single stage

converts an RF signal directly to baseband. The difficult task of bringing

this architecture to reality has been reached with the introduction of the
GSM direct conversion radio chip set by Analog Devices (Norwood, MA). It

is called the first Global System for Mobile Communications (GSM) direct-
conversion solution available to the open market. Previously, GSM direct-

conversion technology was proprietary and not available to GSM phone

manufacturers.

Known by the company name, Oth-
ello™, the chip set consists of two in-
tegrated circuits (ICs)—the AD6523
transceiver and the AD6524 synthe-
sizer (see figure). Together, the chips
implement a Superhomodyne™, or
direct-conversion architecture which
is a radical departure from the tradi-
tional superheterodyne
system used in receivers.
The advantages of the new
architecture suit the key
objectives of phone manu-
facturers—fewer compo-
nents, a smaller handset,
lower power consumption,
longer talk time, and
multiband operation. Also,
the Othello circuitry can
handle the coming high-
speed data-communica-
tions capabilities that will
be part of GSM—enhanced

data GSM environment The AD6523 and AD6524 ICs from Analog Devices show
(EDGE) and general-pack- how a direct-conversion architecture occupies a small
amount of circuit-board area.

et radio service (GPRS).

Direct conversion eliminates the
need for IF devices which are often
the most expensive in the radio por-
tion of the phone. The IF surface-
acoustic-wave (SAW) filters, for ex-
ample, are very costly and consume a
large amount of board space. In all,
Othello can reduce the component

i

count of a GSM radio from more than
150 devices to less than 90, with a
corresponding reduction in materials
cost.

Direct conversion is a much sim-
pler architecture than traditional su-
perhetrodyne. The AD6523, for ex-
ample, is a single-chip RF IC that
integrates full receive (Rx) and
transmit (Tx) paths. The low-noise
amplifier (LNA) is fully integrated
along with support circuits such as a
low-dropout regulator (LDO). The
ADG6524 is a complete fractional-N
synthesizer (including the crystal os-
cillator). This architecture is used to
attain fast lock times that conserve
power and provide support for GSM
data services such as GPRS.

Both devices are housed in low pin-
count packages—the AD6523 is in a
28-pin thin-shrink small-outline
package (TSSOP) and the AD6524 is
in a 20-pin TSSOP. A 0.6-pm bipolar-
complementary-metal-ox-
ide-semiconductor (BiC-
MORS) process is used to
fabricate both devices. The
chip set is sampling now,
and general availability
and pricing will be forth-
coming in the first quarter
of next year. Analog De-
vices, Inc., Ray Stata
Technology Center,
Wilmington, MA 01887;
(781) 937-1428, FAX:
(781) 937-1021, Inter-
net: http://www.analog
.com.

CIRCLE NO. 59 or visit
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Dual-Band RF Synthesizer

Dual-Band RF Synthesizer
Enables Fast Datacom

A highly integrated synthesizer 1C is designed for
GPRS wireless data communications.

GENE HEFTMAN

Senior Editor

ENERAL Packet Radio Service (GPRS) data capability being
planned for Global System for Mobile Communications (GSM)
phones opens a new chapter for subscribers interested in obtaining
wireless data at much higher speeds than currently possible (up to
100 kb/s versus 14.4 kb/s). To support such data communications, Silicon
Laboratories (Austin, TX) has designed the Si4133G Dual-Band RF Syn-
thesizer, a monolithic integrated circuit (IC) that performs RF and inter-
mediate-frequency (IF) synthesis for GSM and GPRS wireless personal
communications. The device is fabricated in 0.35-pm complementary-
metal-oxide-semiconductor (CMOS) technology to make it easily pro-
ducible and low in cost for manufacturers in the price-sensitive wireless

phone market.

Built into the Si4133G are three
voltage-controlled  oscillators
(VCOs), loop filters, reference and
VCO dividers, as well as phase detec-
tors (see figure). According to the
company, this makes it the most
highly integrated RF synthesizer
available, allowing the synthesizer
function to be implemented with only

four discrete components. Conven-
tional synthesizer functions require
up to 41 components, so the IC can
reduce the board space used by the
synthesizer by up to 84 percent,
along with a considerable reduction
in power consumption.

The Si4133G uses an integer-N ar-
chitecture rather than a fractional-N

XIN | | RF1 Reference o
i i | | Divider RFOUT
POWNE | ‘
SCLK | RF2Reference
SDATA | Divider
AUXOUT
RFLA
RFLB
RFLC FouT
RFLD
FLA
IFLB

All the functions necessary to perform dual-band synthesis for high-speed

wireless data are contained on a single 0.35-um CMOS chip, the Si4133G

from Silicon Laboratories.

to eliminate the problem of fractional
spurs that occur with the latter. This
phase-locked-loop (PLL) architec-
ture enables lock times below 150 s,
which meet GPRS class 12 require-
ments for high-speed data communi-
cations. This fast settling time can
reduce the power consumption in a
handset, a critical issue in talk and
standby times. Fast settling time al-
lows a system to wait for a longer
time before turning on its power am-
plifier (PA), leading to power savings
and extended battery life. Fast set-
tling is achieved through a propri-
etary self-tuning algorithm and the
unique PLL architecture. The archi-
tecture also supports the integration
of VCO modules, which might other-
wise be housed in metal-shielded
packages, to be integrated on chip. A
total of 35 discrete components and
the resonator elements are inte-
grated on the chip.

The Si4133G performs RF synthe-
sis in two bands, 900 MHz to 1.8 GHz
and 750 MHz to 1.5 GHz. It operates
from a +3-VDC supply voltage and
typically draws 18-mA current when
operational and 1-pA current when
in standby mode. The IC is supplied
in a low-profile, 24-pin thin-shrink
small-outline package (TSSOP) rated
for operating temperatures from —40
to +85°C. P&A: $6.50 (10,000 qty);
evaluation board (Si4133-EVB),
$150. Silicon Laboratories, Inc.,
4635 Boston Lane, Austin, TX
78735; (512) 416-8500, FAX: (512)
416-9669, Internet: http://www
.sila bs.com.
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Baseband Processor

Basehand Processor Supports
Many Wireless Standards

This processov combines a digital
signal processor and a micvocontroller
to achieve high-data throughput.

DON KELLER

Senior Editor

ASEBAND processors perform the vital function of encoding and de-

coding baseband information in digital radios. With the prolifera-

tion of encode/decode formats for digital radio, the more formats

that a processor can handle, the better. To this end, Motorola, Inc.
(Phoenix, AZ) has released a baseband processor, the model DSP56690,
which supports numerous mobile wireless and satellite standards.

The DSP56690 processor can exe-
cute most of the major existing wire-
less-subscriber standards, including
Global System for Mobile Communi-
cations (GSM), integrated digital en-
hanced network (iDEN), and time-
division multiple access (TDMA).
The company intends to re-

tegrates two existing functional
units—a digital signal processor
(DSP) and a microcontroller unit
(MCU)—onto one chip (see figure).
The DSP is the company’s DSP56600
core running at more than 100 MHz.
The MCU is the company’s MCORE

MZ210, a 32-b device operating at
more than 50 MHz. Both functional
units have their own dedicated mem-
ory, and they communicate between a
shared block of memory.

The DSP’s memory includes 85.5
kb of 24-b programmable read-only
memory (PROM), 3.5 kb of 24-b ran-
dom-access memory (RAM), 4.4 kb of
16-b data ROM, and 18 kb of 16-b data
ROM. The MCU’s memory includes
16 kb of 32-b ROM and 6.5 kb of 32-b
RAM. The processor also contains a
universal-serial-bus (USB) module
with a dedicated digital phase-locked
loop (DPLL), an Advanced Mobile
Phone Service (AMPS) accelerator
module (AAM), two single-

lease future versions of the

processor that also support

YDROM

PRAM

PROM
2k x 24

inline-memory (SIM) card
interfaces, two universal

code-division-multiple-ac-

cess (CDMA) standards.

The processor is designed
to support the mid-to-high-
tier wireless applications,
specifically those that take
advantage of high data-
throughput standards such
as general-packet radio ser-
vice (GPRS) and wireless-
access-protocol (WAP)-en-
abled microbrowsers. The
processor’s architecture is
also scalable to low-tier ap-
plications, and can take ad-
vantage of applications built
around new software stan-
dards such as Java.

To achieve the high data
throughput necessary to en-
code and decode the digital
standards, the processor in-

Ok x 16

Ok x 16 | 84K x 24
e 11
XDROM ~  DSP56600

asynchronous

receiver/

XDRAM
28kx16
shared w/MCU

YDRAM
26k < 16
VIAC
2k x 16
BBPDMA

RAM
22.5k x 32

ROM
256 x 32

transmitters (UARTSs) with
serial-infrared (SIR) sup-
port, a GPRS encryption
module (GEM), in addition
to a one-wire (OWIRE)
interface.

The processor can operate
at a power-supply voltage
ranging from +1.8 to +2.2
VDC. It is housed in a 256-
pin plastie ball-grid-array
(BGA) package. Motorola

Semiconductor Prod-

MeCORE 210
'-

ucts Sector, P.O. Box
52073, Phoenix, AZ
85072-2073; (602) 413-
4991, FAX: (602) 413-
7986, Internet: http://

This block diagram shows the functional components of
the DSP56690 baseband-processor integrated circuit

().

www.motorola.com/sps.
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COMMUNICATIONS

¢ LMDS set to challenge for last-mile supremacy (April, p.
30)

eGrowth beckons in millimeter-wave markets (April, p. 122)
eModulation formats drive communications design (May, p.
80)

*Communications technologies take aim on the millennium
(May, p. 160)

eWireless ushers in the era of personal connectivity
(August, p. 31)

eCommunications lifts off into inner space (September, p.
31)

*Predict phase-noise effects in digital communications sys-
tems (September, p. 59)

¢Canada extends borders of RF technology (October, p. 29)
eCrystal/oscillator markets look to wireless growth
(November, p. 33)

COMPONENTS

uary, p. 79)

eTechnology fuels firm’s entry into filter market (January
Cover, p. 113)

*(GaAs amplifiers power applications past 18 GHz (January,
p- 126)

eRugged RF coaxial cable is environmentally friendly
(February, p. 99)

¢Simplify filter tuning in the time domain (March, p. 68)

s Advance improves DC-to-DC converters (March, p. 143)
eRadio links WLL sites at 3.6 GHz (March, p. 146)
eSolder-free resistors endure thermal cycling (March, p.
154)

*Nodal voltages offer key to filter design (April, p. 72)
*Optically controlled RF switches combat EMI (April, p. 86)
*Y1G-based synthesizers shave digital phase noise (April, p.
142)

eBandpass filters require no tuning (April, p. 152)
eFixed-frequency and smart synthesizers tune to 2.8 GHz
(April, p. 155)

ITORIAL

eF'lexible cables connect precision test equipment (April, p.
156)

eFlat-panel antenna aids mobile satcom (April, p. 158)
eSmart-antenna technology is the wave of the wireless
future (May, p. 29)

¢ Antenna-test ground plane sets the size record (May, p. 39)
e Aligning filters with nodal voltages (May, p. 67)
eDesigning antennas for cellular telephones (May, p. 70)
ePhase-locked loops cut current requirements (May, p. 206)
*PTFE dielectric raises trimmer reliability (May, p. 208)
*SMT passive components save circuit-board space (May, p.
218)

eReviewing fractional-N frequency synthesis (June, p. 53)
¢Use single diode to design antenna Tx/Rx switch (June, p.
99)

eNew firm manufactures solid connections (June, p. 142)
*PA technology sets base-station priorities (July, p. 27)
eEvaluate the performance of RF power amplifiers (July, p.
61)

eDevelop trimless voltage-controlled oscillators (July, p. 68)
Splitters/combiners team with RF LDMOS in UMTS amp
(July, p. 80)

eLinear power hybrid amplifies PCS applications (July
Cover, p. 105)

eCombiner/duplexer reduces cost in AMPS/PCS co-location
(July, p. 111)

eQuadrature hybrid couplers serve narrowband applica-
tions (August, p. 44)

eDesign interdigital bandpass filters using LTCC circuits
(August, p. 77)

eNovel coaxial connector aids in-vehicle phone users
(August, p. 88)

eSplitters/combiners bond high-power amplifiers (August,
p. 151)

eSchottky mixers feature high dynamic range (August, p.
154)

eDoublers drive YIG sources to 44 GHz (August, p. 164)
eDevelop a high-Q oscillator for millimeter-wave applica-
tions (September, p. 72)

eStudy antenna positioning and EM biological effects
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(September, p. 76)

*Design loop filters for PLL frequency synthesizers
(September, p. 98)

eExamine the impact of transition-band spurs on downcon-
verters (September, p. 107)

*Design approach yields broadband directional couplers
(September, p. 113)

ePower modules reduce amplifier design time (September,
p. 153)

*F'irm fosters co-military filter-design approach (Septem-
ber, p. 154)

*Coaxial contacts offer low loss and high repeatability past
6 GHz (September, p. 158)

*Design a wideband VHF filter with coupled resonators
(October, p. 59)

*Spurious couplings degrade bandpass filter performance
(October, p. 109)

*Wideband choke biases amplifier circuits to 8 GHz (Octo-
ber Cover, p. 131)

sImprovements yield cables with lower loss and enhanced
stability (October, p. 148)

*PLL synthesizers suit low-power wireless systems (Octo-
ber, p. 150)

*Exploit leakage inductance in VCO designs (November, p.
59)

*Offset PLL analysis can cut spurious levels (November, p.
107)

eSpurious couplings degrade bandpass filter performance
(November, p. 121)

*Techniques yield tiny hairpin-line resonator filters
(November, p. 142)

sElectronically shaped antennas link LMDS (November, p.
177)

eLinear amps drive multichannel systems (November, p.
179)

eLooking back at the electronics century (December, p. 31)
*One company’s quest for balance (December, p. 38)
*Design a low-noise communications amplifier (December,
p. 59)

*Construct a millimeter-wave E-plane integrated power
combiner (December, p. 67)

eManufacturing practical 28-GHz multichip modules
(December, p. 78)

*Top Products OF 1999 (December, p. 223)

*Compact coaxial switch fits single-slot VXI card (Decem-
ber, p. 236)

sBaseband processor supports many wireless standards
(December, p. 246)

COMPUTER-AIDED
ENGINEERING

eSoftware analyzes curved surfaces (January, p. 122)

EDITORIAL
INDEX

*Models describe microstrip circuit characteristies (Febru-
ary, p. 64)

¢ Accurately compute PLL charge-pump filter parameters
(February, p. 89)

¢ Applying Volterra-Series analysis (May, p. 55)
*Webwatch section (May, p. 174)

*Popular wireless course comes to CD-ROM (June, p. 107)
*System software receives improvements (June, p. 108)
*Program processes engineering data files (June, p. 113)
eSoftware tracks substrate crosstalk (June, p. 114)
*SPICE software features schematic probing (June, p. 117)
*Software yields filters for 28-t0-31-GHz band (June, p. 121)
*Test software and tuners support CAE program (June, p.
137)

*Math package makes most of windows (July, p. 114)
eSynthesis + simulation = enhanced design process
(August, p. 123)

eLow-cost CAE suite adds power and speed (August Cover,
p. 141)

*EM simulator is free of charge (August, p. 152)

sSoftware simplifies IR communications (August, p. 160)
*Free EM software analyzes spiral inductor on silicon
(September, p. 165)

eSimple algorithm extracts SiGe HBT parameters (Octo-
ber, p. 48)

eSoftware simplifies large-signal transistor modeling (Octo-
ber, p. 75)

*Model PLL dynamics and phase-noise performance
(November, p. 69)

*Nonlinear simulator speeds source design (November, p.
115)

*Webwatch section (November, p. 151)

*Company’s rebirth includes major EDA software release
(November Cover, p. 165)

eLinear simulator tracks circuit performance (November,
p. 181)

*EM software helps refine EIA klystron design (December,
p.74)

*Software models 10-Gh/s differential amplifier (December,
p. 184)

*Software simplifies linear cireuit analysis (December, p.
196)

eEconomical package aids design of linear circuits (Decem-
ber, p. 200)

eSoftware upholds new design standards (December, p.
202)

*Toolset sorts through signal content (December, p. 204)
*Tool tackles digital filter design (December, p. 206)
el'ree software determines telecom system features
(December, p. 208)
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CONFERENCES
ONext-genera-t-i.(-)-ﬁ_ de51gns unveiled at Wireless Symposium
(March, p. 31)
sProducts and technologies shine at Wireless Show (March,
p. 115)

#1999 International Microwave Symposium (May, p. 130)
eNew Orleans to host fall Wireless Symposium (August, p.
130)

eDevice speeds increase at 45th annual IEDM (November,
p. 43)

eEmerging applications boost Eighth Wireless Symposium
(December, p. 122)

CROSSTALK

eDave McCurdy, CEO of the Electronic Industries Alliance
(January, p. 42)

eJohn Cline, President of Oak Frequency Control (April, p.
40)

eJohn Ocampo, Founder and President of Stanford
Microdevices (May, p. 40)

*Ed Garcia, President of Noise Com, Inc. (July, p. 40)

DEFENSE ELECTRONICS

eElectronics are a secret weapon in the military budget
(June, p. 27)

eFirm invests in its future (June, p. 138)

ePortable ELINT system captures data from 0.5 to 18 GHz
(September, p. 150)

DEVICES & ICs

eCellular ICs move toward 3G wireless—gingerly (Febru-
ary, p. 31)

e Antenna/IC combination improves short-range communi-
cations (February, p. 53)

*Chip integrates versatile RF/digital interface (February,
p. 125)

¢ Amplifiers take mystery out of linear performance (Febru-
ary, p. 138)

*SiGe yields first commercial products (February, p. 140)
Chip set supports two-way messaging (February, p. 146)
*(Create a low-cost data transceiver (March, p. 85)

¢ ADC captures 1 GSamples/s (March Cover, p. 128)

*DSP enhances performance of wireless base stations
(March, p. 138)

#Nodal voltages offer key to filter design (April, p. 72)
oBuild GaAs modules in high volumes (April, p. 99)

eRadio transceiver fits on single IC (April, p. 138)
¢Broadband MMIC downconverter does not have any
active elements (May, p. 98)

eMentor program leads to design and fabrication of Ka-band

EDITORIAL
INDEX

module (May, p. 110)

sTechnology determines IC cost and performance (May, p.
117)

¢PTFE dielectric raises trimmer reliability (May, p. 208)
eDevice supplier adds LDMOS to lineup (May, p. 222)
#(GaAs FET sets standard with 60 W at C-band (May, p. 226)
eDesign automation aids foundry growth (June, p. 80)
*GaAs ICs optimize optical data systems (June, p. 125)
*Optical devices fire 10-Gb/s systems (June, p. 134)

*FSK modulator boasts high DC accuracy (August, p. 69)
eFractional-N synthesizers meet HSCSD and GPRS
demands (August, p. 105)

«CDMA/AMPS chips enable dual-band transceivers
(August, p. 147)

eCreate a transceiver IC for triple-band GSM applications
(September, p. 80)

eRevolutionary RF IC performs RMS-to-DC conversion
(September Cover, p. 140)

*SiGe technology makes practical advances (October, p.
121)

SiC MESFET delivers 10-W power at 2 GHz (October, p.
138)

eSwitch solution integrates GaAs and Si ASIC (October, p.
140)

eCompact RF module fits CDMA base stations (November,
p. 132)

Chip antenna reduces cell-phone dimensions (November,
p. 182)

eBluetooth section (December, p. 145)

eHigh-power MOSFET targets VHF applications (Decem-
ber, p. 228)

eFront-end RF IC reaches 6 GHz (December, p. 238)
ePower module line expands to suit DCS and PCS (Decem-
ber, p. 239)

eRadio chip set works with direct conversion (December, p.
244)

eDual-band RF synthesizer enables fast data communica-
tions (December, p. 245)

MATERIALS

eThick-film technology offers high packaging density
(February, p. 77)

e)Metal-injection molding cuts packaging costs (February, p.
118)

sNovel package improves MOSFET reliability (April
Cover, p. 131)

ePackaging technique shrinks RF components (April, p.
149)

ePlastic RF power packages overtake ceramics (June, p. 89)
eMaterial advances fuel wireless growth (July, p. 95)
eEngineering kit tames pesky RF problems (September, p.
156)
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*Comparing round and rectangular crystals (November, p.
85)

SYSTEMS & SUBSYSTEMS

*Time-stretch preprocessing overcomes ADC limitations
(March, p. 57)

*Time-stretch methods capture fast waveforms (April, p.
62)

* Analyze noise from co-located transmitters (May, p. 122)
eNovel multiple-beam antenna array serves mobile BTS
(August, p. 59)

*Supplying power for wireless data-communications sys-
tems (September, p. 90)

*Predict effects of ice needles on satcom performance (Octo-
ber, p. 104)

*Feedforward amplifiers power base stations to 400 W
(October, p. 145)

*Switched filter channelizer enhances receiver perfor-
mance (November, p. 173)

*Optical transceivers transport multiple carriers (Novem-
ber, p. 175)

*Calculate power in Gaussian-modulated wireless systems
(December, 101)

*Apply optical WDM to wireless systems (December, p.
177)

eMultiport system speeds production (December, p. 192)
*System automates power-amp testing (December Cover,
p. 213)

TEST & MEASUREMENT

*Software invades hardware in new test equipment (Jan-
uary, p. 34)

eInstrument advances enable high-speed power measure-
ments (January, p. 59)

*Probing concerns influence high-speed measurements
(January, p. 69)

eFully characterize balanced devices (January, p. 90)
*Power meters measure wide-ranging levels (January, p.
101)

*Low-cost VNAs aid wireless tests to 3 GHz (January, p.
129)

*Fast meter gauges next-generation power (January, p.
132)

*Portable scopes incorporate DPO technology (January, p.
136)

*Perform multipath testing in high-data-rate systems
(February, p. 107)

*Using a spectrum analyzer’s video-filter bandwidth
(March, p. 94)

*Spectrum analyzer suits noise-parameter testing (March,
p. 98)

EDITORIAL
INDEX

*Wafer probing fast SONET devices (March, p. 108)
*SM mobile tester meets need for speed (March, p. 135)

¢ Low-priced digital scopes offer high-end features (March,
p. 144)

*Signal generators support emerging wireless standards
(March, p. 150)

*Minimize measurement variances due to noise (April, p.
108)

*Speed is a key parameter for spectrum analyzers (April, p.
114)

*Handheld spectrum analyzer scans 3 GHz (May Cover, p.
201)

* VXTI synthesizer speeds testing to 20 GHz (May, p. 210)
eSynthesizer refinements focus on production test (May, p.
213)

*Switches route signals for wireless production testing
(May, p. 216)

*Generator delivers 16 simultaneous signals (May, p. 225)
*Enhanced electronic calibration reduces product testing
costs (June, p. 58)

*Designing production shielded RF fixtures (June, p. 69)
*Network analyzers offer test flexibility (July, p. 118)
*Test system monitors spacecraft communications (July, p.
122)

ePerform production testing on millimeter-wave MMICs
(August, p. 98)

*Signal generators offer enhanced spectral purity (August,
p. 157)

*Spectrum analyzers geared to production testing (August,
p. 159)

*Test system tackles CATV components (September, p.
117)

eInstrument makers adapt to evolving applications
(September, p. 121)

*Wide-range sensor gauges power of complex signals
(September, p. 128)

*Measure digital satellite signals accurately (October, p. 68)
*Meeting the test needs of millimeter-wave MMICs (Octo-
ber, p. 86)

*Calculate the uncertainty of NF measurements (October,
p- 93)

*Measure residual noise in quartz crystals (November, p.
95)

* Analysis power added to universal power meters (Novem-
ber, p. 170)

*Gauging the effects of cell-phone radiation on the brain
(December, p. 90)

eSpectrum analyzers facilitate high-volume production
testing (December, p. 234)

*Noise modules track receiver fidelity (December, p. 240)
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MICROWAVES & RF DIRECT CONNEGTION ADS

TO ADVERTISE CALL JOANNE REPPAS (201) 666-66298

PCAAD 4.0 ”Iﬁ ”
PERFORMANCE

Personal Computer Aided Antenna Design
32 bit Software for Windows

The latest version of this popular general purpose
antenna design and analysis software is now available.

PCAAD 4.0 Personal Computer Aid

Pl Edt Wies Anays Apetuies Miciostip T-ines Help

/ . 'Tﬁpleeonversmn.mwKHzBW Rt 3
/ \ « 50 dB range signal strength output
+ 1,5 Hz step size, SPI port pmgmmmable
\ Generator, $405.00:
( o | * +20 dBm output, 3 dB flatness

* 1 Hz step size, 8 bit port programmable
/’ + Analog AM/FM or direct digital FM modulation

\A

Attenuator, $284.00:
+ 135 dB range, 1 dB steps, +/- 1 dB flatness
« +30 dBm power, 8 dB total insertion loss

¥/‘ + Single +5V supply, SPI port programmable
Exerciser board, $145.00, Stand alone, LCD display
Ramsey Electronics, Inc.

Cost: $390. For more information, contact: 793 Canning  Victor, NY 14564
Antenna Design Associates, Inc. www.Ramseytest.com
55 Teawaddle Hill Road, Leverett, MA 01002 email: RFtest@Ramseytest.com
Phone/Fax: 413.548-9919 Tel: 716-924-4560 Fax: 716-924-4886 2
ANTENNA DESIGN ASSOCIATES CIRCLE 558 | RAMSEY ELECTRONICS CIRCLE 565 IM”I z EHI IW z Kw
- o -

DIP BRAZING

ASSEMBLY SPECIALISTS Personal

Probe Small, Ultra High Efficiency Modules
Station Low Cost Amplifier Systems
Very Low Cost 1/R Subsystems

High Function
I Srevmees )

A compact full featured, modestly priced, manually operated probe station
developed for engineers and scientists.
Measure Microwave, RF and DC parameters of Semiconductor Devices,
Packages and Assemblies with NIST traceability

 BenchtopSize(<1ft?) ® Vacuum chuck ® X-Y-@ stage ®
« X-Y-Z probe positioners ®Top Plate Z-lift ®Vacuum Accessory Manifolde
 7X-40X Stereo Zoom Microscope © Adjustable Halogen llluminator ®

#Vacuum Accessories ® Compatible with 40GHz+ probes » R ] POWER AMPLIFIERS
« Accessories for Thermal Chucks and Probe Cards o
o Test wafers, microstrip packages and surface mount componentse B'dmg A' _570 West Clearwater LOOp
Post Falls, Idaho 83854 USA
J 'r;;'ir\owl;e!chnOf?gy 208-457-0292 » Fax 208-457-0296
3744 NW Bluegrass Pl
Poriand, OF 97329 www.lcfamps.com
s T E-mail: info@Ilcfamps.com
wiow jmicrotechnology.com

A Probe Station On Every Bench

TEXAS BRAZING, INC. CIRCLE 550 | J MICROTECHNOLOGY CIRCLE 578 | LCF ENTERPRISES CIRCLE 568

Microwave Isolators/Circulators

Pure Maxwell

The Finite Difference Time
Domain method is the most
direct solution of Maxwell's
equations possible. Remcom
produces the finest electro-
magnetic analysis software

N &

Aviel Electronics will manufacture standard,
custom and difficult-to-locate coaxial connectors

Frequency coverage 450 MHz to 26.5 GHz

conforming to MIL-C-39012 and MIL-STD-348 Low Insertion EL°SS|f0'3\,SEVE"?h Isolation >23 dB | | St 4 based on FDTD, XFDTD 5.0,
specifications. Connector sizes range from -xcelien g cow available for Widows
sub-miniature to type “L" as well as Nano-Hex, / Drop-in Packages / Volume Discount g

SMA, SMB, TNC, MCX, MMCX and 7/16 con- / Reflection sensingtabs ~ / Application Support 95/98/NT and many UNIX

nectors; as well as non-standard configurations / Surface Mount Packages v/ TQM Organization

requnred for specific applications. Specials are / Four portc ians ./ Justin Time delivery

latforms. Contact us today
quoted with a typical delivery of 6-8 weeks with P

/ Connector opti V/ MIL-1-45208 Qualified for a free demo.
little or no non-recurring charges. v\/ X paggggs‘s " Custom designs
AVIEL ELECTRONICS / Muitiunction for / Cellular'Comm. Ren1c om Inc
@ 5530 South Valley View Ste, 103 higher isolation optimized mc .
Las Vegas, Nevada 89118 WWW.remcom.com
Tel: 702-739-8156 /Low Cost / High Volume Production Capability e
Fax: 702-739-8161 380 Tennant Ave. Morgan Hill, CA 95037 xfded@remcom.com
http//www.engineers.com/ W http://www.novamicro.com |-814-353-2986
aviel/home.htm Tel. 408- 778 2746 » Fax.408-779-5967
MICROWAVE e-mail: novamic@msn.com [-814-353-1420 fax

AVIEL ELECTRONICS CIRCLE 559 | NOVA MICROWAVE, INC. CIRCLE 584
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TO ADVERTISE

MICROWAVES & RF DIREGT CONNECGTION ADS

SATELLINK, INC.
SUPER LOW NOISE

FREQUENCY  NOISE TEMPERATURE
1.5 GHz 25°K
7.5 GHz 45°K
15.0 GHz 100°K

AMPLIFIERS
CONVERTERS
RECEIVERS

SATELLINK, INC.

3525 MILLER PARK DR.
GARLAND, TX 75042
(972) 487-1434

FAX ©72) 487-1204
TWX 910-860-5081

SATTELLINK CIRCLE 551

CALL

JOANNE

We Buy Test Equipment
Amtronix Instruments, Inc. pays cash for
your late model, surplus test equipment.

For Sale
HP8901B Modulafion Analyzer-$3400; HPB901A-5990;HP8903B Audio
Analyzers$1800, Aniitsu 6420A Dato Analyzer-5600
Service Monitors All include NIST Traceable Calibration
HPB920A/102/3/4/5/1358500  HP9208 001/102/4/13 $13,500

HP89214/600(CDMA)-59900  HP8921A-58900
IFR 1200555900 HP§321545990
IFRCOM1208,/2/12/20-59900  IFR16005-59500

Wavetek CAT00 (cellular activation tester)-5950

Motorola R26008-56900 Matorola R2600C-58500

Motorola R2001D-55500 Matorola 20120 (Trunk | & 11)-58500
Motorola CBT1104A (COMA & analog cell test)-58500

Motorola R2600C (BS-518,500 (new)

Marconi 2955A-53400 Marconi 2957453500

Marconi 29570-54900 Marconi 2957854700

Marconi 2955854500

Racal 9087-1300MHz Signal Generators, low phase noise, high stability,
AM/FM/Pulse,/Phase Modulation, NEW unifs with warranty! -53500
HPB657A-52900; Marconi 20224-51800;2022:52000

Amtronix Instruments, Inc.
Ph:716-763-9104¢Fax:716-763-0371

http://www.amtronix.com
AMTRONIX CIRCLE 562

REPPAS

(201) 666-661938

SINGLE LAYER CHIP CAPACITORS
Only Tecdia has it all!!!

A

Type A

Type

Type B
Type| Metallization Attributes
A ] Top:  TW/Au Safety Margin around
Bottom: TIW/Pt/Au_ | Top Electrodes
B | Top: TW/Au Safety Margin around
Bottom: TiW / Au Both Electrodes
C |Top: TiW/Pt/Au Solderable with
Bottom: TIW/ Pt/ Au Sn60, 62, 63
High Quality Applicati C jal Appli

Perfect for Pick and Place Machines

IECDi

2672 Bayshore Parkway, Ste. 702, Mtn. View, CA 94043
Tel: 650-967-2828 Fax: 650-967-8428
1-800-TECDIA-1
e-mail: tecdia@mindspring.com
www.fecdia.com

TECDIA,INC. CIRCLE 552

Eﬂ“llse 5 for Windows 95/98/NT4
CIRCUIT-LEVEL DESIGN

« Lightning-fast
32-hit performan

« Comprehensive
element library

« Optimization

* Monte Carlo/Yield
analysis

* Multiple design
versions within a
single project

* Stability/constant- |
gain circles

* User-defined
variables/equations

* Flexible sweep
capabilities

(= Arden Technologies, Inc.

PO Box 286 ® Forest, VA 24551
Sales: 804/525-6837 or 888/535-6837 (US only)
Fax: 804/525-5376 © E-mail: soles@ardentech.com

FREE fully functional demos at http://www.ardentech.com

Eclipse Price

LX SERIES SYNTHESIZERS

Frequency Range: 40-2500 MHz (In Bands)
Step Size: 5 KHz to 2.5 MHz
Reference: 1 To 20 MHz

Output Power +8 dBm Typical
Harmonics: -20dBc Typical

Spurious: <-60dBc

Phase Noise: -90 dBc/Hz (@ 10 KHz
at2 GHz: -115 dBe/Hz @ 100 KHz
DC Power: +5V @ 55mA Typical
Temperature: 30To+70C

Package: Surface Mount

Size: 57 %757 %157

EM RESEARCH, INC.
2465 HIGHWAY 40, PO BOX 1247,
VERDI NEVADA 89439

Phone : 775-345-2411

Fax: 775-345-1030  www.emrescarch.com

RE Signal Generator

« Calibrated AM/FM Modulation
= Synthesized, 10 Hz step size
= Max 0 dbm output, +13 dbm optional
* 130 db solid state attenuator

* Reverse power protection

* 1 ppm Time Base, 0.1 ppm optional
* Level flatness of £ 0.5 db
* RS-232 interface option

R y Electr , Inc.
793 Canning Pkwy Victor, NY 14564
Tel: 716-924-4560 Fax: 716-924-4886
email: RFtest@Ramseyelectronics.com
www.RamseyElectronics.com

201 Blackford Ave., Middlesex, NJ 08846
Ph: 800-526-3935 Fax: 800-777-2197
www.bomarcrystal.com
e-mail: sales@bomarcrystal.com

BOMAR CRYSTAL CORP. CIRCLE 571

SIERRA WIRELESS SYSTEMS
www.swsystems.net
Ph: 530-676-2090 Fax: 530-676-2091
SIERRA WIRELESS SYSTEMS CIRCLE 554
MICROWAVES & RF « DECEMBER 1999

ARDEN TECHNOLOGIES CIRCLE 557 | EM RESEARCH, INC. CIRCLE 569 | RAMSEY ELECTRONICS CIRCLE 570
3 reasons to buy BOMAR 2To 75 GHz _ Coupled line
Oscillators and VCXO’s e st TR e
Amplifiers, Filter Design Software
B Quality Crystals Wlnd_ows 95/98/NT
Up/Down Converters & |fNEWw APERTURE COUPLED RODS
=t et Frequency Multipliers |{l >y
=0
B Quick Turnaround ﬂgﬁ T %
S SEPTUM =
B has b leadi f: f
R Telabiny prscison Soare.ayaul o Ll Va AN——
over 35 years. We provide engineering and 4
custom design capabilities to meet your most /' — I\
exacting demands for oscillators and VCXO’s. 7 N
Tight Tolerances
Extended Temperature Ranges “ | uﬂ/ -
Standard Lead Time = 10 Days i Filter with Flat Grou Diﬂay
_NUMAR, ..., | (=) WAVECON

P.O. Box 2697, Escondido, CA 92033
el: (760) 747-6922 Fax: (760) 747-5270
Website: www.waveconsoft?cpm :

WAVECON CIRCLE 581
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TO ADVERTISE

To 40 GHz

Filters, Multiplexers & MIC’s

Suspended Substrate MIC
Switched Filter Banks
Image Reject Mixers
Quadrature IF Mixers
PIN Switches

Variable PIN Attenuators
Bias Tee’s

ES MICROWAVE, LLC.
8031 Cessna Ave.,
Gaithersburg, MD 20879
301-519-9407 = Fax: 301-519-9418
E-mail: esmllc@aol.com

CALL

DIRECTIONAL COUPLERS

TYPES: Single & Dual Versions

FREQUENCY RANGES:
varies between .01 and 1000 MHz

COUPLING LEVELS: 20 dB & 30dB

IN LINE POWER:
2 W to 200 W depending on mode!

Couples are available for Standard Performance, High
Performance and Refl Grade applications. Minimum

Directivity, Loss, Flatness & VSWR reflect these applications.

WIDE BAND ENGINEERING CO. INC.

P.O. Box 21652, Phoenix, AZ 85036
Phone & Fax (602) 254-1570

www.wbecoinc.com

JOANNE REPPAS

(201) 666-66198

Filters o 50 GHz

® Waveguide

@ Stripline/Microstrip

® Transmission Line

® Miniature/Subminiature
® Lumped Constant.

For more information, ask for
our RF Catalog.

MICROWAVE FILTER COMPANY
6743 KINNE STREET, E. SYRACUSE, NY 13057
315-438-4700 * 800-448-1666 * FAX: 315-463-1467
E-MAIL: mfcsales@microwavefilter.com
http:/fwww.microwavefilter.com

ES MICROWAVE, LLC. CIRCLE 583 | WIDE BAND ENGINEERING CIRCLE 563 | MICROWAVE FILTER CO. CIRCLE 553
A .DABLE MW ABS <R! ! !
DAMASKOS, INC. A i ALK Engineering

Model 1000T Liquid Cell

Bio

Tissue
Water
Qils
Soils

m Concordville, PA 19331

200 FAX (610) 558-1019
damaskos@aol.com

DAMASKOS CIRCLE 574

New Contex® Lossy Composite Felts
from Milliken & Co.

=~ = The ideal materials for = =

* adjusting antenna sidelobes

* reducing multipath reflections

* damping cavity resonances

* suppressing radiated EMI at the source
* enhancing EMI immunity of devices

* forming RF/MW absorber structures

Contex LRI is rigid but easily die-cut or
molded to shape to provide both shielding and
resonance damping of enclosures at the same
time. Flame resistance rating is UL 94V1.

Milliken & Co., based in Spartanburg, SC, offers a
broad line of conductive, resistive, and microwave-

CIRCLE 555

If trying to do it
with the big-name
brand filter design
software is driving
you to drink, check

out the serious ?

" Das S/FILSYN
PCFILT

Check out our web page at
http://www.web-span.com/alk

Where you’ll find
*The PCFILT for Windows demo
*The PCFILT user guide

+ Sample designs
« Program specifications

* Program update information »FREE inductor design software

410-546-5573  Fax: 410-860-2062

ALK ENGINEERING CIRCLE 564

PRECISE MEASUREMENT

AVCOM's MSA-90A

Microwave Spectrum Analyzer

AVCOM'’s newest addition to its impressive line of afford-
able Microwave Spectrum Analyzers, model MSA-90A,
covers a frequency range of 50 KHz to over 1 GHz in one
sweep with a sensitivity greater than -110 dBm at narrow
spans and uses state-of-the-art direct frequency synthe-
sis to assure accurate center frequency measurements
down to 1 KHz accuracy, for the amazing price of $ 3875.

=

500 SOUTHLAKE BLVD
RICHMOND, VA 23236 USA
804-794-2500

OF VIRGINIA INCORPORATED FAX: 804-794-8284
Web site: www.AVCOMofVA.com

AVCOM OF VIRGINIA CIRCLE 560

Circuit Board Component
Shielding and RF Cans

« Hundreds of standard = Superior shack &
sizes & configurations  vibration resistance

* Removable covers * Rugged design

 No tooling or « Leader Tech
artwork charges quality & service

14100 McCormick Dr.
Tampa, FL 33626

(813) 855-6921
FAX (813) 855-3291

CIRCLE 561
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50 Volt Power
RF Transistors

B B
e
35 watts 175 watts
400 MHz 175 Mhz
300 watts
175 Mhz

polyfet rf devices
Contact / View us on the WEB at

YOUR http:/Awww polyfet.com

POWER

MOSFET 1110 Avenida Acaso, Camarilio, CA. 93012

PEOPLE  TEL(B05}484-4210 FAX(805)484-3393
POLYFET RF DEVICES CIRCLE 556




Chip capacitors
aimed at hybrids

Two different types of tantalum
(Ta) chip capacitors can handle a
variety of applications. The TCM
Series of Molded Chip Tantalum
capacitors are the standard version
designed for thick-film hybrid cir-

cuits. They are available in case sizes
R (0805) through E and have a range
of 0.1 through 330 wF. The TCR
series are ultra-low equivalent series
resistance (ESR) and high-ripple
current types, with high resistance to
inrush currents. They are available in
case sizes A through V and have a
capacitance range of 0.68 through 470
pF. Venkel Corp., 4807 Spice-
wood Springs Rd., Austin, TX
78759; (512) 794-0081, FAX: (512)

794-0087, e-mail: sales@
venkel.com, Internet: http://
www.venkel.com.

CIRCLE NO. 70 or visit www.mwrf.com

SPDT switch boasts
high isolation

The model RSW-2-25P single-pole,
double-throw (SPDT) switch operates
from DC to 2.5 GHz and boasts a typi-
cal midband isolation of 50 dB. The
switch ecan work with a positive
switching voltage, simplifying control-
signal generation. Across the band, its
typical 1-dB compression is 26 dB or
more and insertion loss ranges from
0.5 dB near DC to 1.2 dB at 2.5 GHz.
Above 500 MHz, the switch can handle
an absolute maximum RF power input
of 1 W. Mini Circuits Corp., P.O.
Box 350166, Brooklyn, NY 11234-
0003; (718) 934-4500, FAX: (718)
332-4661, Internet: http:/www.
minicircuits. com.

CIRCLE NO. 71 or visit www.mwrf.com

Power FET amplifies
DC to 18 GH=z

The model EPA060-70 heterojunc-
tion power field-effect transistor
(FET) amplifies signals from DC to 18

NEW PRODUCTS

GHz. Its typical gain at 1-dB compres- |

sion is 19 dB at 2 GHz and 9 dB at 12
GHz. Typical noise figure at 2 GHz is
0.4 when the amp is drawing 50 mA of
drain current, and 0.6 when it is draw-
ing 90 mA. The device is designed to
operate at a maximum continuous
drain-to-source voltage of 6 VDC and
a maximum continuous drain current
of 110 mA. It is housed in a non-her-
metic, low-cost ceramic 70-mil pack-
age and can dissipate a maximum con-
tinuous power of 650 mW. Excelics

Semiconductor, Inc., 2908 Scott
Blvd., Santa Clara, CA 95054;
(408) 970-8664, FAX: (408) 970-
. conversion loss. P&A: $1.92 (10,000

8998, Internet: http:/www,
excelics.com.
CIRCLE NO. 72 or visit www.mwrf.com

Stackable organizer
stores small parts

A portable kitting system can
securely store a wide range of small
parts and protect sensitive compo-
nents from damage from electrostatic
discharge (ESD) at all stages of the
production cycle. The Partfolio™ Kkit-
ting system is a systematic approach
to segregating and organizing compo-
nents using a kit to facilitate product
assembly. The advantages of the kit-
ting system over traditional binning
systems include improved quality con-
trol, increased productivity, along
with decreased costs. In order to pre-
vent ESD, the Partfolio’s side panels
and its trays are made of lightweight
Kydex conductive plastic. The 50 “no-
spill, no migration” bins can be
arranged in numerous configurations.
Global Kiting Systems, P.O. Box
1757, Roseburg, OR 97470; (541)
672-5332, FAX: (541) 672-8737, e-
mail: info@globalkitting.com,
Internet: http://www.globalkit-
ting. com.
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Flip-chip mixer diode
designed as series pair

The DMKS8001 is a gallium-arsenide
(GaAs) flip-chip mixer diode designed
in a series-pair configuration for use in
balanced and double-balanced mixers.
It is a single chip with a fully matched
series pair suitable for either flip-chip
mounting or wire bonding. The
DMKR8001 is aimed at millimeter-wave
operating frequencies, either broad-

band or narrowband, in applications
such as local multipoint distribution
systems (LMDS), point-to-point, very
small aperture terminal (VSAT), and

others. The device features low capac-
itance, low resistance, and low mixer-

qty.). Alpha Industries, 20 Sylvan
Rd., Woburn, MA 01801; (800) 290-
7200 ext. 306, FAX: (617) 824-4579,

- e-mail: sales@alphaind. com.
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MMIC PA
spans 37 to 40 GHz

The model SGPA-07006-CC is a
two-stage, monolithie-microwave-
integrated-circuit (MMIC) power
amplifier (PA) that spans the 37-to-40-
GHz frequency range. The chip is
designed on the company’s 0.15-pm
gallium-arsenide (GaAs), pseudomor-
phic-high-electron-mobility-transistor
(PHEMT) process. Sanders Co., 65
Spit Brook Rd., Nashua, NH
03061; (603) 885-2817, FAX: (603)
885-2813, Internet: http:/www.
sanders.com.
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Frequency upconverter
has four modules

An upconverter assembly consists
of four modules, which including two
phase-locked loops (PLLs), an upcon-
verter as well as adownconverter. The
fixed-frequency synthesizer [local
oscillator (I.O) number 1] portion
offers a tuning range of 1480 to 1560
MHz with a 1-MHz step size. The fre-
quency-agile synthesizer (local oscilla-
tor number 2) has a tuning range of 400
to 700 MHZ in addition to a step size of
25 kHz. An evaluation board is avail-
able for the tasks involved in putting
the modules through their paces.
Vari-L, Inc., 4895 Peoria St., Den-
ver, CO 80239; (303) 371-1560,
FAX: (303) 371-0845.
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Lightning protector
fends 20-kA strikes

The PTCOAMOATF lightning pro-
tector operates from DC to 3 GHz and
offers bi-directional protection against
multiple lightning strikes with peak
pulse currents of 20 kA. It is specifi-
cally designed to protect local-multi-
point-distribution-service (LMDS)
networks against lightning strikes.
From DC to 1.5 GHz, insertion loss is
typically 0.1 dB and VSWR is 1.5:1.
From 1.5 to 3 GHz, insertion loss is
typically 0.2 dB and VSWR is 2.0:1.
Mounting and grounding is through
metal-to-metal contact on bulkhead or
through optional bracket. The protec-
tor is resistant to moisture, vibration,
and temperature shock and operates
at temperatures from —40 to +90°C.
NexTek, Inc., 439 Littleton Rd.,
Westford, MA 01886; (978) 486-
0582, FAX: (978) 486-0583, Inter-
net: http://www.ultranet.com/
~nextek.
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Upconverter/amp
serves LMDS

The model NW2728-31 upconvert-
er/power amplifier (PA) is specifically
designed for local-multichannel-distri-
bution-system (LMDS)/ local-multi-
point-communication-system (LMCS)
applications. The unit operates at

intermediate frequencies (IF's) from
0.9 to 1.4 GHz and output frequencies
from 27.0 to 31.5 GHz. The IF input-
power level is —20 =5 dBm, and out-
put power at the 1-dB compression
point is +31 dBm. Output-power flat-
nessis *1dBover300 MHzand +2dB
over the entire bandwidth. The output
power is adjustable from the 1-dB
compression point —15 dB to the 1-dB
compression point —1 dB. An auto-
matic gain control (AGC) maintains
the output-power set point to within
+1 dB of the required level. In-band
spurious response is —60 dBc and out-
of-band spurious response is —30 dBec.

The local oscillator (LO) operates at
13.5 GHz at a power level of +10 to +15
dBm. Maximum IF and LO voltage
standing-wave ratio (VSWR) is 2.5:1
and maximum output VSWR is 2.0:1.
The upconverter/amplifier draws 2 A
from a +12-VDC power source and
operates at temperatures from —40 to
+65°C. Remec Nanowave Corp.,
425 Horner Ave., Unit #1, Etobi-
coke, Ontario M8BW 4W3, Canada;
(416) 252-5602, FAX: (416) 252-
7077, Internet: http:/www.
remec.com.
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MMIC amplifier
operates down to +3 VDC

The model SGA-3486 silicon-germa-
nium (SiGe), heterojunction-bipolar-
transistor (HBT), monolithic-
microwave-integrated-circuit
(MMIC) cascadable amplifier can
operate at power-supply voltages as
low as +3 VDC. The device amplifies
frequencies from DC to 2000 MHz and
has a typical gain of 19 dB at frequen-
cies from 1000 to 2000 MHz. At 850
MHz, its typical output power at the 1-
dB compression point is +25 dBm.
Input and output VSWR is 1.3:1 and
reverse isolation is typically 23.1 dB
from 1000 to 2000 MHz. The output
third-order intercept point (IP3) is
typically +256 dBm from DC to 2400
MHz, and noise figure is typically 3 dB
from 1000 to 2400 MHz. The amplifier
draws 35 mA from a +3-VDC power
supply and can operate at tempera-
tures from —40 to +85°C. Stanford
Microdevices, Inc., 522 Alanor
Ave., Sunnyvale, CA 94086; (800)
746-6642, FAX: (408) 739-0970,
Internet: http://www.stanford-
micro.com.
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Coaxial switch
serves Ku-band

The 421 series of latching switches
can route Ku-band signals from three
inputs to two selected outputs, or from
two inputs to two of three possible out-
puts. The switches use make-before-
break contacts and are ideally suited
for low-power redundancy switching.
At 13.7 GHz, maximum VSWRis 1.2:1,
maximum insertion loss is 0.4 dB, and
minimum isolation is 70 dB. The
switches operate at +28 VDC and

include SMA-type female connectors.
Dow-Key Microwave Corp., 1667
Walter St., Ventura, CA 93003-
5641; (805) 650-0260, FAX: (805)
650-1734, Intermet: http:/
www.dowkey.com.
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ADC targets low-
frequency measurement

The model AD7707 16-b sigma-delta
analog-to-digital converter (ADC) is
designed for low-power, low-voltage,
and low-frequency measurement
applications including process control,
battery monitors, current analyzers,
as well as smart-temperature and
pressure transmitters. The three-
channel ADC offers two low-level,
pseudo-differential analog input chan-
nels that accept =100-mV full-scale
input signals without DC-to-DC con-
verters, charge pumps, or split sup-
plies, and a high-level input channel
for ranges to =10 VDC. With a differ-
ential +2.5-VDC input signal, the
ADC exhibits a typical noise charac-
teristic of 3.8-wV root mean square
(RMS) at a 50-Hz output rate. The
ADC includes an amplifier whose gain
is programmable from 1 to 128. Ana-
log Devices, Inc., 804 Woburn St.,
Wilmington, MA 01887; (800) 262-
5643, FAX: (781) 937-1021, Inter-
net: http//www. analog.com.
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Compiler suite
enhances MATLAB

The C/C++ compiler suite is a group
of software tools that allows scientists
and engineers to develop stand-alone
C and C++ programming language
applications based on the industry-
standard MATLAB math and graph-
ies program. The MATLAB C/C++
math library makes MATLAB’s math
functions accessible as a reliable,
cross-platform foundation for stand-
alone applications. The new MATLAB
C/C++ graphics library makes MAT-
LAB’s graphics and graphical-user-
interface (GUI) functions accessible
from stand-alone C and C++ applica-
tions. The MathWorks, Inc., 3
Apple Hill Dr., Natick, MA 01760-
2098; (508) 647-7000, FAX: (508)
647-7001, Internet: http://www.
mathworks.com.
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Optical connectors
save space and time

The SMU series single-mode opti-
cal connectors feature a new sub-
assembly design that reduces the
required number of component pieces
from seven to five. The reduced part
count saves space and assembly time
for large installations and system

upgrades. The new connectors’ small
size is especially useful in backplane-
connector applications, where space
constraints are substantial. The series
is composed of single-mode fiber, zir-
conia ceramic ferrule material that
accommodates three fiber cordage
diameters—2, 1.1, and 0.9 mm. The
fiber cord is retained via a heat-sink-
ing tube fixed to the kevlar, enabling
easy assembly and mass production.
The connector assemblies offer core-
eccentricity adjustment in four posi-
tions and comply with flammability
test standard UL94 V-0. They can be
used in a variety of fiber-optic appli-
cations, including high-speed data
communications, voice networks,
telecommunications, and dense wave-
length-division multiplexing
(DWDM). The connectors have an
insertion loss as low as 0.25 dB. Typi-
cal return loss ranges from 50 to 55
dB, depending on the polishing
method. Designed with a familiar
phone-jack style housing, the connec-
tors snap easily into place and are
compatible with JIS, CECC, IEEE,
and IEC. Seiko Instruments USA,
Inc., Electronic Components
Div., 2990 West Lomita Blvd.,
Torrance, CA 90505; (310) 517-
7771, FAX: (310) 517-7792, Inter-
net: http://www. seikofiber.com.
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Analyzer evaluates
base stations

The BaseStAR (base-station analy-
sis receiver) interference analyzer
identifies sources of RF interference
(RFI) affecting cellular base stations.
It allows service providers to deter-
mine if channels are being blocked

NEW PRODUCTS

inadvertently by unauthorized emis- !

sions and to identify the offending
RFT1 source(s). In a typical test sce-
nario, a base-station field technician
deploys BaseStAR near the cell site
being evaluated, attaches the antenna
that is provided, and initiates the
search. BaseStAR uses the Global
Positioning System (GPS) to identify
its own location and that of transmit-
ters in the surrounding area. Using
knowledge of the provider’s licensed
spectrum and the location of sur-
rounding transmitters, the instru-
ment evaluates potential RFI sources
to determine which ones are creating
interference. Multiple receivers in the
unit work together to capture and
evaluate emissions at frequencies to 2
GHz. It evaluates interference such as
harmonies generated by high-power
transmitters and intermodulation
(IM) products created by co-located
transmitters. The analyzer also has a
logging feature to capture transitory
interference during unattended, long-
term monitoring. It allows site opera-
tors and managers to demonstrate the
quality of their sites to prospective
customers, and can serve as an ongo-
ing maintenance tool for the benefit of
their tenants. Summitek Instru-
ments, Inc., P.O. Box 64, Parker,
CO 80134; (303) 768-8080, FAX:
(303) 768-8181, Internet: http:/
www.summitekinstruments.
com.
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MMIC power amp
spans 29 to 33 GHz

The model SGPA-07016-CC is a
two-stage, monolithic-microwave-
integrated-cireuit (MMIC) power
amplifier (PA) that spans 29 to 33
GHz. The chip is designed on the
company’s 0.15-pm, gallium-arsenide
(GaAs), pseudomorphic-high-elec-
tron-mobility-transistor (PHEMT)
process. Its typical power output at
the 1-dB compression point is 1.8 W
and its typical linear gain is 10 dB.
The amplifier is targeted at linear
very-small-aperture-terminal
(VSAT) and local-multichannel-dis-
tribution-system (LMDS) base-sta-
tion applications. Sanders Co., 65
Spit Brook Rd., Nashua, NH
03061; (603) 885-2817, FAX: (603)
885-2813, Internet: http:/www.

sanders.com.
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Wireless transceiver
serves MMDS

A new wireless transceiver has
been designed specifically to serve
high-speed multichannel, multipoint
distribution systems (MMDS) such as
Internet data, voice, video, interactive
television, and telephone communica-

tions. It accommodates data-over-
cable-service interface specification
(DOCSIS) or other customer-specified
channel plans through simple compo-
nent replacement. This modular
approach provides the flexibility to
support other air interfaces such as
multipoint distribution system (MDS),
wireless communication service
(WCS), wireless local loop (WLL), and
local-multichannel-distribution-sys-
tem (LMDS) frequencies. The trans-
mitter and receiver sections of the
transceiver use separate local oscilla-
tors (LOs) that are phase locked to a
highly stable crystal reference. The
transmitter (Tx) and receiver (Rx)
ports maintain constant power levels
to overcome changing environmental
conditions. The Tx section operates
over an RF range of 2550 to 2610 MHz
and over an intermediate-frequency
(IF) range of 145 to 205 MHz. Its linear
gain is +60 *2 dB and can be adjusted
from 0 to —20 dB. Its output third-
order intercept point (IP3) is greater
than +43 dBm. Harmonic distortion
and out-of-band spurious emission are
—55 dBe. The transmitter uses a 50-(},
N-type connector and draws 400-mA
current from a +12-VDC power sup-
ply. The receiver portion operates
over an RF range of 2640 to 2700 MHz
and over an intermediate-frequency
(IF) range of 640 to 750 MHz. Renais-
sance Electronics Corp., 1300
Mass Ave., Boxborough, MA
01719; (978) 263-4994, FAX: (978)
263-4944, Internet: hitp://www.
rec-usa.com.
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Telemetry transceiver
circumvents interference
The model SX850 is a credit-card-
sized telemetry transceiver that uses
the pan-European, license-exempt
868-t0-870-MHz band to circumvent
the United Kingdom’s crowded,
interference-prone, license-exempt
bands at 418, 433, and 458 MHz.
These bands have been especially

prone to disruptive interference
since the recent introduction of the
TETRA trunked-radio allocation
surrounding 420 MHz. The transceiv-
er is type-approved to the European
EN 220 (telemetry) and ETS 300 086
(mobile-radio) specifications and is
aimed primarily at manufacturers of
professional, short-range telemetry
and data-exchange systems for on-
site monitoring, control, and securi-
ty. The SX850 uses a frequency
source referenced to a temperature-
controlled crystal oscillator (TCXO),
providing frequency stability to
within =2.5 PPM over an operating
temperature range of —25 to +55°C.
Its channels are programmable
through a serial interface and can be
selected through a serial or parallel
port. It offers a 5-mW output-power
mode for short-range applications
and a 500-mW mode for longer-range
telemetry systems. Operating from a
+7.2-VDC power supply, the
transceiver consumes less than 75
mA in the receive mode and typically
less than 450 mA in the low-power
and high-power transmission modes.
It supports both analog and digital
modulation. An optional Gaussian-
minimum-shift-keying (GMSK)
modem is available to provide data

rates to 4800 or 9600 baud. Other fea-
tures include a received signal-
strength indicator (RSSI) and
squelch (no-signal, audio-mute) out-
puts. The transceiver module mea-
sures 85.5 X 52.5 X 12.75 mm and
weighs 60 g. Wood & Douglas,
Ltd., Lattice House, Baughurst
Rd., Baughurst, Tadley, Hamp-
shire RG26 5LP, England; (44)
0118981 1444, FAX: (44) 0118 981
1567, Internet: http://www.
woodanddouglas.co.uk.
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Digital PLO
serves IOP

A low-cost, phase-locked, dielec-
tric resonator oscillator is ideal for
Internet-on-pole (I0P) applications.
The drop-in module uses a tempera-
ture-compensated internal reference
crystal oscillator with a stability of 1
PPM at operating temperatures
from —20 to +70°C. The oscillator
uses an external reference whose fre-
quency is anywhere from 10 to 20
MHz. It provides an output power of
15 dBm. At an operating frequency of
5.775 GHz, it provides a phase noise
of —101 dBe/Hz at 10 kHz offset. The
PLO requires a +5-VDC power sup-
ply and is housed in a 2 X 2-in. (5.1 X
5.1-mm) package. PmT, Inc., 3
Nami Lane, Unit C-10, Mer-
cerville, NJ 08619; (609) 586-
8140, FAX: (609) 586-1231.
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Waveguide switches
reach 40 GHz

A line of electromechanical switch-
es provides high isolation and low
insertion loss over waveguide bands
from 2.6 to 40 GHz. Typical units
include switches with WR284 waveg-
uide for frequencies from 2.6 to 3.95
GHz, units with WR62 waveguide for
frequencies from 12.4 to 18 GHz, and
WR28 waveguide for frequencies
from 26.5 to 40 GHz. The minimum
isolation for these switches is 70 dB
and the maximum insertion loss is 0.1
dB. The maximum VSWR is 1.10:1
for switches operating below 18 GHz
and 1.15:1 for switches operating
beyond 18 GHz. The switches require
a +28 -VDC standard solenoid volt-
age, feature a maximum switching

speed of 125 ms. ARRA, Inc., 15

Harold Court, Bay Shore, NY
11706-2296; (631) 231-8400, FAX:
(631) 434-1116, Internet:
http://www.arra.com.
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Double-balanced mixers
boast wide bandwidths

Models MC41, MC45, and MC48
double-balanced mixers operate with
wide RF and local-oscillator (LO) fre-
quency bands. The MC41 operates
with RF and LO frequencies from 2
to 10 GHz. The MC45 operates with
RF and LO frequencies from 4 to 22
GHz. And the MC48 operates with
RF and LO frequencies from 10 to
26.5 GHz. All three models operate
with intermediate frequencies (IF's)
to 6 GHz. LO power levels are avail-
able from +7 to +20 dBm. Typical per-
formance includes a conversion loss
of 6 dB, an L.-R isolation of 35 dB and
an L-I isolation of 33 dB. The mixers
are open substrates on carriers for
drop-in microstrip installation, but
they are also available with SMA
connectors. Stellex Microwave
Systems, Inc., Stanford Re-
search Park, 3333 Hillview
Ave., Palo Alto, CA 94303-1223;
(800) 321-8075, Internet: http:/
www.stellexms.com.
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Drop-in isolators
boast high isolation

Models 2E2N and 2E4N are dual-
junction drop-in isolators that boast
higher isolation and lower loss than
conventional single-junction isola-
tors connected in series, and con-
serve space in circuit design. The iso-
lators are ideal for wireless
base-station applications. Model
2E2N is available for any 35-MHz
band between 0.8 to 0.96 GHz, while
model 2E4N is available for any 80-
MHz band between 1.8 to 2.7 GHz.
The isolators afford a minimum isola-
tion of 45 dB and a minimum inser-
tion loss of 0.6 dB. Maximum VSWR
is 1.2:1. They have a power-handling
capacity of 60 W in both the forward
and reverse directions. Renais-
sance Electronics Corp., 1300
Massachusetts Ave., Boxbor-
ough, MA 01719; (978) 263-4994,
FAX: (978) 263-4944, Internet:
http://www.rec-usa.com.
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Ultra-wideband amps
cover K/Ka-bands

The QGU series of ultra-wide-band,
pseudomorphic-high-electron-mobili-
ty-transistor (PHEMT) amplifiers
cover the entire K- and /or Ka-fre-
quency bands. They are ideally suited
for very-wide-band power amplifica-
tion. The amplifiers are offered with
nominal gains of 20 dB and 40 dB, and
nominal output power of 17 dBm. Each
amplifier has internal bias circuitry
that generates gate-control voltages,
provides proper voltage sequencing,
and reverse/over-voltage protection
from a single external bias that can
range from +8 to +12 VDC. The ampli-
fiers are provided with K-female-con-
nector input and output ports. Other
ports, including standard rectangular
waveguide and double-ridge waveg-
uide (for 18 to 40 GHz) are also avail-
able. QuinStar Technology, Inc.,
24085 Garnier St., Torrance, CA
90505; (310) 320-1111, FAX: (310)
320-9968, Internet: http:/www.
quinstar. com.
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Downconverter improves
test instrument

A new downconverter for the NTS-
1000B Phase Noise Analyzer test
instrument lowers significantly the
instrument’s noise floor. Phase noise-
floor specifications at 10 GHz for the
downconverter are —124 dBc at 1-kHz
offset, —131 dBc at 10-kHz offset, and
—142 dBc at 100-kHz offset. With the
downconverter installed in the NTS-
1000B, the instrument’s noise-floor
specifications become —55 dBe at 10-
Hz offset, —85 dBec at 100 Hz, —110
dBcat 1kHz, and —130 dBcat 10 kHz.
Another addition to the instrument is
a special function that removes the
amplitude-modulation (AM) portion of
the signal under test to eliminate AM
phase-noise contribution. RDL Inc.,
7th Ave. and Freedley St., Con-
shocken, PA 19428; (610) 825-
3750, FAX: (610) 825-3530, Inter-
net: http:/www.rdl-instru
mentation.com.
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Flexible coax cable
fits tight spaces

The minibend® flexible coaxial
cable assemblies replace small, cus-

tom, semi-rigid cable assemblies, elim-
inating the need for predefined custom
lengths and bend configurations. They
are designed for use as low-profile,
internal point-to-point interconnec-
tions between RF modules within
communications systems. Four differ-
ent versions are available—a 24-GHz
SMA-plug cable assembly, a 40-GHz
assembly with 2.92-mm plug connec-
tors (type K), a 26.5-GHz SMA assem-
bly that exhibits lower loss than 0.086
semi-rigid cable (type L), in addion to
an all-weather version with environ-
mentally-sealed SMA plug connectors
(type W). Astrolab, Inc., 4 Powder
Horn Dr., Warren, NJ 07059;
(732) 560-3800, FAX: (732) 560-
9570.
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Polyester laminates
Handle high frequencies

A family of polyester copper (Cu)-
clad laminates for high-frequency
applications now has laminates with
thicknesses of 0.0035 and 0.093 in. for
both high-speed and high-frequency
applications. These materials can
replace polytetrafluoroethylene
(PTFE) at lower cost and easier pro-
cessing. The product line includes the
GML 1100/1000 low-loss material for
antennas and RF/microwave circuits,
MC5 intermediate-loss, MC3D for
controlled impedance circuits, and
MC3 single-sided laminate for fre-
quency sensitive or high-voltage cir-
cuits. GIL Technologies, Inc., 175
Commerce Rd., Collierville, TN
38017; (901) 853-5070, FAX: (901)
853-3864, e-mail: gilam@
gilam.com.
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Notch filter/amplifier
aids GPS receivers

For Global Positioning System
(GPS) receivers operating near inter-
fering S-band transmitters, the Model
L5014 low-noise GPS notch filter/
amplifier improves system perfor-
mance by combining filtering and
amplification to mitigate interfering
signals. A filter/amplifier assembly
eliminates extra costs and difficulties
encountered when using individual fil-
ters and amplifiers. The L5014 has a
1200-t0-1600-MHz passband, a noise
figure of 1.1 dB maximum, VSWR of

¢ 2.0:1 and rejection of 40 dBe from 2200

to 2400 MHz. The unit comes in 0,5 X
1.0 X 2.0-in. (1.27 X 2.54 X 5.08-cm)
package with SMAF connectors.
Delta Microwave, Inc., 1301 Van-
guard Dr., Oxnard, CA 93033;
(805) 240-1044, FAX: (805) 240-
9544, Internet: http:/www.
deltamicrowave.com.
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Surface-mount isolator
Covers PCS frequencies

A miniaturized surface-mount isola-
tor is designed for the personal-com-
munications-systems (PCS) frequency

band of 1930 to 1990 MHz. Isolation is
specified at 20 dB minimum, insertion
loss is 0.4 dB maximum, VSWR is
1.25:1, and phase flatness is 0.3 dB,
peak-to-peak. The isolator comes in a
package measuring 0.44 X 0.50 X 0.25
in. (1.12 X 1.27 X 0.64 cm). The oper-
ating temperature range is 0 to 85°C.
Alcatel Ferrocom Ferrite Prod-
ucts, 6385 San Ignacio Ave., San
Jose, CA 95119; (408) 229-8171,
FAX: (408) 229-8506, e-mail:
sales ferrocom@aud.
alcatel.com.
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Encapsulant protects
PC board components
Chip-on-board component can be
protected or encapsulated with the
combination of AMICOM 50500-1
epoxy-based fill encapsulant and AMI-
COM 50300 HT damming material.
Both ensure easy flow or to create
glob outlines. The encapsulant as well
as damming material can be used to
protect multiple chips, or encapsulate
components such as ball-grid arrays in
applications that require a well-
defined blob height. Emerson &
Cuming, One Matrix Dr., Monroe
Township, NJ 08831; (800) 832-
4929, FAX: (609) 409-5699, e-mail:
emerinquiry@salessupp ort. com
CIRCLE NO. 98 or visit www.mwrf.com
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C-band VCO ICs are
hermetically sealed

A family of C-band voltage-con-
trolled oscillators (VCOs) is available
in hermetically sealed TO-8 packages.
The integrated circuits cover the fre-
quency of 4.0 to 7.2 GHz with band-
widths of 400- to 800-MHz. Control
voltage range is either 0- to 5-V, or 0
to 20-V. They draw 35 mA maximum
from a +5- or +8-VDC power supply.
They produce +2 to +8 dBm of RF

power with =1.5 dBm power flatness |

over the frequency band. Custom
designs and specifications are avail-
able. Emhiser Micro-Tech, P. O
Box 708, Verdi, NV 89439; (775)
345-0461, FAX: (775) 345-1152, e-
mail: veco@emhiser.com, Inter-
net: www.emhiser.com/vco.
CIRCLE NO. 99 or visit www.mwrf.com

Synthesizer has
small footprint

The PSS-75-1703 synthesizer for
wireless applications operates over a |
frequency range of 1700 to 1900 MHz |

- and is supplied in a miniature 0.75 X

0.75-in. (1.91 X 1.91-cm.) package.
Phase noiseis rated —102 dBe/Hz at 10
kHz offset from center frequency and
—122 dBc/Hz at 100 kHz offset. The
output power is 5 dBm when connect-
ed to a 5-V power supply. The operat-
ing temperature range is —20 to 70°C.
Princeton Electronic Systems,
Inc. P. O. Box 8627, Princeton,
NJ 08543; (609) 275-6500, FAX:
(609) 799-7743, e-mail: pes@
pesinc.com, Internet: http://
www. pesinc.com.

CIRCLE NO. 100 or visit www.mwrf.com

GaAs MMIC switches
suited for handsets

A line of single-pole double-throw
(SPDT) reflective switches is intended
for high-power as well as low-power
handset design applications. The galli
um arsenide (GaAs) MMICs run from
+3- to +5-VDC supply voltages and
are housed in SOT-6, SOIC-8, or

. MSOP-8 plastic packages. High- |
power versions (AWS5501813/

CIRCLE NO. 433 or visit www.mwrf.com
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i 03815/04313) can handle up to 38-dBm

input power at the 1-dB compression |
point, and have a third-order intercept
point (IP3) of 55 dBm at 1.9 GHz. P&A.:
$0.58 to $1.00 (100,000 qty). ANADIG-
ICS, 35 Technology Dr., Warren,
NdJ 07059; (908) 668-5000, Inter-
net: www.anadigics.com.

CIRCLE NO. 101 or visit www.mwrf.com

Harmonic tuner provides

gh mismatches

A precision, automated harmonic
tuner, model MT999, can present a
very high mismatch over the frequen-

- cy range of 0.8 to 7.5 GHz. It is
- designed for harmonic load-pull or tun-

ing measurements when a very high
mismateh is required. The tuner is
designed to work with the MT980
series automated tuner system (ATS).
Maury Microwave, 2900 Inland
Empire Blvd., Ontario, CA 91764;
(909) 987-4715, FAX: (909) 987-
1112, Internet: http//www. mau
rymw.com.

CIRCLE NO. 102 or visit www.mwrf.com




integrated components
Positive-intrinsic-negative (PIN)-
diode absorptive attenuators, PIN-
diode 360-deg. phase shifters, PIN
diode in-phase and quadrature (1/Q)
vector modulators, PIN-diode reflec-
tive and absorptive switches, PIN-
diode modulators, and PIN-diode
phase-invariant attenuators are fea-
tured in a 22-page catalog. Ordering
information is included. Electrical
specifications, environmental rat-
ings, and outline drawings are pro-
vided. G.T. Microwave, Inc.; (973)
361-5700, FAX: (973) 861-5722, e-
mail: gtmicrowav@aol.com, Inter-
net: hitp:/fwww.G Tmicrowave.com.
CIRCLE NO. 111 or visit www.mwrf.com

Power dividers

A 152-page catalog covers power
dividers, directional couplers, high-
power dual directional couplers,
diode detectors, directional detec-
tors, waveguide couplers, as well as
90- and 180-deg. hybrids. Waveguide
adapters, coaxial terminations, con-
tinuously variable attenuators, inter-
digital and bandpass filters, connec-
torized isolators and circulators,
drop-in isolators and circulators, as
well as voltage- and digitally con-
trolled positive-intrinsic-negative
(PIN) diode attenuators are fea-
tured. Product specifications and
mechanical outlines are included.
Microwave Communications
Laboratories, Inc.; (727) 344-625.

CIRCLE NO. 112 or visit www.mwrf.com

Delay lines

Fixed and variable high-speed
delay lines are covered in an 18-page
catalog. Descriptions, features, spec-
ifications, and outline drawings are
included. A standard part-number
list is provided. Toko America,
Inc.; (847) 297-0070, FAX: (847) 699-
7864, e-mail: info@tokoam.com,
Internet: http:/fwww.tokoam.com.

CIRCLE NO. 113 or visit www.mwrf.com

Ceramic resonators

A line of crystals, oscillators, fil-
ters, and resonators is featured in a
52-page catalog. Technical informa-
tion is included. Interquip USA;
(760) 591-0879, FAX: (760) 591-3527,
e-mail: iglusa@interquip.com.

CIRCLE NO. 114 or visit www.mwrf.com

Mixer products

A technical note describes special
mixer products manufactured for the
radar marketplace. The limitations in
dynamic range of Schottky and
metal-semiconductor-field-effect-
transistor (MESFET) mixers are
explained and front-end specifica-
tions using each mixer are outlined.
In addition, several analog and digi-
tal radar phase-lock subsystems are
described. Features, electrical speci-
fications, and outline drawings are
included. MITEQ, Inc.; (516) 436-
7400, FAX: (516) }36-7431, Internet:
hitp:/funow.miteq.com.

CIRCLE NO. 115 or visit www.mwrf.com

Interconnection products

A six-page brochure covers inter-
connection products and engineering
as well as design services that are
developed to meet high-power
requirements. The brochure sections
overview a variety of relevant con-
nector types and cable assemblies.
Engineering and design services dis-
cussed include signal-integrity mod-
eling, touch screens, as well as cus-
tomized backplanes, and cable
assemblies. AMP, Inc.; (800) 524-
6579 ext. 22,5, Internet: hitp:/luwww.
amp.com.

CIRCLE NO. 116 or visit www.mwrf.com

Ceramic components

A brochure highlights design capa-
bilities and current component tech-
nology for ceramic bandpass filters
and diplexers, coaxial resonators,
and patch antennas for RF/mi-
crowave wireless communications
markets. Specifications for typical
products are listed. Trans-Tech;
(301) 695-9400, FAX: (301) 695-7065,
e-mail: transtech@alphaind.com,
Internet: http:/lwww.trans-techine.
com.

CIRCLE NO. 117 or visit www.mwrf.com

Antenna design

Antennas, feeds, components, and
subsystems are described in a 134-
page catalog. Full specifications and
application notes are included. An
index is provided. Seavey Engi-
neering Associates, Inc.; (781)
829-4740, FAX: (781) 829-4590, e-
mail: info@seaveyantenna.com,
Internet: hitp:/fwww.seaveyanten-

na.com.
CIRCLE NO. 118 or visit www.mwrf.com

Network test

A 12-page application note looks at
network test solutions. Testing of
Synchronous Optical Network
(SONET), synchronous-digital-hier-
archy (SDH), piesiochronous-digital
hierarchy (PDH), and dense-wave-
length-division-multiplexer
(DWDM) networks are examined.
The application note compares manu-
al and automatic measurements in
terms of cost-effectiveness and
reproductibility. Wandel & Golter-
mann GmbH & Co.; +49 7121 86-
1616, FAX: +,9 7121 86-1333, e-mail:
info@uwgsolutions.com, Internet:
hittp:/hwww.awwgsolutions.com.

CIRCLE NO. 119 or visit www.mwrf.com

Communications test

A company specializing in commu-
nications test solutions is described
in a 20-page brochure. The brochure
includes an overview and history of
the company. Wavetek Wandel
Goltermann, Inc.; (919) 941-5730,
FAX: (919) 941-9361, Internet:
hittp:/hvww.wwgsolutions.com.

CIRCLE NO. 120 or visit www.mwrf.com

Trimmer capacitors

A company’s non-magnetic trim-
mer capacitors are highlighted in a
10-page brochure. Specifications and
options are included. DC working
voltage and DC withstanding voltage
are listed for each individual capaci-
tor. Outline drawings are provided.
Voltronics Corp.; (973) 586-8585,
FAX: (973) 586-3404, e-mail:
mfo@uoltronicscorp.com, Internet:
http:/fwww.voltronicscorp.com.

CIRCLE NO. 121 or visit www.mwrf.com

Test sets

A company’s lines of test sets and
handheld meters are covered in a cat-
alog. The catalog also features wire
and cable, computer and local-area-
network (LAN) products, and com-
munications products. Jensen
Tools, Inc.; (800) 426-1194, (602)
453-3169, FAX: (800) 366-9662, (602)
438-1690, e-mail: jensen@stanley-
works.com, Internet: http://www.
Jjensentools.com.

CIRCLE NO. 122 or visit www.mwrf.com
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Wire connectors

A brochure features a line of twist-
on wire connectors. Dry and damp,
waterproof, and underground con-
nectors are listed. Features, benefits,
applications, as well as measure-
ments are provided for each connec-
tor. King Safety Products; (800)
633-0232, (314) 519-5400, FAX: (31})
519-5410, e-mail: kingsafety@stl-
net.com, Internet: http://www.king
safety.com.

CIRCLE NO. 123 or visit www.mwrf.com

Power dividers

A 148-page catalog highlights
power dividers/combiners, couplers,
hybrids, isolators/circulators, termi-
nations, and oscillators. Attenuators,
power amplifiers (PAs), and switches
are also presented. Features, electri-
cal specifications, and outline draw-
ings are included. Microwave
Communications Laboratories,
Inc.; (800) 333-625}, (727) 344-6254,
FAX: (727) 381-6116, e-mail: sales@
mcli.com, Internet: http://www.
meli.com.

CIRCLE NO. 124 or visit www.mwrf.com

Coaxial cable assemblies

Phase-stable coaxial cable assem-
blies are highlighted in a brochure.
Information on cable specifications,
cable-assembly specifications, atten-
uation curves, and power curves is
provided. Insulated Wire, Inc.;
(203) 791-1999, FAX: (203) 7,8-5217,
e-mazl: twconn@insulatedwire.com,
Imternet: http:/fwww.insulatedwire
.com.

CIRCLE NO. 125 or visit www.mwrf.com

Measurement instruments

A 24-page short-form catalog cov-
ers test and measurement instru-
ments. Clamp-on ground resistance
testers, fall-of-potential ground
testers, AC-to-DC current-measure-
ment probes, digital/analog megohm-
meters, hand-crank megohmmeters,
micro-ohmmeters, power meters are
featured. Professional multimeters,
clamp-on multimeters, harmonic
power meters, data loggers, light-
meters, transformer ratiometers,
and flexible current probes are also
discussed. AEMC Instruments;
(800) 343-1391, (617) 451-0227, FAX:
(617) 423-2952, e-mail: sales@

aemc.com, Internet: hitp:/[www.
aeme.com.
CIRCLE NO. 126 or visit www.mwrf.com

Frequency-control compo-
nents

Frequency-control components
are offered in a product selection
guide. Surface-mount-technology
(SMT) inductors and transformers,
tuning varactors, and a range of air,
ceramic, glass, mica, plastic, quartz,
and sapphire dielectric trimmer
capacitors are described. Surface-
mount inductors, metallized induc-
tors as well as inductive-capacitive
(LC) tuners, microwave tuners, and
tuning tools are also covered. Prod-
ucts that are suitable for surface-
mount, lead-through-hole, panel-
mount, and hybrid applications are
offered. Sprague-Goodman Elec-
tronics, Inc.; (516) 33,-8700, FAX:
(5616) 334-8771, e-mail: info@spra
guegoodman.com.

CIRCLE NO. 127 or visit www.mwrf.com

Logic analyzers

Oscilloscopes, logic scopes, logic
analyzers, spectrum analyzers, net-
work analyzers, power meters, and
signal generators are offered in a
672-page catalog. Electromagnetic-
interference (EMI)/RF-interference
(RFI) solutions, wireless communi-
cation test sets, optical network
products, broadband transmission
test products, access networks prod-
ucts, protocol analyzers, and arbi-
trary generators are also offered.
Features, benefits, applications,
characteristics, and ordering infor-
mation are provided. Tektronix,
Inc.; (800) 426-2200, (503) 682-3411,
Internet: http://www.tektronizx.
com/Measurement.

CIRCLE NO. 128 or visit www.mwrf.com

HFC cable

A brochure contains solutions for
hybrid-fiber-coaxial (HFC) cable
modulator/demodulator applications.
Solutions are offered for subscriber
cable modems, evaluation boards,
hybrid fiber/coax, upstream modula-
tors, digital modulators, and demod-
ulator application-specific integrated
circuits (ASICs). The features of
each item are included. Specifications
are also provided. Stanford Tele-

com; (408) 745-2660, FAX: (4L08)
541-9030, e-mail: tpg.marketing@
stelhq.com, Internet: hitp:/fwww.
stelhg.com.

CIRCLE NO. 129 or visit www.mwrf.com

SPST switches

A short-form brochure focuses on
RF products for Global System for
Mobile Communications (GSM) prod-
ucts. Integrated circuits (ICs)
include attenuators; single-pole, sin-
gle throw (SPST) switches; single-
pole, double-throw (SPDT) switches;
diversity switches; single-pole, four
throw (SP4T) switches; power ampli-
fiers (PAs); directional couplers; as
well as power dividers. Discrete
semiconductors include varactor
diodes, positive-intrinsic-negative
(PIN) diodes, as well as Schottky
mixer and detector diodes. Solutions
for GSM handsets include switching,
routing, a power detector, a PA, a
fast voltage-controlled oscillator
(VCO), mixers, as well as intermedi-
ate-frequency (IF) and demodulator
VCOs. Alpha Industries, Inc.;
(781) 935-5150, FAX: (617) 824-
4579, e-mail: sales@alphaind.com,
Internet: hitp:/hwww.alphaind.com.

CIRCLE NO. 130 or visit www.mwrf.com

Low-noise amplifiers

A brochure covers 12-way power
dividers and low-noise amplifiers
(LNASs). Features and descriptions
are provided for each item. Options
are also included. CAP Wireless,
Inc.; (805) 499-1818, FAX: (805) ,99-
6649, e-mail: sales@capwireless
.com, Internet: http:/lwww.capwire
less.com.

CIRCLE NO. 131 or visit www.mwrf.com

Capacitors/filters

A 16-page catalog highlights
ceramic capacitors, electromagnetic-
interference (EMI)/RF-interference
(RFI) suppression filters, military
filters, passband filters, along with
subminiature connectors. Outline
drawings are provided, along with a
section of application notes.
Metuchen Capacitors, Inc.; (5800)
899-6969, (732) 679-3366, FAX: (732)
679-3222, e-mail: sales@metcaps.
com, Internet: http:/fwww.metcaps.
com.

CIRCLE NO. 132 or visit www.mwrf.com
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MICROWAVES & RF ENGINEERING CAREERS

SALES STAFF

Classified Account Manager
Chet Zielinski
800-659-1710 ext. 9589
Fax: (216) 696-8206
Email:czielinski@penton.com

RATES

Effective January 1, 1999
$205 per column inch
Commissionable to agencies

MATERIALS

Ad material to:

Penton Media, Inc., Classified Dept.
Attn: Chet Zielinski,Account Manager
1100 Superior Ave.

Cleveland, OH 44114

Ay
Yo

at Erzz.son RF Power Products

RF Design Engineers

Develop Discreet Transistors, Power Hybrids and Microwave Integrated Circuits
using both distributed and chip and wire techniques. Thorough knowledge of
RF Power Transistors, communication amplifiers, distributed and lumped
element matching techniques. 3 years experience. BSEE/MSEE required.

RF Test Automation Engineers

Enhance existing HP-VEE automated test programs. Write procedures for use of
these programs and train users. Knowledge of NT Enterprise Network and Active
X communication to MS Office products. Working knowledge of IEEE-488 bus and
RS-232 communication is a must. 2-5 years experience. BSEE Preferred.

RF Process Engineer

Lead the development of new or modified manufacturing processes using your extensive
knowledge of semiconductor assembly. Responsible for production support including the
qualifications of new materials and piece parts. 5-10 years experience. BSEE preferred.

RF Product Engineer

Responsible for product transfer from design to high volume production, specifically
transistor failure analysis, die evaluation, manufacturing product support, product yields
and RF/DC fixture troubleshooting. Minimum 5 years experience. BSEE preferred.

For complete information about our employment opportunities in Morgan Hill, California,

We are proud P : -
to be an EOE please visit our web site at www.ericsson.com/rfpower or call us at 408-776-0600.
opCyar. Other positions available:

RF Failure Analysis/Reliability Engineer
RF Technician

ERICSSON Z

A World of Possibilities
A Window of Opportunity

b7

The number of opportunities in today's market is overwhelming...
However, identifying the best and timing it right is the challenge. NES
has strategic alliances with the people who are creating technology,
not just using it. If you're looking for the inside track on tomorrow's
best opportunities (not yesterday’s), then you should be talking to us!

A rapidly growing RF and Microwave man-
ufacturing and design engineering compa-

ELECTRONICS Corporanon NV i the U.SA. is looking for Sales Repre-
sentatives to cover the following territories, domestic (60% of sales) and
international (40% of sales). Products to be sold include Isolators, Cir-
culators, Power Combiners, Receiver Multicouplers and MMDS
Transceivers, We know the value of a good Sales Representative and will
provide you with innovative quality products for the best price, high pro-
file marketing and support for our new products. Our goals are to meet

National Engineering Search =

is the leading search firm placing
Engineers nationwide. Our clients
range from the Fortune 500 to new
emerging technology companies.
Contact us today for tomorrow's

IMMEDIATE OPPORTUNITIES
Communications (Data, PCS,
Cellular, Networks, Satcom,
GPS), Digital Imaging, CATV,
Medical, Computers, Defense,
Consumer Electronics

and exceed today's and tomorrow’s wireless requirements.

Domestic Territories: Southermn CA, CO, DE, IL, IN, MD, MI, NC, OH,

UT, VA International: Argentina, Brazil, Korea, Chile, Mexico, Finland,
donesia, Malaysia, New Zealand, South Africa, Turkey.

We are also looking for an innovative EE to develop Wireless Local

RF Job Network™

Jobs for RF/Wireless/Microwave Engineers

www.rfjn.com

Free to Job-Seekers / $100 for Employers

best opportunities! Skills in any of the following:
800.248.7020 High Speed Digital & Analog
Fax: 800.838.8789 Design, Mixed Signal, ASIC,
FPGA, MMIC, AD/DA, BiCMOS,
See m:‘:;|l afe;:r‘rac:;:ttx;nci:e:‘on-line Synthesizers, WCOMA, GSM,
" Spread Spectrum, VHF/UHF,
nesnet.com Aniennas, Embedded Software

What are you Worth?
See our On-Line Salary Survey!

Loop Transceivers. Strong rewards and creative incentives for timely
development of practical high performance designs with growth poten-
tial to engineering management position. If you like a challenge, this is
awonderful opportunity to grow with us.

Please fax your information to: 978-263-4944. Contact Charles

McCauley, V.P. Sales: cmccauley@rec-use.com. Phone: 978-263-4994,
EXT. 14. On the web: www.rec-usa.com. Visit us at BOOTH
#1300.
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| q’ TELAXIS COMMUNICATIONS (formerly

Millitech Corporation) is the leading technology
companydesigning and producing broadband wireless trans-
mitters, receivers, and transceivers. Telaxis’ equipmentisused
bymajor systemsintegrators throughoutthe world to transmit
internet data, video, and telephony. The company’s location
inwestern Massachusetts and its steady growth create oppor-
tunities for qualified engineers to combine challenging work
inanemergingtechnologywith living in an area of lovely small
cities and towns, excellent public and private schools, open
land, and easy access to Boston and New York. The salaries
and benefits we offer are completely competitive with other

commercial companies in this industry.

RF/Microwave
Design Engineers

These positions offer the stimulation of working on
advancing the boundaries of MMW wireless technology
while applying principles of design for manufacturability.
Candidates must have 3 to 5 years of “hands-on” experi-
encein the design and implementation of RF/microwave
circuits from 100 MHz to 10GHz, using filters, oscillators,
amplifiers, and other RF components for commercial

wireless communications equipment. Higher frequency @

experience and familiarity with Bellcore, UL, CSA, CE,
and/or ETS requirements would be an added advantage.
MSEE preferred; BSEE required.

Manufacturing
Development Engineer

This position requires an engineer with 3+ years’ experi-
ence in providing manufacturing engineering inputs into
product design and into the transition of designs from
Engineering to Manufacturing. These inputs will involve
decisions on manufacturability, ease of assembly, reliabil-
ity, and product costs. A strong mechanical background
and experience in a high-volume manufacturing environ-
ment are required.

To apply for these positions please send cover letter and
resume to:

Technical Recruiter

TELAXIS COMMUNICATIONS

20 Industrial Drive East,

S. Deerfield, MA 01373

e-mail hr@millitech.com
FAX 413.665.0089AA/EOE

Telaxis:

COMMUNICATIONS
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Lorch Microwave bas immediate open-
ings for engineers with experience in
Silter design,

 Senior Cavity Filter Design Engineer
Candidates should be familiar with psuedo-
elliptical response filter design and volume
manufacturing technilogy for the wireless
industry. Experience needed include prod-
uct management, organizational and detail
skills, and tracking multiple projects. A BSEE
or equivalent and 2-5 years of filter design
are l'L‘quil'Cd.

e Waveguide Filter Design Engineer o
Candidate should be familiar with waveguide
designs up 38GHz and millimeter wave
applications and have 2-5 years of relevant
experience. BSEE is preferred but not
required.

If your career goals include growth, excite-
ment and working with the next generation
of technology, then Lorch Microwave invites
you to join their team. Lorch Microwave
offers an outstanding compensation and ben-
efits package.

Send resume and salary requirements to:

Lorch Microwave
1725 N. Salisbury Blvd.
Salisbury, MD 21802

Attn: Jenny Yesko
o FOE .

CAREER OPPORTUNITIES NATIONWIDE

Engineers & Tech's
Systems and Components, RF, PCS, Microwave,
Antenna, Network, Software, Sales, Dig, & Analog.
Mixed Signals, many more. Resume to: Peter Ansara,
c/o ABF, P.O. Box 6037, 50 Resnik Road, Suite 104,
Plymouth, MA 02360. Tel:(508)830-0079, Fax: (508)
830-1424 or email pa@ansara.com.
See our website: http//www.ansara.com

N
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In most cases, advertisements contained in Microwaves
& RF employment section indicate that the companies
are equal opportunity employers. The Federal Civil
Rights Act of 1964, and other laws, prohibit discrimination
in employment based on race, color, religion, national ori-
gin, sex or for any reason other than lack of professional
qualification for the position being offered. It should be
noted that employment advertisements in Microwaves &
RF are published for the readers convenience and in no
way, to the best of cur knowledge, promote unlawful dis-
crimination.




Electronics Engineering |
Career Center '

UPDATE YOUR RESUME

areers for electronic, electrical,
microwave and wireless design
and development engineers and
ngineering management in the
computer hardware, software,
communication systems, industri-
al controls, medical, avionics,
automotive and consumer elec-
nics industries.

¢ Post your job openings
- Within 48 hours/update weekly

- Exposed to more than 1,000,000 ,.
job seekers per month -

+ Banners/Buttons promote
direct candidate flow to your
HR office

Direct access to more than
200,000 resumes on-line
Use our HR Center

JoB SEEKERS:

FREE resume posting
E-mail your resume

Find jobs by company
name, category or function

EMPLOYERS:
CALL FOR ON-LINE
DeEmo

Tim WAGNER
216-931-9631
Put this powerful
recruitment tool to work fo
your company within a 48
hour period

www.eecareers.com
the on-line

recruitment solution

Space Engineering

The Johns Hopkins University Applied Physics
Laboratory (APL), located midway between
Baltimore, MD and Washington, DC, is a national
leader in scientific research and development.
Presently, we are seeking experienced engineers
to join our Space Department.

RF Oscillator Design Engineer

You will lead the development of new tech-
nology in the areas of precision signal sources
with an emphasis on high stability, low noise
and crystal oscillators. You will also identify
and develop new time and frequency concepts,
applications and technologies; present these
new applications to the technical community;
analytically and experimentally evaluate concept
feasibilities; take the lead in identifying new
sponsors; and write new proposals. Candidates
must possess an MS or PhD in the electrical
engineering field, or equivalent, with 5 or more
years’ experience designing frequency and timing
systems. You must also have expertise with RF
microwave and experience with standard RF
test and measurement equipment.

(Dept. 0801441299)

Microwave/Optical

R&D Engineer

You will develop new technology in the areas
of RF microwave and optical systems; assist in
the development of new space program initia-
tives; and pursue new funding sources in space-
related technology fields. These activities will
involve research and development of sensor
systems, advanced ultra-stable oscillator devel-
opment for space applications, optical commu-
nications and precision electromagnetic mea-
surements. Candidates must possess a PhD in
an engineering field, or equivalent, with a strong
emphasis on experimental and analytical skills.
Demonstrated capability to be technically
innovative and to lead an R&D team, and
willingness to author test plans, test reports
and publications, are also required.

(Dept. 0010041299)

RF Communications Engineer
In this position, you will design, develop, test
and flight qualify microwave radio communi-

cations systems and microwave hardware com-

ponents (e.g., transmitters, receivers, antennas)
using state-of-the-art technologies. A demon-
strated ability to provide leadership and inno-
vation in the development of new communica-
tions system concepts and hardware is highly
desirable. You must possess a BS degree in
electrical engineering, or equivalent, and 5-10
years’ recent direct experience in the design
of RF communications circuits and systems.
You must also possess the ability to lead sup-
porting engineers and technicians, knowledge
of current/emerging technologies and experi-
ence with computer-aided design (CAD).
(Dept. 0800131299)

Antenna System Design Engineer
Candidates must have a bgoad range of leader-
ship experience in the antenna design field, as
well as possess the capability of creating new,
innovative concepts in antenna systems and
design. You must also have a demonstrated
ability to interact with, and present new design

The ]@Mns M@}pﬂdns
Unfwersflﬂ:g Apphedl
phgsﬁcs laﬂmra{lorg

concepts to, potential sponsors. A background
that includes a combination of hands-on and
analytical design experience is highly desirable,
as is an MS or PhD degree in electrical engineer-
ing, or equivalent, with 5 or more years of
relevant experience. (Dept. 0800921299)

Communications

Systems Engineer

You will perform conceptual design of advanced
communications, navigation and radar systems;
perform analytical evaluation of new commu-
nications, navigation and radar system concepts;
and document work through internal and
external publications and presentations. This
position requires an MS or PhD in electrical
engineering or related field, or equivalent, with
7-10 years of relevant experience. Strong analyt-
ical capability in solving complex problems
relating to radio communications, radio naviga-
tion and/or radar; experience with modeling
and simulation of signals and systems; and the
desire to implement conceptual designs with
other engineers on current/future spacecraft is
also required. (Dept. 0800941299)

Receiver/Transmitter

Design Engineer

You will implement advanced signal processing
hardware and techniques for RF communications
and radar system designs; incorporate analog
and digital signal processing techniques into the
design of receivers, transmitters, demodulators,
modulators, bit synchronizers, phaselock loops,
AGC loops, filters, phase detectors, etc.; and
design novel packaging techniques for state-of-
the-art receiver and transmitter designs. You
must possess a BS or MS degree in electrical
engineering or closely related field, with 3-10
years of relevant work experience.You must
also have recent direct experience in analog
and digital circuit design and experience using
CAD tools. A candidate capable of generating
new ideas and providing leadership and a
background in DSP analysis and design are
highly desirable. A background in phaselock
loop techniques is preferred.

(Dept. 0801151299)

All positions require bighly motivated indi-
viduals with strong interpersonal, oral and
written communications skills and the ability
to work independently or in a team environ-
ment. Applicants must also bave US citizen-
ship and meet security clearance requirements.

We offer challenging work in a nationally known
organization, competitive salary and benefits,
including a matching retirement program,
educational benefits and an attractive, campus-
like work environment. Please send your resume,
noting Dept. Code and salary requirements, to:
The Johns Hopkins University Applied Physics
Laboratory, ATTN: Robert McMahon, #7-112,
11100 Johns Hopkins Road, Laurel, MD 20723-
6099; FAX: (443) 7786810 in Baltimore, or (240)
2286810 in Washington, DC; e-mail (text format
only): Robert. McMahon@jhuapl.edu

To learn more about APL and other
employment opportunities, please visit
our Web site: www.jbuapledu

EOE, M/F/D/V.

The Johns Hopkins University

{

Applied Physics Laboratory
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PRINCIPAL RF ENGINEERS

Individuals will be expected to act as leaders and/or
major technical contributors to a cross functional
development team, with hands on responsibility for the
design of RF systems, circuitry, and hardware. Individuals
will lead from definition of requirements through the
integration and testing of the completed product,
manufacturing and fielding of equipment. Successful
candidates will have a BS in Electrical Engineering, (MS in
Electrical Engineering is highly desired); 10+ years of
experience with the development of RF circuitry;
experience as a key technical contributor and/or project
leader on an RF design project; system level experience
and knowledge of radio systems; and experience
developing innovative design solutions to radio products.

Individuals will be members of a cross functional
development team with hands on responsibility for the
design and support of RF hardware from the definition
of requirements through the integration and testing of
the completed product. Successful candidates will
have a BS in Electrical Engineering or equivalent; 5+
years of experience with the development of RF
circuitry. Individuals should be self-directed, and

focused on meeting customer requirements and on
the production of a high quality, profitable product.

com

L

harris.

ww w.

What is the next breakthrough in
communications and information
processing going to be? That depends on
you and Harris Corporation, an
international communications equipment
company focused on providing product,
system, and service solutions that take its
customers to the next level. The RF
Communications Division of Harris, based
in Rochester, NY, is a leading provider
of secure, wireless radio communication
products, systems, and services for law
enforcement, air traffic control,
government, and international markets.

We are currently seeking qualified
candidates for these positions who will be
responsible for the development of RF
hardware in support of advanced
VHF/UHF two way radio products.

Knowledge and application of computer
simulation of RF circuitry is highly desired
for both positions, as well as application of
design considerations for volume
production. Positions also require
experience planning, executing and
tracking personal task assignments. A US
security clearance or the ability to obtain
one required.

In addition to advancement opportunities
throughout our organization, we offer
excellent salaries and benefits. For immediate
consideration, please send your resume to:
Harris Corporation, RF Communications
Division, 1680 University Avenue,
Rochester, NY 14610; FAX: (716)242-

4711; or E-mail: LmcCandi®@harris.com EOE

S

Spectrasite Communications in Phoenix, AZ
has a FT Senior Microwave Telecommunica-
tions Systems Engineer position available.
This challenging position offers the experi-
enced telecommunications microwave sys-
tems engineer the opportunity to design and
supervise installation of end-to-end digital
microwave communications projects. The
engineer will be responsible for preparation
of link budgets, intermod studies, coordina-
tion requests and site surveys, and will put
together required documentation for the pro-
ject as well as supervising construction
Crews.

The successful candidate will be experienced
with common-carrier practices and proce-
dures in a digital microwave environment,
Experience with Nortel and Collins radios a
plus. We offer competitive compensation
and excellent benefits. Salary DOE. To
apply, please fax resume to 602.274.6343 or

call Stacy at
602.274.5718 ext. (k\
219

SpectraSite

SpectraSite is an equal opportunity employer.

Microwaves
&@RF

Which would you rather work
for? Come to Conexant and

work for both. Formerly Rock-

Bright new company?
or
industry leader?

well Semiconductor Systems,
Conexant is the bright new
name in communications
technologies. A visionary
start-up backed by a 30-year
history of high-tech achieve-
ment, we enable 60% of
today'’s Internet connections.
We drive 70% of the world’s
fax machines. And we're

inside 80% of all CDMA cell

phones. So, consider working

for a nimble new company

that allows you to make an
impressive global impact,

from day one.

We have the following opportunities in our Wireless Communications Division at our Newport Beach headquarters.

RF SYSTEMS ENGINEERS

Support specification, design and simulation of complex digital cellular and cordless communication systems;
perform trade-off studies to provide specification subsystems. Requires MSEE or equivalent; 5 years hands-on
experience in systems design, including receivers, transmitters, and synthesizers; ability to apply system work
toward implementation of RF ASIC devices.

RF IC DESIGN ENGINEERS
Design, circuit analysis, simulation & verification of RF ICs for wireless applications such as cellular & cordless
communications. Requires MSEE or equivalent; directly related experience in RF IC design using state-of-the-
art analog and mixed-signal simulation tools (HSPICE, HP ADS, Cadence SpectreRF); experience in CMOS,
Bipolar, or BICMOS process technologies. Positions also available in our new Boston Design Center.

CUSTOMER DESIGN CENTER ENGINEERS

Will be liaison between customers & design team to accelerate customer design-in of wireless cordless & cellu-
lar communications products; create & present seminars; write application notes, articles & other technical mar-
keting documents. Positions in technical areas of RF circuits for GSM handsets; real-time embedded software in
C for GSM handsets & GPS products; real-time embedded software in Assembly for DSS products. Requires
BSEE or equivalent; experience in product applications or field applications engineering; strong background in
REF circuit or MMI software design. Domestic and international travel required.

At Conexant, we offer all the advantages you’d expect from an industry leader, including highly competitive
salaries, a full range of benefits, stock options and an excellent relocation program tailored to your needs. Please
send resume to: Conexant Systems, Inc., Professional Staffing, Dept. Code WSD1299-CW, 4311 Jamboree
Road, Newport Beach, CA 92660; Fax: 888-815-1923; or Email: connie.williams@conexant.com Web-
site: www.conexant.com

We are an equal opportunity employer supporting diversity in the workplace.

C O N E

What's next in communications technologres.

X A NT
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ARE YOU FULLY PREPARED FOR THE FUTURE?

A highly respected global force in weather satellite technology
and tactical mobile communications, ITT Industries
Aerospace/Communications Division is leading the way
toward the future, Now, as we pursue the next generation of
technical advances, we seek a team player for the following posi-
tion:

RF MICROWAVE ENGINEER

Our successful candidate will be the technical lead for the RF
development effort for the Small Unit Operations Situation
Awareness System (SUO/SAS). This new $46.5 million project
requires advanced RF technology in the areas of wide band
receivers covering 20 to 2500 MHz, Fractional-N Synthesizers,
and MEMS. The battery powered RF sub-system will be highly
integrated with emphasis on battery life. In addition, you will
review the technical quality of other RF Engineers during the
development phase of various programs, including BOWMAN
radio project, a British tactical mobile communication system;
ALPHA, a special purpose M/W receiver system; and the
Advanced SINCGARS Improvement Program (ASIP), the U.S.
Army's primary tactical radio.

A MSEE along with 15 years of related engineering experience
involving RF Microwave circuit design and development is pre-
ferred.

1f you are selected, you will enjoy an excellent salary/benefits
package and a generous allowance to relocate to Fort Wayne,
Indiana, an “All American City". Please submit your resume to:
Mike Evans, Sr. Technical Recruiter, ITT Industries
Aerospace/C i Division, P.0. Box 3700, Ft.
Wayne, IN 46801-3700. Fax: (219) 451-6124. E-mail:
meevans@itt.com. See us on JobOptions or Monster.com or
visit our website at www.ittind.com

Applicants may be subject to a security investigation and must
meet eligibility requ'%emems for access to classified information.

ITT Industries

Engineered for life
Equal Opportunity (M/F/D/¥) Employer

SR PROJECT ENGR, RF DESIGN

Small Co. in South NJ seeks BSEE or MSEE with 5+
years experience to design, develop, test
RF/Microwave filters and impedance matching net-
works for Comm Systems (2MHz-2GHz). Knowl-
edge of S-Parameter measurement techniques and
systems noise testing. Familiar with pgms such as
Touchtone, Libra, Omni-Syst, Spice, HP Basic, C+.
Will also design Subsystems with tunable filters, lo-
noise & hi-power amps, circulators, solid state
switches, ete.

Fax: (856)342-9757 EEO/M/F
Email: rfproducts@home.com

C RF Products, Inc. )

www.eecdadreers.com
the online recruitment solution

Employers...

¢ Post Job Openings within 48
hours

¢ Direct Access to more than
200,000 resumes online

e Use our HR Center

Call Chet Zielinski
at 216.931.9589 for details!

Hughes Network Systems (HNS) is a global leader in telecommunications technology — satellite,
digital cellular, frame relay, ATM and IP switching.

In partnership with Hughes Space and Communications, HNS is developing a next-generation
satellite network — SPACEWAY — utilizing a global system of satellites in conjunction with a
ground-based infrastructure. The satellites for this broadband system will be using a Ka Band
payload with multiple spot beams. This system will serve a wide variety of applications, including
Internet, VPN, video telephony and conferencing, computer networking, technical tele-imaging,
CAD/CAM transmission and high-speed access to online multimedia databases.

Spaceway Program RF Engineer

Apply your knowledge of advanced RF communications circuits and systems to heading the
design of RF/analog modules, circuits and subassemblies for VSAT products. Requires a
BSEE/MSEE and familiarity with communications theories and applications. Experience in RF
prototyping and the design of microwave circuit land systems are desired, as is proficiency in
SPICE, EESOF/ANSOF and Eagleware circuit simulation tools.

Hardware Digital Design Engineer

You'll design, debug and qualify baseband digital subsystems for satellite modems, as well as
NCOs, modulators/demodulators, FEC coders/decoders and other communication system
components; employ top-down HDL design techniques to implement baseband digital functions;
and utilize logic synthesis to design FPGA/ASIC functions. Requires a BSEE, 3-6 years’ experience
in digital/analog hardware development, a background in high-speed PWB, digital logic and
baseband analog design, and knowledge of digital communications theories and HDL design
techniques.

Point-to-Multipoint RF Engineer

We'll rely on you to design and test circuits, subsystems and analog components involved in
RF/microwave point-to-multipoint communications systems. Requires a BSEE (MS preferred),
experience in microwave/RF components design in the 1 MHz to 8 GHz frequency range or above,
the ability to work on cross-functional teams and familiarity with EESOF, Libra, Omnisys and
other simulation tools. A background in testing/designing low-cost RF/microwave applications is
desired, as is experience with LNA, PA attentuators, mixers, down-converters and related
RF/microwave equipment.

Point-to-Multipoint Technical Specialist

Using your knowledge of soldering, breadboarding, CAD layout tools and RF/microwave testing
devices, you'll work with design engineers to optimize and debug subassembly components.
Requires an AA or electronics school certification, 5+ years’ related experience, the ability to
read schematic diagrams and write test reports, familiarity with lab organization and a thorough
attention to detail. It is helpful to have a background in digital communications; knowledge of
amplifiers, oscillators, filters and related components; PMP, PCS or cellular experience; and
familiarity with EESOF and CAD simulation tools. Must have a valid driver’s license and be able to
lift 25+ Lbs.

HNS, located in Germantown, MD and San Diego, CA, offers many recreational, sporting and
cultural opportunities to meet your individual lifestyle. These are full-time positions that offer
competitive salaries and an extensive benefits package.

For more information on these positions and others, visit our Web site at:
www.joinhns.com

For consideration, e-mail your resume to: kmullikin@hns.com, DEPT. ATMICRF; or mail to:
Hughes Network Systems, Dept. ATMICRF, 11717 ExplorationLane, Germantown, MD 20876;

or FAX: (301) 428-5700.
@G HES

NETWORK SYSTEMS

HNS is an equal opportunity/affirmative action employer.
We welcome and encourage diversity in the workforce.
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Got any plans for the next millennium? Because we do! At Fujitsu’s Design Centers, we're pushing technology forward with the
latest communications breakthroughs — from cellular phones to satellite communication through high-speed networks. It's the
cutting edge today, and we're committed to stay ’chere far into the future. So if you've got big plans for your career, there’s
really only one place to be.

Product Marketing Director

Responsibilies include directing the development of FCSI marketing programs; assessment of potential markets;
product life-cycle planning; coordination of technical product development; as well as development of product
strategies, definition of promotional activities and product launches. Develop a five year overall market plan for
major market segments, defining key customers and market requirements for Fujitsu products and services. The
plan will include advertising, trade show, press release and media communication components. Good
understanding of the fundamental sources for market information via sales channels is a must. Requires a BSEE
(MSEE preferred) with 8-10 years” experience in Marketing, Sales or Product Management within the semicon-
_ductor industry. Requires a minimum of 20 percent travel to key accounts, seminars and trade shows. Job code:
- MW289 :

WDM Device Manager

Lead and manage the Wavelength Division Multiplexing (WDM) Lightwave Device Group, which is involved
© in designing tunable lasers and wavelength functional devices for future optical networks. Requires a PhD
in Electrical Engineering with 10 years’ experience including design, characterization and modeling of
communication laser diodes for commercial application market demands. Broad knowledge of lightwave
technologies is essential. Some travel is required. Job code: MW255

Senior MMIC Design Engineers — Wireless

We are seeking engineers with sound theoretical background as well as significant “hands-on” experience to
develop power amplifier MMICs for high volume wireless markets. These positions require a MSEE or equiva-
lent with 5+ years‘experience or PhD with 3+ years’ experience in power amplifier MMIC development.
Experience with device characterization and CAD tools (MDS, Cadence, AutoCAD) is required. Job Code:
MW?268

Senior MMIC Design Engineers - Millimeterwave

Develop the next generation of millimeterwave MMICs for future millimeterwave and optical communication
networks. These include high performance MMICs for use in satellites, as well as extremely wide band MMICs
for future optical communication systems. Duties include simulation, layout and test; and production transfer
to our factory in Japan. Candidates will have a sound theoretical background and significant “hands-on” mil-
limeterwave and optoelectronic MMIC design experience. These positions require a MSEE or equivalent with 5+
years’ experience or PhD with 3+ years’ experience in circuit development. Experience in device characterization,
linear and non-linear simulation tools is highly desireable. Job Code: MW282

Senior Lightwave Design Engineer

Perform system aspect evaluation and analysis of lightwave transmitters and receivers as well as optoelectronics
devices applying experience and knowledge of optical fiber communication systems, especially lightwave
transmitters and receivers, system bit error rate, optical fiber characteristics, and other practical device and
system parameters. Develop appropriate models to evaluate and analyze the performance of optical components
from system applications point of view, and provide new device design and new system applications. Requires a
MSEE or equivalent with 5+ years’ experience or PhD with 3+ years’ experience. Extensive knowledge of fiber
optical communication systems and computer networks is a must, as is strong background in fiber optics,
optoelectronics, RF and microwave electronics. Some travel to Japan is involved. Job code: MW228

Lightwave Area Sales Manager - Frechold, New Jersey

Our lightwave product line consists of a full line of lasers and detectors for high-speed digital, local loop and
analog CATV communication systems. You will be relied upon to have or develop in-depth knowledge of the
components and corresponding systems, as you create solutions to our customers' problems. You will provide
technical support to manufacturer's reps and assist engineers in resolving technical and business issues.
Candidates must have a BS in Electrical Engineering, Physics or equivalent with 4-5 years’ proven sales
experience in microwave or optoelectronic semiconductor components. Up to 25 percent travel required. Job
code: MW250

Fujitsu Compound Semiconductor, Inc., offers competitive
salaries and comprehensive benefits. Please send your resume,

indicating position desired, to: Fujitsu Compound
Semiconductor Inc.,, Attn.. Human Resources, 2355 Zanker
Road, San Jose, CA 95131-1138. Fax: (408) 435-0409 or e-mail:

jobs@fcsi.fujitsu.com. For more information, visit our web site
at: www.fesi.fujitsu.com. An equal opportunity employer.
All trademarks belong to their respective companies.
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F 4 The Wireless Revolution is going strong, and Vari-L is leading

P the way with advanced RF components for a multitude of i
B cpplications. For years, Vari-L provided incredibly reliable Y

components for military and space applications. Now §

we’'ve used our proven fechnology to enhance commer-

cial wireless capabilities in broadband and cellular com- &8

munications. With our technology and customers like Erics-

son, Nokia, Motorola, Lucent Technologies, Adaptive i

Broadband and Stanford Telecom, it's no wonder that our
revenues are growing by over 20% per year and that
Deloitte & Touche just named Vari-L o their Denver “Fast
Fiffry !

We're currently seeking candidates for the following posi-
tions:

* Senior RF Design * RF Test Engineers
Engineers
* SR SMT Process Engi-
* Passive RF Com- neers
ponent Engineers
* RF Design Engineers

* Reliability Engineers

We're located in Denver, in the heart of the Rocky Mountain
W Region, and one of the US’s top five best cities to live in. Den-
ver offers year round recreational opportunities, top educa-
tional institutions, affordable housing and an excifing cultur-
al and business environment.
For immediate consideration, please send your resume or i
contact: ’

Email; jobs@vari-.com

Phone: 303 -371-1560

Fax: 303-576-5443

Mail:  Attn: Human Resources
4895 Peoria Street
Denver, CO 80239

‘ ! We Have A Part In Your Future WWW.VQa ri_l-com

L]

WL WE,
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Like what
you see?
Need more
information?
Do you want
it now?

www.mwrf.com

Visit the
Microwaves & RF
website at:
www.mwrf.com and click the
instant inquiry button to request
information seen in this issue or
visit the manufacturers links for
direct access to all Microwaves &
RF advertisers.

Microwaves
CRF

7 [bnton

611 Rte. 46 West,
Hasbrouck Heights, NJ 07604
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QUEST for Performance,
QUEST for the BEST;. .JOIN US.

Quality products with quick delivery at
competitive prices are our standard.

QUEST Microwave Inc. b ’

**x%x WE’VE MOVED %%

225 Vineyard Court
Morgan Hill, CA 95037
Phone 1 408 778 4949

Fax 1 408 778 4950

Toll Free
1 877 QUESTMW (783 7869)
Website: www.questmw.com
E-mail: circulators@questmw.com

VISIT US AT THE WIRELESS SYMPOSIUM
& EXHIBITION BOOTH #1611

CIRCLE NO. 414 or visit
www.microwavesrf.com

LOOKING BACK

1:7@ years ago, a special report on emerging
commercial applications spotlighted Hillier
Technologies (Princeton, NJ) and their Hi-TEK
spread-spectrum evaluation kit. The kit included
recewers, transmitters, and a sample address
programming card and was said to be able to
support some applications for as little as $10.

Microwaves & RF

January Editorial Preview

Issue Theme: Test &
Measurement

News
The first issue of 2000 is dedicated
to that all important segment of
high-frequency electronics—test
and measurement. Do not miss this
exclusive News Story on the state of
high-frequency measurement mar-

kets and technologies.

Design Features

Measurement technology is the
basis for most advances in electron-
ics, since test capability provides
data about the performance of a new
component or system. January’s De-
sign Features highlight this impor-
tant part of the high-frequency in-
dustry with several articles, in-
cluding a comparison of available

calibration techniques for on-wafer
measurements through 110 GHz, the
use of confidence-interval analysis in
wireless measurements, and the ap-
plication of a high-speed logarithmic
amplifier to capture wide-dynamic-
range pulsed signals.
Product Technology

January’s Product Technology
section spotlights new instrumenta-
tion for a new market—a test set de-
signed for cable-modem measure-
ments. Additional Product Features
in January will cover a high-power
amplifier for wireless base stations,
and a handheld test set for evaluat-
ing the wireless spectrum through 2
GHz.

MICROWAVES & RF = DECEMBER 1999
DlrD]




The best deal in town

from ARRA. of course!

FIXED
ATTENUATORS
DC-18GHz $40.

Models to 535 dB
SMA or Type N conn.
50 W average models

Freq. Range Average Model No.
(GHZ) Power (W N Conn. SMA Tonn.

DC-18.0 N9412 * 9412-*
N4402 *
N4405 *
4425 Types

N4450 *

9412 & 4401 Types G, _ N94r122[l;v“r:es
(1.14") " .

Write for new literature or call (516) 231-8100

. the last word in variable attenuators

ARRA INC.
I ANTENNA & RADOME RESEARCH ASSOCIATES l

15 Harold Court @ Bay Shore. NY. 11706

A The best deal in town
from ARRA, of course!

WAVEGUIDE LOADS

e Low VSWR
e Fast delivery!

e WR2814 thru WR62

Freq. Range Medium Power High Power

Average (W)| Model No Average (W) Model No

3.95 1200 284 925 284.920

4.90 1000 229-925 k 229-920

5.85 750 187 925 187 920

7.05 625 159-925 159-920

20 500 137925 137-920

-1 425 112 925 112-920
-1 325 102-925 102-920
12 225 90-925 90-920
1 200 62-925 62-920

Write for new literature or call

(516) 231-8100.

. the last word in variable attenuators

ARRA INC.
ANTENNA & RADOME RESEARCH ASSOCIATES |

15 Harold Court @ Bay Shore. WY, 11700

The best deal in town

. from ARRA., of course!

BROADBAND
COAXIAL
TERMINATIONS

u”:‘I\ i

¢ DC-18 GHz model
e 50 W model
e SMA or Type N conn.

Freq. Range Average Mode
(GHz) Power (W) N_Conn
DC-180
DC-12.4 N9512
DC-12.4 N3505
DC-12.4 N9510
DC- 8.0 £ N9525
DC- 8.0 N3550

Write for new literature or call

(516) 231-8400.

. the last word in variable attenuators

L 1RR1 1 INC.
‘ ANTENNA & RADOME RESEARCH ASSOCIATES I

15 Harold Court e Bay Shore. Y. 11706

A The best deal in town
. . from ARRA., of course!

¥  WAVEGUIDE
COMPONENTS &

SPECIAL ASSEMBLIES

Write for new literature or call l()) 231-8400

.the last word in variable attenuators

I—l 11 z‘ 2!1 I INC.
ANTENNA & RADOME RESEARCH ASSOCIATES l

15 Harold Court e Bav Shore. VY. 11706

t our WC]]S e al www.arra.com
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Go To: l hitp://www.rf-power.com
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« &= Power
-~ Components, Inc.

* ISO 9002 registered * Professional service and

* 48 Hour shipment for most competitive pricing
standard products » Complete value added and

+ Comprehensive custom design capabilities
technical support

Surface Mount 90°
Hybrid Couplers

MBurr-free manufacturing —tlh ~ : .7
BFull edge wrap r' nr e \ all S l.?

W Via holes for optimum connectivity : ' W S
Terminations
B Non-Nichrome resistor for low IMD

Surta(_:e Mount .
Terminations
80

° Hybrid Couplers

Attenuators 90 HYBRID COUPLERS o
i ivi odel req. Range Power Watts. Amp. Bal Phase Bal. Isolation VSWR Insertion
(-:UIIII]!IIEI‘S/['W“IEI‘S Number (Mhz) (CW) Max Deg Max Min Loss Max.
Directional Couplers SO3B7OOWT 400-1000Mhz  200W  +/-0.650B  +/-1.5  20dB  1.20:1 0.25d8
s - S03ABBENT 815-060Mhz__ 100W _ +-0.30dB  +/1.5 2008 1.25:1 0.250B
Resistors )‘\0 S03B888N2 815-060Mhz_ 200W  +/-0.30dB  +/15  20dB_ 1.25:1 0.20dB
po ) SO3ATB7ONT  1750-1990Mhz__ 100W _ +/-0.30d8  +/1.5 2008 1 1251 0.2508
1-08 Watts, DC - 8 Ghz, SMD, ariged, coexiel S03B1870N2 1750-1990Mhz__ 200W _ +/-0.300B +/1.5 25:1_0.200B
P T S03AT960N1 1930-1990Mhz _ 100W - - 2511 0.250B
Attenuators )\9 S03B1960N2 1930-1990Mhz__ 200W ; 0.200B
8150 Watts, DC - 4 Gh, SWD. langed, coaxial S03AZ000N1 _1500-2500Mhz __ 100W  +/-C £ 1201 0.25d8
. : $03B2150N 2000-2300Mhz z 251 0.200B
o = ] 2000-2500Mhz 0, : 201 0.258
_90 H |ll‘lli (:llll |BI‘S \) SO03A2500NT : : 201 0.30d8

100-2000 Watts, 50 - 4200 Mhz, SMD, caseless, coaxial S03D3500NR5 3000-4000Mhz -0. 301 0.3008

Directional Couplers )r—J> TERMINATIONS (CASE STYLE 2)
Reference Wi

VSWR  Freguency
100-2000 Watts, 4 - 6000 Mhz, SMD, caseless, coaxial

e e T ST RFP-100200-4250-2 2 3 GHz
A AT RFP-250250-4250-2 2 GHz
Combiners/Dividers )\9 L4577 1 —1 <Rt
50-1500 Watts , 25 - 2000 Mhz, SMD, caseless, resistive, coaxial _1.20: 2 GHz
RFF;ETE szsgi 5 : _3GHz
Custom Devices )@ .

Custom devices and assemblies
Call toll free 877-RFPC-INC (877-737-2462) for nearest representative.

« =F Power
-~ Components, Inc. \

125 Wilbur Place » Bohemia, NY 11716 U.S.A. * TEL: 516-563-5050 * FAX: 516-563-4747 » www.rf-power.com

Catalog
request

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #125
CIRCLE NO. 291
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