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Ah’/aw\j made real.

Honey, you're gonna hate me, but | gotta work late.
It took one hundred years to connect the first
billion people. The second will take only five. The
wireless revolution is at hand. And Agilent is
testing and creating components for all of it. From
handsets to networks, we're helping to bring
wireless to the world. And making sure it works.

Even if that means overtime.
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.ee %... Agilent Technologies
O A0 Innovating the HP Way

Agilent Technologies is a subsidiary of Hewlett-Packard Company. www.agilent.com
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Introducln ' _MITE Q’s New JS SERIES

ase of Design Optimization
roven JS Amplifier Technology
erior Noise and Phase Performance
Modules Contain Internal Regulation
Module Sizes are 0.45”1 x 0.40"w x 0.11”h
Compact Assembly Sizes Fit Most System Appllcatlens

MODULE TYPES

e ; : v Ultra-Broadband Amp'h_flers
ombined isolated gain modules for up to v Medium P Amblifiers
B of total gain L T e
grated filtering to reduce noise handwidth v High-Gain Amplifiers
d I.M. distortion v Low-Noise Amplifiers
B o e ¢ ety W0y hhere
attenuators to enhance system flexibility ¥ Huhrass Fisere
Front-end RF limiters to protect against high v Band-Pass Filters
level inputs v PIN Attenuators
single-broadband input can be divided into v Power Dividers
ﬁple sub-bands ¢ Input Limiters !
For additional information, please contact v IF Amplifiers NMOos

 Rosalie DeSousa at (516) 439-9458 or v Couplers L
send e-mail to rdesousa@miteq.com. g

100 Davids Drive, Hauppauge, NY 11788
lT—-—q TEL.: (516) 436-7400  FAX: (516) 435-7470/436-7430
www.miteq.com
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AMPLIFIERS
10 MHz to 18 GHz Ultra-Broadband
for Fiberoptic and

Telecommunication
T

01-8.0 |
01-8.0 |
01-8.0 (0
U1-8.0 |
AJ08-30 01-8.0 |
s S s . [deal for Fiberoptic, Telecommunications,
AI0-202.01-100 ' 01 200 and Test Equipment
e = ==« Drop-in Style Packages
A010-302 01-10 . o Multi-0Octave Operation
A0010-303 .01-100 30 | ( | | ® CGmpact Size
et S o Competitively Priced
AO( Us .0 U A U | U U
Az 01120 0 0w DELIVERY IN 2-4 WEEKS ARO
AU U3 A U 30 U ( | | i ; : . V V
e — . JCA
ittty b TECHNOLOGY
AU116-al il g | 00 h
WPEAG ARG A ' ' 4000 Via Pescador, Camarillo, CA 93012
e (805) 445-9888  Fax: (805) 987-6990

email: jca@jcatech.com o www.jcatech.com CIRCLE NO. 296



(‘ioing Nowhere Fast?

Unleash your
speed with TAS'
cable modem

test solution

TAS 8250 Cable Network and
Interference Emulator

Cab!e communications devices face network impairments and external
interference that degrade data transmission. However, if your product

can overcome these obstacles, you'll leave the competition in the dust.

r‘tﬂ -
‘ kds TAS 8250 Cable Network and Interference Emulator recreates cable
Telecom Analysis Systems network impairments and interference conditions in a laboratory

environment. TAS gives you an integrated, automatic test bench to

thoroughly qualify your product's performance and to prepare for
DOCSIS certification. TAS 8250 provides real-world evaluation of
cable modems, set-top boxes, HDTV equipment, cable modem
termination systems, Internet Protocol (IP) telephony products, and

other products that communicate over the cable network.

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 cable, PCS, cellular, ISDN, xDSL, modem,

fax, and many more. To find out more about

the TAS 8250 or our other 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
Y R R I R R S R R R A R T ER
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IMPROVE

Your PCS Receiver’s

PERFORMANCE

With NEC's New, Miniature

Low Cost FETs

NE34018 HEMT FETs:
GREAT PERFORMANCE, NEW Low PRICE...
B +23dBm Output IP3 @ 2GHz
® 0.7dB NE 15dB Gain @ 2GHz
® Ultraminiature SOT-343 package
B 70¢ in 100K quantities

- o ﬂ’”

Housed in SOT-343 packages (right), these NEC HEMIS
are nearly half the size of conventional SOT-143 devices.

VERSATILE NE76118 MESFETs:

® (.8dB Noise Figure @ 2GHz
B ]3.5dB Associated Gain @ 2GHz

W (Jse as an oscillator, 2nd stage INA,
or buffer amp

B 61¢ in 100K quantities

Super Low Noise NE334S01 H) FETs:

B (.25dB Noise Figure @ 4GHz
B [6dB Associated Gain @ 4GHz
B Miniature plastic four pin package

W 99¢ in 100K quantities oS e
BOOTH
a1

NEC weELeSS,

4590 Patrick Henry Drive =

Mouser (800) 346-6873

Santa Clara, CA 95054 =
DISTRIBUTORS: Arrow (800) 525-6666

Need a high performance first stage LNA for your PCS,
GPS, or WLAN receiver? Our NE34018 GaAs HEMT
delivers! You get low noise and high output IP; all in a
low cost, superminiature SOT-343 plastic package.
Nearly half the size of a conventional SOT-143 device,
the NE34018 can help miniaturize your handheld
wireless receiver design — while maximizing its per-
formance. The NE34018 is just one in a family of
miniature plastic transistors from NEC.

Want more information? Visit our website or call our 24-hour

automated Fax Hotline. We’ll get you data in minutes!

NE34018 NoiSE AND GAIN PERFORMANCE
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For instant Product Data visit us at:

www.cel.com

Or call our 24-hour Fax Hotline &=
at 800-390-3232 and request
Document #144
(U.S. and Canada)

California Eastern Laboratories

408 988-3500 = www.cel.com

Reptron (888) REPTRON
Electro Sonic (800) 567-6642 (CANADA)
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Instrument Emulates
Cahle-Network Impairments
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performance characteristics foced
by cable modems and equipment
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Y
Quality Electronic Components S, penor Service

1-800-344-4539

Fax: 218-681-3380 » www.digikey. tﬁm
701 Brooks Ave South
Thief River Falls MN 56701
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. o : : Noise Power Ratio Test Sets, No;se,‘
: 3 Diodes and specialized Noise Test
nOlS ; e Solutions. _

For more information about our
products, applications or how we

I O make 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
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To us,it’s the
Scorpion®
Vector Network

Measurement

System. To the competition,
it’s a wake-up call. Because
Scorpion is the first VNA
that can do the job of five
different instruments. One
box performing all those
common RF measurements
you need to make. Like
S-parameters. Noise figure.
Intermodulation distortion
(IMD). Harmonics. Gain
compression. And Frequency
Translated Group Delay. All
with a single connection.

Impressed? Visit our website
atwww.global.anritsu.com.
Or call 1-800-ANRITSU and
hear even more. The Scorpion
Vector Network Measurement
System. One box that does it
all. It’s that simple.

See Scorpion And More At
Wireless Symposium 2000
In Booth #219.

Lining =T
the S
World

Yy

Are You Measuring S-Parameters On
3-Port Devices?

Simply connect your diplexer, coupler or
circulator and tune any of the nine
S-parameters using a correct 3-port
calibration. Why settle for multiple 2-port
cals when measuring a 3-port device?

Need To Measure Noise Figure?

Quickly and easily switch applications and
begin taking data. Spend your time making
measurements, not searching for cables and
interconnecting instruments. Combine
S-parameter and noise figure measurements
and say good-bye to inaccurate results caused
by DUT mismatches. Try finding anything
else that can do that!

Don't Get Bent Out Of Shape Making
Distortion Measurements.

With two integrated synthesizers, Scorpion
makes IMD measurements in a flash,
eliminating complex test set-ups using
VNAs, signal generators and spectrum
analyzers. Sweep power and frequency and
see the whole picture of your DUT’s
performance. Of course, you could do this
with individual instruments, if you like
writing software.

Test Frequency Translation Devices?
Scorpion can accurately characterize your
mixers and other FTDs for isolation, match,
conversion loss, noise figure and frequency
translated group delay (FTGD). Allwith a
single connection to one instrument.

Add one external synthesizer and Scorpion
can easily orchestrate a complete swept
mixer IMD measurement.

/inritsu

Scorpion Vector Network Measurement System One world. One name. Anritsu.
©1999 Anritsu Company Sales Offices: United States and Canada, I-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.anritsu.com
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Introducing the first

wirewound inductors

Little specks. Big specs.  Hster suren

Once again, Coilcraft proves that you w9, Gicatoi

B8 Non-wirewound

don’t have to give up performance to get
a smaller form factor.
These new wire-

Non-wirewound

Better Q facto . .
0:‘1.86H(z! s wound 0402 chip coils
09y o Coloran 0402 have Q factors that are

comparable to our 0603

And compared to
non-wirewound coils,
our 0402 inductors
handle 200% to 300%
more current!

We’ll be happy to
send you free evalua-
tion samples, or you
can order Designer’s

chips. And far higher  Kit C128 containing +5% tolerance versions
than competitive parts.  of all 20 inductance values.

SRFs remain com- For complete specifications and
fortably above your op-  samples, visit our web site or
erating frequency. call 800-322-2645.

Cary IL 60013 847-639-6400 Fax 847-639-1469
www.coilcraft.com info@coilcraft.com
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SPACE QUALIFIED

o Optlmlzed for Low Power Dissipation
i e Meeting MIL-PRF-38534 or MIL-STD-883 -
e Capable of Withstanding the Rigorous
\Demands of Long Mission Life
|
e SATCOM LNAs i
o Spéceborne Radar
e Transmitter Drivers
« Radiometric Sensors ——
* ELINT Receivers s

REGISTERED COMPANY

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #1327

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

www.miteq.com

, contact David Krautheimer
ikrautheimer@miteq.com

For further information
at (516) 439-9413 or
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No Matter Where You Are In The World

Richardson is Focused on your

Motorola RF Power Transistor
iFIG Needs .

-"ﬁh %

As part of an ongoing focus to meet customer
needs, two stars in the RF arena — Richardson and
Motorola — have joined forces to provide you the
best in RF technology. Richardson Electronics is
now authorized worldwide to selfMotorola wireless
RF and IF components.

From RF transistors...to power amplifier modules to
RF/IF components including PAs and LNAs, mixers,
small signal transistors and phase-locked loops...
you now have access to product and service
capabilities that are unsurpassed in the industry.

Motorola, recognized as the market leader in RF
Power Transistors and RFICs, will continue to
introduce innovative, state-of-the-art RF products.
Through its worldwide network, Richardson
Electronics will provide technical and logistical
support for new and existing Motorola RF and
wireless customers around the globe.

The combination of our resources and expertise
means you can count on getting the best...from the
best. All with one goal in mind - to provide timely,
efficient and well-focused solutions to your RF needs
worldwide.

Motorola and Richardson Electronics - A World of Difference

@ MOTOROLA

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 (11) 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, Italy: Agrate (MI) +39 (039) 653 145, Roma +39 (06) 41.73.37.51, Sesto Fiorentino (FI} +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
+61 (2) 9894-7288, Bayswater ACN 069 808 108, +61 (3) 9738-0733, China: Shanghai +86 (21) 6440-0807, Japan: Osaka +81 (6)
314-5557,Tokyo +81 (3) 5215-1577, Korea: Seoul +82 (2) 539-4731, Singapore +65 487-5995, Taiwan: Taipei +886 (2) 86915238,
Thailand: Bangkok +66 (2) 749-4402, Vietnam: Ho Chi Minh City +84 8.811.1919, Corporate Headquarters: LaFox, IL (630)
208-2200, for other international inquiries call (630) 208-2200, Fax (630) 208-2550, ©1999 Richardson Electronics, Ltd. MK0342

Richardson
Electronics

Engineered Solutions

talog.rell.can

Formore
information visit
www.rfpowernet.com/motorola.asp
or our Online catalog at catalog.rell.com

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #1027
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DECLINING TECHNOLOGY
To the editor:

I was astonished by the concern
expressed by Jack Browne in regard
to the decline of vacuum-tube tech-
nology in his November 1999 editori-
al (p. 17). That editorial reveals how
truly out of touch Jack Browne is
with today’s world of microwave sys-
tems. The reason for the decline in
vacuum-tube technology is that sol-
id-state devices can, in most cases,
provide the same system-level capa-
bility as tubes, but with the real ad-
vantages of lower voltages, higher
reliability, lower life-cycle cost, in-
creased personnel safety, ete. For ex-
ample, older radars with megawatt
(peak-power) transmitters employed
very-low duty-factor waveforms,
producing average-power outputs of
only a few kilowatts.

The same average-power levels
can be achieved with solid-state sys-
tems that use higher duty-factor
waveforms with more sophisticated
signal processing. These systems can

be implemented by using power-
combined solid-state amplifiers in
the lower microwave frequency re-
gions or with solid-state active
phased arrays at higher frequencies.
Also, the drop in the cost of signal
processing permits the use of more
cooperative and distributed system
architectures, further reducing the
need for high-power transmitters.
Inroads are also being made by solid-
state technology into ultra-high-fre-
quency (UHF) broadcasting and oth-
er areas. The encroachment into
application areas previously domi-
nated by vacuum tubes is inexorable.
Although vacuum tubes have had
their day, they, similar to the steam
engine, should be allowed to pass into
the history books. Mr. Browne
should stop fretting about the need
for megawatt transistors and instead
should learn more about the real re-
quirements of today’s systems.
J. Lee Blanton
Radiophysics Corp.
Temecula, CA

PHRASE INDEX
To the editor:

How efficient is the bold introduc-
tory paragraph of every Microwaves
& RF story in terms of telling a very
busy reader what the article con-
tains? Wouldn’t a phrase index (i.e.,
a listing of certain specifications, de-
vices, components, and more that ap-
pear in the article) be better? This
listing could be a tremendous boon to
busy engineers and more articles
would be read. All unique ideas could
be listed, even those peripheral to the
main subject if they could be of inter-
est to readers. Fewer ideas would be
missed by workers and your authors.

Keats Pullen Jr.
Kingsville, MD

Editor’s Note:

Please see the Editor’s Note that
appeared in January 1999’s Feed-
back (p. 13). Last year, we responded
to a similar type of letter. Our re-
sponse to the letter above echoes that
of a year ago.

- FEATURED PRODUCT -

Combline Filkers in 10 days

Order online and save

an additional 5%!

Series Number
Select any Fo

Response
Prototype Price
Shipment

" BF and Microwave Filters to 18GHz
www.tte.com

TTE, Inc, Los Angeles, CA » 800.776.7614/310.478.8224  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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Insertion Loss @ Fo
-1dBc passband

1315

: from 750MHz to 3500MHz

. <2dB

: 1.5%Fo minimum

: 5 pole Chebyshev design

: <$400.00

: 2 weeks after receipt of order




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 vd : P1dB IP3 Gain@  Gain@ NF
conventional silicon-bipolar technologies: Number (V) / (dBm)  (dBm) 1GHz 2 GHz 50 Ohm
lower noise figures, lower power SGA-2186 22 20 DC50 470 4200 105 102 41
consumption, high output power at high SGA2286 2.2 20 DC3.5  +7.0 4200 150 140 32
efficiency, and high integration level. SGA-2386 2.7 20 DC-2.8  +7.0 +20.0 17.4 16.4 2.9
As part of a Sen'es Of Stanford SGA-2486 2.7 20 DC-2.0 +7.0 +20.0 19.6 18.0 2.5
Microdevices' initiatives to apply silicon SGA-3286 2.7 35 DC-3.6 +12.0 +260 148 13.4 3.5
germanium technology to a broad SGA-3386 2.5 35 DC-3.6 +12.0 4250 174 16.2 3.0

spectrum of communications applications, ~ sGA-3486 2.9 35 DC2.0  +120 4250 215 19.4 2.6
we are now offering the wireless market

SGA-4186 3.2 45 DC-6.0 +15.0 +29.0 10.4 10.2 4.6
SGA-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
SCA-4486 3.2 45 DC-2.0 +15.0 +29.0 19.0 16.8 2.5

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 4200 4340  13.8 12.4 3.9

less expensive. SGA-6386 5.0 80 DC-3.0 +200 4345 154 138 3.8
SGA-6486 52 75 DC-1.8  +200 4340 197 167 29

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

SGA 2000 through 4000 series are also available in SOT-363
SGA 5000 and 6000 series are also available in SOT-89 & SOT23-5
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Typical performance at 900MHz

FEATURES

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #921

For performance, reliability and value,
count on Stanford Microdevices.

AID/AILE MMS Y9BEN

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 MMICs

e s e e e e o0 ess s e eso 0 e s .

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

& Bichanmen

800-348-5580 www.rfpowernet.com

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



GaAs
TCHES

gt i il i
L i e uh sAi
§255M8 5505h) §506R3 55020 o510AK

gitd pett et it g8k

ITTS255AB ITTS505AJ) & ITTS502AJ &
* SPDT REFLECTIVE SWITCH |TT5506AJ ITT551 OAK

* 3-5 VoLt OPERATION

* NEGATIVE OR POSITIVE * SPDT Mepium Power °* SPDT HicH Power
CoNTROL TRANSMIT/RECEIVE TrAnNSMIT/RECEIVE
* Low INSERTION Loss SWITCHES SWITCHES
+ Low DC Power * PosiTive CONTROL * NEeGATIVE OR PosITIVE CONTROL
CONSUMPTION * 3-5 VoLt OPERATION » '3-;5 Vlol-'l' OPEHAIION
* STANDARD PLAST * IbpeaL For U-NII AnD » W INSERTION Loss
PACKAGE 0 HiPERLAN APPLICATIONS °* P1dB 710 37 dBMm
* NimiaTurRe MISOP-8 * EXCELLENT PERFORMANCE
PLASTIC PACKAGE T0 3.5 GHz
* IpeaL FOR WIRELESS APPLICATIONS
Part # Type Frequency INserTioN  IsoLation  P1dB  Packace
Hz Loss&dB) (dliklI dBm
@1GHz @1GHz @1GH:z
NEW! ITTS255AB SPDT REFLECTIVE SwiTCH DC-4.0 5 37 29 SOIC-8
NEW! ITTS502A) SPDT TRANSMIT/RECEIVE SWITCH " DC-3.5 5 28 33 MSOP-8
NEW! ITTS505A) SPDT TRANSMIT/RECEIVE SWITCH 4.5-6.0 1.7 14 29 MSOP-8
NEW! ITTS506A) SPDT TrRANSMIT/RECEIVE SWITCH 5.0-6.0 1.7 17 29 MSOP-8
NEW! ITTS510AK SPDT HiGH Pwr. TRANsMIT/Receve Switch ~ DC-2.5 0.6 17 37 SOT-6

100% RF TESTED.

5310 Valley Park Drive CALL Now FoOrR SAMPLES.
Roanoke, VA 24019

Ph: 888.563.3949/540.563.3949

Fx: 540.563.8616 GaAsTEK

www.gaastek.com
1SO 9001 Certified

(GaAsTEK = ITT Industries

~  Engineered for life

GaAs SoLuTioNsS FOR RF AND MICROWAVE



EDITORIAL

TESTING THE WIRELESS
WORLD BEYONDUS

New years always bring with them the
promise of a fresh start, of a blank slate,
of a time when we can begin again. It is
only fitting then that in the world of
high-frequency design, this first issue of
a new year, of a new century, should
have to do with test and measurement.
For in any field of electrical design, the
ability to test supports the beginning
and the end of a design cycle. It provides
the characterization so essential during
the early stages of product development,
and the final data that ensure us that
some wild design really does work.

It is also fitting that this industry’s largest test and measurement compa-
ny—formerly part of Hewlett-Packard Co.—would enter the new century
with a new name: Agilent Technologies. Spun off from the parent company
last November, this new entity will likely live up to its name, with a newfound
agility and command of technology that befit its smaller size. Ironically, it is
the “computer” side of the company—the part that remains as Hewlett-
Packard Co.—that now identifies itself with the humble beginnings of Dave
Packard and Bill Hewlett (in television commercials showing new President
and CEO, Carly Fiorina, in front of the garage where the company started.

The folks at Agilent (and just about any other high-frequency test and mea-
surement company) point to the importance of wireless markets for their fu-
ture growth (see “Mobile-Phone Test Sets Take Aim at A Moving Target” on
p- 29). The expansion of cellular services has seemingly only just begun, with
service providers racing to upgrade their systems for wider bandwidths and
wireless data, and handset manufacturers trying to cram as many features as
possible into a continuously shrinking footprint (or is it handprint?). With
each successive generation of base station and handset, test-equipment man-
ufacturers must provide more functions and more capability. It is no wonder
that so many test-equipment suppliers have adopted modular architectures
with heavy dependence on software to implement new features.

For test-equipment suppliers, cellular markets are just one slice of a future
wireless pie, with the twin shadows of Bluetooth and HomeRF looming large
on the horizon. Given the industry support of these unlicensed 2.4-GHz appli-
cations, the potential exists for Bluetooth product manufacturers to be test-
ing millions of units per month.

For Bluetooth and other future wireless markets to take off, testing must
be quick and inexpensive. The end result is that test-equipment manufactur-
ers must make instruments that are powerful, but extremely easy to learn
and use. The equipment must be strongly based in software, with the ability
to upgrade functions and capabilities over the Internet, but it must also be
easy to program.

Test equipment is the beginning and end of design engineering. And test-
equipment manufacturers have traditionally stayed close to their customers
to learn of future requirements. At the pace of modern development cycles, it
is almost mandatory for test-equipment suppliers to be part of each cus-

tomer’s design projects.

Publisher/Editor
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Want to _kﬁow the secret of success in the land of Linux and Nokia? It’s APLAC. An industrial-strength
Smulation technology that combines the functionality of Spice with the utility of an advanced RF simulator.
APLAC, and only APLAC, provides the accurate IC- and board-level models and precise methods to
analyze non-linear circuit behavior demanded by top RF and analog
designers. The only approach up to the complex design challenges f
ahead: 3G, Bluetooth, and beyond. /_—-_

APLAC gives you something unique - the freedom to do things ﬁ
right. All you do is supply the three ingredients mentioned above. N

To learn more about APLAC, why not download a student ver- M/
sion from our website www.aplac.com and contact us at APLAC

Solutions.
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Need Higher Power? You need
Watkins-Johnson’s new AHT1 amplifier.
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IP3 VS. Power Output (dBm)
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Product Frequency IP3 P1dB NF Bias current
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AH1 | 250-3000 41 21 29 150
AM1 | 250-3000 36 18 26 7%
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Need Lower Power? Both the AHI and AMI offer low noise
figures which, together with their inherent high 1P3, deliver
superior performance at the best price in the industry.
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complete catalog.
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IP Technology
‘Solution Breaks
The SIIectrum
aBamer |

,Revenue From
‘Bandwidth
ServicesTo
Cross $90 Billion
By 2003

Dband services will fall with-

GENEVA, SWITZERLAND—ArrayComm, Inc., a leader in spectrally efficient
solutions for the wireless telecom industry, recently announced at Telecom99 the in-
troduction of its i-BURST technology, a breakthrough broadband wireless Internet-
protocol (IP) application of its patented and commercially proven IntelliCell® adap-
tive smart-antenna (spatial-processing) technology.

Operating on as little as 5 MHz of unpaired spectrum, i-BURST will outperform to-
day’s cellular data solutions by over 400 times and tomorrow’s third-generation (3G)
solutions by more than 40 times. A typical deployment will deliver in excess of 40-Mb/s
data throughput per cell and provide connection to the Internet, anytime, anywhere,
at user data rates in excess of 1 Mb/s.

“The implications of i-BURST technology extend far beyond our company and be-

~ yond the Internet and telecom industries as well,” says Martin Cooper, chairman and

CEO of ArrayCom. “With few exceptions, the power of the Internet today is con-
strained by time and space—bound to the desktop by cords, cables, and telephone
lines, its access limited to work, home, or the occasional kiosk. Despite this, it has be-
come a dominant influence in society. By untethering the Internet and making access
to it ubiquitous, at affordable and scalable rates, i-BURST releases the full potential
of networked information technology into the living, breathing spaces of our lives.”

NORWALK, CT—According to a Business Communications Co., Inc. study, RG-
242 Bandwidth Supply and Demand in Access Networks, the US is experiencing the
highest growth of data transmission in the world. With an average annual growth rate
(AAGR) of 30 percent, the bandwidth demand for data services in the US will grow
from 2.01 million tera bits per second in 1999 to 5.7 million tera bits per second in 2003
(zee table). This demand will be met in the access segment by incumbent service
providers including IXCs and ILECs, as well as CLECs, wireless service providers,
cable-television (CATV) companies, and satellite-phone service operators. It will be
met using twisted copper (Cu), optical fiber, coaxial cable, wireless, and satellite con-
nections supported by XDSL, asynchronous transfer mode (ATM), Synchronous Op-
tical Network (SONET), synchronous digital hierarchy (SDH)/ADM, VPN, dense
wavelength-division multiplexer (DWDM), wireless broadband, Internet, and other
technologies.

Most demand for broad-

Growth of broadband services,
1999 to 2003

in the broadband ranges of
2 to 10 Mb/s, 10 to 56 Mb/s,
55 Mb/s and above, while
originating from medium
to small businesses, large
businesses, small-office/
home-office (SOHO), and
private-home customers.
While demand will vary
considerably within each 2 :
range, most 55 Mb/s and above services will come from large businesses. Overall rev-
enues for service providers amounted to $5.66 billion by the end of 1999. Growing at
an AAGR of 87 percent, the overall revenue stream for service providers to customers
for all service types will rise to $90.04 billion by the end of 2003.

The growth in demand for broadband applications will generate a healthy market
for hardware to support the deployment of appropriate services. Prominent among
them will be customer premises equipment, integrated-access devices, cable modems,
wireless base stations, and digital-subscriber-line (DSL) modems.

The study covers the major services and technologies that are used in the broad-
band services industry. It presents an overview of technologies, such as SONET and
VPN, as well as the role of the Internet in the growth of broadband services. Also cov-
ered is the demand for data services as opposed to voice and the relevance of broad-
band bandwidth in the deployment of data services. A focused analysis on the appli-
cation markets is detailed.
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WARREN, NJ—ANADIGICS has successfully demonstrated the fabrication of
the first indium-gallium-phosphide heterojunction-bipolar transistor (InGaP HBT) on

~ 6-in. (15.24-cm) wafers. The achievement marks the addition of InGaP HBT capabili-

ty in ANADIGICS' recently announced 6-in. (15.24-cm) manufacturing facility, which
already offers gallium-arsenide (GaAs) metal-semiconductor-field-effect-transistor
(MESFET) and pseudomorphic-high-electron-electron-mobility-transistor (PHEMT)
wafer produection.

. “The development of six-inch InGaP HBT wafers marks a major milestone in
ANADIGICS’ HBT development program as well as an outstanding achievement for
the semiconductor industry,” says Jim Gilbert, vice president of technology develop-
ment at ANADIGICS.

HBT devices have provided millions of high-performance power-amplifier (PA) cir-
cuits for cellular and personal-communications-services (PCS) handsets. InGaP HBTs
offer outstanding power efficiency and high linearity for PAs, enabling longer battery
life and better signal characteristics in wireless devices. In addition, InGaP HBTs also

provide high-performance characteristics for use in high-data-rate fiber-optic devices.

WASHINGTON, DC—Federal regulators are taking the next steps toward en-
suring that cellular-phone users who dial 911 automatically provide emergency dis-
patchers with a key piece of information—their location. The action, which was taken
in mid-September by the Federal Communications Commission (FCC), sets the tech-
nology standards for cellular companies to follow as they make 911 caller location avail-

-able in their phones. Regulators hope that cellular companies will begin providing

phones with locator technology within two years. The commission voted five to zero

~ to set the rules.

“This decision will save lives without question,” says FCC chairman Bill Kennard.
In situations such as auto accidents, when a few hours can mean the difference be-
tween life and death, knowing the location increases the chances that emergency per-
sonnel will get to the scene on time, Kennard says.

Currently, when a person places a 911 call from a regular wire-line phone from home
or work, for example, the location of the caller will pop up on a screen read by emer-
gency dispatchers. Regulators want to see similar information provided for cellular
911 calls. In 1996, the FCC adopted rules requiring wireless carriers to set up systems
by October 1, 2001, that could locate a cellular caller within 410 ft. New innovations
have cropped up since then, so cellular companies now have some choices in reaching
this goal, Kennard says. The FCC is trying to lay out the rules that carriers must fol-
low, but are staying neutral on which technology to select, says Kennard.

OYSTER BAY, NY—The most obvious need for wireless connectivity is found in
the clutter of wires snaking their way from device to device at the rear of the typical
work station. Bluetooth technology is about to change all of that by replacing cables
joining user devices with a short-range radio link that is universally compatible.

Bluetooth will enable a wireless connection between virtually any electronic device
over a distance of up to 10 m. Broadeasting at the 2.4-GHz industrial-scientific-medi-
cal (ISM) band, Bluetooth microtransceivers take advantage of the recently formal-
ized IEEE 802.11 specification for wireless local-area networks (WLANSs). Future
Bluetooth iterations will extend the initial range to 30 m. An early version was sched-
uled for 1999 and requires no licensing or royalty fees. The connectivity air interface
will be very successful early in its tenure, with Bluetooth module shipments exceed-
ing 400 million units by 2005.

Bluetooth revenue generated could exceed $2 billion annually after 2004. The rapid
decline in Bluetooth module cost, at $30 initially and declining to $5 within a few years,
will be one of the keys to growth. The market for Bluetooth technology is described in

~ areport from Allied Business Intelligence, Inc. (ABI), “Wireless Data Communica-

tions 2005: From WANSs to Bluetooth.”

User devices can include virtually any digital communications or control device
found in the home, factory, or workplace. Examples include notebook, desktop, and
handheld computers, as well as personal digital assistants (PDAs).

MICROWAVES & RF = JANUARY 2000




[ Just give me the
accurate specs | need

o | ......... T to make a decision ]

Tough test and measurement equipment choices? The answers are
at your fingertips with TestMart—a unique web-based service where
buyers and sellers get together in an efficient, neutral setting.

You need products you can order and put to work right now without
biased presentations, lengthy demonstrations and time consuming
consultations. Through testmart.com you can do parametric searches
and make side-by-side comparisons of over 10,000 products from
hundreds of manufactures.

Whether you need new or refurbished products, all the information
you need to make a cost-effective purchasing decision is right there in
a highly usable format. You control the process from research through
on-site delivery.

Best of all TestMart membership is free of charge. Just register and
you are ready to get full access to all product databases, reference
libraries and e-commerce features. Its as simple as that.

Now, go try it. We're ready when you are.

www.testmart.com
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ROCHESTER, MN—The Mayo Clinic, the Minnesota Department of Transporta-
ion, and the Veridian Corp. of Buffalo, NY have allied to test Veridian’s technology
Mayday Plus, which combines cellular-phone and Global Positioning System (GPS)
ommunications in three boxes that are bolted under an automobile’s backseat.

- When an accident occurs, the device automatically contacts the local 911 center and
10spital’s emergency room. The device relays data on the vehicle’s speed at impact;
her airbags were deployed; whether the impact was from the rear, side, or front;
- and if the ear rolled over. The emergency personnel can call people in the car through
a cell phone linked to the system. A built-in GPS system automatically provides the
ar’s location to rescue teams.
~ It is potentially an advance over emergency-communication devices such as Gener-
~ al Motors’ OnStar. That system, available in some GM models, uses GPS and cellular
_technolegy to contact a GM communications center where someone can provide assis-
ance or relay emergency information to emergency authorities. The Mayday Plus is
aid to deliver more detailed information directly to local authorities.
- The Mayo Clinic, the State Patrol, and Veridian have been developing the system
or two-and-a-half years, and they are ready to test it. They have installed the boxes
in 120 cars for a test period in the Rochester, MN area that will last until May or June.
e Department of Transportation wants to see whether the system works at all, if it
‘Works dm'mg Wmter conditions, and whether it reduces accident response time.

FISHKILL NY and GREENSBORO, NC—IBM and RF Micro Devices, Inc. re-
cently announced an a,greement to jointly develop RF integrated circuits (RF 1Cs)
based on IBM'’s silicon-germanium (SiGe) process technology.
The two companies intend to design highly integrated RF ICs for next-generation
ell phones. This collaborative relationship is expected to dramatically reduce the
MO number of chips in wireless handsets over time, shortening time to market for manu-
j facturers, and resultmg in smaller phones that use less power and offer longer battery
. hfe. !
i ‘Toda;y s fast-paced wireless communications industry demands high performance
~ integrated solutions that help customers bring their product to market faster,” says
~ Michael Concannon, vice president of wireless communications at IBM Microelec-
tronics. “The combination of IBM’s proven SiGe process technology and RFMD’s ad-
vanced RF IC design skills are expected to result in a new class of semiconductors for
the next generation of mobile communications products.”

Al ' MELBOURNE, FL—The World Health Organization (WHO) has selected a con-
2 . sortium led by Harris Corp. to install and operate a new global telecommunications
U  backbone network to more effectively manage its worldwide health initiatives. The
~ WHO Global Private Network (GPN) became operational in late 1999, proid-
_ ng videoconferencing, voice, and data communications through satellite and terres-
trial links between WHO’s headquarters in Geneva, Switzerland and six regional of-
fices around the world. Joining Harris in the consortium are Ericsson, Tele Danmark,
and N.E.T.

Harris, through its Maritime Communications Services (MCS) subsidiary, was
awarded the contract from WHO following an extensive competitive selection process.
As a prime contractor, Harris is responsible for the design, installation, and commis-
sioning of the network, and will manage the network’s operations from the Harris
MCS Network Management Center in Melbourne, FL. Swedish-based Ericsson is fur-
nishing engineering support and network equipment at all site locations, and the phys-
ical hub of the network will be located at Tele Danmark facilities in Denmark, includ-
ing the multipoint videoconference unit. The N.E.T. Promina 800 series multiservice
_access platform s at the heart of the network, and will ensure efficient allocation of net-

work bandwidth between the various videoconferencing, voice, and data applications.
“We are very pleased to be part of the partnership agreement that will make this
very dynamic network possible. WHO ean benefit from the economies of single-plat-
form delivery of multiple services,” says Jean-Pierre Breton, responsible for Net-
- working Integration Solutions at Ericsson Switzerland.
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Eagleware announces the new version 7 of its

GENESYS software. A new GUI, new multi-layer

caﬁability in the EM simulator, a faster sifﬁuléti;)n
engine and much more. Now even faster, even .
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information call us or visit our website at

www.eagleware.com
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RF and Microwave Design Software
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National Delivers
Industry’s First 2.4GHz

Integrated ISM Transceiver

LMX3162 Provides Low
Cost Solutions for Emerging
Wireless Applications
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NEWS

Mobile-Phone Testsets

The increasing complexity of wiveless communi-
cations handsets adds new buvdens for those
faced with production-line measuvements.

Mobhile-Phone Testsets
Take Aim At A Moving Target

BARRY MANZ
President
Manz Communications, 350 Main Rd., Montville, NJ 07045-9730; (973) 316-
0999, FAX: (973) 335-7857, e-mail: manzcom@ erols.com.

OR the less adventurous, the task of evaluating the performance of

wireless telephones on the production line inspires a longing for a

simpler time, Little more than a decade ago, handset testing was con-

fined to “running the AMPS commands” [in reference to the com-
mand set for the Advanced Mobile Phone Service (AMPS) architecture],
measuring the receive performance and output power of the transceiver,
and ensuring the power supply, keyboard, and display worked satisfacto-
rily. Of course, some of these actions are still core measurement tasks
today, but they are now complemented by tests at multiple frequencies,
with multiple access methods and additional features. Very soon, they will
include Bluetooth specifications as well.

Faced with this daunting array of
measurements, instrument manufac-
turers are striving to increase
repeatability and speed, while
increasing measurement perfor-
mance and making test fixtures more
robust and repeatable. Advance-
ments in processing technology have
already reduced test time to seconds,
making the time required to connect
and disconnect the device under test
(DUT) a greater contributor to over-
all test time. The overall goal is to
more accurately characterize the
telephone under test in less time, and
with the ability to be modified easily
to accept new responsibilities.

“We work closely with our cus-
tomers from an engineering perspec-
tive to optimize the production envi-
ronment,” says Earl Thompson,
inbound strategy manager for wire-
less market solutions at Agilent
Technologies. “We look at the core

measurements, at what stage of pro-
duction the measurements are per-
formed, whether certain tests need
to be performed in production rather
than on a sample basis outside the
production line. We also try to find
new ways to handle call processing
as well as calibration.”

A thumbnail sketch of the handset
market paints a clear picture of why
phone manufacturers are concerned
about every second that can be
carved from production test. In 1999,
more than 100 million handsets will
have been produced, principally by
Nokia, Motorola, Ericsson, and
Toshiba, along with a growing list of
Asian manufacturers entering those
markets there. In this environment,
even a few seconds shaved from the
test process produces meaningful
improvements when multiplied by
millions of units per year.

While handset production has lev-

eled off, it will no doubt head up
again, as third-generation (3G) sys-
tems are deployed later in 2000 and
early 2001. Unlike their forebears,
these phones will have at least some
of the advanced capabilities that the
IMT-2000 blueprint originally
described, including Internet access,
wireless data capability, and Blue-
tooth connectivity.

SHORT-ORDER T&M

For instrument companies, the
next wave of wireless applications
will bring immense opportunities,
and technical challenges commensu-
rate with the level of sophistication
that these products will have.
Alleged 2.5G telephones that incor-
porate wireless data and Internet
access have recently appeared, and
their capabilities are a hint of what
wireless communications products
will soon be able to accomplish.

The 2.5G environment offers test
equipment manufacturers the oppor-
tunity to transition from second gen-
eration (2G) to 3G in steps, without
making one huge leap. The term 2.5G
has been coined to describe the
enhancement of existing 2G infras-
tructure with wideband data ser-
vices and increased network capaci-
ty. One of the key 2.5G enhancements
is the general-packet-radio-system
(GPRS) overlay network, which
builds on traditional circuit-switched
Global System for Mobile Communi-
cations (GSM) voice network, while
adding a packet-switched component
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Without fast transient response,
you could be registering false
failures on perfectly good,
battery-operated products. The
Keithley 2303/2304A Power
Supplies provide voltage control
and power consumption data in
one production testing instrument,
Other key features include complex
load current measurement, 100nA
current sensitivity, and current
sinking — far more capability

than typical power supplies.

For more information, call
1-888-KEITHLEY
(1-888-534-8453).
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for data communications. The result
is data rates as high as 160 kb/s in
place of the existing 9.6-kb/s capabil-
ity of the worldwide GSM infrastruc-
ture. Test equipment manufacturers
have already accommodated this
interim enhancement within existing
instruments.

In addition to EDGE, CDMAZ2000,
GSM, and the other acronyms that
must be accommodated by mobile-
phone test systems, Bluetooth has
now arrived—the open specification
for wireless local-area networks
(WLANSs) [or personal-area net-
works, as they are now called]. {Blue-
tooth, which is designed to unite all
types of wireless-enabled devices,
was named after King Harald Blue-
tooth, a 10th-century Danish king
who is credited with uniting Den-
mark and Norway.} The mission of
Bluetooth is to allow capable devices
to communicate with each other over
very short distances—a broader
adaptation of what the Infrared Data
Association (IrDA) infrared tech-
niques were supposed to achieve.

Communication is through Gaussian-
filtered 2 frequency-shift keying
(FSK) in the 2.4-GHz unlicensed
industrial-scientific-medical (ISM)
band with data rates as high as 721
kb/s. Bluetooth employs a frequency-
hopping, spread-spectrum (FHSS)
access method, which makes it well-
suited for the interference-laden
slice of spectrum in which it operates.

Bluetooth supports the connection
of household appliances, personal
digital assistants (PDAs), computers,
and entertainment systems without
wires. Notebook computers that
communicate with wireless phones,
which communicate with home-man-
agement systems (the Bluetooth-
enabled refrigerator that alerts its
owner by telephone to buy more
milk) is not so far fetched as it might
appear.

Bluetooth was designed from
scratch to be robust yet inexpensive
to build—two necessities that are
required to ensure its inclusion in the
greatest array of consumer products.
However, Bluetooth is by no means

1. The TS-5550 measurement system performs all pertinent RF measure-
ments, call initiation, and protocol handling on a cellular or PCS handset.
(Photograph courtesy of Agilent Technologies, Santa Rosa, CA.)
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" Boonton’s 4530 Series RF power meters—
the new peak of power measurement.

The spectacular new 4530 Series RF Power Meter lefs you measure the
peak and average power of any complex waveform including UMT,
CDMA, W-CDMA, and HDTV—all ot the lightning speed of ATE.

Choose from CW and peak sensors, covering a frequency range from
10 kHz to 40 GHz, and o power range of -70 dBm to +44 dBm. The
4530 also delivers single sensor capabilities of 90 dB dynomic range.
for CW measurements and 60 dB dynamic range for peak power
< measurements all ot greater than 20 MHz modulation handwidth.

The 4530 Series from Boonton Electronics, the fechnology leader in
~tomplex signal measurement for more than 50 years. For more
_information, literature, or a demo, call us ot (973) 386-9696
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2. The CMU200 is a universal platform for the production testing of pre-
sent and future mobile-telephone standards. (Photograph courtesy of Ro-

hde & Schwarz, Munich, Germany.)

simple, and requires the very same
level of measurement sophistication
as its higher-powered wireless coun-
terparts.

Transmitter test parameters
include peak and average power,
power density, power control, output
spectrum, modulation characteris-
tics, carrier-frequency tolerance, car-
rier-frequency drift, and burst pro-
file. Receiver test parameters
include single and multislot sensitivi-
ty, carrier-to-interference (C/I),
blocking performance, intermodula-
tion (IM), and maximum input level.
The complete transceiver must meet
regulations for spurious emissions as
well.

While all of these tests may not
necessarily be performed on every
wireless-enabled product, and some
are redundant with the standard bat-
tery of tests performed on wireless
phones, some new tests remain. As a
result, the wireless phone test sys-
tem of the very future must incorpo-
rate the facilities to make them.

“There will be an effort in R&D to
test everything,” says Stephen Wood
at Tektronix. “However, in the pro-
duction environment, I expect pro-
duction managers will look at Blue-
tooth as a component part,” Wood
continues. “You don't need to do a lot
of specific testing on Bluetooth at
this point. We will use the Bluetooth
capability in our instruments to com-
municate with the phone, and test the
link itself at the same time we are

communicating with the phone. We
are looking at having that capability
next summer.”

INCREASING INTEGRATION

The key to effective management
of production testing is the integra-
tion of test functions within a com-
mon platform that can be increased
or decreased in complexity without a
massive investment in additional test
equipment. The most elaborate
example of this approach comes from
Agilent Technologies (http://www.
agilent.com).

The TS-5550 cellular-phone func-
tional test platform is the company’s
most comprehensive system for test-
ing mobile phones (Fig. 1). It is essen-
tially a universal test platform that
can be configured with hardware and
software to address testing at any
stage of the production process.

The TS-5550 performs all perti-
nent RF measurements, call initia-
tion, and protocol handling, through
incorporation of various instruments,
depending on the access method of
phones under test. The system auto-
matically characterizes the RF path
(cabling and fixturing) between the
phone and testset.

To perform audio tests, the TS-
5550 employs a C-size VXI module
called the E1432A, which is a 16-
channel digital signal processor
(DSP) that includes transducer sig-
nal conditioning and alias protection
to perform Fast Fourier transforms

(FFTs) and aliasing on the input sig-
nal. Frequency response, compres-
sor/expander response, distortion,
and other measurements are speci-
fied in test specifications such as IS-
98 and GSM11.10. An internal func-
tion generator delivers sine wave,
noise, or arbitrary-waveform test
stimuli. All of the frequencies are
measured at once in the same time
required to perform traditional sin-
gle-tone tests. The E1432A is a
shared resource in the system, and
can simultaneously test four
handsets.

The TS-5550 also provides battery
emulation to characterize the perfor-
mance of the phone, as it would be
when using a battery. It performs
peak current measurements
required to characterize pulsed cur-
rent demands, as well as powering
the phone. The system power supply
closely simulates actual operating
conditions of digital phones, which
transmit in short bursts. The supply
digitizes current pulses to evaluate
transmit, standby, and off-current
waveforms every 15.6 ps.

Battery-charging capability can be
evaluated with the optional 6612B
power supply, which maintains a con-
stant supply voltage and a pro-
grammable level of current down to
the microampere region. Low-fre-
quency measurements are handled
with a digital multimeter (DMM),
frequency counter, and an audio sig-
nal source. The test platform has two
RS-232 serial ports for each phone
under test that allow the test system
to communicate with the phone in
order to change power level, channel,
internally route audio signals, access
registers, or send power-level cali-
bration information to the phone.

The hardware comprising the TS-
5550 is orchestrated by development
and test execution software that runs
under Windows NT 4.0. Each test
stand includes a controller and soft-
ware that controls two sets of hard-
ware to simultaneously test two
phones. The test executive allows
tests to be organized and places in a
routine, configures the test stand,
lets the user profile execution speed,
and perform debugging. Integration
in a factory-automation system is
accommodated, as are bar-code read-
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innovation #3

digital attenuators that give you
design flexibility along with
improved switching characteristics

High reliability
for EW, radar.
When it comes to choosing
attenuators for today’s
demanding airborne appli-
cations, Micronetics offers
you two decidedly unique
advantages.

First. Our attenuators
meet the industry’s highest
standards in terms of relia-

bility and performance, and

they can be easily changed to accommodate your individ- Oscilloscope Representation

ual needs. Unlike many other attenuator designs that are of Switching Speed Set-Up

essentially cast in stone, Micronetics attenuators give you
the flexibility to set your own performance standards, }
knowing you are backed by a company with the engineer- e |

ing know-how to deliver.

Micronetics attenuators

Second. Our attenuators solve the switching tran- Optimal Monotonic Switching Transition
sients problem by providing ideal monotonic switching 4
\ CSSPRA SRS

transitions. These "smoother" transitions will minimize pos-

sible system error, reduce the settling time needed for

accuracy, and limit the introduction of spurious signals.

Flexibility and innovation. Just two of the reasons to Other attenuators
choose Micronetics attenuators. Non-Monotonic Switching Transition
If you'd like to learn about the others, call 603-883-

2900 x 340. Or visit our web site at www.micronetics.com.

innovation for the future

26 Hémpshire Drive, Hudson, NH 03051
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POWER SENSOR CALIBRATORS

“Win with
TEGAM’s
Industry
Standards

SYSTEM I

If you are not calibrating power sensors today, you will
be tomorrow!

Advancements in Radio Frequency research and
development are resulting in the increased use of RF
power meters and attenuators in design and production
test applications. TEGAM's RF calibration and
measurement instruments continue to provide the
complete solutions you need to support these instruments
today and into the future.

TEGAM'’s SYSTEM II and VM-7 products are
the world’s fastest and most accurate Power Sensor
Calibration and RF Attenuation Measurement Systems.

TEN TEGAM WAY - GENEVA, OHIO 44041
PHONE 440-466-6100 - FAX 440-466-6110

TEGAM makes it easy by providing a full
selection of GPIB programmable instruments. from

100 KHz to 40 GHz.

Whether you are planning to expand your
capabilities or are specifying your first system...
you need to know TEGAM to get a good start!

Contact TEGAM at 1-800-666-1010. send
e-mail to sales@tegam.com or visit our website at

www.tegam.com to find your local representative.

THE GLOBAL SOURCE FOR PROVEN
TEST & MEASUREMENT TECHNOLOGY
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ers and printers. The test software is
hierarchical and allows re-use over
diverse test configurations. Funec-
tional blocks of tests are included
that can be linked to form a test plan,
with the addition of sequencing and
application-specific tests. Once a test
plan has been verified, debug tools
and a speed profiler can be used to
optimize it.

The entry-level sibling to the TS-
5550 is the model T'S-5530. The TS-
55630 is suited for manufacturing
facilities that are just beginning to
test wireless phones, and is delivered
as a fully assembled, racked, and
cabled solution that needs to be only
configured for its particular assign-
ment. It incorporates the same test
software, RF testsets, phone and
serial-communications assistant of
the TS-5550, and is best suited for
semi-automated test environments.

Fixturing a comprehensive test
system such as the TS-5550 would be
a long, tedious process if it were not
for the company’s TS-50 test fix-
tures. Agilent claims that the entire
process of fixturing can be completed
in a few days versus a few weeks or
longer without it. The T'S-50 fixtures
contain all of the fixturing necessary
to configure a complete system, less
only the phone’s system, battery, and
antenna connections. The fixtures
are designed to be used with the TS-
5500 series systems as well as those
from other manufacturers.

Tektronix (http://www.tek.com)
has taken a different approach create
its latest “universal” radio-communi-
cation tester, the CMU200 (Fig. 2).
The CMUZ200 is one of the fruits of
the strategic alliance formed in 1993
between Tektronix (Beaverton, OR)
and Rohde & Schwarz (Munich, Ger-
many). The CMUZ200 is a multiproto-
col test set that accommodates cur-
rent wireless phone test
requirements as well as those of the
future with minimal investment in
time and new hardware.

For example, the CMUZ200 can be
configured to serve GSM test envi-
ronments now, and CDMAZ2000,
WCDMA, and Bluetooth environ-
ments as their requirements become
clearer. The company’s goal is to cre-
ate a dynamic test environment that
can adapt to new requirements, in
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A single component offers a unique solution.
Now you can track receiver channel performance in
wireless, cellular and satellite networks more accurately and
efficiently than ever before — with Micronetics new
MicroCal™ Noise Module. It's a small surface mount
noise source uniquely-designed to generate the precise,
predictable and repeatable excess noise ratios (ENRs)
needed for today’s built-in testing requirements.

What makes the MicroCal Module different from
anything else in the marketplace is the fact that it com-
bines a noise source, switch, detector and TTL-control logic
into a single component. Because the MicroCal Module
packs so much into such a little space, you can use it
virtually anywhere — in amplifiers, antennas, cable connec-
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effect becoming a universal test solu-
tion. To add a protocol, internal hard-
ware or software is installed without
additional external components. The
instrument performs all signaling
and RF functions of a base station as
it interacts with the mobile phone.
To accommodate test require-
ments for phones that serve two or
more access methods, the CMU200

employs parallel test processing and
DSP, allowing several receiver and
transmitter measurements to be per-
formed simultaneously. All of the
instruments processors are socketed,
in order to provide an upgrade path
for the system. The instrument
detects and corrects changes in tem-
perature, output power, and frequen-

cy while tests are conducted, and :

EDGE Power

Amplifiers

QBS-400 GSM 850 MHz

QBS-401 GSM 900 MHz

QBs-402 GSM 1800 MHz

QBsS-403 GSM 1900 MHz

GSM output Waveform
at +50 dBm on Power Output

Center 1.84201 GHz

S
Ref 0.0 dBm Res BW 30 KHz VBW 300 Hz

EDGE Spectral Regrowth
at +48 dBm Power Output

Choose REMEC Q-bit as part of
your Total Microwave Solution

B A
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GSM EDGE

Tektronix claims a three-fold
improvement in accuracy over earli-
er products as a result. In its current
configuration, the CMUZ200 accom-
modates GSM-900, GSM-1800, and
GSM-1900, and will be enhanced with
1S-95, IS-98, 1S-136, AMPS, Blue-
tooth, UMTS, and WCDMA in 2000.

ANOTHER APPROACH

IFR Americas (http://www.ifrin
ternational.com), best known for its
radio-servicing equipment, has sev-
eral instruments that can be
employed for mobile-phone testing.
Each single-box solution provides a
broad array of capabilities, and is
dedicated to specific applications.

The 2967 radio testset supports all
protocols that are required to evalu-
ate the performance of GSM-900,
GSM-1800, and GSM-1900 systems,
and can be configured to test GSM
handsets when equipped with the
PhoneTest  software  suite.
PhoneTest runs under Windows
95/98 or NT 4.0, and includes a phone
driver, PhoneTest Repair,
PhoneTest-Manager, and PhoneTest
Exchange software. In addition to
GSM, the 2967 supports AMPS,
TACS, NMT, and MPT 1327 trunk-
ing. It performs a full complement of
transmitter tests, including power,
peak and root-mean-square (RMS)
phase error, frequency and timing
error, and it shows power and phase
profiles against GSM masks. Receiv-
er testing covers all classes of bit-
error rate (BER), RBER, and frame
error rate (FER), as well as automat-
ic sensitivity measurement. RS-232

(€ 7=114] 30 dB 30 dB

and TEEE-488 interfaces are stan-
dard.

The IFR-1900 CSA is a personal-
communications-services (PCS) test-
set designed for mobile- and base-
station testing of TIA/ETA-136
conformance testing. It covers 400-,
800-, and 1900-MHz PCS bands, and
supports AMPS- and narrowband
AMPS (NAMPS)-compliance testing
as well. The IFR-1900 can be incor-
porated in a larger test system
through RS-232 or IEEE-488 inter-
faces. The IFR-1900 CSA measures
adjacent power and power levels as
low as —40 dBm, while performing
dual-mode analog/digital authentica-
tion and protocol-compliance tests

Power Output +50dBm +48 dBm

Voltage 28 Vdc 28 Vdc

11.0 Amps

(max)

11.0 Amps

(max)

$ Current
Span 2 MHz
VBW 300 Hz

Center 1.86 GHz

Ref 0.0 dBm Res BW 30 KHz

The Total Microwave Solution

Email inquiries to sales@remecq-bit.com
Visit our website at www.remecq-bit.com

1-800-226-1772

W REMESTC

Building solutions
through teamwork.

REMEC Q-bit, Inc.

2144 Franklin Drive

Palm Bay, FL 32905-4021
Fax 321.727.3729
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for dual-mode mobile phones. It
incorporates VSELP and ACELP
vocoder technology and can be con-
figured with protocol-compliance
test software.

The Wavetek 4400M production
test system from Wavetek Wandel
Goltermann (http:/www.wwgsolu
tions.com) is a GSM-only testset that
covers all three GSM variants. It was
designed exclusively for testing
mobile phones, and will add other
access methods such as code-division
multiple access (CDMA) in the
future.

The 4400M employs a software
platform called RAPID!, which uses
the BASIC programming language
to enable custom test routines to be
created and stored on an external
diskette drive or its internal hard
disk. The 4400M supports cross-band
channel assignment, which is neces-
sary for testing dual-mode phones,
and reduces test time. An IEEE-488
interface is included for remote con-
trol and data distribution, as are two
PCMCIA slots for modem or LAN
connection, along with serial and par-
allel interfaces.

SINGLE-BOX SOLUTION

The MT8802B radio-communica-
tion analyzer from Anritsu Co.
(http://www.anritsu.com) is a com-
prehensive, single-box solution that
essentially incorporates eight dis-
crete measurement functions within
a single enclosure. It can evaluate the
performance of AMPS, NAMPS,
GSM/DCS-1800, PCS-1900,
TIA/EIA-136A, IS-95, and Personal
HandyPhone System (PHS) phones.
It supports Service Options 1, 2, and
9 for IS-95, as well as call processing
and sensitivity testing using the
loopback method for GSM, DCS-
1800, DCS-1900, and TIA/EIA136A.
The call-processing function, trans-
mission reception-measurement
functions, analog-measurement func-
tion, and thermocouple power meter
are standard in the base instrument.
A microwave spectrum analyzer can
be added as well.

To speed testing in production, the
MT8802A uses high-speed adjacent-
channel power and occupied band-
width measurement functions based
on the company’s proprietary mea-

NEWS
Mobile-Phone Testsets

surement algorithm and DSP. Trans- | Also, the continuing stream of
mission frequency, modulation accu- | advancements in semiconductor
racy, output power, rise and fall char- | technology is increasing measure-
acteristics of the burst wave, as well | ment speed, while fixturing issues
as adjacent-channel power can be | are being addressed with pre-config-
measured. ured solutions. The result is a dynam-

For mobile-phone manufacturers, ' ic environment that can reduce the
the commitment by instrument man- | time between production of next-
ufacturers to participate in the devel- | generation products and the systems
opment process is surely welcome. @ designed to test them. ®®

Microwave Sources

Choose REMEC Magnum.as part of your Total Microwave Solution

From VCOs to synthesizers, REMEC Magnum offers Microwave Sources
for communications systems and creates custom solutions to meet the
challenging requirements of the rapidly evolving marketplace. REMEC has
shipped thousands of VCOs and DROs for Point-to-Point Radio links, VSAT

terminals, SONET and SDH clock recovery.

NEW!' 10 Gbit Optical Clock VCOs

Take advantage of REMEC Magnum's 15 years experience producing
highly reliable hybrid microgcircuit VCOs for your SONET/SDH optical
clock recovery circuit. Consistent low phase noise over a broad
spectrum insures low jitter.

» Frequency 9.95328 GHz, 10.664 GHz

» Tuning Range + 100 MHz

» Power Output +9 to +13 dBm

» Phase Noise (100 KHz offset) -80 dBc/Hz

NEW! LMDS Phase Locked Sources

Whether you are using harmonic conversion, multiplying a PLDRO
or need a fundamental oscillator for an LMDS ODU, REMEC Magnum
has the solution. REMEC offers phase-locked DROs using an oven
stabilized internal crystal oscillator or locking to your external reference.
These units are designed for high production at low cost.
» Frequency Capability 8 GHz to 28 GHz
» Stability (internal reference) £ 4 ppm (optionally + 2 ppm)
» Power Output +16 dBm
» Spurious -85 dBc
» Harmonics =40 dBc
» Phase Noise (12.4 GHz)
100 Hz -70 dBec/Hz
1 KHz -95 dBc/Hz
10 KHz -105 dBc/Hz
100 KHz -110 dBc/Hz
1 MHz -130 dBc/Hz

The Total Microwave Solution

Email inquiries to sales@remecmagnum.com
Visit our website at www.remec.com

1-877-66-REMEC

REMEC Magnum " R E

1990 Concourse Drive
San Jose, CA 95131 Bl
Fax 408.432.1551
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digital signal
processing

low-power/ low-
voltage technology,

portable power/
battery management,

7

Mobile phones mean freedom to communicare wherever and whenever we choose.
Philips Semiconductors is ready today with the competences and solutions you need
to take that freedom to the next generation. Bascband (embedded DSPs), RF 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 1Cs. With solutions covering the major mobile
standards - digital cellular and cordless, paging, wireless data/LANs and GPS - Philips

Semiconductors frees you to create the communications products for tomorrow’s

conducters.philips.com/comms/ or call

generation. To find out more, visit wwwe.se
for more information USA 1-800-447-1500, ext. 1580. Europe fax +31-10-284-3181,
quote “voice”. Asia fax +31-79-368-5126, quote “M&RE”. Visit us at The 2000
GSM World Congress, Hall |, Stand D7 and at CeBIT, Hall 12, Stand C36.
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DAQ cards hit 2-GSamples/s rates

igh-speed data-acquisition (DAQ)-card models
E DP210 and DC240 are capable of sampling

rates to 2 GSamples/s. The cards feature 500-
MHz analog input bandwidths and long acquisition mem-
ories. The digitizers provide oscilloscope-like perfor-
mance, but fit the popular PCI and
CompactPCI 6U form factors. The sin-
gle-channel model DP210 and dual-chan-
nel model DC240 can handle input-volt-
age ranges of 50 mV to +5 VDC full scale.
Internal calibration supports 1-percent
voltage accuracy. Precise timing is en-
sured with a clock system capable of +2-
PPM accuracy and a trigger-time inter- @
polator with 5-ps timing resolution. A
sequential trigger mode that rearms the

ol |
e :

wmsngn

cards with less than 500 ns of dead time simplifies the cap-
ture of high-repetition-rate signals, burst signals, and
pulsed signals. The digitizers incorporate a proprietary
cooling technique that allows components to operate at
safe and stable temperatures. The method extends com-
ponent life while minimizing tempera-
ture-based errors. The cards work with
off-the-shelf software packages, such as
LabWindows from National Instruments
(Austin, TX). Acquiris USA, P.O. Box
2203, 234 Cromwell Hill Rd., Mon-
roe, NY 10950-1430; (914) 782-6544,
FAX: (914) 782-4745, e-mail: info@
acquiris.com, Internet: http:/www.
acquiris.com.
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Antenna adu_sts to
frequency of interest

he HD-1 directional hand-
ﬁl held dipole antenna is de-
signed to improve the
directionality and accuracy of pin-
pointing an RF leak from a cable-
television (CATV) plant. Its re-
tractable elements can be adjusted
to the appropriate length to match
the frequency of interest. The dy-
namic range is approximately 10 to
20 dB with a strong leak or in an out-
door environment or 5 to 10 dB in an
indoor environment. The HD-1 an-
tenna is designed for use with the
company’s CCI series of leakage me-
ters, such as the CLI-1450, for ex-
ample, which tunes to video carriers
ranging from 115 to 140 MHz.
Wavetek Wandel Goltermann,
Cable Networks Div., 5808
Churchman Bypass, Indi-
anapolis, IN 46203; (317) 788-
9351, FAX: (317) 614-8313, Inter-
net: http:/www.wwgsolutions.
com.
CIRCLE NO. 59 or visit www.mwrf.com

Broadband amplifier
boosts 1 to 8 GHz

odel JCAO08-B01 is a
broadband solid-state am-
plifier based on gallium-

arsenide (GaAs) field-effect-transis-
tor (FET) technology. It achieves
25-dB gain from 1 to 8 GHz with a
gain flatness of +1.5 dB across the
full frequency range. It delivers +20-
dBm output power at 1-dB compres-
sion with a typical noise figure of 3
dB. The unit, which includes remov-
able SMA connectors for combined
drop-in microstrip applications and
ease of testing, features an
input/output (I/0) VSWR of 2.0:1.
The basic amplifier offers the option

of easy modification to meet the cus-
tom requirements. JCA Technol-
ogy, Inc., 4000 Via Pescador,
Camarillo, CA 93012; (805) 445-
9888, FAX: (805) 987-6990, e-
mail: jca@jcatech.com, Inter-

net:
com.

http://www.jcatech.
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Delay generator
fits G-size VXI module

he V951 digital delay gen-
!‘T erator is a single-width, C-
size VXI module that ac-
cepts a single trigger input signal

and generates six separately pro-
grammable delay output signals. The
six delay channels can be combined
in sequences to form three delay-
and-width outputs. The V951, which
has 40-ps delay resolution, features a
32-b dynamic range. Each delay is
programmable from 0 to 167.8 ms; all
six channels can be updated coher-
ently. The delay generator achieves
repetition rates to 2.5 MHz. The
root-mean-square (RMS) jitter is
less than 50 ps + 1 X 10~ X the pro-
grammed delay. Highland Tech-
nology, 320 Judah St., San
Francisco, CA 94122; (415) 753-
5814, FAX: (415) 753-3301, Inter-
net: http://www.highlandtechn
ology.com.

CIRCLE NO. 61 or visit www.mwrf.com
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It's a whole new millennium. And you, you get to analyze it.

When designing our new ESG series of digital signal generators, we knew they needed to be réady for
the new pace of engineering. ' : |
. So we made sure they could genefafe both developing and existing standards such as W-CDMA,
 ¢dma2000, EDGE, Bluetooth, COMA, GSM, NADC, PDC, DECT, TETRA and PHS. What's more, we made
-gertain they'd allow you to create your own custom formats by choosing from more than 15 modulation
tvpes and a variety of filters (you can even define your own).
: And_, of course, with high spectral purity in both digital and analog models, now you can meet tighter
specifications than ever before.
_To learn how we can help you do what you never dreamed possible, visit our web site or call your
local sales office for a free application note on troubleshooting RF Communications Receiver Designs.
- Because the way it looks right now, things are going to be pretty hectic for the next I,OOG'yeérs or so.

Agilent Technologies
Innovating the HP Way

©2000 Agilent Technologies ADWLMOO2/INTL

. Argentina {54 1) 787-7115 + Austria {01) 25000-7008 « Australia 1 800 628 485 = Belgium (32/2) 778-33-17 « Brazil (55-11) 7207-8600 » Canada 1-877-894-4414
Czer.h Republic (420) 2 61307111 Denmark {45) 45 99-10-00 « Finland (3589) 8872 2100 « France {01)-69 29 41 14 » Germany (0180) 524-6330* = Greece (30/1) 7264045
Hong Kong (852} 2599 7889 » Hungary (36) 14618111 « India (91 11) 690 6156 = Ireland (01) 615 8222 = Israel 872 (03) 538-03-80 = Italy (39 02} 92-122-241 » Japan (81/3) 3331-6111
Korea (82 2} 769 0800 » Malaysia 1 800 88 8848, (6 03) 291 0213 * Mexico 525-5-258-4294 « Netherlands (020} 547 7272 * Norway (47) 22 73 57 59 « Philippines (632) 814 1083
Poland (48} (022) 6087700 = PRC 800 810 0189, {86 10) 6564 5238 Singapore 1800 375 8100 = Spain (34) 91 631 1323 * Sweden (46/8) 444 22 77 = Switzerland {01) 735 72 36

: Taiwan 080 212 535, 0800 47866 press 1 -Tkmland {66 2) 661 3999, (088) 225 802 * United Kingdom (01344) 366666 + Venezuela (58-2) 207-8357

* Telephone Charge per Unit Time = 0.24 DM/Min
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China Telecom Door To Open

hina took a giant economic-step
forward in November when it
signed an agreement with the
US to join the World Trade Organi-
zation (WTO). Although other na-
tions of the 135-member WTO must
also complete agreements with
China, the pact is seen as a break-
through to make it a full partner in

the world trading system. The re-
wards for US banking, insurance,
and telephone companies could be
substantial since the agreement will
lift barriers that previously blocked
foreign expansion in China.

Control of its telecommunications
industry by foreign companies has
long been a sticking point for the Chi-

TOP SUPPLIER FOR OVER 20 YEARS!

FORMERLY AYDIN SSA

A RISK-FREE PARTNERSHIP
YOU CAN GOUNT ON

For over 20 years, GPI Solid State Products Division has been the reliable marketing
partner you can count on for microwave and millimeter wave components.

Check here to see what you can count on at CPI:

[V]  Excellent, High Quality reputation

[W1  Custom, commercial components

N1 Competitive pricing

[N1  On-time delivery

[V]  Bestcustomer support and service

[V1  Flexible and committed to do whatever you
need to keep your production runs up!

Your partner for solid state components 500 MHz to 40 GHz
[V1 Power amplifiers

S-Band 100 Watts
C-Band 100 Watts
X-Band 40 Walts
Ku-Band 25 Watts
Ka-Band 2 Walts

[V1 Frequency Converters
Frequency -3, 6, 8,10, 13, 15, 18, 23, 26, 38 GHz
Noise Figure — 3to 5dB (Dawn Converter)
Output Power — 100 Milliwatts to 20 Watts (Up Converter)

[V1 Multiplier-Amplifiers (x2 to x4)
Frequency — 18, 23, 26, 28, 38 GHz
Qutput Power — 10 Milliwatts to 200 Milliwatt

Contact us for a free quote for your components requirements.
For more information, email or call today!
Email: sales@sspd.cpii.com

1019 East Brokaw Road

San Jose CA 95131

Tel 408-501-2600 Fax 408-451-5933
Web: www.cpii.com

CIRCLE NO. 491 or visit www.mwrf.com
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nese government in its dealing with
these companies because of national
security considerations. Telecom
companies, in turn, were fearful of
making huge capital outlays that
could backfire if China did not allow
them parity in the companies formed
by the investments. Under the WTO
agreement, foreign firms will be per-
mitted to take a 50-percent owner-
ship in these companies beginning
two years after China enters the or-
ganization. This is a marked change
from only a year ago when the gov-
ernment changed its rules on Chi-
nese-foreign financial models to
make it more difficult for outsiders to
control their investments. That deci-
sion cast a pall on international
telecommunication investments that
had already been made or were in the
works.

The stakes are very high in the
China telecom market because the
need for modern wired and wireless
communications is so urgent if the
country is to become a 21st century
industrial society. Under commu-
nism (which is still the form of gov-
ernment), China is largely an agrar-
ian culture with the vast majority of
its citizens living in rural areas. The
telecom infrastructure is old and
needs rebuilding while the wireless
portion is in its infancy. Meanwhile,
the possibilities of providing commu-
nications equipment and services to
more than a billion people without
encumbrances has foreign investors
licking their chops.

American wireless-equipment
manufacturers such as Motorola see
tremendous potential in China if they
have control over the mobile-phone
systems and other telecom areas in
which they invest. The company
could expand its existing commit-
ment in the country—it already man-
ufactures cell phones, pagers, and
semiconductors in China—and invest
in new ventures under a liberalized
ownership policy.

Another major opportunity for US
companies lies in the fledgling Chi-
nese Internet business, now taking
the world by storm. According to
AT&T, US companies are now pre-
cluded from investing in Chinese In-
ternet providers. ®®




m Solutions

Networking

Quiet ol the set.

Infotainment
-92.8 dBc

Spurious Noise

SL Series PLL Discover why Fuijitsu is quietly becoming the leader Wireless/RF
Frequency Synthesizers in total wireless solutions.
Single PLLs With Fujitsu’s advanced SL series PLLs, you can expect

significantly lower phase and spurious noise in all your wireless

MB1SEO3SL 1.2 GHz 2 27 designs. The key to this superior performance is Fujitsu’s new

Embedded
MB1SE0SSL 2.0 GHz 3 27 balanced charge pump design. Combined with the SL series’ low

. . 2.7 . . . .
MB1SE07SL 2.5 GHz 33 power consumption and BCC package options, this innovative

feature enables us to deliver enhanced integration, longer battery life,

and superior price/performance for a variety of wireless solutions.

) _ ; i i Packagin
MB15F02SL 1.2 GHz 18 27 Plus, we back our fourth-generation SL product family with ging

0.5 GHz 12 2.7 semi-custom and full-custom PLL solutions to ensure the ideal
MB15F03SL  1.75GHz 2.3 2.7 match for any design need.

0.6 GHz 1.2 2.7 BCC
MB15F07SL 1.1 GHz 25 2.7 . . o

1.1 GHz 25 27 For more information and a free Super PLL Application Flat Panels
MB1SFOBSL 2.5 GHz 44 27 Guide, call us today at 1-800-866-8608, or visit us online g

11GHz 28 27 at www.fujitsumicro.com FEEELT

Memory

O
e FUJITSU ..

. eename e



FOUR WIRELESS FORMATS

ONE PERFECT POWER METER

. Gigatronics 8650A Universal Power Meier

The Giga-tronics 8650A Series Universal Power Meter Delivers Fast, Accurate
Power Measurements for Development and Production Environments.

Use a single sensor to measure: Maximize modulated measurement speed with random
s WIDEBAND CDMA signals.  $2mpling rates of 1.5 to 5 MHz.

» The AVERAGE POWER of TDMA GSM and CDMA  Evaluate communications system efficiency with time
signals over an 80 dB dynamic range. saving capabilities such as:
s CW POWER over a 90 dB dynamic range. " Automatic time gating.

Change sensors to measure the PEAK POWER of a pulse- ® Direct crest factor measurement.

modulated signal with a risetime as narrow as 00 ns. m Statistical power measurement analysis.
Accelerate production with GPIB speeds over 26,000 rdgs/sec  For more information, call 1-800-726-GIGA (4442), or
for CW signals and over 800 rdgsisec for modulated signals. visit our web site at www.gigatronics.com.

Giga-tronics Incorporated m 4650 Norris Canyon Road w San Ramon, California USA 94583 w Telephone: 925-328-4650 m Telefax: 925-328-4700
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Contracts

Berkeley Varitronics Systems—Was awarded a
contract by Texas Instruments to provide 2.4-GHz mi-
crocell test tools comprised of Lizard 1-W transmitters
and Mongoose receivers.

Harris Corp.—Has been awarded a $55 million con-
tract from MariTEL to help establish a wireless national
marine-communications network that will, for the first
time, enable boaters throughout the US to easily place
phone calls, send/receive faxes, and even check e-mails—
all from a next-generation marine radio.

ADC Telecommunications, Inc.—Canada’s Image
Wireless Communications has chosen ADC’s CellSpan
MMDS broadband wireless system as its platform for de-
livering two-way data services throughout Image’s area
of coverage in Saskatchewan, Canada. The contract
agreement covers an initial product deployment valued
at $1.4 million with the opportunity for future contract
extensions as determined by deployment requirements.

Nitres—Has been awarded a $1.4 million contract for
development of ultraviolet (UV) solar-blind focal-plane
arrays by the Defense Advanced Research Projects
Agency (DARPA). The funds will support the develop-
ment of solar-blind UV photodetectors and focal-plane ar-
rays, which are very sensitive to UV light and reject vis-
ible emission from the sun.

Fresh Starts

M2 Global Technology Ltd.—Has purchased the
microwave-component and metal-fabrication operations
from Harris Corp., Microwave Communications Division
(MCD). The purchase includes the microwave-assembly
operation and the metal-fabrication and finishing produc-
tion unit that is collocated in the company’s facilities in
University Park, TX.

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

STMicroelectronics and Dot Wireless—Have an-
nounced a partnership to develop code-division-multiple-
access (CDMA) technology and integrated baseband
chips based on this technology for third-generation (3G)
cellular phones.

Andrew Corp.—Has acquired Chesapeake Mi-
crowave Technologies, Inc., a privately owned company
that designs and develops RF and microwave amplifiers
and assemblies.

Fox Paine & Co. LLC—Has agreed to buy Watkins-
Johnson Co., a manufacturer of wireless communications
equipment, for $41.125 per share cash, or approximately
$280 million. Watkins-Johnson says that it expects the
transaction with FP-WJ Acquisition Corp., a new com-
pany formed by investment funds managed by Fox Paine,
to be completed in early 2000.

LCC International, Inc.—Has completed the previ-
ously announced sale of its Products Division to Ericsson.

Lucent Technologies and Qualcomm—An-
nounced an alliance to commercialize a wireless technol-
ogy that dramatically increases the capacity and data ca-

pabilities of Lucent’s network equipment based on code-
division multiple access (CDMA). Under terms of the co-
development agreement, Qualcomm CDMA Technolo-
gies will provide the core chip and software to be
incorporated into Lucent’s CDMA base-station
equipment.

IMAPS—Presented its new website (http:/www.
imaps.org) at IMAPS ‘99, the 32nd International Micro-
electronics Symposium, which took place from October 26
to 28 at the Chicago Hilton and Towers in Chicago, IL.

Cell Loc, Inc.—Agreed to purchase Intelligent
Databases International Ltd. of Calgary, Alberta,
Canada for 455,655 company shares. In the acquisition,
Cell-Loc will assume full ownership of IDI including its
Position Collection and Distribution System technology
which is an object-oriented Java-based software plat-
form. This will allow the Cellocate Service Bureau to of-
fer Internet-based wireless-location services to the end
user.

American Technical Ceramics (ATC)—An-
nounced a commercial-off-the-shelf (COTS) quality pro-
gram to support the US government’s COTS initiative.
ATC’s solutions offer a cost-effective approach to qualify
standard capacitor products for enhanced reliability ap-
plications. The flexible COTS program provides cus-
tomers with a choice of several different screening
packages.

Agilent Technologies EEsof Division and
IBM—Announced a cooperative effort to speed the de-
velopment of integrated circuits (ICs) used in communi-
cation products, such as mobile phones. The two compa-
nies have collaborated on a design kit to enable HP’s ADS
software to work with IBM’s silicon-germanium (SiGe)
technology. The kit will enable designers to quickly pro-
duce high-performance communications chips.

Larsen Antenna Technologies—Has been ac-
quired by RADIALL, an international producer of spe-
cialty RF connectors and cable assemblies.

Spectrian Corp.—Announced that its semiconduc-
tor division will begin to operate as an autonomous busi-
ness unit known as UltraRF. The new business unit,
wholly owned by Spectrian, will operate under a man-
agement team that will work independently from Spec-
trian’s power-amplifier (PA) division.

Communication Solutions, Inc.—Announced the
formation of CommEX, LLC as a wholly owned sub-
sidiary. The company focus is the design and manufacture
of high-frequency (HF), very-high-frequency (VHF), and
ultra-high-frequency (UHF') high-performance surveil-
lance receivers, special-purpose spectrum survey tools,
and related products.

SV Microwave—Formed a new company, SV Mi-
crowave Commercial Products Group. The new company
specializes in passive RF components for the high-volume
commercial wireless and broadband markets. The com-
pany designs, develops, and manufactures high-perfor-
mance mixers, power dividers, modulators, demodula-
tors, directional couplers, hybrids, phase shifters,
attenuators, and matching transformers.
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HY89
HY185 1700-2400 0.15dB 0.30dB

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 (MHz) Loss Balance Loss

815-960 0.13dB 0.30dB -20dB
-20dB

HY185 Typical Performance (mm)

Electronic Industries Al-
liance (EIA)—Lee Abernathy to di-
rector of management information
systems; formerly served as a consul-
tant with HCI Technologies and
BEC.

Alpha Industries, Inc.—Bruce
Nonnemaker to vice president of op-
erations; formerly director of opera-
tions for Alpha Microwave. Also,
David Aldrich to president and chief
operating officer; formerly executive
vice president and general manager
of Alpha’s Wireless Semiconductor
operations.

NONNE WARREN

ANADIGICS—John E. Warren
IIT to vice president of human re-
sources; formerly vice president of
human resources for AlphaNet Solu-
tions. Also, Thomas C. Shields to
chief financial officer; formerly vice
president of finance and controller at
Fisher Scientific Co.

IPC—Raul Catangui to director of
public policy; formerly state legis-
lative and regulatory analyst
for the American Insurance
Association.

Scientific Atlanta—Peter
Cresse to vice president of market-
ing for Satellite Television Net-
works; formerly sales director for the
PowerVu Plus®, PowerVu IP®, and
PowerVu@ networks in Europe.

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

CTS Corp.—Susan M. Opeka to
director-financial controller for the
wireless components business; for-
merly division vice president of fi-
nance for North American opera-
tions with Outboard Marine Corp.

Ohmite Manufacturing Co.—
Al Kirwan to national distributor

manager; formerly worked for
Ohmite’s Commercial Products
Group (CPG). Also, Hank Werner to
national sales manager of Ohmite’s
Victoreen Components Group; for-
merly held several positions in the
electronics industry.

G.T. Microwave—Leonard
Kahn to international sales and mar-
keting manager; formerly worked
with and represented more than 100
microwave firms in the foreign
marketplace.

TESSCO Technologies, Inc.—
David Young to controller; formerly
assistant controller for Integrated
Health Services.

AML Communications, Inc.—
Dan Faigenblat to director of sales;
formerly division manager for TRW
Semiconductors.

Micro Networks Corp.—
Bertho Simons to director of Euro-
pean sales; formerly director of Eu-
ropean sales at Coto Technology
Heerlen in The Netherlands.

Rodale Electronics Corp.—
Paul Ablequist to vice president of
sales and marketing; formerly vice
president of marketing for the EMS
Division of Ultra Electronics, ple.

TriPoint Global Communica-
tions, Inc.—Daryl Dickson to direc-
tor of sales engineering for RSI; for-
merly principal engineer with STM
Wireless. Also, Thomas J. Scanio to
chief technical officer; formerly vice
president of product development for
TriPoint’s RSI Controls operation.

SCANIO

FIORENTINO

Narda Microwave—Joseph
Fiorentino to sales engineer; former-
ly sales/applications engineer at
LogiMetrics, Inc.

JDS Uniphase Corp.—Harry L.
Deffebach to president of the Trans-
mission Group; formerly vice presi-
dent and general manager at Harris
Corp.
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With a noise figure of 0.65dB
we, £an’t be QUIET about
BFP620 Silicon German
RF TRANSISTOR.

{PERPETUAL THINKING PROCESS}

ENEANEDON CYGLE

BFP620 electrical characteristics @ 1.8 GHz; 2V: Quiet! The BFP620, Infineon's first

(Q ‘\/\ Noise Figure 0.65dB Silicon Germanium RF transistor,
e e Power Gain 21dB features a Noise Figure of just

1970:
1st silicon RF trankistor up to 1 GHz Input IP5 capability (Ic=6mA) 10 dBm 0.65dB at 1.8 GHz — unique for

bipolar transistors. Our latest inno-

S s M Ic max 8o mA
(L 3 Veeo 2.8V vation, assembled in a standard
] SOT-343 SMT package, delivers

191s:
15t SN package fint Sl Semicohduciern high linearity and high gain along with low power consumption. The BFP620 pro-
(f‘::“ ) vides outstanding performance and cost advantages for a wide range of wireless
s __,) applications: cellular and cordless phones to pagers and much more. Visit us at:
1994:

SIEGET 25 = breakthropigh in RF performance — Www.infineon.com/5iGe

B
e ey

1.4199:
Siemens Semiconductors befomes Infineon Technalogies

il

Infineon

Todlay:
BFP620. RF transistor in Silicgn Germanium technology hits
the market with the lowgst noise figure available

Infineon Technologies — A Siemens Company. Never sto p t hinkin g.
CIRCLE NO. 245



Low noise
10 MHz OCXO

QEO LN

2"x2"x0.78"
(50mm x 50mm x 20mm)

The QEO LN is a very low phase
noise oscillator in a low profile
standard 2-inch square package. It
uses a HiQ SC cut crystals to deliver
its high stability. It's the lowest profile
oven of its type and is also available
with AT cut crystals for lower cost
options.

Applications:
Intrumentation
Up and Down Converters
Satcom Earth Stations
Standard specifications at 10MHz
Stability -20 to 70°C +1x10*
Phase Noise -120dBc/Hz @10Hz
-150dBc/Hz @ 100Hz
-160dBc/Hz @ 1kHz
-165dBc/Hz @ 10kHz
<-165dBc/Hz @ 100KHz
Supply Voltage +12Vdc
For more detailed specification
data please visit our website.

Oscillators, VCXO's,
TCXO's, OCXO’s &
Rubidium Atomic Clocks

PH: 623-780-1995

FAX: 623-780-9622
e-mail: sales@temex-az.com

www.temex-az.com

TEMEX ELECTRONICS, INC.
3030 W. Deer Valley Rd. Phoenix, AZ 85027
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Short Courses

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

Introduction to Delta-Sigma Data
Converters and Delta-Sigma
Converters for Communications

January 31-February 5 (Monterey, CA)

Mead Microelectronics, Ine.

7100 NW Grandview Dr.

Corvallis, OR 97330

(541) 758-0828, FAX: (541) 752-1405

e-mail: valence@mead.ch

Internet: http://www.mead.netgate.net

Infrared Imaging Systems and
Applications

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

UCLA Extension, Department of
Engineering, 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, W1 53706

(800) 462-0876, FAX: (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
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
(256) 536-1304, FAX: (256) 53339-8477
e-mail: dale@cti-us.com
IEEE International Solid-State
Circuits Conference (ISSCC ‘00)
February 7-9 (San Francisco Marriott, San

Francisco, CA)

Courtesy Associates

2000 L St. NW

Washington, DC 20036

Diane Suiters

(202) 331-3000, FAX: (202) 331-0111

e-mail: isscc@courtesyassoc.com

Wireless Symposium/Portable by
Design

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

Penton Media

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)

Mareh 21-23 (The Inn and Conference
Center, University of Maryland
University College, College Park, MD)

TMC Design Corp.

P.O. 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 Co-Chair

TriQuint Semiconductor

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

e-mail: ghrehm@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.
ieeeaps.org/ISPAST00

Call for Papers

International Microelectronics And
Packaging Society (IMAPS)
Symposium 2000

September 18-22 (Hynes Convention
Center, Boston, MA)

International Microelectronics And
Packaging Society

1850 Centennial Park Dr.,

Reston, VA 20191-1517

(703) 758-1060, FAX: (703) 758-1066

e-mail: IMAPS@imaps.org

Abstract deadline: February 4, 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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CS29010 Fully Integrated

Wideband Distortion Test Set
« Arbitrary ;
Waveform Generation

» Data Recording
»Up/Down Conversion

For cellular, PCS;satcom, LMDS
and other systems operating,in

complex multi-channel and
multi-signal environments.

'MORE TesT CAPABILITY AND SPEED IN OND®'
LittLe Box THAN ANYONE THOUGHT POSSIBLE...

ExXCEPT CELERITY.

Because creating innovative test solutions for

the industry's toughest challenges is what we do.
Introducing the CS29010 Wide Band Distortion Test
Set, a complete signal generation, data acquisition
and record/playback end-to-end solution. The
CS29010 delivers a level of capability you'd never
expect in an off-the-shelf product - huge
bandwidth (45 MHz @ 12 bits), deep memory (4
GB RAM), and blazing fast speed (600 MHz
Pentium lll based). Based on an open architecture
design, intuitive software and standard module
cards, this single platform tool can simplify and
enhance your test, measurement and analysis
capability.

THIRD ORDER INTERMOD Active microwave

and electronic component testing. 3IM test and
measurement for non-linear components and
sub-assemblies such as filters and amps.

ADJACENT CHANNEL POWER RATIO Cellular,

PCS or satcom (dual band, multi-channel). For
broadband communications amps with any test
signal such as CDMA and noise. Multi-channel
capability for crosstalk measurements and
evaluation of components and subsystems.

NOISE POWER RATIO TWT's, amplifiers,
telecom switches, cable (modems). RF and

data NPR test capability that surpasses anything
available. Additional functions include Power in/
Power out, device gain and phase delay as a
function of power.

All this capability is packaged in one easy-to-use
box featuring Windows NT/Pentium controls for
efficient integration into your test system and
plan. Check out the details at www.csidag.com
or call 888-274-5604 for more information.

MORE DATA. MORE SPEED. MORE FLEXIBILITY.

~OIMN

Célerity Systems

10411 Bubb Road, Cupertino, CA 95014 ¢ Phone (888) 274-5604  www.csidaq.com
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R & D ROUNDUP

Test set
measures RF
parameters
accurately

HBT MMIC
amplifier sets
figure-of-merit
record

Analysis tool
models
microstrip-
antenna
structures

Can the DOCSIS
specification
handie Internet
over cable TV?

A homemade instrument for measuring the noise figure and gain of any microwave
two-port network goes beyond classical analog testers by using microprocessor tech-
nology to make measurements faster and more accurately. Developed by Alessandra
Di Paola and Mario Sannino of the Dipartmento di Ingegneria Elettrica, University of
Palermo (Palermo, Italy), they claim that their instrument offers a capability not
matched by commercial test equipment. That is, it can measure mismatched transis-
tors, whereas commercial testers can handle only input- and output-matched (50-€) de-
vices. An original measurement methodology measures both noise figure (F) and avail-
able gain (G,) simultaneously through noise-figure measurement only. The instrument
itself is a tunable personal-computer (PC)-controlled receiver with double-down con-
version to simplify image-frequency rejection. It is driven by software graphical-user
interface (GUI) that simulates the instrument’s front panel. See “A Novel Noise Fig-
ure and Gain Test Set for Microwave Devices,” IEEE Transactions on Instrumenta-
tion and Measurement, Vol. 48, No. 5, October 1999, p. 921.

A 44-GHz monolithic-microwave-integrated-circuit (MMIC) amplifier based on In-
dium-phosphide (InP) heterojunction-bipolar-transistor (HBT) technology is thought
to have the best figure-of-merit of any amplifier of its type ever designed. A good fig-
ure-of-merit is defined by a high third-order intercept point (IP3) and low DC power
consumption (Pg4.). The device was developed by Kevin W. Kobayashi, Liam T. Tran
et al. at the Electronics and Technology Division, TRW, Inc. (Redondo Beach, CA) and
John C. Cowles of Analog Devices, (Beaverton, OR). The authors measured the lin-
earity figure-of-merit or LFOM (IP3/Pg4,.) at 21:1 and 42.4:1 using conventional and spe-
cial HBT collector-epitaxy designs. Previously, the best HBT-based MMIC amplifiers
posted LFOMs of 11.6:1. These new high-linearity HBTSs are well suited for millime-
ter-wave receivers and low-voltage wireless applications. See “A 44-GHz-High IP3
InP HBT MMIC Amplifier for Low DC Power Millimeter-Wave Receiver Applica-
tions,” IEEE Journal of Solid-State Circuits, Vol. 34, No. 9, September 1999, p. 1188.

The finite-difference-time-domain (FDTD) method is a time-domain full-wave anal-
ysis tool that has been used extensively to solve two- and three-dimension scattering
problems. Authors J. Xia, S.H. Tan, and K. Arichandran of the School of Electrical and
Electronic Engineering at Nanyang Technological University (Singapore) used the
method to model various type of microstrip antennas. In particular, FDTD was applied
in a microstrip antenna designed with a substrate-superstrate method intended to in-
crease the antenna’s gain (such antennas are noted for narrow bandwidth and low
gain). A microstrip antenna was fabricated and both simulated with FDTD software
tools and measured electrically with a network analyzer. The simulated results came
out in close agreement with the measured ones. Moreover, the antenna has a maxi-
mum gain of 10.4 dBi and wide bandwidth, which makes it applicable to mobile-satel-
lite communications, Global Positioning Systems (GPS), remote sensing, and other mi-
crowave systems. See “Analysis of One Wide-Band and High-Gain Patch Microstrip
Antenna Using the FDTD Method,” International Journal of RF and Microwave
Computer-Aided Engineering, Vol. 9, No. 6, November 1999, p. 468.

High expectations are being pinned on the Data Over Cable Systems Interface Spec-
ification (DOCSIS) 1.0 protocol to deliver Internet Protocol (IP) traffic over cable tele-
vision (CATV) at significantly higher rates than either analog modems or integrated-
services-digital-network (ISDN) links. The question is whether DOCSIS 1.0 can do the
job given its limited Quality Of Service (QOS) features and modem population of up to
500 nodes. Some answers come from P. Tzerefos, V. Sdralia, C. Smythe, and S.
Cvetkovic of the Department of Computer Science, University of Sheffield (Sheffield,
England). After extensive analysis, a number of problem areas were revealed. For ex-
ample, the number of data streams that can be supported is lower than the theoreti-
cal maximum due to collisions and protocol overheads. The final conclusion on DOC-
SIS 1.0 is that it ean be best used only in dedicated channels. See “Delivery Of Low
Bit Rate Isochronous Streams Over The DOCSIS 1.0 Cable Television Protocol,”
IEEE Transactions on Broadcasting, Vol. 45, No. 2, June 1999, p. 206.
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Spectrum Analyzers

Measure Harmonics
With A Spectrum
Th lgorith
Analyzer ..., i onanic "
harmonic signals at audio
and microwave frequencies.

Joe Gorin
R&D Engineer
Agilent Technologies, 1400 Fountain

Grove Pkwy., Santa Rosa, CA 95409;

(707) 577-2993; e-mail:
joe_gorin@agilent-tech.com.

ADIO engineering involves making measurements of the harmonics

of RF signals, and sometimes the determination of the total har-

monic distortion (THD) of audio signals. The RF signals may be

modulated or continuous-wave (CW) signals. They may be produced
by drifting voltage-controlled oscillators (VCOs) or solidly phase-locked
oscillators or synthesizers. Modern spectrum analyzers can make these
measurements with the techniques described later in the article. This arti-
cle discusses how to tell if the harmonics are generated in the analysis
equipment or the device under test (DUT), optimum measurement tech-
niques for different kinds of signals, and the uses of log averaging, voltage
units, and root-mean-square (RMS) computations.

In this discussion, assume that all
signals are periodic. That is, they are
repetitive in their voltage-versus-

g

2

Noise, distortion relative to mixer level—dB
2

-80
Third-order IM spec
o0t Slope =2
=100 ] ] ]

time characteristics. Fourier analy-
sis makes it possible to represent any
repetitive signal as the summation of
a number of sine waves. The lowest-
frequency sine wave, the one that is
intentionally produced, is known as
the fundamental signal. The sine
waves are called the harmonic sig-
nals. A spectrum analyzer can be
used to measure the amplitudes of
the fundamental signal and its har-
monic signals.

Harmonics are often undesirable.
In radio transmitters, they can inter-
fere with other users of the RF spec-
trum. In local oscillators (LOs) for
heterodyne receivers, for example,
they can create spurious signals.
Therefore, normally they should be

Second-harmonic spec '

monitored and minimized.

B " When signals are measured with a

Mixer level—dBm

1. Spectrum-analyzer distortion limits can be predicted by drawing 1:1 and 2:1
slopes from the specification points for second and third harmonic levels,
respectively.

spectrum analyzer, the analyzer’s
circuits contribute some distortion of
their own. To make accurate mea-
surements, a user needs to know
whether this measured distortion is

MICROWAVES & RF = JANUARY 2000




Spectrum Analyzers

2. The ESA family of spectrum analyzers from Agilent Technologies (Santa Rosa, CA) uses the count-and-average-in-
zero-span algorithm, which is optimal for locked and modulated sources.

part of the signal of interest or if it is
contributed by the analyzer.
The analyzer generates distortion

due to weak nonlinear behavior

(since it is not ideal). Therefore, it is
possible to represent a spectrum ana-
lyzer’s signal-processing behavior
with a Taylor series, showing the
relationship between the output (O)
and input (I) voltages:

V,=kV,+k,Vi2 +k;Vi3 . (1)

where:

V, = the output voltage,

V; = the input voltage, and

ky, ks, and k; = constants.

With this relationship, it is
straightforward to show that a dou-
bling in input voltage (6 dB) provides
a quadrupling in the VZ | term, and,
thus, a quadrupling in second-

cess is shown in Fig. 1. Note that only
second- and third-order distortions
are specified for spectrum analyzers.
Higher-order distortions are usu-
ally negligible.

Note that third-order harmonie
distortion, the parameter of interest,
is different from third-order inter-
modulation distortion (IMD3), the
parameter specified.

In bands that are not preselected,
the third-harmonic distortion should
be 9.5 dB below the IM products for a
weak nonlinearity. This relationship
may be derived by substituting
Acos(xt) + Beos(yt) for V ;in the Tay-
lor series (eq. 1) that was mentioned
previously, and comparing the IM
terms, such as cos[(x-2y)t] to the har-
monic terms, such as cos(3xt). If the

gain of the front end changes
between the fundamental signal and
the third-harmonic signal, it changes
the relationship between IM and
observed analyzer-generated har-
monic levels by the same amount. If
the third harmonic is in a preselected
band, it is much lower than the IM
products specified, though, because
the preselection filter keeps the
fundamental out of the front-end
nonlinearities.

Experimentally judging whether
the analyzer is contributing distor-
tion is easier. Simply increase the
input attenuation and see if the dis-
tortion level changes. If it does, the
analyzer is contributing to the mea-
sured distortion.

Although the contribution of the
analyzer to the measured harmon-

harmonic response to a sine
wave, Similarly, the third- har-
monic distortion increases by
the cube law with input level.
There are two ways to tell if the
analyzer is contributing to the
measured distortions—by
specification or experiment.
To judge the analyzer’s con-
tribution from its harmonie dis-
tortion specifications, convert
those specifications provided in |
dBc relative to a specified sig- |
nal at the analyzer’s input |

i) 14:42:05 0ct 81993

mixer to dBe for the chosen 3. A built-in “harmonics” measurement in a

input level using knowledge of spectrum analyzer shows a table of individual

the order of the distortion. A harmonic levels in dBc and a computed total-
graphical example of this pro- harmonic-distortion (THD) result.

 Meas Control

ics can be reduced by simply
increasing the input attenuation,
| this reduces the signal-to-noise

S| ratio (SNR), thus limiting the ana-

lyzer’s ability to measure low har-
monic levels. However, measure-
ments of signals near the noise
| floor can be improved by logarith-
mic averaging.
| Spectrum analyzers can reduce
| the variations in their measure-
| ment results by averaging those
results. One form of averaging is
to average a number of traces of
data from the analyzer screen.
Another form is the video filter.
When performing these averaging
actions, it is important to be aware
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of the amplitude scale on which the
averaging occurs. When video filter-
ing or trace averaging occurs on a
signal represented on a logarithmic
scale, the result is the average of the
logarithm of the signal. Alternative-
ly, the averaging could take place on
a linear (voltage) scale. Some analyz-
ers are capable of averaging on a
power (RMS voltage) scale. Fast
Fourier transform (FFT)-based ana-
lyzers typically average only on this
scale.

THE LOGARITHMIC SCALE IS
BEST FOR MEASURING LOW
HARMONIC LEVELS
BECAUSE IT REPORTS A

SIGNAL LEVEL THAT IS
LEAST AFFECTED BY THE
NOISE FLOOR.

It is well-known that the measured
level of pure noise differs for these
three scales, with the log scale under-
reporting noise by 2.51 dB. Not sur-
prisingly, the logarithmic scale is
best for measuring low harmonic lev-
els because it reports a signal level
that is least affected by the noise
floor. Thus, the log scale should be
used to measure harmonic levels,
with a reduction in the video band-
width or an increase in averaging as
required. (More information on this
topic is available in application note
1303 from Agilent Technologies,
Spectrum Analyzer Measurements
and Noise, available at the compa-
ny’s website at http://www.agil
ent.com.)

The ideal repetitive signal dis-
cussed previously does not exist in
nature. The two important devia-
tions from the ideal are drift and
modulation. A drifting signal from an
unlocked VCO can create measure-
ment challenges. The drift can be so
large that, to measure a harmonice, it
is necessary to sweep through the
frequency range where it can be and
use a peak detector to measure its
level. With this high variability in
frequency, averaging can cause
errors and should not be used. Fur-

Spectrum Analyzers

thermore, peak detection is particu-
larly good at detecting noise, so the
measurement range of the analyzer
suffers when measurements are
made with this sweep-and-peak-
detect technique. Nonetheless, this
type of algorithm is very robust and
is used in some spectrum analyzers,
such as the 8560 E-series from Agi-
lent Technologies (Santa Rosa, CA),

equipped with the company’s 85672A
spurious response measurements
utility.

Modulated signals are also a mea-
surement challenge. When the signal
is modulated, its spectral width
increases and, thus, a wide-enough
resolution bandwidth (RBW) must
be used to respond to all of the ener-
gy in the signal. Using a wide band-
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Spectrum Analyzers

width increases the noise floor and,
therefore, reduces the available
dynamic range. The spectral width of
signals with frequency modulation
(FM), pulse modulation (PM),
and common digital modulation for-
mats increases in proportion to the
harmonic number, so an increase in
the RBW with harmonic number is
recommended.

Modulated signals are nearly
always phase locked. Therefore, one
possible algorithm is to carefully
measure the frequency of the funda-
mental using a frequency counter,
then look for all of the harmonic sig-
nals at their expected frequencies
using the spectrum analyzer’s zero-
span analysis capability. Zero-span
analysis, a mode where the analyzer
is not sweeping, is optimal because it
averages all the data of a sweep, not
only the peak amplitudes. The ESA
family of spectrum analyzers from
Agilent Technologies (Fig. 2) uses
this count-and-average-in-zero span
algorithm, with scaling resolution

bandwidths. Though less robust than
the sweep-and-peak-detect algo-
rithm, it is very fast at achieving low-
variance results and works well with
modulated sources. A typical display
is shown in Fig. 3.

The sum of the amplitudes of all
the harmonics is a figure of merit that
is often used in the audio industry. It
is called total harmonic distortion
(THD). It is based on a power sum-
mation, not a voltage summation.
The definition of THD is:

Rppax 0.5
THD=100%><[2E3} 1E; (2)
n=2

where:

E, = the voltage of the nth har-
monie,

E¢ = the voltage of the fundamen-
tal, and

N,,.« = the highest harmonic num-
ber to be considered. (In many cases,
this is limited to 10. In other cases, it
is the highest harmonic that does not
exceed 20 kHz, the top of the audio

range.)

The three scales where averaging
can occur—voltage, log, or power—
were discussed previously. Note how
THD measurements relate to these
scales. The data are best acquired
and averaged on a log scale. The com-
putation of THD is a root-sum-of-
squares (RSS) computation, which is
related to RMS or power computa-
tions. But the result is computed
from voltages, and the percentage is
a voltage percentage.

In summary, RF and audio har-
monics and THD can be measured
with a spectrum analyzer using the
techniques described. In some spec-
trum analyzers, these measurement
algorithms are automated to speed
the measurements. ee
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DESIGN FEATURE

Pulse Detector

Design A Logamp

RF Puise
Detector

Monolithic logarithmic
amplifiers offer the sensitivity,

dynamic range, and speed needed
to detect RF bursts.

Eamon Nash

Analog Devices, Inc., 804 Woburn St.,
MS-124, Wilmington, MA 01887;
(781) 937-1239, FAX: (781) 937-1024,
e-mail: eamon.nash@analog.com

OGARITHMIC amplifiers (commonly known as logamps) are useful
for burst detection and measurement due to their ability to detect sig-
nals that vary over a very large dynamic range. Monolithic logamps
are capable of detecting RF bursts as short as 20 ns at frequencies

to 3.5 GHz, and they can detect amplitude variations as large as 120 dB.!
Logamp burst detectors are commonly used in applications such as radar
and the demodulation of amplitude-shift-keying (ASK) signals. This arti-
cle describes the issues that designers must consider when applying
logamps to these tasks, and discusses techniques and pitfalls associated

with measuring a logamp’s pulse response time.

To understand how a logamp
detects RF bursts, it is first neces-
sary to understand the basics of
logamp operation. Figure 1 shows a
simplified block diagram of a typical
logamp. The core of the device is a
cascaded chain of linear amplifiers,
each with a gain typically between 10
and 20 dB. For simplicity, this exam-
ple shows a chain of five amplifier
stages, each with a gain of 20 dB, or

10X. A small continuous sine wave is
fed into the first amplifier in the
chain and progresses through the
chain. At some stage, it becomes so
big that it begins to clip. In this
example, the clipping (or limiting)
level has been set at +1-VDC peak,
and it occurs at the output of the
third stage. The clipped signal con-
tinues through the signal chain,
maintaining its +1-VDC peak ampli-

]

[

.

1. Logamps use successive detection to calculate the log of the envelope of a
signal. The full-wave rectified outputs from the detectors are summed and must
be filtered before the output. The corner frequency of the lowpass filter
determines the response time of the logamp to change at the input.
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Pulse Detector

tude as it goes.
The signal at the output of

Tek Run: 5.00MS/s
| oo, o8

1
L. 1
T T

each amplifier is fed into a
full-wave rectifier or detec-
tor, and the outputs of these
rectifiers are summed
together. The summed out-
put is then applied to a low-
pass filter, which removes

2

the ripple of the summed,
full-wave-rectified signal.
(Some logamps have built-in
lowpass output filters,
whereas others require
external filters.) The
summed current increases
linearly for an exponential
increase in input signal, so

W T00Rs CRT 7 1.68V 12jan 1909

18:21:20

typically ranges from 50
MHz to approximately 2.5
GHz, whereas the video
bandwidth of the output fil-
ter typically ranges from 1
to 30 MHz. The table lists
the maximum input frequen-
cies and video bandwidths
for a number of Analog
Devices’ logarithmic ampli-
fiers. Note that the AD640
and AD641 do not have any
on-chip, lowpass filter, and
require external filtering.
The advantage of this
arrangement is that the cor-
ner frequency can be set at
an arbitrarily high frequen-

the output signal is propor-
tional to the log of the enve-
lope of the input signal.
When the input signal is con-
tinuous (not pulsed), the
logamp responds by putting
out a steady-state DC volt-
age. (A more-detailed explanation of
the operation of the logamp is con-
tained in reference 2.)

Now consider what happens if the
input signal is not continuous, but
pulses on and off instead. The
logamp’s response time—the time it
takes the output to change in
response to a change at its input—is
dominated by the RC time constant
of the lowpass output filter. The
bandwidth of this filter is commonly
referred to as the video bandwidth.
Setting the video bandwidth very
high obviously will produce
residual output ripple for low-
frequency input signals. Fig-
ure 2, for example, shows the
response of an AD8313 mono- |
lithic logamp to a 10-kHz |
input burst. The AD8313 can |
work at frequencies to 2.5
GHz and achieves a 65-dB

2. Applying a signal to a logamp whose input frequency is
equal to or lower than the video bandwidth will result in
excessive ripple at the output. This ripple can be easily
eliminated with additional external lowpass filtering. The
linear tail on the output signal is caused by the non-ideal
(exponential) decay on the input signal.

designers customarily set the mini-
mum input frequency to a value
somewhere between five and 10
times the video bandwidth. Howev-
er, the logamp can be used to detect
lower-frequency inputs without any
penalty as long as sufficient external
lowpass filtering is used. (In some
cases, this can be as trivial as adding
a load capacitor to the log output.”
The logamp’s video bandwidth
should not be confused with its input-
signal bandwidth. The input signal
bandwidth of a monolithic logamp

cy. This can yield rise times
as low as 6 ns.

When selecting a logamp
for its response time, the
designer must consider its
primary application. Figure
3 shows a logamp used in a
circuit to detect a simple ASK signal.
In this example, the presence or
absence of an RF burst conveys the
1s and Os of digital information. It can
also be used for radar applications
where the arrival time of the burst is
the critical parameter to be
measured.

Although the signal detected by
the logamp can vary over a large
dynamic range, the logamp’s output
amplitude is of no interest. What mat-
ters is that it detects the presence or
absence of the burst. Indeed, in the

Logamps with high video bandwidths
respond quickly to bursts

v e
un

dynamic range. Since the on-
chip video bandwidth of the |
ADS8313 is set to approxi- |
mately 13 MHz, there is |

excessive output ripple in
response to this low-frequen-
cy input. This scenario
demonstrates the fact that |
the corner frequency of the |
lowpass output filter deter-
mines the logamp’s minimum |
input frequency. Logamp
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Pulse Detector

application shown, the logamp’s out-
put is fed to a comparator. The com-
parator’s threshold is set to a voltage
that corresponds to a logamp input
level that is slightly above the bottom
of its dynamic range. In applications
such as this, it is standard practice to
specify the response time as a 10-to-
90-percent rise time—that is, the
time it takes the signal to go from 10
to 90 percent of its final value. While
this standard does not indicate how
long it takes before the logamp pro-
vides a precise reading of the input
amplitude, it does give a good indica-
tion of how narrow a pulse the logamp
can detect.

In applications where measure-
ment of the size of the input signal is
critical, it is more appropriate to
define the response time as the time
between the onset of the burst and
the point where the logamp’s output
reaches a certain portion of its final
value (0.5 dB of final value is com-
monly used).

Figures 4a and b show the results
of pulse-response measurements on
the AD8314, which is optimized for
detection and control of transmitted
time-division-multiple-access

Tek Run: 500MS/s  Avel
il e

12:45:41

Refd 5.00mv

aa)

MY 12 Aug 1999

MV 12 Aug 1999
12:50:42

A(b)

4. Excessive fall time is a characteristic of many logamp response-time
measurements. On closer examination, however, the input burst, which at first
glance seems to have a clean decay (a), actually decays quite slowly from a
logarithmic perspective (b). The logamp faithfully measures this signal, which
is still relatively large from a logarithmic perspective.

(TDMA) bursts in mobile handsets.
The logamp operates from 100 MHz
to 2.5 GHz and has a dynamic range
of 45 dB. Figure 4a shows the output
responses for input levels of +10, 0,
-10, and —20 dBm (the +10-dBm input
signal is shown). It is immediately
apparent that there is a problem with
the falling edge of the logamp’s out-
put signal. The falling edge on this
plot has a long tail that is very slow

imv 10mv  100mV
RMS

RMS RMS

+5VDC

'Il'ﬂf(-”%

0.01 uF

3. In a simple amplitude-shift-keying (ASK) system, the logamp converts bursts
that can vary over a large dynamic range into pulses that vary in amplitude over
a very narrow range. A comparator is used to provide a constant amplitude

output for all input levels.

to settle, compared with the rising
edges. However, on closer examina-
tion, it can be concluded that the
logamp is doing exactly what it
should be doing—detecting signals
that vary over a very large dynamic
range. Looking closely at the decay of
the input signal in Figure 4a, it can be
seen that it does not immediately and
completely turn off at the end of the
300-ns burst. This signal decays to a
level that is barely visible to the eye
on a linear scale such as that of an
oscilloscope. However, in the log
domain, the signal remains relatively
large after the end of the burst. Of
course, the logamp detects this rela-
tively large signal.

Figure 4b shows the +10-dBm
input signal magnified to a larger
scale. Here, it is clear that the burst
persists at a lower level for an addi-
tional 100 ns and takes some addition-
al time after that to settle. The result
of this 100-ns burst extension is clear-
ly visible at the output of the logamp.
Note that this problem is not visible
at the onset of the burst. When rising,
the input signal quickly ramps from
zero to a value that is close to its final
value. The settling portion of the rise
time entails moving through a volt-
age range that, in decibel terms, is
quite small. For example, log(20) —
log(10) > log (100) — log(90).

Clearly, precise control of the turn-
off of the burst is critical for measur-
ing the fall time of the logamp’s out-
put—more critical than for linear
amplifiers. Figure 5 shows a circuit
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Pulse Detector
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5. To measure the response time of fast rise-time logamps, a pulse generator
with picosecond resolution is required to precisely control the turn-on and
turn-off of the burst. FET probes are used throughout to avoid adding
excessive load capacitance, which can affect the quality of rising and falling

edges.

for accurately measuring logamp rise
and fall times. A pulse generator is
used to turn the RF source on and off.
To receive a sharp falling-edge
response from the logamp, it is neces-
sary to adjust the pulse width of the
pulse generator in 100-ps increments.
This allows the RF-generator control
to be tweaked until the turn-off pulse
disables the burst just as it makes a
zero crossing. The ability of the RF
generator to react to the burst-enable
signal is also critical. Generally, this
characteristic of the generator is
unknown, and determining it
requires some experimentation.
Throughout these signal measure-
ments, field-effect-transistor (FET)
probes are used because they con-
tribute very little load capacitance.
This is especially true for the mea-
surement of the logamp’s output,
because even small amounts of load
capacitance can form a lowpass filter
with the logamp’s output impedance
and slow down the output edges.
Up to now, the discussion has
focused on detecting RF bursts (also
called RF pulses)—AC signals that
turn on, stay on for a short period of
time, and then turn off. Logamps can
also detect baseband pulses, but they
are not optimized for this funetion. A

baseband pulse is defined as a signal
that changes from one DC level (usu-
ally, but not always, 0 VDC) to anoth-
er level for a short period, and then it
returns to the original value. A good
example might be the signal from a
photodiode. In general, DC coupling
of this pulse is required. Since most
logamps are internally DC-coupled,
this is fundamentally feasible. How-

ever, there is a practical constraint
when using single-supply logamps
with differential inputs. The input
signal must be positioned a few volts
above the ground potential for proper
biasing of the first stage. Further-
more, the source is usually a single-
ended, ground-referenced signal, so it
will also be necessary to provide a sin-
gle-ended-to-differential conversion
in order to correctly drive the
logamp’s differential inputs.

Figure 6 shows how a signal can be
level shifted and converted to a dif-
ferential form using the AD8138 dif-
ferential amplifier. The AD8138’s dif-
ferential outputs then drive the
ADS8310 logamp, which has an input
impedance of approximately 1 k ().
The four 499-Q) resistors set the dif-
ferential amplifier’s gain to unity. An
output common-mode (or bias) volt-
age of +2.56 VDCis achieved by apply-
ing +2.5 VDC (from a supply-refer-
enced resistive divider) to the
ADS8138s VOCM pin.

In this application, it is necessary to
trim the circuit’s offset voltage.
Remember that an offset of only a few
millivolts can dramatically reduce
dynamic range in the log domain.
Under normal (AC-coupled) opera-
tion, the AD8310 compensates for its
internal offset voltages. (This is anoth-
er reason why AC coupling is normal-
ly recommended.) When the inputs

+2.5VDC
0.01 uF
i +5V0C
1mVio
b pog Q-rz.ﬁ VDC to Vjp/2
Signal +5.DC g g4 Bl [ 6
input 499 0 }"-b INHI ENBL BFIN VPOS
o voC Vout
+5VDC
10 INLO COMM OFLT VOUT
KO 1 @J’g ] 400 mV
0 1, o 87 ™
0 TMHF el 25V0C+ Vg2 A8 ok
990 f\ 3.01kQ
+2.5VDC

6. Logamps can detect DC-coupled baseband pulses, but some signal
conditioning is necessary. The pulse must be converted to a differential signal
with a bias level that is around mid-supply. Baseband pulses from1 mVto1V
can be detected. The pulse width can be as narrow as 40 ns.
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are DC coupled, this
offset-compensa-
tion circuitry must
be disabled. This is
performed by
applying a nominal
voltage of approxi-
mately +1.9 VDC to
the ADS8310’s
OFLT pin. Note
that this does not
trim the logamp’s
offset voltage—it
merely holds it at a
fixed level and pre-
vents the logamp’s
offset-compensa-
tion circuitry from
misinterpreting
DC-input signals as
offsets.

The ADS8138’s
trim, therefore,
compensates for
both devices’ off-
sets. The trim

occurs by grounding the circuit’s | :

DESIGN FEATURE

Pulse Detector

THROUGHOUT THESE
SIGNAL MEASUREMENTS,
FIELD-EFFECT-
TRANSISTOR (FET)
PROBES ARE USED
BECAUSE THEY
CONTRIBUTE VERY LITTLE
LOAD CAPACITANCE. THIS
IS ESPECIALLY TRUE FOR
THE MEASUREMENT OF
THE LOGAMP'S OUTPUT,
BECAUSE EVEN SMALL
AMOUNTS OF LOAD
CAPACITANCE CAN FORM
A LOWPASS FILTER.

input and slightly varying the gain
resistor on the AD8138’s inverting
input (a 50-) potentiometer is used in
this example) until the voltage at the !

L}

ADS8310’s output
reaches a minimum.
After trimming, the
lower end of the
dynamic range is lim-
ited by the broad-
band noise at the out-
put of the AD8138,
which is approxi-
mately 425 pV peak-
to-peak. Figure 7
shows how this cir-
cuit responds to a
series of 100-ps puls-
es having amplitudes
of 1 mV, 10 mV, 100
mV, and +1 VDC.
The circuit can detect
pulses as narrow as
40 ns. The excessive
noise on the output
signal before and
after the pulse is due
to signal-generator
noise. oo
References

surement System with 120 dB Dynamic Range.
atash 17. Available at http://www.

for constant ratio changes at the input. The output signals represent the
response to 100-ps input pulses of amplitude 1, 10, and 100 mV, and +1 VDC.
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NIST Unveils
Status Of PIM

Testing

PIM Testing

A series of NIST-monitoved tests of
signal-distortion measuvements on passive

components provides necessary measuvement
assuvance to manufactuvers.

Jeffrey A. Jargon and Donald C.
DeGroot

National Institute of Standards and
Technology, Radio Frequency
Technology Division, 325 Broadway,
M/S 813.01, Boulder, CO 80303; (303)
497-3596, FAX: (303) 497-3970,
e-mail: jjargon@nist.gov.

ASSIVE intermodulation (PIM) is a form of signal distortion that
occurs whenever signals at two or more frequencies conduct simul-
taneously in a passive device, such as a cable or connector, which
contains some nonlinear response. Requested by US industry and
members of the International Electrotechnical Commission, the National
Institute of Standards and Technology (NIST) initiated a comparison of
measurements of PIM for the US wireless industry. The goal was to deter-
mine the level of agreement in measurements of PIM made by US manu-
facturers and suppliers of passive components for wireless-communication
base stations. This study reveals not only the difficulties that industry is
experiencing in making PIM measurements, but also provides US compa-
nies with a tool to improve their measurement capabilities as they deal

with PIM-related trade barriers.
Since August 1998, 10 US compa-
nies have participated in the PIM
comparison. The participants mea-
sured four round-robin test samples
and contributed 19 data sets for four
different commercial communica-
tions bands. No company is singled
out, and each can determine how well
its measurements compare with the

group averages
Base station  Base station Base station for each of the four
receive transmit transmit test samples in
each of the four

C A C . .
communication
bands. While the
M3 f4 fa majority of partic-
ipants report PIM
levels within one
standard devia-
- . i , . | tion of the mean
) I l 1 | I I | value, some com-
1880 1900 1920 1940 1960 1980 2000 | panies  report
Frnquancv_MHz quite Significant

discrepancies.

1. Potential third-order modulation in broadband PCS In PIM, the

results from collocation of two or more transceivers at a

single site.

nonlinear behav-
ior produces spu-

rious signals, where the frequencies
are linear combinations of the fre-
quencies of the original signals. The
lower odd-ordered intermodulation
(IM) products [e.g., f (IM3) = 2f;— f;]
are usually the most difficult in the
wireless industry since they have the
highest potential of falling within the
receive band, or uplink, of a base sta-
tion, creating RF interference (RFI)
in the receiver.! Although frequency
allocations are specifically designed
to guard against this problem, collo-
cation of two or more base-station
transceivers at a single site substan-
tially increases the risk of PIM inter-
ference,” as illustrated in Fig. 1.
Base stations built for mobile com-
munications systems such as person-
al communication services (PCS-
1900), Advanced Mobile Phone
System (AMPS), Global System for
Mobile Communications (GSM), and
Digital Communications System
(DCS-1800), use DIN (Deutsche
Industrinorm) 7-16 and type-N coax-
ial connectors to handle the high
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PIM Testing

transmit-power
requirements. At
high power (more
than 1 W), nonlin-
earities in coaxial
connectors
become apparent
and measurable.?
The many possible
causes of IM in
coaxial connectors
and cables include
poor mechanical
contact, dissimilar metals in direct
contact, ferrous content in the con-
ductors, debris within the connector,
poor surface finish, corrosion, vibra-
tion, and temperature variations.
The sources of PIM have been stud-
ied quite extensively at various
laboratories.**”

TEST METHOD

To conduct the comparison, NIST
obtained two sets of test samples.
One was used as a control test sam-
ple, and the other was circulated
among the participating companies.
The test samples were labeled with
different colors to distinguish them:
red, white, yellow, and blue. Each
test sample had two ports with male
and female DIN 7-16 connectors and
varying passive nonlinearities. The
red, white, and yellow test samples
were simply male-to-female adapters

Table 1: Receive and transmit
frequencies for four
communication bands

with diodes inserted through the
outer conductor wall to generate
nonlinearities of varying degrees.
The blue test sample, which also had
a diode inserted in one connector,
was a cable assembly whose purpose
was to create noticeable frequency-
dependent behavior.

Following the International
Electrotechnical Commission’s
guidelines,'® the power levels for the
third-order ITM products of each test
sample were measured with two con-
tinuous-wave (CW) signal sources,
each measuring +43 dBm (20 W) at
the test ports. Each test sample was
measured within the base-station
receive (uplink) band of any or all of
the four communications bands listed
in Table 1, when the two +43-dBm
signals were tuned to fall within the
corresponding base-station transmit
(downlink) band. The minimum
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2. Two configurations for measuring passive IM products are reflected and
forward. The DUTs can be connectors or a cable assembly.
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required data from each participant
was a single third-order IM power in
one communication band.
Participating companies were
asked to measure either or both for-
ward and reflected IM products (Fig.
2). To measure reflected IM, partici-
pants were instructed to connect the
male connector of the test sample to

the active test port of their system

DESIGN FEATURE
PIM Testing

and the female connector to a low
PIM load. To measure forward inter-
modulation, they were instructed to
connect the male connector of the
test sample to the active test port of
their system with the female connec-
tor being connected to their own
cable that was, in turn, connected to
the receiving port of their system.
Participants who had the ability to
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make swept-frequency measure-
ments were encouraged to make
additional measurements at specified
frequencies. Those who had systems
that could measure IM products in
more than one communication band
and those who had multiple systems
were encouraged to measure the
devices in as many different bands as
possible.

The role of NIST in this compari-
son was to act as a pilot laboratory.
Without knowing absolute PIM val-
ues, its tasks were to organize the
comparison, measure the stability
throughout the study, keep a data
base of the measurements, and
report the results."” Its first respon-
sibility was to procure a passive IM
analyzer and two sets of test samples,
one of which was kept in-house for
measuring the long-term stability of
the system, and the other was circu-
lated among the participants. After
each company measured the set of
four test samples, they were
returned to NIST along with their
data, and test samples were re-mea-
sured to ensure that they were still in
working order before sending them
to the next company. To date, 10 com-
panies have contributed 19 data sets
over the past nine months. Each par-
ticipant’s measurements are com-
pared against the group, keeping all
companies’ identities confidential.

AMPS

Of the 10 participants, five made
measurements in the AMPS band,
six in the GSM band, six in the PCS
band, and two in the DCS band. The
data presented span a time period of
nine months—the first participant
made measurements in August 1998
with the tenth participant in April
1999.

Tables 2 through 5 list the mean
values and standard deviations,
taken by the 10 participants for each
of the four round-robin test samples.
The mean value at each frequency
was calculated by converting each of
the measured PIM levels from dBm
to watts before computing the mean,
and then converting back to dBm.
Similarly, the standard deviation at
each point was first computed in
watts and then converted to decibels.
The following are the results
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PIM Testing

obtained in each of the four commu-
nications bands.

Five IM3 frequencies (844, 845,
846, 847, and 848 MHz) were speci-
fied for measurements spanning the
AMPS band. Measurements at these
frequencies could be obtained in two
ways: holding source one at 869 MHz
and sweeping source two downward
from 894 to 890 MHz in steps of 1
MHz, or holding source two at 894
MHz and sweeping source one
upward from 869 to 871 MHz in steps
of 0.5 MHz. All five participants who
made measurements in the AMPS
band made swept-frequency mea-
surements in both directions. One
participant made reflected measure-
ments, one made forward measure-
ments, and three made forward and
reflected measurements. Tables 2
and 3 list the mean values and stan-
dard deviations for each test sample
at the five measured frequencies.

From the data compiled in all
bands, including AMPS, it

Table 2: Mean values and standard
deviations in the AMPS band (red, white, yellow)

the blue test sample, measured in the
reflected configuration, varied
between -93.6 and -95.1 dBm, with
standard deviations from 3.3 to 4.6
dB; and the mean values of the blue
test sample, measured in the forward
configuration, varied between -87.9
and -88.3 dBm, with standard devia-
tions ranging from 1.4 to 2.1 dB.
Five IM3 frequencies (890, 895,

900, 905, and 910 MHz) were speci-
fied for measurements spanning the
GSM band. Measurements at these
frequencies could be obtained in two
ways: holding source one at 925 MHz
and sweeping source two downward
from 960 to 940 MHz in steps of 5
MHz, or holding source two at 960
MHz and sweeping source one
upward from 925 to 935 MHz in steps
of 2.5 MHz. Of the six partic-

appears there is no signifi- -70 5 : T2 Red ipants who made measure-
cant difference between : : ' 'l o White (o} ments in the GSM band, two
reflected and forward mea- "1 o Yellow made swept-frequency mea-
surements for the electrical- -80 -o-ﬂ-uf ~~~~~~~~ s vooree e i Rrde—cace surements. The other four
ly short test samples (red, E ' : i ; made measurements at 910
white, and yellow). Howev- 'T ! ! ! ) - MHz (source one at 935 MHz
er, there were noticeable |g _gg}-------- e . and source two at 960 MHz).
differences for the electri- |2 ; ; ; ! : Three participants made
cally long (blue) test sample, E | ; reflected measurements,
so the two measurements | ;40 e . S e . one made forward measure-
] ' il ] ' A

were separated when calcu- A : ! ' ‘ ments, and two made
lating the mean values and ' ; : ; forward and reflected
standard deviations. Also, | _44p ' : . | : measurements.

the white test sample was 800 1000 1200 1400 1600 1800 2000 Similar to the AMPS band
less stable than the other Frequency—MHz comparison, the GSM mea-
test samples in all bands, yet surements showed no differ-

its PIM values were very
close to the red test sample.
The mean values measured
throughout the AMPS band
for the red test sample var-
ied between -100.3 and
-101.4 dBm, with standard
deviations ranging from 1.5
to 1.9 dB; the mean values of
the white test sample varied
between -98.8 and -99.5
dBm, with standard devia- |

3. The frequency dependence of the red, white, and yellow
samples shows that white has the greatest deviation
between low (900-MHz) and high (1900-MHz) frequency.

Table 3: Mean values and standard
deviations in the AMPS b

ence between reflected and
forward measurements for
the electrically short test
samples (red, white, and yel-
low) but did so for the elec-
trically long (blue) test sam-
ple. And once again, the
white test sample was less
repeatable than the others.
Since only two participants
made swept-frequency mea-
surements in the GSM band,

tions from 2.8 to 4.8 dB; the
mean values of the yellow |
test sample varied between __-
-79.4 and -79.7 dBm, with
standard deviations from 1.3

statistical calculations were
performed only for 910 MHz
where all of the participants
made measurements. One
participant’s measurements
were more than 30 dB lower

to 1.9 dB; the mean values of
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than the others for all four test sam- |

DESIGN FEATURE
PIM Testing

- was -80.1 dBm, with a standard devi- !
ples, so their data were not included = ation of 0.7 dB; the mean of the blue
in the computations of mean values
and standard deviations. Of the
remaining five participants, the |
mean value measured at 910 MHz in
the GSM band for the red test sample
was —102.3 dBm, with a standard
deviation of 2.3 dB; the mean of the |
white test sample was -99.9 dBm,
with a standard devigtion of 3.6 dB; |
the mean of the yellow test sample .

test sample, measured in the reflect-
ed configuration was —-93.2 dBm, with
a standard deviation of 1.1 dB; and
the mean of the blue test sample,
measured in the forward configur
tion, was —88.3 dBm, with a standard
deviation of 2.6 dB.

Five IM3 frequencies (1870, 188
1890, 1900, and 1910 MHz) were spec-
ified for measurements spanning the

Table 4: Mean values and standard
deviations in the PCS band (red, white, yellow)
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PCS band. Measurements at these
frequencies could be obtained in two
ways: holding source one at 1930
MHz and sweeping source two down-
ward from 1990 to 1950 MHz in steps
of 10 MHz, or holding source two at
1990 MHz and sweeping source one
upward from 1930 to 1950 MHz in
steps of 5 MHz. Of the six partici-
pants who made measurements in
the PCS band, five made swept-fre-
quency measurements in both direc-
tions, and one made swept frequency
measurements in one direction
(source one held constant). One par-
ticipant made reflected measure-
ments, one made forward measure-
ments, and four made forward and
reflected measurements. Tables 4
and 5 list the mean values and stan-
dard deviations for each of the test
samples at the five measured
frequencies.

Overall, measurements in the PCS
band showed significantly larger
variations than those seen in either

. the AMPS or GSM bands, which is

for the Millimeter and Submillimeter Wavebands
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consistent with the results of the
European round-robin.'® Similar to
the AMPS and GSM comparisons,
the PCS measurements showed no
difference between reflected and for-
ward measurements for the electri-
cally short test samples (red, white,
and yellow) but did for the electrical-
ly long (blue) test sample. Frequen-
cy-dependent behavior was observed

DESIGN FEATURE
PIM Testing

in the blue test sample when reflect-
ed measurements were made, which
is predicted by models developed by
De%ts and Hartman'? and Jargon et
al.

This is not to say that the blue test
sample is not frequency dependent at
lower frequencies, but rather the fre-
quency range of the PCS band is
much wider than the AMPS and GSM
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bands. Thus, the frequency-depen-
dent behavior is more apparent in
PCS when swept frequency and
reflected measurements are per-
formed. Once again, the white test
sample was found to be less stable
than the others. The mean values
measured throughout the PCS band
for the red test sample varied
between -98.9 and -100.6 dBm, with
standard deviagions ranging from 2.3
to 7.4 dB; thé mean values of the
white test sample varied between
—-87.9 and -90.5 dBm, with standard
deviations from 7.5 to 8.0 dB; the
mean values of the yellow test sam-
ple varied between —-73.7 and -74.4
dBm, with standard deviations from
3.5 to 4.8 dB; the mean values of the
blue test sample, measured in the
reflected configuration showed a
downward trend in PIM from -83.5
dBm at 1870 MHz to -95.1 dBm at
1910 MHz, with standard deviations
from 2.5 to 3.7 dB; and the mean val-
ues of the blue test sample measured
in the forward configuration varied
between —84.3 and -85.7 dBm, with
standard deviations from 2.5 to 3.2
dB.

DCS

Five IM3 frequencies (1730, 1740,
1750, 1760, and 1770 MHz) were spec-
ified for measurements spanning the
DCS band. Measurements at these
frequencies could be obtained in two
ways: holding source one at 1805
MHz and sweeping source two down-
ward from 1880 to 1840 MHz in steps
of 10 MHz, or holding source two at
1880 MHz and sweeping source one
upward from 1805 to 1825 MHz in
steps of 5 MHz. Two participants
made measurements in the DCS
band. One participant performed for-
ward and reflected measurements,
and one effected reflected
measurements.

Since only two participants made
measurements in the DCS band, no
statistical computations were per-
formed. However, similar to the PCS
band, frequency-dependent behavior
was observed in the blue test sample
when reflected measurements were
made. And once again, this was
attributed to the wide bandwidth of
the DCS band.

For the first four months of the




comparison (August to
November 1998), stability-
check measurements were
performed on an AMPS sys-
tem, and then for the
remainder of the comparison
(November 1998 to April
1999), measurements were
made on a PCS system. If
the system showed large
variations in the round-
robin test samples, the in-
house test samples could be
used to determine whether

PIM Testing

Table 5: Mean values and standard
deviations in the PCS band (blue)

the problem was due to the

test samples varying or whether
something was wrong with the sys-
tem. Fortunately, this did not hap-
pen. The systems and the test sam-
ples remained stable throughout the
comparison. Table 6 lists the stan-
dard deviations of the measurements
made at NIST of the round-robin test
samples. All of the test samples
remained stable within standard
deviations of 2.9 dB or less for up to
five months on a single system.

SUMMING UP

Of the 19 data sets received, most
companies’ measurements fell within
two standard deviations of the mea-
sured means of each band. In the
AMPS band, three of the five partic-
ipants’ measurements fell consistent-
ly outside one standard deviation
(typically less than 3 dB), although all
the measurements fell within three
standard deviations. In the GSM
band, only two of the six participants’
measurements fell consistently out-
side one standard deviation (typical-
ly less than 3 dB), and all were with-
in two standard deviations except for
one which was as much as 50 dB from
the mean. In the PCS band, not one of
the six participants measured consis-
tently outside one standard deviation

Table 6: Standard deviations of the
NIST measurements

(between 2 and 8 dB), except for mea-
surements of the yellow test sample
where two participants measured
outside three standard deviations
from the mean.

Several conclusions can be drawn
with regard to PIM measurements.
First, it appears that there is no sig-
nificant difference between reflected
and forward measurements for elec-
trically short test samples (red,
white, and yellow). However, there
were noticeable differences for the
electrically long (blue) test sample.
Second, IM in passive devices is not
always frequency independent. This
contradicts the findings of the Euro-
pean round-robin performed in
1995.'® Figure 3 plots PIM versus
frequency for the red, white, and yel-
low test samples. The white and yel-
low test samples show deviations up
to 10 dB between lower frequencies
(AMPS and GSM) and higher fre-
quencies (PCS and DCS). Frequen-
cy-dependent behavior was observed
over a frequency range of 40 MHz in
the blue test sample when reflected
measurements were made. Measure-
ments in the PCS band showed sig-
nificantly larger variations than
those seen in either the AMPS or
GSM bands, due to the higher oper-
ating frequencies.
This behavior
agrees with the
findings of the
European round-
robin. Finally,
measurements
made by the sys-
tem on round-
robin test samples
remained stable
within a standard

deviation of 2.9 dB over a
five-month period.

This comparison of pas-
sive IM measurements has
addressed, in a timely man-
ner, a direct need expressed
to NIST by US base-station
equipment manufacturers.
This comparison allowed
each participant to assess its
capabilities in an impartial
way, while allowing NIST to
evaluate the urgency of any
PIM measurement prob-
lems that may exist within
the industry. ee
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constructed or sampled sine waveform whose frequency is depen-

dent on input programming and an input reference clock. As such,

the system’s output spectrum is governed by the Nyquist Sampling
Theorem. This article is the first of a two-part series that presents tech-
niques for isolating and amplifying the frequency components of a C-DDS
device above the Nyquist limit. Three types of filters will be described. Two
of them, L.C and surface-acoustic-wave (SAW) filters, have drawbacks that
outweigh their advantages. The third type, the tunable tracking filter,
holds the most promise in preserving the advantages of using C-DDS sys-
tems, Its operation and advantages over other types of filters will be pre-
sented in the second article of the series.

A general block diagram of C-DDS sinT flo)
architecture is shown in Fig. 1. This " e -
block diagram shows that C-DDS o)
devices use a DDS engine to gener-
ate n-bit binary data that is used by fie)
an n-bit clocked digital-to-analog
converter (DAC) to generate analog- = vhere:
output waveforms. The spectral out- £(0) = the systam cutput frequeancy,
put of the DACs used in these C-DDS f(c) = the systan clock freqaxy,
products can be described as that ofa = and
pulse-amplitude modulator. As such,  f(0) = the binary input data.

(1)

the frequency spectrum they gener- To fully understand the dynamics
ate can be described mathematically = of the DAC and DDS output spec-
as: trum, Eq. 1 can be broken into a prod-

uct of two parts. The first part (the
I(fo) = 2( o (fo)*(fo) - kfic)) X summing expression) describes the

k mixing action between the input
clock and the
binary data input

n-bit tuning/phase word to the DAC from
U the DDS engine
(recall that convo-

Clock S
> DDS engine | n bits )n-bit DAC Analog output | ution in the fre-
:;X quency domain is

multiplication in
the time domain).
1. The general architecture of a C-DDS comprises a DDS The second part
engine and a digital-to-analog converter (DAC). describes  the
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DESIGN FEATURE
DDS Bandwidth

step-like nature of the DAC
output waveform. This step-
like waveform can be viewed
as a series of rectangular
pulses of varying ampli-
tudes, and as such, can be
mathematically described in
the frequency domain as
having a sin(x)/x shape.

Magnitude

Frequency

<«— |Impulse

=— Rectangular
pulse

f(clock) = frequency of the

clock, and

f(output) = the pro-
grammed frequency of the
part.

The second part of Eq. 1
describes the time-based
convolution of the rectangu-
lar DAC pulses with the

Both parts are multiplied

convolved in the time
domain, producing the
sin(x)/x shape seen in the
DAC output spectrum. If, for exam-
ple, it were possible to use an impulse
function for the second part of Eq. 1,
the DAC output spectrum would
take on a flat response (Fig. 2).

The summing expression of Eq. 1
describes the mixing action that
takes place in the DAC’s of C-DDS
devices. Discounting the non-ideal
functionality of the DDS and DAC
(i.e., DDS to DAC truncation or
quantization errors, DAC harmonics,

2. These output waveforms from a C-DDS in the frequency
in the frequency domain or domain show that the output takes the form of a sin (x)/x

shape. If an impulse function is applied to the system, the
output has a constant magnitude.

clock jitter, etc.), the mixing that
takes place in the DAC produces fre-
quency products according to Eq. 2:

(n)f(clock) — floutput) = Negative
image or alias

(n)f(clock) + f(output) = Positive
image or alias

where:
(n) = the integer multiple of the
clock rate,

mixed products of the DDS
and DAC. This convolution
is responsible for the
sin(x)/x shape of the DAC
output spectrum. Due to the
mixing action, it is possible to obtain
more than just the fundamental or
programmed frequency from these
parts. If Eq. 1 is modified as in Eq. 3:

Ifo) = Y (@(fo) * & (fo) - kfic))
k

sinz f{o)

_Jfe

flo)
fie)

(H(f) (3)
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DDS Bandwidth

The overall transfer function of the
DAC is modified, and higher-output
frequencies can be obtained from
these parts. H(f) in Eq. 3 can be any
desired transfer function. Since H (f)
is multiplied in the frequency
domain, the DAC output spectrum
may be reshaped to obtain any
desired output frequency.

If H(f) is chosen appropriately, the
usefulness of the DDS system can be
extended by enabling the DAC to
pass any fundamental, alias, or har-
monic present in the DAC output
spectrum. It may be possible to
isolate and amplify two frequencies
from this spectrum, then mix them

' to obtain even-higher output
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frequencies.

Practical circuits for implementing
the H(f) function of Eq. 3 are
described in the following sections.
Several methods can be used to filter
or reshape the DAC output
spectrum.

TRADITIONAL LC FILTERS

The most straightforward ap-
proach is to use fixed frequency fil-
ters (lowpass, bandpass) to isolate
desired output frequencies. These
are usually inductive-capacitive (LC)
or surface-acoustic-wave (SAW) fil-
ters, and since the transfer functions
of these filters are complex, design is
best performed with MathCAD or
some other software package.

THE MOST STRAIGHT-
FORWARD APPROACH IS
T0 USE FIXED FREQUENCY

FILTERS (LOWPASS, BAND-
PASS) TO ISOLATE DESIRED
OUTPUT FREQUENCIES.

Lowpass filters are used routinely
on evaluation boards for C-DDS
devices in order to eliminate mixed-
and alias-products in the DAC output
spectrum above Nyquist. These fil-
ters are designed to have break-
points at or just below Nyquist for
the top clock rate of each respective
part, with rolloffs of 140 dB per
decade. This modification of the DAC
output spectrum effectively elimi-
nates all of the major spectral compo-
nents from the DAC output, leaving
only the fundamental, its harmonics,
in-band spurious components, as well
as aliased harmonic products of the
DAC.

Example circuit designs of lowpass
filters are given in Fiig. 3a and b. The
filter in Figure 3a is designed for use
with the top clock frequency of the
ADI851, an Analog Devices C-DDS
device that clocks at 180 MHz. It is a
seventh-order filter with a -3-dB
breakpoint at 70 MHz. The filter in
Figure 3b is a seventh-order differ-
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DESIGN FEATU
DDS Bandwidth

eqtial lowpass filter, designed for use C41pF C55.6 pF 64.7 pF
with the AD9852 and AD9854 (300- I I Il
MHz C-DDS devices), has a —-3-db IL‘; : ILI; ILS;
br frikpo.mt. at 125 MHz. 470 nH 390 nH 390 nH
e limitations of this approach n R ava ol N G v Ul G GV Vel Out
are obvious. First, the useful band- ? _]_ _L l
width of the DDS system is limited to Co_ C1 G2 c3
frequencies below Nyquist with no 22 PET" on PFI. 22 PF—[' 22 F';T-
useable frequencies possible beyond @) “Analog ground >
the breakpoint of these filters. Also,
depending on the fundamental or €28 2.2 pF G29 12 pF €308.2 pF
programmed frequency of these { } { } % %
parts, DAC and DDS anomalies such 110 11 112
as DAC harmonics and their images, input a 82 nH 68 nH 68 nH Outputa
and low-level quantization-error spu- oYYV Y g9 o/ VYV Y\
rious components are passed if they cr o _L 022'1" 5 I
Fiter. Clearly. this approach T Tz ew ] w2l
. y, this approach limits S
the useful bandwidth of the DDS sys- s e b Auaiog 1o el
tem, requiring upconverter stages 27pF 47pF groun 39 pF 22pF
such as mixers and phase-locked —l_ 1— I'L:)
loops (PLLs) to obtain higher than L14 %N ' L13 Output h
Nyquist output frequencies. This 82 nH 68 nH 68 nH
adds to the cost and complexity of lI ; ; % { =
g%qgencg-ggnerﬁ?n_fyiﬁems using ()  C252.2pF  C2612pF  C278.2pF
products and limits their useful-
ness. 3. This lowpass LC filter (a) is used to isolate output frequencies of the Analog

To obtain frequencies above ' Devices AD9851, a C-DDS device that can operate at a clock rate of up to 180
Nyquist directly from the DDS sys- . MHz. The filter is seventh order with a —3-dB break point at 70 MHz. A second
tem, it is necessary to use a filter that = lowpass filter (b) is designed for the Analog Devices AD9852/54 C-DDS, higher-
possesses a transfer function, (H(f)), speed versions of the AD9851. The —3-dB breakpoint is at 125 MHz.
that allows the frequencies of inter-

est to be passed and all others reject-
ed. The most intuitive method for MO || L e || o5 Out
doing this is to use bandpass filters 35‘6':“ c4 3:;-6‘le 5 64 pF 31;-[}?11-!
that possess a passband in the fre- 4pF ¢ 3pF !
quency region of interest. Example 118 l
circuit designs are seen in Figs. 4a co =2 tgonH c3 21;1&
and b. 100 pF 180 pF Two pF

The filter in Fig. 4a is a fifth-order (a) . > g
bandpass filter with a passband of Analog ground
130 to 160 MHz. This filter is
designed for use with the AD9851 to no> i e s e O 0ut
pass negative image frequencies and L22 L23 L24 L25
attenuate all others by 100 dB. The 47 nH 220 nH 22 nH 68 nH
filter of figure 4b is also a fifth-order -——| I % '[ I { { I—-——
filter, possessing a passband from zc'lng €30 Bcsz 2(;32F
170 to 280 MHz. This filter is ideal for s e 12 pF 1 - b
use with the AD9852 and AD9854 to 1 L19 e L20 | 121
pass negative image frequencies and €26 12 nH c21 19 nH €28 18 nH
attenuate all others by 70 dB. S pF S 56 pFT - pFT

Problems with this approach b = = -
include the following: relatively low vy e

amplitude images (with respect to | 4. Bandpass filters pass frequencies of interest and reject all others in C-DDS
the fundamental) that the filter must = systems. The fifth-order type (a) has a passband that ranges from 130 to 160
pass perfectly with little passhand = MHz. Another fifth-order type (b) has a passband from 170 to 280 MHz. Both
attenuation, a higher spurious con- = versions are used to obtain frequencies that are above the Nyquist limit. The
tent (due to DDS word truncation, = lower passband filter can be used with the AD9851 and the higher with the
jitter, and other anomalies of the ' AD9854/54.
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DDS Bandwidth

Analog ground

Analog NC1 VCCi +10 VDC
ground 2, £ NC2 CD1 -
LP2  OP L3
IP1  VCC Analog
IP1B EMD ground > Out
LP2B OPB H 1
cL1 cp2H 38
cL2 veez H H _]'33 pF
AD6630
 C6
01 pF

e ol
i IJ1p.F -ground

C8 Analog

filters are used. This one is based on the

5. To get a filter with a narrow passband having gain only in the passband, SAW

Analog Devices AD6630 intermediate-

frequency (IF) amplifier and has a 500-kHz bandwidth centered at 170 MHz. Two

SAW filters are required in order to bandl
output.

DDS system) in this frequency band,
and a high-amplitude fundamental
that must be suppressed by the filter.
Also, in a practical sense, it is difficult
to construct these filters because
component tolerances become criti-
cal, and careful layout is crucial to
avoid unwanted parasitic inductance
and capacitance.

To combat these problems, compo-
nents that can be varied must be built
into the filter design. Two approach-
es to making these filters realizable
are possible. The most obvious is to
make certain filter components
adjustable to compensate for any
unwanted circuit parasitics

imit the IF input and to bandlimit the IF

quencies in the passband and reject
bands of the filter will be amplified
equally, causing the filter to have a
less-effective reject band and not as
pure an output spectrum. What is
preferable is to have a very narrow
filter passband, and second, to have
gain only in the passband.

SAW FILTERS
A SAW filter approach meets the
first requirement (a narrow pass-
band). Figure 5 displays a SAW fil-
ter/intermediate-frequency (IF)
amplifier implementation, which is
designed for use with the AD9851.

The SAW filter possesses a 500-kHz
bandwidth centered at 170 MHz and
an IF amplifier (the Analog Devices
ADB8839) that possesses a broadband
gain (up to 250 MHz) of 24 dB. The
design uses two SAW filters, one to
band limit the input signal presented
to the IF amplifier and a second filter
to band limit the IF amplifier output.

Spectral plots of the output of this
filter/amplifier combination are
shown in Fig. 6. The filter is shown to
amplify the 170-MHz alias and ban-
dlimit the signal to 500 kHz. Depend-
ing on the clock rate, the output sig-
nal possesses a 60-to-80-db
spurious-free dynamic range
(SFDR).

Advantages to this approach
include excellent ground and supply
isolation from the DDS device,
extremely narrow passbands, and
signal gain in the passband. The pri-
mary disadvantage to this approach
is that SAW filters have a very nar-
row passband and are dependent on a
crystal lattice to produce this pass-
band, and as such, cannot be adjust-
ed. Systems using this solution lose
the big advantage in using DDS
products, the almost instantaneous
frequency-hopping capability afford-
ed by DDS.

To preserve the frequency-hop-
ping characteristics and frequency-
adjustment resolution of the DDS
system, a filter that can track the out-
put this system is needed. PLL’s are
typically used with sub-

or component tolerance mis- Ref vl Nyquist output frequency
matches that are present in -23 dBm DDS products to meet this
the actual circuit. This is dif- 0 need, but since the DDS sys-
ficult, however, since it is -10 tem can change frequency
impossible to know which ~20 rapidly, (on the order of 10
component is out of toler- -30 nanoseconds) and have a fre-
ance and by how much it is -40 quency resolution in the
off. £ -50 2AP | microhertz range, PLLs fall
A better design approach |* short. PLLs are also limited
is to include some type of -60 to the frequencies at which
passband gain or stopband ~70 they are designed to lock.
attenuation adjustment. -80 What is needed is a filter
This is accomplished only by -90 that can preserve the advan-
the use of some sort of gain | -100 tages of the DDS system and
block, either pre- or post- fil- Center 169.94 MHz 100 kHz/div Span 1 MHz not be limited to frequencies
ter. While this will compen- below Nyquist. ®®
sate for any gain lost in the Acknowledgments

passband of the filter and
serve to amplify any signal
presented to the filter, fre-

6. The spectral plots of the SAW filter/IF amplifier
combination in Fig. 5 shows the 170-MHz center-frequency
alias signal being amplified and bandlimited to 500 kHz.
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Trimless VCO

Develop A Trimless
Voltage-Gontrolled

Oscillator

Modeling and designing a trimless
VCO requives a full understanding

Trimless VCOs, Part 2| 0f the non-ideal natuve of oscillator
components and architectuves.
Chris 0’Connor RIMLESS voltage-controlled oscillators (VCOs) offer a practical

Member of Technical Staff

Maxim Integrated Products, 120 San
Gabriel Dr., Sunnyvale, CA 94086;
(408) 737-7600, FAX: (408) 737-7194,
Internet: http://www.maxim-ic.com.

alternative to conventional discrete VCO approaches that rely on tun-
ing adjustments during production. The Colpitts style oscillator
topology offers a proven circuit architecture for use in a trimless VCO
design. A basic set of fundamental design equations can be derived for
first-order oscillator design and selection of component values. Unfortu-
nately, real-world components used to implement the trimless VCO are non-
ideal and alter the governing equations. The conclusion of this two-part
article on trimless VCOs covers how actual circuit implementation departs
from the ideal, offering an improved method for modeling, designing, and

implementing trimless VCOs.

In Part 1 (see Microwaves & RF,
July 1999, p. 68), the Colpitts config-
uration (Fig. 7) was presented as the
basis for a trimless VCO. The classic
oscillator topology was described
with a generalized set of equations to
predict the fundamental oscillator
behavior for the first-order design of
the oscillator (i.e., component selec-
tion). The variation (error) in actual

oscillation frequency was described
in terms of the part-to-part errors of
the frequency-setting components.
The total frequency error was com-
puted by skewing the value of each
component by its worst-case toler-
ance. The equations proved useful in
developing a table of calculations to
predict the required tuning range,
start-up conditions, phase noise, and

Vee
H) Rp
|\ ANN— Vbias
To output
buffer
~ =

7. This VCO is based on an ideal Colpitts configuration (with a parallel-mode

tank circuit).
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DESIGN FEATURE

Trimless VCO

8. This revised small-signal packaged transistor model forms the core of the

new trimless VCO design.

oscillation amplitude. Finally, a first-
order, step-wise design process was
introduced as a simple approach to
select the initial component values
for the Colpitts configuration with
parallel-mode tank.

Although the basic theory applied
in Part 1 is useful for first-order
design, accurate selection of compo-
nent values in a real-world oscillator
requires consideration of important
circuit details. The aim of this article
is to present a possible approach to
more accurately model the real-
world equivalent of the Colpitts oscil-
lator topology and to apply it to the
trimless VCO concept. The primary
objective is still to provide a simple
design process that permits accurate
selection of the initial component val-
ues close enough so that minimal fine
tuning of the values in the actual cir-
cuit is needed to achieve oscillator
operating requirements. This article
will cover the effects of non-ideal
components and models for them,
layout parasitic elements ina VCO, a
revised oscillator model, a method for
trimless VCO analysis and simula-
tion, and an example of a Colpitts
oscillator that is constructed from
low-cost, commercial components
and the measured results for tuning
range and phase noise versus pre-
dicted results.

Initial analysis of the basic Colpitts
configuration assumed that each
component was ideal. However,
when a printed-circuit-board (PCB)
solution is implemented with typical
surface-mount components, the real
characteristics for each device must
be taken into account. An examina-
tion of commonly used surface-mount
components quickly reveals that
they are not ideal elements, but that
the elements contain amounts of par-

asitic resistance, capacitance, and
inductance. The parasitic elements
alter the frequency response of the
components to the point where the
effective value of the component is
changed at the frequency of interest.
Consequently, the oscillator frequen-
¢y, tuning range, and other charac-
teristics are affected and the real cir-
cuit departs from the operating point
predicted by the first-order analysis
with near-ideal components. The
departure from the ideal needs to be
accounted for in the design phase, in
order to properly select the compo-
nent values. A revised model for each
component is required. The following
is an examination of each component
in the oscillator and a proposed cir-
cuit model for each. Again, the
emphasis is on maintaining the sim-
plest model possible in order to per-
mit a reasonable analysis and devel-
op some intuition in design of the
oscillator circuit.

The core of a VCO is typically con-
structed from discrete transistors or
an oscillator integrated circuit (IC).

In either case, the device has finite
cutoff (transition) frequency, fy, and
is typically packaged in a plastic
package with metal leads (e.g., SOT-
323). These factors lead to two pre-
dominate non-ideal elements in the
equivalent circuit: capacitance across
the base-emitter leads, and induc-
tance in series with the base and
emitter (and collector) leads of the
oscillator. The capacitance results
from the inherent junction capaci-
tance and base-charging capacitance
of the transistor. The full transistor
circuit model would include base
resistance (ry,), collector-base capaci-
tance (C,.), finite beta, etc. However,
it is assumed that fy > fogc, the oscil-
lation frequency, so that r,, and C;..
can be considered negligible along
with the other transistor parasitic
elements and that the input capaci-
tance is considered to be the domi-
nant effect.

The inductance is a result of the
parasitic bondwire and lead induc-
tance of the package and is therefore
modeled as a single lumped inductor.
This lumped inductance can also
include series inductance from the
pin to capacitors C, and C,. There are
other parasitic elements, such as
additional transistor parasitic ele-
ments and package shunt capaci-
tance and mutual inductance, but
their effects will be ignored for the
purpose of this discussion. Figure 8
shows a revised model for the tran-
sistor that includes the parasitic
capacitance (Cpi) and inductance
(Ly). Inductance L is typically 1.5 to

Cagt_a_l Anode :ﬁ

Cathode

Rg Lp  Anode

9. This revised varactor model is employed in the new trimless VCO design for

tuning purposes.

D—\A.ky"@j

Cp Rgp

Rgy L

10. This revised inductor model is also part of the new trimless VCO design.
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SINGLE-SUPPLY, DUAL-MODE LINEAR PAs
REDUCE CDMA CURRENT DRAW 50%!

World’s Best Efficiency at Medium-to Low-Power Output

The MAX2264-MAX2269 PAs are true, single 2.7V to 5.0V supply power amplifiers designed for 1S-98-based CDMA, PDC,
and 1S-136-based TDMA cellular phones operating in the 900MHz range. The MAX2264's 12% efficiency at +16dBm
output is unprecedented in the industry and beats even the most sophisticated dynamic biasing scheme. At +16dBm, the
MAX2266 and MAX2269 have an even higher 17% efficiency at the expense of one additional low-cost external switch.
These devices require no drain switch or externally applied negative or positive bias voltages. The logic inputs—including
the shutdown pin—can be driven directly from CMOS logic, making the devices very easy to use.

CDMA TIME-WEIGHTED CURRENT DRAW vs. OUTPUT POWER
(URBAN SCENARIO)

45 CLOSEST COMPETITOR
CDMA EFFECTIVE
4 | AVERAGE Icc = 110mA 1Li+ or
15 it e 3 NiMH/NiCd
z . t MAX2265 i ‘ BATTERIES
g CDMA EFFECTIVE
o BIAS SWITCHING
= AVAGE lee= BA POINT L
5, -
E INPUT OUTPUT
= 15 - o : : z IN »— MATCHING MATCHING - OUT
1 : : \ NETWORK NETWORK
05 MAX2264
CDMA EFFECTIVE
0 AVERAGE Icc = 56mA

-44 -40 -36 32 28 -24 20 16 -12 -8 -4 0 4 8 12 16 20 24 28
OUTPUT POWER (dBm)

The MAX2264-MAX2269 FAs are optimized for highest efficiency at medium to low output power. Since CDMA PAs
output less than +16dBm more than 90% of the time, this improves phone talk time dramatically. All devices are housed
in a 16-pin TSSOP with exposed paddle. For module or DCA applications, the devices are also available in die form.

MAX2264 58 824 to 849 32% 12% (16dBm) N/A
MAX2265 82 824 to 849 37% 7% (16dBm) 1%
MAX2266 52 824 to 849 32% 17% (16dBm) N/A
MAX2267 56 887 to 925 30% 12% (17dBm) N/A
MAX2268 80 887 to 925 35% 7% (13.6 dBm) N/A
MAX2269 50 887 to 925 30% 17% (17dBm) N/A
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2.0 nH while capacitance C,) is typ-
ically greater than 1 pF. The base-
emitter capacitance is typically
greater than 1 pF for C;. + C,,

The parasitic capacitance, C;, and
parasitic inductance, L, have a sig-
nificant impact on the frequency
response/input impedance of the
active circuit amplifier. These ele-
ments must be considered and mod-
eled to properly predict the equiva-
lent input capacitance and negative
resistance of the Colpitts oscillator
configuration.

With capacitances C, and C; con-
nected to the emitter and base leads,
a revised analysis can be performed
to determine the equivalent input
impedance of the active circuit. For o
< L,Cp;, the inductor on the base side
in series with C,; has only a small
effect on the impedance since the
majority of signal current flows from
the gm stage through the inductor in
the emitter side. Therefore, the cir-
cuit can be simplified to facilitate
analysis by including only the induc-
tor in the emitter lead on the ideal
model and provide a more intuitive
approximate result. Although the
majority of the signal current flows
through the emitter lead, the capaci-
tance Cy; should be included in the
calculation of the capacitance. A rea-
sonable approximation is Cyx = C; +
Cyi. Circuit analysis shows that the
inductance modifies the equivalent
input impedance from the ideal
model case:

Z,-,l =—j[(C] +C2)/WC1C2]

+(8m /w2C1C2) (14)
to a revised model case:
Z, = =j{[(C .+ C) | 0C,C,]
~[A7Q+A%)
x (gm | @Cp, Cy)}+[17 (1+ A7)
X (gm/ 0*C, . C,) (15)

where A = wg,L,

The inductor actually makes the
input capacitance appear larger and
the negative resistance appears
smaller. The equivalent capacitance
along with negative resistance may
be expressed by the following equa-
tion as:

Active circuit

Varactor
Inductor

________________________

_________________________________

11. The basic Colpitts VCO configuration has been refined to include the

realistic effects of parasitic elements.

Cro =l/{(l/C12)—[A/(1+A2)]

X(gm/! wC,Cy)}  (16)

and

~Rgg=-R[t7a+4H] a7

During oscillation, the current
flowing in the oscillator transistor is
varying versus time (typically like a
half-wave rectified sine wave) and
therefore the instantaneous
transconductance, g, is varying
with time. At equilibrium, the effec-
tive large-signal transconductance,
Gy, is lower than the DC bias value of
g, and is only that necessary to sus-
tain the loop gainto 1 + &. As aresult,
has areduced affect on modifying the
input impedance than at its DC bias
point.

One approximation which could be
used for Gy is discussed in ref. 5:

Gy = n/Rggwhere n =
[(Cc+Cpa)/ Ce]X[(Cre +C2) /Gy
C]z = CIXCZ /(Cl + C2) in the... (18)

The large-signal G, should then be
substituted for g, in the previous
equations.

Detailed simulation of the full cir-
cuit reveals that the expressions
above offer a reasonable estimate of
the actual equivalent input

impedance. These approximations
are used later to develop a revised
set of design equations for the
oscillator.

The varactor is essentially a posi-
tive-negative (PN) junction diode
with specially tailored capacitance-
versus-voltage characteristics. As
with all diodes, the device has a finite
static series resistance. It deter-
mines the effective capacitor and
tank Q. The varactor is typically
implemented as a discrete device in a
plastic package (such as a SC-79
package). As with the transistor,
there is a parasitic lead and bondwire
inductance in series with the varac-
tor device. These two non-ideal
effects—the series inductance and
the series resistance—must be
included to properly predict the oscil-
lation frequency and the tank Q
(which impacts the phase noise,
startup, and oscillation amplitude) In
particular, the series inductance is a
critical parasitic to model, because it
strongly changes the effective capac-
itance of the varactor. (It forms a
series resonant circuit that can occur
very near the desired oscillation fre-
quency.) Figure 9 shows a revised
model for the varactor which
includes the parasitic resistance and
inductance in series with the with the
anode and cathode leads. The series
inductance is typically 1.5 nH while
the series resistance is typically 0.5
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+3V, 1pA, +15kV ESD-PROTECTED
RS-232 DEVICE SIMPLIFIES
SMARTPHONE DESIGNS

Separate Logic Supply Ensures Compatibility with Mixed ASIC Logic Levels
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e
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Ring Indicate pin provides shifters are needed to interface with
synchronization capability. ASIC logic levels.

+ +15kV ESD Protection Ensures International ¢ V. Pin Works Down to 1.8V—No Need for Level
Compliance: Shifters in Mixed Voltage Systems
¢ +15kV IEC 1000-4-2 Air-Gap Discharge + Space-Saving TSSOP Package—30% Smaller than
» +8kV IEC 1000-4-2 Contact Discharge SSOP
* +15kV Human Body Model ¢ RS-232 Compliant Operation Over Li-lon Battery
e +4kV IEC 1000-4-4 EFT** Voltage Range of +3.0V to +4.2V at

+ Save Battery Life—1pA Shutdown Supply Current  250kbps—Guaranteed
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FIVE YEARS AGO,
THE NTS-1000 SET THt *
BENCHMARK FOR THE COMPETIT\OW'S
PHASE NOISE ANALYZERS TO FOLLQW.
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INTRODUCING THE NTS-1000 B (3G\:
NOW EVEN FASTER AND EASIER TO USE,
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/N BOTH RESEARCH AND PRODUCTION.

~ Some l1):#-1215&5 noise analyzers are great in 24
the lab, but too slow for production. Still

~others are easy to use, but limited in
-versatiﬁtg and performance. But only the

NTS-1000B combines exceptionally high
speed, broad dynamic range, full automa-
tion, and high precision. Its no wonder
the NTS-1000 Series continues to be the
choice for both development and produc-
tion at the world’s largest manufacturers
of wireless chip sets, mobile phones, and
base station equipment. :
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Trimless VCO

______________

s

pipls

12. This model treats an oscillator as an active circuit with a resonant load.

to 1.0 Q.

The primary inductor in the tank
circuit has a self-resonant frequency
that may affect the frequency of
oscillation. A relatively simple model
can be used to describe the inductor
below the self-resonant frequency.
Figure 10 shows the revised model
for the inductor. The series resis-
tance (R) models the loss in the
inductor that sets the Q. Capacitance
(Cp) models the finite self-resonant
frequency. Some manufacturers are
supporting this model for their com-
mercial devices.® However, many
cost-effective surface-mount indue-
tors that are available today have
sufficiently high self-resonant fre-
quencies that it is reasonable to con-
sider the inductor to have negligible
parasitic capacitance. This permits
the inductor to be modeled as purely
aninductance and a series resistance.
The series resistance of the indue-
tance does need to be modeled to
accurately describe the tank Q.

COUPLING CAPACITORS

The feedback and coupling capaci-
tors are high-quality RF compo-
nents. Typically, the capacitors are
very small (0603, 0402, even 0201)
multilayer ceramic surface-mount
capacitors. That technology’s small
size inherently provides very-high
frequency performance and nearly
ideal frequency characteristics.
Therefore, the capacitors are consid-
ered ideal for the purposes of this
second-order design.

A potentially troublesome non-

ideal factor in the PCB level oscilla-
tor design has to do with the parasitic
capacitances and inductances that
are associated with the component
solder pads and interconnect traces.
These parasitic elements must be
extracted from the actual PCB lay-
out but are typically not available at
the time of design, because the layout
has not been started/completed.
However, it is important to include
them in the oscillator circuit model to
accurately predict the oscillation fre-
quency and tuning range, so a first
cut layout and analysis of the para-
sitic element values are needed. A
choice must be made between model-
ing the parasitic elements with trans-
mission lines or lumped-element
equivalents. Strictly speaking, the
traces/pads are transmission lines,
but the lumped element approach can
provide a more intuitive method of
modeling the parasitic elements and
is valid for compact layouts where
the interconnects are short (< 40 mil)
and wide (>20 mil). In general, if
traces are short then the connection
could be approximated as just a
shunt capacitance to ground. This
permits the simple addition of para-
sitic shunt capacitors at the connec-
tion nodes. The parasitic capacitance
at the connection points can be
approximated by a parallel plate
capacitance, C,q, with the plate area
equal to the total pad/trace area.

Cpap = £,€, X (A/1)=13x107"
X (A/t)pF | mil (for FR4) (19)
where:

A = the capacitor plate area (in
square mil), and

t = the board thickness (in mil).

The active circuit negative resis-
tance for the PCB-level oscillator
design is:

~Rygg =-Ry[1/(1+4%)]  (20)

where
The resonant load capacitance can
be found from:

A=0G,L,Cyprpo = [Cuar /@ -0

LPCVAR)]+ Cps (21)

Cvep = (CoCrareg ! Co + Cyarig
+ Cyareg) + Cp3 (22)
The resonant frequency or fre-

quency of oscillation can be found
from:

fo~ ]/[ZWTEQO'S] (23)

CTEQ = CVEQ + CIN (24)

The quality factor (Q) of the reso-
nant tank circuit, Qp, can be found
from:

RTEQ = RQL ” RQC (26)
QC = I/ZRCVRS (27)

The amplitude of the oscillation
(the RMS voltage) can be found from:

with

Roc = Oc* X RycQy, = 27LRg,
R = Q1% X Ry Vg = 2IpRgp
X[11(BY 1 To(B)] X Vipeur

The loop gain can be found from:

(28)

where
[71(B)/ Jo(B)] = 0.7 the ratio of the

Bessel functions

Loop gain = ngEQ(l / n) (29)
where
n=[(Ce+Cpx)/ C,|%
[(Cix + Cox) 1 Cox] (30)

The start-up criteria are given by:
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& ! CiCy >> Ry | Of?

for a minimum 2:1 ratio

(31)

The phase noise can be found from:
Phase noise = I,> x (1/ A
X (f, 120, % [Rgg? 1(f = £,2] (32)

where:

f, = the frequency of oscillation,

Cvar = the varactor capacitance,

Qy, = the inductor quality factor,

Qr = the tank quality factor,

Rgq = the equivalent tank parallel
resistance,

g, = the oscillator bipolar transis-
tor transconductance,

V= the RMS tank voltage,

Cr = the total tank capacitance,

Cy = the varactor coupling capaci-
tance,

Qv = the effective varactor quality
factor,

Rg = the varactor series resis-
tance,

I = the oscillator transistor bias
current, and

I, = the collector shot noise.

One very useful method to view an
oscillator circuit is as a “reflection
amplifier.” This intuitive concept is
described in a classic article by John
Boyles” and in a paper by Esdale.”
The “reflection amplifier” method
permits the engineer to use S-param-
eters for design and measurement of
the oscillator. Working with S-
parameters facilitates the modeling
and measurement of the actual oscil-
lator circuit and helps develop
insight into the circuit’s qperformance
and potential problems.’

The “reflection amplifier”
approach basically models the oscilla-
tor as an active circuit with a reso-
nant load and describes the stable
oscillation point in terms of the rela-
tive impedances. If the active circuit
input S-parameters are plotted as
1/84,, then the values can be directly
plotted on a Smith chart with the T" of
the resonant load. A convenient
aspect of plotting 1/S,; is that the
impedance of R and X for the active
circuit can be read and multiplied by
—1to provide the correct values of the
negative resistance and reactance.
This method of plotting the
impedances provides a graphical rep-

Voo

B[ >
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A AAY
—
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13. This oscillator active circuit is based on the use of a discrete transistor.

resentation of when oscillation condi-
tions exist.

The basic conditions for oscillation
are:

1. 11/8111 < 117,

2. ang(1/S11) = ang(I"), and

3. the curves of 1/S;; and I" must
ultimately intersect each other and
change in opposite angular directions
versus frequency (this occurs at the
peak-oscillator tank amplitude).

The reflection amplifier approach
will be used in the remainder of this
article to model, simulate, and mea-
sure the real oscillator circuit.

The calculations shown are valid as
a method to approximate the initial
values for the components. A spread-
sheet can be developed to compute
the revised component values (avail-
able on request from the author). It is
important to view the circuit’s true
dependency versus frequency, start-
up conditions, ete. Computer simula-
tions should be used to provide a
more rapid, accurate method of mod-
ifying the circuit component values
that govern the oscillation behavior.
Simulation is an efficient way to
make circuit design trade-offs and
adjustments to account for the
changes caused by the non-ideal cir-
cuit elements.

The basic circuit model can be sim-
ulated with a small-signal circuit sim-
ulation, which inherently works in
terms of S-parameters. A “small-sig-
nal” linear circuit simulation is, by

far, the most rapid simulation mode
available. It is best to use a commer-
cial circuit simulator, such as the
Advanced Design System (ADS)
from Agilent Technologies (Santa
Rosa, CA), MMICAD from Optotek
(Kanata, Ontario, Canada), the Sere-
nade Suite from Ansoft (Pittsburgh,
PA), and Microwave Office from
Advanced Wave Research (EI
Segundo, CA) for this. The simulator
should be set up to use the “reflection
amplifier” method that was previous-
ly mentioned, using the oscillator cir-
cuit model of Fig. 11. The initial val-
ues can be derived from the revised
design equations. Adjustments can
be made to the component values to
return the active circuit and resonant
load impedances back to the values
required for the desired oscillation
frequency, start-up, and tuning
range. In some cases, the values pre-
dicted by the small-signal circuit
model are a sufficient and accurate
estimation of the component values
to proceed directly toward construct-
ing the actual circuit (Fig. 12). How-
ever, when a more accurate or highly
optimized design is required, it may
be necessary to simulate the actual
active circuit implementation with
detailed models for all devices. The
full oscillator cirecuit is then simulat-
ed with a time-domain simulator
(e.g., SPICE) or a harmonic-balance
simulator (e.g., Harmonica) to pre-
cisely determine the frequency tun-
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AMPLIFIERS

IFIERS [e'MIXERS 's' MULTIPLIERS

Gain Noise 1/0 Qutput Power
Frequency Gain Flatness Figure VSWR |at 1dB Comp.*
Model Number (GHz) | (dB, Min.)| (+dB, Max.) (dB, Max.) (Max.) (dBm, Typ.)

JSW4-18002600-18-5A 18-26 28 1.0 1.8 2.0:1/2.0:1 5
JSW4-26004000-25-5A | 26-40 25 2.5 25 2.0:1/2.0:1 5
JSW4-18004000-32-8A | 18-40 21 2.0 3.2 2.0:1/2.51 8
JSW4-30005000-45-5A | 30-50 21 2.5 45 2.5:1/2.51 5
JSW4-40006000-65-0A | 40-60 16 2.5 6.5 2.5:1/2.51 0

* Higher output power options available

MIXER/CONVERTER PRODUCTS

Frequency (GHz) Cnn_versinn I\!oise L LO-Rf
Gain/Loss Figure |Image Rejection | Isolation
Model Number RF LO IF (dB, Typ.) | (dB, Typ.) (dB, Typ.) (dB, Typ.)
LNB-1826-30 | 18-26 Internal 2-10 42 2.5 20 45
LNB-2640-40 | 26-40 Internal 2-16 42 3.5 20 45
ARE3436LC1 34-36 | 15.5-16.5 | 2.7-3.3 25 4 20 60
SBW3337LG2 | 33-37 33-37 DC-4 -7.5 8 N/A 25
TB0440LWA 4-40 4-42 .5-20 -10 10.5 N/A 20
DB0440LW1 4-40 4-40 DC-2 -9 9.5 N/A 25
QBEO44OLW1 4-40 2-20 DC-1.5 -10 10.5 N/A 20
Fremuency (Ghz) | /GUL | poyer  (Feed Through Lovel| @+15VDC
Model Number | Input | Output | (dBm, min.)| (dBm, min.) (dBc, min.) (mA, nom.)
MAX2M260400 | 13-20 | 26-40 10 12 18 160
MAX2M200380 | 10-19 | 20-38 6 14 18 200
MAX2M300500 | 15-25 | 30-50 10 8 18 160
MAX4M400480 | 10-12 | 40-48 10 8 18 250
MAX3M300300 10 30 10 10 60 160
MAX2M360500 | 18-25 | 36-50 10 8 18 160
MAX2M200400 | 10-20 | 20-40 10 10 18 160
TD0O040LA2 2-20 4-40 10 -3 30 N/A
* Higher output power options available -
MITEQ also offers custom designs to meet your specific requirements. NOn
For further information, please contact David Krautheimer S0 9001
at (516) 439-9413 or e-mail dkrautheimer@miteqg.com

NvIT=

100 Davids Drive « Hauppauge, NY 11788
TEL.: (516) 436-7400 » FAX: (516) 436-7430
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Your solution is Dow-Key’s
line of miniature electro-
mechanical switches

Do you need a miniature switch for
your matrices, your microwave radio
or to select an alternating antenna?

Do you need a miniature switch to
bypass a circuit element or to act as
a direct input to output insertion? Do
you need a miniature switch to pro-
vide simultaneous reception and
transmission of signals?

If you do, then Dow-Key’s low cost,
miniature switches, operating to 3
GHz, are your solution. The product
line includes a SPDT failsafe switch,
a DPDT Bypass switch, and a DPDT
Transfer switch. Designed to be PCB
mounted, these 50 ohm impedance

/ switches can be hot switched at 10W
CW to 3 GHz without performance
degradation and can handle up to
50W CW at 1 GHz.

If unprecedented customer service,
on-time delivery, and the highest
quality switch products with unsur-
passed reliability at the right price™

*_ are your requirel —

- 3 s e -
" WPOW-KEY MICROWAVE is your
E solution.
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L N
4822 McGrath Street P
Ventura, CA 93003-5641 - R
Tel: (B05) 650-0260  Fax: (805) 650-1734  ~ 3%/
Visit us at www.dowkey.com
A TECHNOLOGIES COMPANY
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ing range and verify that
the circuit design objec-
tives can be met.

EXAMPLE CIRCUIT

Implementation of the
Colpitts configuration
shown in Fig. 7 is com-
monly accomplished with
discrete transistors.
Many options exist for
cost-effective, high fy D
transistors packaged in Alpha
small plastic packages—
as single and dual
devices. However, in
order to achieve a design
that works down to a
+2.7-VDC supply voltage
with sufficient headroom
for the oscillator device

1
&
SMV1204-34

> 1000pF

.1.5pF

Out ‘
to
0.1 p,F mixer

= 330 pF

o —

Out

1o PLL
1000 pF

i

Vee

and output buffer, a 14. Based on a model MAX2620 oscillator IC, this design represents a practical

three-transistor circuit is
typically needed. Figure
13 shows the possible implementa-
tion of the oscillator active circuitry.

Discrete implementations are
extremely flexible, but possess sev-
eral negatives. The primary nega-
tives of this circuit are significant
variation in biasing versus tempera-
ture and supply voltage, the large
number of components required to
implement the oscillator active cir-
cuitry, and the relatively large PCB
area that is required.

An improved alternative to the
discrete transistor approach is to use
an integrated oscillator IC, such as
the MAX2620 from Maxim Integrat-
ed Products (Sunnyvale, CA), with
an external tank circuit. The
MAX2620 IC integrates the oscilla-
tor transistor, stable biasing, and an
output amplifier in a small uUMAXS8
package to provide a convenient
method of implementing the oscilla-
tor active circuitry.’® This approach
permits the designer to focus only on
selecting the external passive com-
ponent values, thereby confining the
design task to achieve the required
frequency tuning characteristics.
Figure 14 shows the Colpitts oscilla-
tor configuration using the
MAX2620. The frequency-setting
components are all on the left side of
the circuit. The components that are
connected to the output ports are one

possible option to implement the out-

put matching to the load.

Referring to the revised circuit
model of Fig. 11, the parasitic-ele-
ment values in the component models
are as follows. For the varactor, L, =
1.5 nH, R, = 0.5 Q, C,,(hi) = 8 pF,
and C,,.(lo) =4 pF. For the inductor,
L, =4.7nH and Ry, = 0.5 Q. For the
transistor, L, ~ 3.0 nH and Cpi = 1.1
pF. For the layout parasitics, C,; =
0.2pF,Cpe =02 pF, Cp3=0.5pF, Cpy
= 0.3 pF, and Ly, 4., = 0.3 nH.

The component values are selected
through a simple design process that
is summarized below as part of the
revised design process:

¢ Select initial values for Cq, Cs, Ly,
C,, C,, Cyap(hi), and C,,.(lo) based on
the revised design equations devel-
Oped for Cvar’ Cv, Cim and C]2e
described in this article to achieve
the require frequency tuning range
required for the trimless VCO.

¢ Construct a more detailed small-
signal circuit model using the revised
models for the varactor, active cir-
cuit, and layout parasitic elements.

¢ Simulate the small-signal circuit
model and adjust the component
value to achieve the target values for
C iny Cvar(hi)9 Cvar(lo)’ and startup con-
ditions (maintain loop gain and suffi-
cient negative resistance).

* Construct the oscillator with the
simulated component values.

e Measure 1/S;; and I (optional).

implementation of the Colpitts oscillator configuration.

e If any fine-tuning frequency
adjustment is necessary, adjust the
frequency of oscillation with C,, C,
(for an increase in frequency,
decrease C_ and for a decrease in fre-
quency, increase C,; increase the tun-
ing range and decrease the frequency
by increasing C,; and decrease the
tuning until the tuning range and fre-
quency limits match a particular set
of requirements).

A circuit (Fig. 14) was constructed
in prototype fashion to demonstrate
the performance of an oscillator
designed from the equations and sim-
ulation technique outlined in this
article. The circuit is useful for some
commercial 900-MHz industrial-sci-
entific-medical (ISM) applications. ee
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Virtual LO

Virtual LO Tunes
Direct-Conversion
Receivers

This divect-conversion design
uses a novel circuit to overcome 1/f noise

and LO leakage into the carvier path.

Tajinder Manku
Wireless Microsystems, 4 Jacqueline
PL, Kitchener, Ontario, N2N 3K9,

IRECT-CONVERSION RF receivers and transmitters, unlike their
superheterodyne cousins, convert RF signals to baseband, and vice
versa, without an intermediate-frequency (IF) step. This confers

Canada; (519) 744-1116, FAX: (519)
746-3077, e-mail:
tmanku@venus.uwaterloo.ca.

several advantages over superheterodyne designs in terms of cost,
power, and levels of integration.' But direct conversion is not without its
problems, including 1/f noise (for receivers only) and leakage of the local-
oscillator (LO) signal into the carrier path. The 1/f problem is not too seri-
ous, since bipolar devices have a 1/f corner frequency on the order of 1
kHz, while the typical bandwidth of an RF signal is much greater than 1
kHz. But the problem of the local oscillator (LO) leaking into the RF path
is serious. It stems from the fact that in direct-conversion schemes, the LO
is equal in frequency to the RF carrier. Therefore, when the LO leaks into
the RF path, it places power directly in the RF signal band. This can mod-

This article describes a method of
removing the LO-leakage problem
that is associated with direct-conver-
sion RF receivers or transmitters. To
solve this problem, a “virtual LO”
(VLO™) signal is generated within
the RF signal. The LO signal consists
of signals that contain an insignifi-
cant amount of power (or no power)
at the LO frequency. Any errors that
generate the virtual LO in the new
design can be minimized using a
closed-loop correction scheme.

x(t) y(t) = d1d2x(t)

(a) (b)

sl
2 B

1. This figure shows the virtual LO direct-conversion topology (a) while (b)
shows examples of the signals ¢, and ..

ify and/or distort the information stored in the RF signal band.

Figure la shows the basic VLO
topology. A VLO is generated by
multiplying two functions (labeled &,
and ¢,) within the signal path of the
signal x(t). The signal x(t) can either
be an RF signal or a baseband signal.
If x(t) is an RF signal, the topology
corresponds to a downconversion. If
it is a baseband signal, the topology
corresponds to an upconversion. The
two functions ¢; and &, have the
property that ¢,¢, = VLO, where
VLO is a function that contains a sig-
nificant amount of power at the RF
carrier frequency. Figure 1b depicts
possible functions for ¢, and ¢, . To
ensure that no LO power leaks into
the signal path, the criteria for select-
ing the functions &, and ¢, are:

1. ; and ¢, do not have any power
(or a significant amount of power") at
the carrier frequency.

2. The signals that are required to
generate ¢, and ¢, should not have a
significant amount of power at the
RF carrier frequency.
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3. If x(t) is an RF signal,
¢1b1do should not have a sig-

nificant amount of power |, Sq1bop(t
within the bandwidth of the e
RF signal at baseband. X(t) >

4. If x(t) is a baseband sig- 1062000

nal, &;db,ds and bod, should
not have a significant amount

of power within the upcon- | (a) 10 %20 (b)

b10  ¢20

bq1021xi(t) + d1ad20%a(t)

verted RF signal.
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2. This figure shows the virtual LO
direct-conversion receiver topology
with | and Q generation (a) and virtual
LO direct-conversion transmitter with
| and Q transmission (b).

Conditions 1 and 2 ensure that no
power is generated within the sys-
tem at the carrier frequencies that
would cause an equivalent LO leak-
age problem found in conventional
direct-conversion topologies. Condi-
tion 3 ensures that if &, leaks into the
input port, it does not produce a sig-
nal within the baseband signal at the
output. Condition 4 ensures that if ¢,
leaks into the input port, it does not
produce a signal within the RF signal
at the output. Condition 4 also
ensures that if ¢, leaks into node
between the two mixers, it does not
produce a signal within the RF signal
at the output. Various functions can
satisfy the conditions that were pre-
viously listed. However, in many
modulation schemes, in-phase (I) and
quadrature (Q) signals are required.
In these cases, four functions have to
be generated. Figures 3a and b illus-
trate this point for receiver (Rx) and
transmitter (Tx), respectively. One
method that can be used to generate
the various functions in Fig. 3 is
shown in Fig. 4. The signals ¢, and ¢,
are generated by using a signal twice
the frequency of the LO and a control
signal, S1.

The analysis discussed does not
include timing errors’ that would
arise when constructing the VLO
The actual VLO that is generated car
be written as:

VLOa = VLOl + SVLO (t) (])

where: : .
VLO, = the actual VL.O generated
VLO; = the ideal VLO without anj
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DESIGN FEATURE

Vivtual LO

.......... LPF LPF  Gain elements

RF [X "' —{X] Baseband
_____ N
Non-time-varying i | Power, Py :
DC-offset correction : m:asuremem !
I i )
Power, Py §| Checkto 1u:2:?on :
! see if canbe ,
: dPpy/d done !
i | (delay)=0. | inpSP !
! If not, or analog
Delay i | adjust delay. .

1

Points where e P e

dPyy/d (delay) = 0 baiarl Delay controller

2 Clocking || @2

- i< Delayed

Inillal¢2||||]||l]||]
Delaved¢2||||[||||||]

edge delay sequence

and correction

4. This is a schematic for delay-correction scheme within the Rx path.

timing error, and

evro(t)= a parameter that absorbs
the timing errors. Therefore, the out-
put signal of the virtual LO topology
(denoted as y(t)) becomes:

¥(t) = x(t) X [VLO, + €y, of1)] (2)

The term x(t)VLQ; is the desired
term, and x(t)eyy,o(t) is a term that
produces aliasing power into the
desired signal. For a transmitter
topology, this is not a serious prob-
lem because the signal x(t) is at base-

band and has a well-defined band-
width. However, for a receiver topol-
ogy, x(t) does not have a well-defined
bandwidth, so this term would pro-
duce an in-band aliasing power with-
in the order of sy1.o°, which turns out
to be related to the bandwidth of the
RF signal divided by the unity cur-
rent-gain frequency of the integrat-
ed-circuit (IC) technology where it is
implemented (assuming the worst-
case scenario). This may be a serious
problem for some applications—the

| termeyp,o(t) can also consist of aterm

| [ 0
210 DQ +—>D 0 > dq)
p — —
>——p 0 t 0 ot @
Ec Q |z | X [ |
> >D Q »D 0 *—> m
i ﬂ>o. @ [.|>o_ al o n——] R e
i 0 bz
2L0
$1 [ 1
X [ 1
Y | 1
z |7 i
P
bqp | P ] ] I ] [

3. This circuit diagram shows one possible method of generating the various
signals required in Figure 2. S1 is a control signal that generates the signals ¢,

and ¢,.
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Virtunal LO

that raises the noise floor of the VLO. |
However, by selecting ¢, and &,
carefully and placing an appropriate
filter at the input of the structure,
the amount of aliasing power can be
reduced significantly. But due to tim-
ing errors, it can never be complete-
ly eliminated. There are several ways
that one could further reduce the
amount of aliasing power. One

method is to use a closed-loop config-
uration. The term x(t) eyro (t) con-
tains two terms at baseband: aliasing
power P,, and the power of the
desired signal at a reduced power
level (on the order of delay error Pyye.
Therefore, the total power at base-
band (denoted by Py can be decom-
posed into three components—the

power of the desired signal, Py; the |
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power of the aliasing terms, P,; and
the power of the desired signal aris-
ing from the term Pywe (this power
can either be positive or negative).
Therefore:
Py, =P, +P, (1) +P,[1) (3)
Note that P, and P, are a function
of the delay, 7. Since [P I>>IP,
equation 3 becomes:
Py =Pyt P, (1) (4)
If the power, Py, is measured and
7 is adjusted in time, one can reduce
the term P, to zero (or close to zero).
Mathematically, this can be per-
formed if the slope of Py with the
delay 7 is set to zero.
dPm/dt =dPa(t)/dt =0 (5)
The power-measurement scheme
and the element blocks that are
required to check if dPy/dt = 0 can be
implemented within a digital-signal-
processing (DSP) unit. This plot
shows that there is an optimum point
where dPy/dr = 0. The basic criterion
of this scheme is that the power mea-
surement is made over a time T,
shorter than the average time it
takes for the power level of the
desired bandwidth to change (this
time is denoted by Ty
Ty, >>T, (6)
The author has verified the basic
design previously described at low
frequencies using transistor-transis-
tor-logic (TTL) parts (74 series) to
generate the VLO, and a model
MLT04 quad-mixer set from Analog
Devices (Norwood, MA) for frequen-
cy translation. A high-frequency
design has also been verified in a 35-

GHz bipolar RF IC process. ee
Notes

*The amount of power generated at the carrier frequen-
cy should not affect the overall system performance of the
Rx or Tx in a significant manner.

##Timing errors can be in the form of a delay or a mis-
match in rise/fall times. In this paper, only delays are con-
sidered, but the same can be said for rise/fall times.
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Millimeter-Wave Calibration

Comparing On-Wafer Cal
Techniques To

Even the most precise test equipment
requives caveful calibvation methods
for wafer-probe measuvements at
millimeter-wave frequencies.

110 GHz
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N-WAFER measurements are supported by a variety of calibra-
tion methods for making corrected S-parameter measurements.
While these methods are well-detailed at microwave frequencies,
less is known about the accuracy of each calibration approach at
millimeter-wave frequencies. What follows is a comparative study of
the different calibration techniques at frequencies through 110 GHz.

To identify the true integrity of the
short-open-load-through (SOLT) cal-
ibration technique, independent ver-
ification standards are required.
Remeasuring the same standards
will only show the repeatability of
the contact (Fig. 1). The SOLT cali-
bration is not self-consistent and the
open-circuit response shows a per-
fect reflection, whereas the line-
reflect-match (LRM) calibration
method is self-consistent and errors
can be identified by examining the
magnitude of the S-parameter, S;. It
is not a safe assumption to believe
that SOLT is more accurate because
it looks like a perfect open.

In order to compare the various

calibration approaches, three differ-
ent calibration standard substrates
were used. A gallium-arsenide
(GaAs) substrate was used for the
National Institute of Standards and
Technology (NIST) multiline (LRL)
calibration,! while two alumina sub-
strates were used for the SOLT,
LRM, and line-reflect-reflect-match
(LRRM) calibrations. One alumina
substrate was 625 wm thick and the
other was 250 wm thick. As a recom-
mendation from ref. 2, the thin
impedance standard substrate (ISS)
included a layer of radiation-absorp-
tion material (RAM) between the
1SS and the probe station's metal
chuck surface.

In making these

comparisons, a

major limitation

lack of a reliable
precision reference
measurement to

LAL Cal I*\ was found to be the

110 GHz. An

extrapolation was

made from the
results of ref. 3 to

cover the higher

0.5
. || .
03 % LRM l
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. Measurement of open standard after

calibration falsely shows SOLT to be perfect,
which is a result of the SOLT calibration

forcing the reflections to be 0 dB.

1 o

frequency band.
The NIST LRL
calibration stan-

2. These S,, log-magnitude measurements were
made on the NIST 3.2-mm line.

dards are not a
modeled 50-0)

MICROWAVES & RF »« JANUARY 2000
114




LTRA-LOW ESR

EIA MICROWAVE CAPACITORS

e | OWEST ESR IN CLASS —
TYPICALLY 80 mQ @ 1 GHz

® HIGHEST WORKING VOLTAGE
FOR 0603 NPO

* BROADEST VALUE RANGE

e L Ow COST, WITH THE SUPERIOR
PERFORMANCE AND RELIABILITY
YOU EXPECT FROM ATC

INTRODUCING ATC's 600S ULTRA-LOw
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

¢ POINT-TO-POINT / POINT-TO-
MULTIPOINT RADIO

to learn more

Click here SPECIFICATIONS
wiipw . atceramics.com

ATC SERIES 600 S
CASE SIZE: 0603
CAP. RANGE: Up 10 100 PF
WVDC: 250 V
Ll byis ESR @ 1 GHz: 80 mQ TYP.
SALES OFFICES, . DIELECTRIC: NPO
e Beldli MARKING: EIA CoDE
: "* ‘ lTechpival PACKAGING: TAPE & REEL PLUS OPTIONS
i UURWEBSITE C eram l CS OPTIONS: SPECIAL TESTING & PACKAGING
VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #732 150 9002
PHONE: 516-622-4700 * FAX: 516-622-4748 ¢ E-MAIL: SALES@ATCERAMICS.COM "CONPARY

HE
ENGINEER'S

CIRCLE NO. 248 CHOICEm




www.ericsson.comlrfpower

Required

You don’t have to
do tricks to get
“9, 4 v - - B MT™M
P the GOLDMOS
‘ RF Power
Transistors
you need.

Just go to our
web site TODAY
at www.ericsson.com/rfpower

Detailed product datasheets, application
notes and contact information for sample (e
requests are all available on our web site.

g

Part Power Out Gain Supply IMD

: - Efficiency
Number Frequency Watts dB Volts dBc

% Features

Delivering Technology Choices
Ericsson Microelectronics
RF Power Products
1-877 GOLDMOS (465-3667) United States

o
+46 8 757 4700 International . E RICSSON ’




Millimeter-Wave Calibration

transmission line

$21 LogMag variation from LRRM/250 um ISS

to 110 GHz and an o
impedance mis-
match to 50-Q

$21 phase variation from LRRM/250 p.m 1SS

calibrations can

be expected. The
LRL calibration-
reference planes
were at the center
of the 500-pm

through line, and

the reference im-
pedance, Z,, was

03

in relation to this
line. To compare

Frequency—0 1o 110 GHz

Frequency—0 to 110 GHz

the common cali-
bration methods
used by engineers
for on-wafer microwave measure-
ments, several calibrations were per-
formed using the following methods:
SOLT, LRM, LRL, and LRRM with
Auto Load Inductance Compensa-
tion.* Measurements were collected,
using each resulting calibration coef-
ficients, of active and passive devices
to determine if a measurement dif-
ference is apparent by using differ-
ent techniques. A commercially
available software package was used
to perform calibrations and record-
ing measurements.”

The open-standard measurements
using the SOLT calibrations coeffi-
cients indicate a near-perfect reflec-
tion measurement, since only a
repeatability measurement of the
contact is being performed. The
thinned 250 pm ISS and layer of
RAM reduced the magnitude of
error on LRM and LRRM calibra-
tions. The large error using

The ISS calibrations (LRM, LRRM,
and SOLT), using the 625-pm-thick
and 250-pm-thick substrates, show a
ripple effect. This is due to the line
not being exactly at 50 ) and repre-
senting an impedance mismatch in
the case of the 50-() ISS calibrations.
The LRL calibration shows a more
linear response, but a phase and mag-
nitude offset is present due to the ref-
erence plane being in the center of
the LRL through standard and not
the probe tips.

The GaAs line measurement shows
the LRL being comparable to the
[SS-based calibrations to 70 GHz,
where afterwards the ISS calibra-
tions show greater loss. This may be
a result of the mismatched line acting
as a lowpass filter for the 50-Q
calibrations.

The ISS calibrations have approxi-
mately the same deviation from the

3. These measurements show the log magnitude (left) and phase (right) variations of the line using
the LRRM/250 um ISS as reference (for ISS calibrations only).

LRL measurements (Fig. 2). Using
the LRRM calibration as a reference,
the variation of the LRM and SOLT
calibrations can be observed. The
625-pm ISS and SOLT calibrations
show greater variation in phase and
magnitude (Fig. 3). The phase varia-
tion of the ISS calibrations from the
LRL calibration shows a linear phase
change due to the reference planes of
the LRL calibration being at the cen-
ter of the 500-pm through standard
and not at the tip of the probes, as

with the ISS calibrations.
Measurement accuracy very much
relies on the calibration and the mea-
surement application. Figure 4
shows measurements made on a
GaAs field-effect transistor (FET).
The SOLT, LRM, and LRRM cali-
brations are grouped together. The
only stray measurements are the
NIST LRL calibration. The differ-
ence between the LRL and

the 625-pm-thick ISS was
due to the substrate moding

i

other calibrations is proba-
bly not due to the inaccuracy

being more significant at | -a.\

millimeter-wave frequen-
cies. The 250 pm ISS pushes

~ L 1]
\ NIST LRL

the substrate moding above Y
110 GHz. This now meets

the commonly used-error

of the ISS-based calibra-
I tions. It is likely due to the
inaccuracy of the LRL cali-

N \

bration due to the change in
the pad parasitic element
values, the change of effec-

limits of 0.1 dB for open- i
circuit verification.

A more reliable way to ol

\

R

tive dielectric constants, and
the low-end limitation of
the calibration due to the

verify the integrity of the
calibration is to measure an

independent verification | -5faaa

standard. For this purpose,
a 3.2-mm open stub and 3.2-

SHWEE W)

e

hw

ISS Cals

1 M w0 % ®
5 n ™ O %0 % 10

restrictions of long-line
standards.

The SOLT calibration
Lo performed on the 250 um
ISS indicates a linear in-

mm line of the NIST refer- 4. These measurements were made on a GaAs field-effect-
transistor (FET) device.

ence substrate were used.

crease in magnitude and
phase (Fig. 5). The SOLT,
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Millimeter-Wave Calibration

LRM, and LRRM

$21 LogMag variation from LRRM/250 zm ISS

calibrations per-
formed on the 625

~ 821 phase variation from LRRM/250 um IS$

pm ISS shows the

same errors when

measuring the

X
,“X Jd}‘l.

open circuit dur-
ing calibration
verification. Only
the LRM calibra-

tion made on the

250 wm 1SS is |
comparable to the :
a4

LRRM reference
calibration.

e N1 R I .
vwmmwm : T :
Frequency—0 to 110 GHz . Frequency—0 to 110 GHz

The need to
make an accurate
calibration and

5. These measurements of the S’ log magnitude (left) and phase (right) of the GaAs FET were made
with reference to a LRRM calibration using 250 .m ISS.

measurement is | . » |
equaled by the I I I I | ot |
requirement to | = LRRM with load-inductance H— SOLT ™| LA
make repeatable _l soLT | compensation - POV, el o]
calibrations and | *] Y J iy L
measurements. | g | g« R
As shown in Fig. 6 IO P g ﬁ/

. el .“ =
(left and right), « W 4 LRRM with load-inductance
the worst-case - \ﬂ ] - tompensation |
error  bounds v
occur for repeat- | 70 fekipibidiin st bl b Lol b Lo N |
ing two identical e sl e D e R R
calibration tech-

niques. The re-
sults show that
the LRRM cali-
bration with load-inductance com-
pensation was more repeatable than
SOLT, which was particularly sensi-
tive when using different sets of
standards.

A total of eight LRRM calibrations
were performed using the same set of
ISS standards, but replacing the
probes manually on the ISS align-
ment mark. Even though the probe
placement was not exact due to the
limitation of the optics and resolution
of the positioners, the open-standard

verification has a worst-case spread :
- tude due to the incorrect positioning
repeated but using eight different

of 0.15 dB. The same experiment was

sets of standards. The repeatability
of the calibration decreased, but only
marginally, to 0.2 dB. All of the cali-
bration verifications were within the
general recommended limits of =0.1
dB to 110 GHz.

Analysis of the measurement
results showed differences in magni-
tude and phase for the devices under
test (DUTs). The extent of the differ-

ences was found to be dependent on
the DUT and calibration technique
used. From the measurements made
of the open stub and line, on the GaAs
NIST reference material, the results
approximated what was expected.
The ISS calibrations did not have the
same 7, value as the GaAs line. This
resulted in a loss increasing with fre-
quency combined with a ripple effect.
The LRL measurement did not
exhibit the ripple, due to the Z, of the
calibration being the same as the line,
but had an offset in phase and magni-

of the reference planes.

The FET results identified large
variations at low and high frequen-
cies between the LRL calibration
and the ISS-based calibrations. The
low-end variation was a limitation
due to the line length required for
low frequencies and the large imagi-
nary component of the characteristic
impedance at low frequencies due to
conductor resistance. The high-fre-

6. The worst-case errors for calibration repeatability were gauged with the same set of standards
(left) and with two different sets of standards (right).

quency variations were a result of
. differences in pad parasitic-element
- values between the calibration stan-
dard and the DUT.

The 625-pm-thick ISS exhibited a
larger error in magnitude when veri-
fying the calibration using an open
standard. This error is noticeable
when measuring a reflective DUT,
such as an open or open stub, and was
also noticeable on the Sy, value of a
FET measurement.ee
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TRW fully MMIC modules put
a lot of telecom muscle into broadband
wireless access systems.

Operating at millimeter-wave frequencies
from 18 GHz to 65 GHz and beyond, our
compact transceiver modules simplify your

design engineering by cutting parts counts.

And they provide the inherent reliability of

TRW's proven GaAs HBT and HEMT MMICs.

2000 TRW Inc.

No real animals were used in the
production of this advertisement.

If your requirements are big, contact
TRW. We develop modules and offer a
line of standard MMIC products. We
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s_ZUnderstanding

~ Ideal RF transmission-line components would be electrically "invisible," routing sig-
nals through a system without adding loss or gain. But in reality, transmission-line
components do exhibit loss and reflections at junctions with bad impedance matches
and, thus, they must be selected and assembled with care. An application note from
Andrew Corp. (Orland Park, IL) provides an overview of transmission-line compo-
nents and guides specifiers through key characteristics and performance parameters.

Transmission lines can be judged in terms of electrical and mechanical integrity. In-
dicators of system-level electrical integrity include connectors, antennas, and cables
with proper impedance match, cable conductors that are solid, impedance measure-

. _ments that are consistently at 50 (), components that mate tightly with proper toler-
__ ances, and performance measurements that reveal low insertion loss and low VSWR.
~ Indicators of system-level mechanical integrity include tight fits between components,

~ lack of in-field fabrication to compensate for mismatched parts, lack of deterioration
_in the system due to environmental effects, prevention of water migration, and prop-

erly fitting weatherproofing materials.

The 16-page application note provides recommendations for minimizing system-lev-
el attenuation and VSWR by properly specifying cables and connectors, and even de-
tails techniques for reducing intermodulation distortion (IMD). Copies of the applica-
tion note are free, from: Andrew Corp., 10500 West 153rd St., Orland Park, IL
60462; (800) 255-1479, (708) 349-3300, FAX: (800) 349-5444, Internet:
http://www.andrew.com.

CIRCLE NO. 194 or visit www.mwrf.com

Network operators rely on tight synchronization and good phase stability of their
clock and data signals in order to provide high performance. Unfortunately, a number
of factors prevent perfect synchronization, due to the jitter and wander of digital
sources. An application note from Wandel & Goltermann GmbH & Co. (Emngen Ger-
many), "Synchronization—Jitter-Wander: Basic principles and test equipment," helps
to explain these parameters and how they can impact the overall performance of a
high-speed telecommunications network.

Jitter is used to designate periodic or stochastic deviations of the significant instants
of a digital signal from ideal, equidistant values. When compared to a perfect square-
wave signal from a reference clock, the transitions of a digital signal will often occur
too early or too late because of these deviations. Slow jitter (of 10 Hz or less devia-
tions) is usually referred to as wander.

Jitter (phase variations greater than 10 Hz) is usually measured by comparing a sig-
nal of interest to a relatively jitter-free reference signal. The unit of jitter amplitude

- is the unit interval, which corresponds to the error of the width of 1 b. To accurately

measure jitter requires test equipment capable of acquiring data for minutes at a time.
The 32-page application note explains how to make jitter and wander measure-
ments, and describes basic jitter and wander parameters, including phase hits (which
are jitter peaks that exceed an given amplitude) and root-mean-square (RMS) jitter.
The literature shows how jitter can accumulate in data regenerators, and provides
measurement techniques for determining the maximum tolerable jitter (MTJ) for a
particular telecommunications or data-communications network. Other measure-
ments cover the jitter-transfer function (JTF), mapping jitter, pointer jitter, as well
as a variety of ways to evaluate wander. The note provides several block diagrams
with sample test systems for performing these different measurements, along with a
comparison of the jitter/wander measurement requirements set forth in the latest In-
ternational Telecommunications Union (ITU) recommendations (0.171 and 0.172).
The 32-page booklet also includes an appendix with a thorough listing of global stan-
dards for jitter and wander, including specifications from ANSI, Bellcore, and the
ITU. Copies of Application Note 71, "Synchronization—Jitter-Wander: Basic princi-
ples and test equipment' are free, from: Wandel & Goltermann GmbH & Co.,
Marketing International, Postfach 1262, D-72795 Eningen, Germany; (49)
7121-86-1616, FAX: (49) 7121-86-1333, e-mail: info@wago.de, Internet:
hitp//www.wg.com.
CIRCLE NO. 195 or visit www.mwrf.com
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Spectral growth can compromise the most precise CDMA technologies. Often, the difficulty lies in the
transmission equipment, a potent source of distortion or the "shoulders" you see on your display. Now there are
amplifiers that help you eliminate shoulders, keep the space between carriers narrow and optimize bandwidth.

AR "S" Series amplifiers are uniquely linear. Thanks to their exceptional design, CDMA signals get amplified
but distortion stays low. You quickly pinpoint problems when testing your driver amp (or other transmission
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Everyday at Vari-L innovative engineering designs are coupled with

state-of-the-art manufacturing technologies to create high

performance, cost-effective RF and microwave solutions for the

world’s largest wireless equipment companies.

At Vari-L, we are dedicated to
research and development.
Our exceptional commitment to
innovation has resulted in eight
new patents in the last three
years alone. Since 1953, our
products have been utilized in
many diversified and demanding
applications ranging from

satellite and aerospace systems, CATV and fiber

optic transmission systems to wireless base

stations and handsets.

Our intensive investment in state-of-the-art
manufacturing technology gives us the ability

to offer low cost product realization through
automated assembly, handling and testing. Recent
expansions in our automated production systems have
created a projected Year 2000 manufacturing capacity
in excess of 12 million units housed within Vari-L's
80,000-square foot facility in Denver, Colorado.

Over 90% of our shipments are custom solutions
tailored specifically to a customer’s RF/microwave
signal sources or signal processing project
requirement. At Vari-L, our continued focus on research
and development and commitment to enhancing
manufacturing technology is intended to ensure
that “We have a part in your future.”
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Commercial Signal Processing

+ High Performance Wideband RF Transformers + Ruggedized Double Balanced Mixers

* High Performance Power Dividers and Couplers + Ruggedized Wideband RF Transformers

* High Performance Double Balanced Mixers + Ruggedized Power Dividers and Couplers

» High Performance RF Chokes * Ruggedized 1/Q Modulators and Demodulators
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* Miniature Voltage Controlled Oscillator Modules
+ Miniature PLL Synthesizer Modules
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4895 Peoria Street VARI-L is a precision manufacturer of RF components for a wide range of aer ce, commercial, military, space and subscriber applications.
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Instrument Emulates
GCable-Network Impairments

This tool can vecveate the pevformance

chavacteristics faced by cable modems and other
equipment in a cable-network system.

Mike Pellegrini
Product Manager - Wired Test Systems
Telecom Analysis Systems, 34 Industrial Way East, Eatontown, NJ 07724,
(732) 544-8700, FAX: (732) 544-8347, e-mail: mpell @taskit.com,
Internet: http://www.taskit.com.

NTERNET access through cable modem is a rapidly growing data application.
Cable modems access massive available bandwidth by sending and receiving
data through the same coaxial cable that carries cable-television (CATV) sig-
nals, rather than over twisted-pair telephone wires used by dial-up and xDSL
modems. For cable modems to work effectively, however, they should be thor-
oughly tested with a new type of system, the TAS 8250 cable network & inter-
ference emulator from Telecom Analysis Systems, Inc. (Eatontown, NJ).

The TAS 8250 cable network & interference em-
ulator (Fig. 1) combines the functionality of several
instruments to accurately model the characteristics
of a hybrid-fiber/coaxial (HF C) network. The TAS
8250 recreates real-world cable-network conditions
to allow the transmission performance of cable
modems and cable-modem termination systems
(CMTS) to be reliably evaluated. Other cable-net-
work communications equipment, such as Internet
Protocol (IP) telephony prod-

distortion (IMD). A user can independently control
the level, frequency, and burst-timing characteris-
tics of all impairment conditions in the upstream
and downstream channels. An input connector al-
lows specialized test conditions to be injected into
the simulated cable channel and integrated with the
instrument. The TAS 8250 quantifies the effects of
cable-network impairments in a controllable envi-
ronment, detecting problems early in the design
process.

ucts, CATV set-top boxes, and
high-definition-television
(HDTV) equipment, can also be
tested with the TAS 8250.

TAS 8250 provides wideband
channel emulation of the down-
stream (50-to-860-MHz) and up-
stream (5-to-42-MHz) frequency
bands in a single, integrated in-
strument (Fig. 2). The instru-
ment combines additive impair-
ments such as wideband noise

Recent market estimates indi-
cate that the number of cable-
modem subscribers in the US
and Canada will pass 1 million
during 1999. This number repre-
sents less than 3 percent of the
32 million homes that have ac-
cess to high-speed cable data
networks, which indicates that
there is still huge growth poten-
tial in the cable-modem market.
| Internet service providers

and continuous-wave (CW) in-

(ISPs) such as @Home and Road

terference with key cable-net-
work characteristics such as am-

emulation, and intermodulation

1. The TAS 8250 cable network &
interference emulator emulates the
plitude tilt, network filter conditions faced by cable modems
and other cable-network equipment.

Runner, who have partnered
with CATV affiliates, such as
AT&T and Time Warner, to pro-
vide high-speed data services,
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uct compliance in a
public manner. Ca-
ble-modem and
CMTS vendors
submit their prod-
ucts to CableLabs

for a battery of

tests that deter-

mine whether the
product complies
with DOCSIS and
interoperates with
other DOCSIS

2. This block diagram shows the various functional
components of the TAS 8250 cable network and

interference emulator.

continue to report steady growth
rates in their subscriber base as they
roll-out cable-modem service in more
areas.

The move to retail distribution of
cable modems will help drive the
growth of the cable-modem market
over the next few years. Retail avail-
ability of cable modems accelerates
product acceptance and drives down
the price of cable modems. Since
1988, when cable system operators
formed the Multimedia Cable Net-
work System Partners (MCNS) con-
sortium and Cable Television Labo-
ratories (CableLabs), the cable
industry has been laying the ground-
work for the move to retail. Cable-
Labs developed the Data Over Cable
Service Interface Specifications
(DOCSIS) to document standard de-
sign criteria for cable modems as well
as Cable Modem Termination Sys-
tems (CMTS). Consumers who pur-
chase a DOCSIS-compliant cable mo-
dem through a retail outlet can be
confident that the modem
will interoperate with the
DOCSIS-compliant CMTS
that is used on their cable
system. As a comparison,
the 56-kb/s modem market
experienced greatly in-
creased product acceptance
when a standardized, inter-
operable technology (V.90)
replaced the competing,
proprietary technologies [oc
(x2 and K56Flex).

CableLabs also estab-

products. Cable-
Labs then grants
the use of the Ca-
bleLabs-certified
sticker to vendors that successfully
complete the certification process.
More than 10 vendors, including
3Com, Cisco, Samsung, and Toshiba,
have already achieved this certifica-
tion for their version 1.0 DOCSIS ca-
ble-modem products, with many oth-
ers still in the certification process.
Cable modems allow a computer
user to send and receive information
over a cable network. A CMTS is lo-
cated at the head end of the cable
system and provides the interface
where cable modems access the In-
ternet. A CMTS performs functions
such as bandwidth allocation and
power-level regulation while trans-
mitting and receiving data to and
from the cable modems. Both the ca-
ble modem and the CMTS modulate
digital signals using techniques such
as quadrature-phase-shift-keying
(QPSK) modulation and quadrature
amplitude modulation (QAM).
Transmission between cable
modems and the CMTS occurs in two

Distribution Hub

. Coaxial Cable

separate frequency bands. On most
US cable systems, downstream
(CMTS-to-cable-modem) data oc-
cupy 6-MHz channels between 50
and 860 MHz. Upstream (cable-mo-
dem-to-CMTS) data occupy smaller
bandwidth (200-kHz-to-3.2-MHz)
channels between 5 and 42 MHz. The
downstream channel, having been
used to transmit television signals
that require superior transmission
channel characteristics, supports
complex techniques such as 64-QAM
and 256-QAM. Less-complex, more-
robust modulation schemes, such as
QPSK and 16-QAM, are used in the
upstream channel to counteract the
effects of ingress—undesired signals
that leak into the cable system.

A modern cable network that sup-
ports broadcast television and high-
speed data service combines fiber-
optic and coaxial cable transmission
facilities (some older systems are all
coaxial cable). Fiber-optic lines carry
signals from the cable-modem termi-
nation system (typically located at
the distribution hub) to the fiber
node (Fig. 3). Fiber-optic transmis-
sion lines carry signals over much
greater distances than coaxial cables
with fewer amplifiers. Reducing the
number of amplifiers used on a cable
system increases the channel capac-
ity, improves the signal quality, and
reduces maintenance costs. Once sig-
nals reach the fiber node they are
converted to coaxial cable lines,
which carry the signals through the
neighborhood and to the home. Be-
tween 500 and 1000 cable service
subscribers are usually served by a
single fiber-optic node on coaxial ca-
ble lines.

Noise, or carrier-to-noise
| (C/N) ratio, has tradition-
| ally been the primary cable-
network impairment used to
evaluate cable-modem per-
formance. However, this ap-
proach ignores many other
cable-network impairments
that have an equal or more
severe effect on perfor-
mance. Additional impair-
ments include ingress of
“bursty” noise or interfer-

lished the process to test 3. This diagram illustrates how a distribution hub is
products for DOCSIS certifi- linked to thousands of subscribers through coaxial and

cation and to indicate prod- fiber-optic cables.

ence, group-delay distor-
tion, amplitude distortion
and tilt, and intermodulation
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KMW Has a 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

KAT1O04SA000

Product Code No.

Step-Rotary Attenuators

KAT10045A000 KAT2004SA000 KAT1SO4SA000 KAT2504SA000

Operating Type Break-Before-Make Make-Before-Break
Frequency Range DC ~ 3GHz DC ~ 3GHz DC ~ 3GHz DC ~ 3GHz
Insertion Loss (max.) 0.2dB 0.2dB 0.2dB 0.2dB
VSWR (max.) 1.15:1 1.15:1 1.15:1 B
Incremental Attenuation 0-1 0-~10 0-1 0-10
KAT2004SA000 Range £H8)
Attenuation Step (dB) 0.2 1 0.2 1
Nominal Impedance 50 ohm 50 ohm
1/0 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*1.56*1.51 1.93*1.56*1.51

Continuously Variable Attenuators
Contactless Structure for High Power Handling Capability,

up to 2W average @2GHz.

A type : KAT1304CA000

Product Code No. B type : KAT1304CA001

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

1/O Port Connector

SMAC(F) / SMA(F)

Average Power Handling

2W @ 2GHz & 25°C, without Heat-Sink

Temperature Range

-55°C ~ +85°C

KAT1304CA001 Dimension (inch)

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

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

13131 East 166th Street, Cerritos, CA 90703-2202
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distortion (IMD).

Noise and interference from a va-
riety of sources (ingress) distort data
transmission on the cable network,
particularly in the upstream fre-
quency band. Many devices, includ-
ing common household appliances,
emit signals in the 5-to-42-MHz up-
stream frequency bands. These un-
desired signals may leak into the ca-
ble system through poorly shielded
drop cables or through the communi-
cations devices attached to the cable
network within the home. Increased
ingress reduces the C/N characteris-
tics in the cable-communications
channel, which, in turn, causes more
transmission errors or forces the
modems to use a slower, less-com-
plex modulation scheme. In addition,
ingress is typically impulsive in na-
ture in that the interfering signals
appear for short intervals at signifi-
cant power levels. Downstream
transmission is not affected as se-
verely by these impairments, since
cable operators have had to design
networks to provide superior chan-
nel characteristies to support unidi-
rectional television-signal transmis-
sion and reception.

Amplifiers are employed on the ca-
ble network to reverse the loss that
ocecurs as signals travel over the co-
axial cable (Fig. 4). Each amplifier
has associated diplex filters that
block signals at certain frequencies
before and after the amplifier. When
multiple amplifiers are used on a ca-
ble network, the group delay and am-
plitude distortion responses of the
diplex filters combine to produce an
overall group delay and amplitude
distortion shape. This impairment is
primarily a problem in the upstream
direction, where the lowpass filters
typically have a corner frequency of
approximately 42 MHz and combine
to produce increasing group delay
and amplitude distortion in the re-
gion of 30 to 42 MHz. Variable delay
characteristics at different frequen-
cies in the upstream channel inter-
fere with the time-dependent modu-
lation schemes.

Amplifiers also generate another
impairment on the cable network
known as intermodulation distortion
(IMD). This impairment compresses
the outer constellation points of a

4. A bidirectional cable network
includes a variety of amplifiers and
diplexer filters, which introduce
distortion and other performance
impairments.

digital signal. A constellation is a col-
lection of points in a 2-dimensional
display where each point represents
a specific amount of received infor-
mation. Compression of the outer
points in the cable modem's signal
constellation—where transmitted
power is at its peak—causes the re-
ceiver to misinterpret one constella-
tion point as another. The end result
is an increased bit-error rate (BER)
as the information represented by a
constellation point is altered during
transmission over the cable plant.
Another IMD effect is the generation
of composite-second-order (CSO)
and composite-triple-beat (CTB) sig-
nals. These CSO/CTB signals repre-
sent second- and third-order har-
monie signals of the various analog
and digital carriers on a cable net-
work. Some CSO/CTB signals may
fall at or near the frequency being
used for cable-modem service, inter-
fering with the data transmission.
The distance between the cable-
modem subscriber and the CMTS
dictates the amount of coaxial cable
where the digital data signals must
travel. Longer runs of coaxial cable
produce a more severe signal-level
slope, or amplitude tilt, across the

Nomalized Coax Loss Models lor Downstream Channe!

Relativ nssrion Loss (d8)

5. These downstream coaxial
amplitude tilt models can be created
with the TAS 8250.

downstream and upstream fre-
quency bands. Amplitude tilt is char-
acterized by increasing loss as the
frequency increases (Fig. 5). As a re-
sult, signals at higher frequencies are
attenuated more than signals at
lower frequencies, with the severity
of amplitude tilt depending on the de-
sign of the system.

Cable-modem testing is currently
performed in a variety of environ-
ments, including field testing on ca-
ble networks, testing on in-house ca-
ble networks, and using test
equipment that generates specific
impairments. Each approach re-
quires a significant investment in
manpower and time to set up and
conduct the tests; these are valuable
engineering resources that would be
better used to address product is-
sues. Precisely controlling impair-
ments and the repeatability of the
test environment are also issues. The
ideal solution would combine the best
characteristics of these three envi-
ronments—an application-specific
laboratory instrument that provides
precise control of real-world cable-
network impairments in a repeatable
environment.

The broadband nature of the cable
network allows many cable modems
to share the same communications
media. This means that multiple ca-
ble modems are connected to the
CMTS through a shared communica-
tions link. The TAS 8250 provides
the critical mix of features that are
required to test the performance of
cable modems and cable-modem ter-
mination systems in this shared envi-
ronment. Wideband channel emula-
tion of upstream and downstream
characteristics allows TAS 8250 to be
used in point-to-point (1 CMTS and
cable modem), point-to-multipoint (1
CMTS and many cable modems), and
multipoint-to-multipoint (multiple
CMTS and cable modems) applica-
tions. Point-to-point testing is typi-
cally performed to focus on the trans-
mission performance of a device in
the engineering or design verifica-
tion stages of product development.
Point-to-multipoint testing can be
used to load a CMTS with multiple
subscribers to evaluate performance
degradation. Multipoint-to-multi-
point testing can be used examine in-
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NEW! 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

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.

Freq- Gain(dg) S11 S22 P1dB TOIP Voltage Current (mé)
Mz} Ty Typ. Ty (dBm) (dBm) .

800-960 20, 151 131 20 390 50 9.0

VISIT US AT THE WIRELESS SYMPOSIUM & EXHIBITION BOOTH #921

CIRCLE NO. 294

As low as

$4 25

in quantity

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

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

=)

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

All company and/or product names are
trademarks and/or registered trademarks of their
respective owners.
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teroperability issues between prod- | ling the 8250’s pa-
ucts from multiple vendors. The TAS rameters.
8250 provides a wide range of in- . TASKIT software
put/output (I/0) power levels to al- | greatly reduces
low single or multiple cable modems | test setup time by
and CMTS to be connected to the displaying all up-
simulated cable network. stream and down-

The TASKIT/8250 for Windows = stream channel
software provides a powerful, easy- parameters on
to-use graphical interface for control- ' only two simple

TAS 8250

pots that more rigid cables just can't touch.
“his ultimate flexibility ensures the best
rmance for applications on Wireless
ind Cellular Communications, Personal
élummunications Systems, and Antenna
ystems.

; unique manufacturing process makes
ipping the dielectric from the center
conductor clean and easy. Every time. Most
:}nportantly, Harbour’s high-strength, closed
+ cell foam polyethylene dielectric with a
 composite braid configuration ensures low
ttenuation, a high degree of shielding
sffectiveness, and long term reliability.

A standard polyethylene jacket prevents
weathering, abrasion, and chemical damage.
or indoor applications, a PVC jacket is
ered for CATVR rating and high per-
rmance materials are offered for CATVP

" plenum rating. Popular cables
include HPF195, HPF240,

nd HPF400 with sizes ranging
m .100” to .500” in diameter.
joth cable and connectors are avail-
from stock.

Lol e Takert F 08

High Performance Wire & Cable

Shelburne Road Shelburne, Vermont 05482

one (802) 985-3311 « Fax: (802) 985-9534

email: sales@harbourind.com
www.harbourind.com
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6. The TAS Cable-ATS automatic
cable-modem test system includes
the TAS 8250, a model 89441 VSA
from Agilent Technologies, and
SmartBits network performance
analysis system from Netcom
Systems.

menus. This software further inte-
grates the test bench by controlling a
model 89441 vector signal analyzer
(VSA) from Agilent Technologies
(Santa Rosa, CA). TASKIT/8250
software contains command libraries
to initiate measurement actions in
the 89441 VSA and pass the critical
information to the 8250 for use in set-
ting power levels, C/N, and carrier-
to-interference (C/I) ratios.

In order to accurately measure the
effect of cable-network impairments
on the performance of cable modems
and CMTS equipment, a reliable
data-generation and analysis tool
must also be used. The SmartBits
network performance analysis sys-
tem from Netcom Systems (Cal-
abasas, CA) provides performance
tests such as frame loss, latency, and
sequence tracking to accurately mea-
sure data-transmission performance.
The Cable-ATS system (Fig. 6) com-
bines the TAS 8250 with the Netcom
Systems SmartBits system to enable
automatic cable-modem performance
test measurements in the presence
of cable-network impairments.
TASKIT/cable test software auto-
matically sets impairment condi-
tions, executes performance tests,
and records results in an easy-to-
read format. Telecom Analysis
Systems, 34 Industrial Way
East, Eatontown, NJ 07724;
(732) 544-8700, FAX: (732) 544-
8347, e-mail: mpell@taskit.com,
Internet: http://www.taskit.
com.
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SYNERGY offers a wide range selectlon of Iow-cost RF EMPEDANCE

TRANSFORMER& for a wide variety of signal processing applications.
These transformers come in various transformation ratios, from 1:1 up

to 36:1, and in a large selection of package styles . . . surface mount,
plug-in & connectorized . . . all competitively priced. Frequency ranges
cover 0.01 MHz up to 1200 MHz in various bandwidths. :

And, as always, the experienced Synergy Applications Engineering
Team is ready to answer technical questions and help with your high
volume or custom designs for transformers, mixers, power dividers,

couplers, filters, modulators, and VCOs.

For additional information, contact Synergy’s sales'and_ application team:

Synergy Microwave Corporation l\\lll-‘ﬂ_\l@
1M S B 11 1™ |
)1 McLean Boulevard, Paterson, NJ 07504
slephone: (973) 881-8800 S EINniwAn
ax: (973) 881-8361 MICROWAVE CORPORATION

E-mail: sales@syner, /ave.com
World Wide Web: www.synergymwave.com
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TECHNOLOGY

High-Speed GadAs ICs

High-Speed GaAs ICS
Network At 10 Gh/s

Three additions to a line of optical-communications
components include a multiplexer, a demultiplexer,
and a limiting amplifier.

JACK BROWNE
Publisher/Editor

ANDWIDTH and speed are two parameters that go hand in hand in
the design of high-speed digital communications networks. A line of
gallium-arsenide (GaAs)-based components from Oki Semiconduc-
tor (Sunnyvale, CA) provides both, operating at optical carrier
rates of 10 Gb/s (0C-192). The 0C-192 line, introduced last year (see Mi-
crowaves & RF, June 1999, p. 134), has just been augmented with the ad-
dition of a 16:1 multiplexer, a 1:16 demultiplexer, and a limiting amplifier.

The model KGL4221 multiplexer
and the model KGL4222 demulti-
plexer (see figure) are designed to
translate and transfer slower-data-
rate signals through an optical net-
work. The KGL4221 16:1 multi-
plexer, for example, can combine 16
parallel input signals operating at
the Synchronous Optical Network
(SONET) rate of 622 Mb/s into a sin-
gle serial output signal at 10 Gb/s.
Conversely, the KGL4222 1:16 de-
multiplexer can translate a high-
speed 10-Gb/s serial signal into 16
parallel output signals at 622 Mb/s.
The integrated circuits (ICs) are de-
signed for clock signals to 10 GHz, al-
though versions are available for op-
eration at data rates up to 12.5 Gh/s.

The optical components are fabri-
cated with a 0.2-pum gate-length, ion-
implanted GaAs metal-semiconduc-
tor field-effect-transistor (MESFET
process. The process achieves im-
pressive propagation time of 10
ps/gate. Gold (Au) metallization and
three-level-metal interconnections
are used to achieve high circuit
densities. The KGL4221 and the
KGL4222 are supplied in a 48-pin ce-
ramic package. By employing the

firm’s unique memory-cell flip-flop
(MCFF) and common-gate-bias flip-
flop (CBFF) technologies, the de-
vices are able to achieve the high-
speed operation without a penalty in
power consumption. The mutliplexer
typically consumes 3-W power with a
+2-VDC supply while the demulti-
plexer typically consumes 2.4-W
power with a +2-VDC supply.

The model KGL4217 limiting am-
plifier is designed to minimize clock
and data-signal losses in optical re-
ceivers operating to 10 Gb/s by pro-
viding stable output levels for a wide
range of input levels. The KGL4217
handles input signals over a range of
50 to 600 mV peak-to-peak. Using di-
rect-coupled FET logic (DCFL) for
high-speed operation with low power
consumption, the limiting amplifier
restricts power consumption toa
maximum of 250 mW at +2 VDC. The
KGL4217 limiting amplifier is sup-
plied in a 24-pin ceramic package.
Oki Semiconductor, 785 North
Mary Ave., Sunnyvale, CA
94086-2909; (408) 720-1900, FAX:
(408) 720-1918, Internet: http://
www.okisemi.com.
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The KGL4221 16:1 multiplexer and the KGL4222 1:16 demultiplexer are
designed for parallel-to-serial and serial-to-parallel data-signal transfers,
respectively, in high-speed data networks.
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Why Buy ......

When you can have the best !

For more
RF products
see us at

WWIRELESS
SYMPOSIUM 2000
Booth #1506

~ made using InGaP
(HBT) technology
High Reliability:
Life test over 5000 hours, @ T i = 8 0
Proprietary GaAs HBT Fab in Volume Produ
First-tier cost / quality / schedule control in industry

P/N Gain Output P1dB Output IP3 0] ATj BW
EC 1019 18.5 dB 19 dBm 34 dBm 120 °C/wW 40 °C DC -3 GHz
EC 1078 | 19.5dB 21 dBm 37 dBm 120 °C/W 60 °C DC -3 GHz

FiC Corporation is an RFIC company and E 'C C
operates its own GaAs HBT fab in Fremont, CA. l Orp.

All product lines cover a wide range of applications

such as wireless handset, base station, WLL, Excellence in Communications
and satellite communications in the RF and 45738 Northport Loop West
microwave frequency range. Fremont, CA 94538, USA

L . Tel: 510-979-8999
Please visit our website Fax: 510-979-8902
WWW_ e l CCO rp - CO m E-mail: sales@eiccorp.com
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Signal Analyzer

Signal Analyzer Checks
Transmitters To 10 Gh/s

This modular measuvement solution supports multivate
optical and electrical testing of telecommunications and
data-communications components and systems.

JACK BROWNE
Publisher/Editor

OMMUNICATIONS systems continue to gain in speed, forcing in-
strument makers to answer with high-performance measurement so-
lutions. The CSA8000 communications signal analyzer from Tek-
tronix, Inc. (Beaverton, OR) is one of these solutions, capable of
evaluating telecommunications and data-communications components and
transmitters through 10 Gb/s. The instrument offers outstanding signal fi-
delity, with short-term trigger jitter of typically 1 ps and timebase stability

of typically better than 0.1 PPM.
The CSA8000 (see figure) features
a modular architecture with a main-
frame that accepts plug-in modules.
A total of eight measurement chan-
nels is possible at one time—two op-
tical and six electrical channels. In
addition to operating with optical
modules for compliance test to 10
Gb/s and 30-GHz bandwidth, the
CSAS8000 can be configured with
electrical modules with bandwidths
to 50 GHz. The vertical resolution for
optical and electrical modules is 14 b
maximum. Using a direct-trigger
function, the sensitivity is typically
50 mV from DC to 4 GHz.
Optical modules for the
CSAS8000 (with integral optical
reference receivers) include the
80C01 for long wavelengths from
1100 to 1650 nm at data rates to 10
Gb/s and optical bandwidths to 20
GHz, the 80C02 for long wave-
lengths from 1100 to 1650 nm at
data rates to 10 Gb/s and optical
bandwidths to 30 GHz, and the
80C03 for broad wavelengths

from 700 to 1650 nm at data rates The CSA8000 communications signal analyzer
to 2.5 Gb/s and optical band- can evaluate the performance of transmitters

modules include the 80E02 dual-
channel sampling module with 12.5-
GHz bandwidth, the 80E04 dual-
channel sampling module with
20-GHz bandwidth and time-domain-
reflectometry (TDR) capability, and
the 80E05 dual-channel sampling
module with 50-GHz bandwidth.

The CSA, which is part of the com-
pany’s 8000 series of sampling oscil-
loscopes, performs a variety of opti-
cal measurements including optical
signal-to-noise ratio (SNR), Q factor,
extinetion ratio, and mean launch

power. It offers a variety of built-in

widths to 2.3 GHz. Electrical operating at data rates to 10 Gb/s.

predefined measurement masks for
optical carrier rates OC-1 (951.84
Mb/s) through OC-192 (10 Gb/s) as
well as for Gigabit Ethernet (at 1.25
Gb/s) and Fibre-Channel rates FC-
133 (132.81 Mb/s), FC-266 (265.6
Mb/s), FC-531 (531.2 Mb/s), and FC-
1063 (1062.5 Mb/s). The CSAS000 de-
livers a total of 42 automated mea-
surement functions and statistical
functions, and automatically gener-
ates waveform histograms, eye dia-
grams, and other graphical displays.
The CSA8000 is equipped with a
10.4-in. (26.416-cm) diagonal color
screen with 16-b color resolution
(65,536 different colors) and 640 X
480-pixel video resolution. The in-
strument offers a variety of commu-
nication ports, such as GPIB, parallel
port, universal-serial-bus (USB)
port, and serial RS-232C port, as well
as an Ethernet local-area-network
(LAN) connection. The CSA8000
supports an open Windows 98 envi-
ronment for ease of data exchange
and program development. Most
data analysis can be performed
using commercial software pack-
ages. P&A: $19,500 (CSA8000
mainframe), $17,100 and up (opti-
cal sampling modules), and
$10,500 and up (electrical sam-
pling modules). Tektronix
Measurement Group, P.O.
Box 3960, Portland, OR
97208-3960; (800) 426-2200
code 1172, FAX: (503) 222-
1542, Internet: http://www.
tektronix.com.
CIRCLE NO. 54 or visit
www.mwrf.com
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FUfiTSu
Mobile Cnmmunlcatlnn
GaAs FETs

The solution for your base staﬂon design begins and ends mth Fu:itsu.
Fujitsu's series of push-pull power amplifier and driver FETs covers the Cellular, PCS,
PCN, WLL, MMDS, and W-CDMA (3G) frequency bands. The very low thermal resistance
of the push-pull products offers improved stability for class A and AB performance over
other technologies.

FLLISDOIU-2C FLLBOOIO-2C FLLBOOIO-20C

» 150W Push-Pull GaAs FET * 80W Push-Pull GaAs FET * 60W Push-Pull GaAs FET
» High Power: Pout = 51.8dBm * High Power: Pout = 49.0dBm - * High Power: Pout = 48.0dBm
* High Gain: GL = 12.0dB(2.17GHz) * High Gain: GL = 11.0dB(2.17GHz)  » High Gain: GL = 12.0dB(2.17GHz)

* Thermal Resistance: Rth = 0.55°C/W * Thermal Resistance: Rth = 0.8°C/W * Thermal Resistance: Rth = 0.8°C/W

L-Band GaAs-FETs for Mobile Communication Systems
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FUJITSU COMPOUND SEMICONDUCTOR, INC. _
2355 ZANKER RD., SAN JOSE, CA 95131 (408) 232-9500 FAX: (408) 428-9111

www.fcsi.fujitsu.com
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Math Software

Math Software Is Ready
For The Millennium

This popular mathematics software has been enviched with
new featurves and opevating power, as well as an enhanced
“Internet-veady” graphical user intervface.

ALAN (“PETE”) CONRAD
Special Projects Editor

ATHEMATICAL analysis programs are invaluable for studying
complex engineering problems, such as antenna patterns and RF
propagation. One of the leading software tools in this arena,
MathCAD from Mathsoft, Inc. (Cambridge, MA), has recently

been upgraded to MathCAD 2000, with new functions and features that al-
low operators to tackle a wide array of technical problems, from the most
basic to the most complex. The program’s enhanced visualization capabili-
ties provide instant insight into calculations and functions.

MathCAD 2000 (see figure) com-
bines computing power with a flexi-
ble word processor and presentation
tool. Operators can integrate text,
math, and graphics into a single
worksheet in order to visualize, illus-
trate, and annotate calculations. The
program, which uses standard math-
ematical notation (rather than com-
mand-line programming), automati-
cally and efficiently updates results.
The software can be used to create
technical documents that follow
manufacturing standards, such as
IS09000. The software can also inte-
grate other applications, such as Mi-
crosoft Excel and MATLAB.

Improvements to MathCAD 2000
include the capability to produce
quick three-dimensional (3D) plots
(by defining and function and graph-
ing it), and a built-in Polyhedron
function (with 80 predefined forms)
that can be used to quickly generate
a 3D polyhedral plot. Additional
graphic capabilities include bar
charts, x-y plots, polar plots, scatter
plots, and surface plots.

New curve-fitting functions in-
clude specialized nonlinear curve fits

The MathCAD 2000 startup menu
brings users to a “Resource
Center” with tutorial articles and
reference information.
such as linear, exponential, logarith-
mic, and sinusoidal curve fitting.
New Boolean operators now accept
Boolean expressions as arguments
and generate truth values as results.
Making corrections has become
easier with MathCAD 2000. Users
can now track down the source of an
error with an error-tracing naviga-

tion tool. The tool is easy to use.
When an error message appears, an
operator need only click on the math
region indicated by the error mes-
sage then choose the “Trace Error”
choice from the pop-up menu. An-
other new feature of MathCAD 2000
is the inclusion of Intergraph’s
SmartSketch LE, a two-dimensional
(2D) drawing application.

MathCAD 2000 users can create
MathCAD Electronic Books from
their MathCAD worksheets. An
electronic book is a set of hyper-
linked MathCAD worksheets with a
table of contents and index. These
Electronic Books make it easy to dis-
tribute and store all files pertaining
to a particular project. A variety of
ready-made MathCAD Electronic
Books covering electrical engineer-
ing is also available from MathSoft.

MathCAD 2000 runs on any IBM
personal computer (PC) or compati-
ble machine with a 90-MHz or faster
Pentium-grade microprocessor, Win-
dows 95/98/NT operating system, 32-
Mb minimum (48 Mb recommended)
random-access memory (RAM), com-
pact-disc-read-only-memory (CD-
ROM) drive, and SVGA or higher
graphics card. A minimum of 290-MB
available hard-disk memory is re-
quired, along with a mouse or other
pointing device. P&A: $999.95 (Math-
CAD 2000 Premium) and $499.95
(upgrade from previous versions).
MathSoft, Inc., 101 Main St.,
Cambridge, MA 02142; (617)
577-1017, FAX: (617) 577-8829,
Internet: http://www.math-

soft.com.
CIRCLE NO. 56 or visit www.mwrf.com
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ALLIANCES
are being formed NOWV ...

PRODUCT STANDARDS
are being set NOW ...

LEADERS
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themselves NOW ...

REGISTER NOW

for the only event that
brings it all together ...

Creating Intelligent Appliances
For a Networked World

Attend the first comprehensive event | Real solutions right now.

H . | * Learn what's happening in the device universe, from hands-
fOI‘ lnternet dEVICE Innovators. ‘ on technical sessions to market-focused industry analysis
Enough with the futuristic marketing blather! Ubiquitous * Discover the leading product and service providers in
computing is here today. For today's hardware and software 1 ubiquitous computing
innovators, technical entrepreneurs and industry thought | * Witness industry-impacting keynote presentations
leaders the real action is where code meets silicon. Internet ¢ Network with other professionals taking the next step
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Radio-Transceiver 1C

Transceiver IGs Advance
Bluetooth Applications

Taking advantage of a power-efficient SiGe process, this
highly integrated vadio IC is suitable for shovt-range,
battery-powered wiveless connectivity products.

JACK BROWNE
Publisher/Editor

LUETOOTH may become the largest single application for wireless
technology. For the wireless connectivity specification to reach uni-
versal acceptance, however, low-cost radio integrated circuits (ICs)
will be needed. One of these devices is the PH2401 radio-transceiver
IC from Philsar Semiconductor (Nepean, Ontario, Canada). Based on a sil-
icon-germanium (SiGe) process, the innovative transceiver provides high
levels of RF performance in the unlicensed 2.4-GHz band while maintain-

ing extremely low power consumption.

The PH2401 operates in the unli-
censed 2.4-GHz industrial-scientific-
medical (ISM) band, with a fre-
quency range of 2400.0 to 2483.5 MHz
in the US, Europe, and Canada (the
frequency range varies somewhat in
France, Spain, and Japan). [tis a
complete receiver and transmitter,
with programmable transmitter out-
put levels between —10 and +2 dBm
and a receiver sensitivity of—84 dBm
at abit-error rate (BER) of 107”. The
receiver sensitivity represents a 20-
percent improvement over the Blue-
tooth radio-sensitivity specification
of =70 dBm. Amazingly, the trans-
mitter can achieve its power levels
with a supply voltage of +1.8 VDC.
At that voltage, the IC draws less
than 20-mA current in receive mode,
with less than 25-mW overall power
consumption.

The PH2401 is a full transceiver,
with receiver and transmitter chains.
It is fabricated with a 0.5-pm SiGe
bipolar-complementary-metal-oxide-
semiconductor (BiCMOS) process,
and conforms to Bluetooth Class 2
(transmit levels of =30 to +4 dBm)
and Class 3 (transmit levels of —30-

to-0-dBm) requirements, achieving a
maximum operating range of 10 m.

The receiver portion consists of a
low-noise-amplifier (LNA), down-
converter mixer, automatic-gain-
control (AGC) circuitry, complex in-
termediate-frequency (1F) filters,
and a dual analog-to-digital con-
verter (ADC) for in-phase (I) and
quadrature (Q) signal paths. Digital
signals from the ADCs are passed to
a two-state frequency-shift-keying
(2FSK) demodulator consisting of a
complex phase-locked loop (PLL),
Gaussian filter, and a dynamic mini-
mum-FSK (MFSK) bit slicer for
2FSK data (symbol-time recovery is
performed in a companion baseband
chip). Received-signal-strength-indi-
cator (RSSI) signals are obtained by
combining the outputs of the AGC
control voltages. A digital algorithm
in the 2FSK demodulator supports
crystal frequency-error compensa-
tion to within tens of Hertz.

The transmitter consists of a
sigma-delta fractional-N frequency
synthesizer with direct digital modu-
lation. The loop bandwidth is set to
10 kHz to meet Bluetooth phase-

noise requirements, requiring low-
pass filtering of the modulation ap-
plied to the loop. High-frequency
modulation components are added at
the voltage-controlled-oscillator
(VCO) modulation tuning port.

The PH2401 can operate with a
number of different crystal frequen-
cies (initially 10, 13, 19.2, 19.68, and
19.8 MHz) due to its 16-b fractional-
N synthesizer. The fractional-N de-
sign allows the synthesizer to be
tuned to within 125 kHz (or within
500 PPM) of the desired channel,
without relying on a specific fre-
quency or type of crystal.

The PH2401, which does not re-
quire any external shielding, is a low-
cost transceiver that forms a good
starting point for a cost-effective
Bluetooth system design. It supports
the standard Bluetooth frequency-
hopping rate of 1600 hops/s over 79
channels, with a maximum bit rate of
1 Mb/s. Variations of the PH2401 are
also available: the PH2401A is specif-
ically targeted at headset applica-
tions, with an ADC and voltage
pump to support low-power audio op-
eration, while the PH2401B, which
includes a baseband clock, is suitable
for mobile telephone as well as lap-
top-computer applications. P&A: less
than $5.00 (large volume); 3 months
(samples). Philsar Semiconduc-
tor, 146 Colonnade Rd. South,
Nepean, Ontario K2E 7Y1,
Canada; (800) 551-2319, (613)
274-0922, FAX: (613) 274-0915, e-
mail: info@philsar.com, Inter-
net: http://www.philsar.com.

CIRCLE NO. 57 or visit www.mwrf.com
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i ‘ ngineers to meet. You're
bemg asked to desagn then redesugn systems that are faster that i ntegrate more features
yet cost less to produce. "
For nine years, Wirsless
Symposium/Poriable by
Design has been the most
comprehensive industry
event where designers and |
engineers of wireless and
portable technologies dis-
cover ways to meet ‘
these expectations.

This year’s continuing-education conferences will
feature over 75 sessions on technologies including
CDMA, Bluetooth, Fixed Wireless, Wireless LAN’s,
3G, and others. A conference committee of leading
engineers and engineering management has devel-
oped an information-rich program with today,
tomorrow, and the future in mind.

February 22 - 24, 2000

More Solutions. Wireless/Portable exhibits will
showcase over 400 exhibitors offering solutions
to your design and engineering challenges. Top

San Jose Convention Center

names including Texas Instruments, Analog San Jose, CA
Devices, CEL, Intersil, and Motorola will be there

listening to your needs, and offering the latest solu-

tions to your design challenges. www.WirelessPortable.com

[} . lal
To Be There. Plan now to be at the San Jose Convention Center, February 22 — 24, 2000. Where the Wireless Future Gets Built

v/ On-Line Registration is Now Discounted! Use code MRF2D immediately, and
you'll earn 20% off the current price.

GEN TS CIRGLEVENE www. WirelessPortable.com or call 1-888-947-3734

to have complete conference information sent to your doorstep. Don't delay, seating

is limited.
Platinum Sponsor: Gold Sponsors:
ANALOG e - % :
m{;%}(ﬁgms Coevices NEC _intersil " DigitalpNa
Sponsoring Publications: Produced By:

W%EWGN Microwaves:<RF HM!EMEN EWEP&E EEPI';E;J;‘; I:l;ws a Iknton
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New and Current
Products Presented
By The Manufacturer

DIRECT CONNECTION ADS

For futher information circle the
appropriate number on the Reader Service Card.

To Advertise Call Joanne Reppas

New ATC
@ Border Cap
£ Single Layer
Capacitors with
. Recessed
- Metalization

¢ Supports
Millimeter-wave
Applications

« Exposed Borders for use in Automated
Assembly

« Solder Resist Area to Reduce Shorts
. « Standard sizes from 10 to 15 mils. sq.

2 N ) Custom sizes available

itchi s .

Your Switching Need www.atceramics.com
www.sectormicrowave.com

@

Sector Microwave

A Quarter Century of
Switch Innovation

american technical ceramics
1 Norden Lane, Huntington Station, NY 11746
Phone: 516-622-4700 » Fax: 516-622-4748 » e-mail: sales @atceramics.com

Sector Microwave Industries, Inc
999

an
Deer Park, L., N.Y, 11729
(631) 242-2300 * FAX: (631) 242-8158

(201) 666-6698

DIP BRAZING
~ ASSEMBLY SPECIALISTS

TEXAS BRAZING, INC. CIRCLE 591

SECTOR MICROWAVE CIRCLE 597 | AMERICAN TECHNICAL CERAMICS CIRCLE 592
Netscape:Welcome
————
bt > A 3 3y ”~ v G
q & 2 & » & 4 @ & W N
i Back Forward Reload Home Search Ouide Images  Print  Seourity Step B
b < [Fe 77 www.wilmanco.com ]

manufacturing ality microwave products since 1979

enter

Crystal Oscillator-Multipliers
Frequency Multipliers
Satellite Receiving Equipment
Block Down Converter

dNco.com

WILMANCO

CIRCLE 593
MICROWAVES & RF - JANUARY 2000

R ‘
Attenuator
- Modules

Ideal to incorporate into OEM products!
Receiver, $377.00:
~ « Triple conversion, FM 15 KHz BW

« 50 dB range signal strength output

* 1.5 Hz step size, SP| port programmable
Generator, $405.00:

+ +20 dBm output, 3 dB flatness

« 1 Hz step size, 8 bit port programmable

» Analog AM/FM or direct digital FM modulation
Attenuator, $264.00:

» 135 dB range, 1 dB steps, +/- 1 dB flatness

« 430 dBm power, 8 dB total insertion loss

« Single +5V supply, SPi port programmable
Exerciser board, $145.00, Stand alone, LCD display

Ramsey Electronics, Inc. s
793 Canning  Victor, NY 14564
www.Ramseytest.com

email: RFtest@Ramseytest.com
Tel: 716-924-4560 Fax: 716-924-4886

RAMSEY ELECTRONICS

CIRCLE 596



TO ADVERTISE

Parsonal
Probe
Station

Very Low Cost
High Function

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 .
* BenchiopSize(<1ft?) » Vacuum chuck  X-Y-@ stage «
 X-Y-Z probe positioners Top Plate Z-ift ®Vacuum Accessory Manifolde
® 7X-40X Stereo Zoom Microscope » Adjustable Halogen Illuminator e
#Vacuum Accessories ® Compatible with 40GHz+ probes ®
* Accessories for Thermal Chucks and Probe Cards »

*Test wafers, microstrip packages and surface mount componentse

@

J microTechnology
3744 NW Blusgrass Pl
Portland, OR 97229
(503) 614-9509
(509) 5319325 [FAX]

C ALL

JOANNE

IWHUNRUEAVED & - DIREGI GUNNEGIIUN ADS
T O ADVERTISE CALL JOANNE REPPAS (201) 666-66098

Microwave Isolators/Circulators

Frequency coverage 450 MHz to 26.5 GHz
Low Insertion Loss <0.3 dB; High Isolation >23 dB
Excellent VSWR T.25:1

/ Drop-in Packages J/ Volume Discount

/ Reflection sensingtabs  / Application Su

/ Surface Mount Packages / TQM Organization

/ Four port custom designs / Just in Time delivery

/ Connector options v EA!L-I%ﬁoelOualmed

/ Coaxial packages v Custom designs

¥ Murti-jun?ma'on fgs / Cellular/Comm.
higher isolation optimezed

v Low Cost / High Volume Production Capability
380 Tennant Ave. Morgan Hill, CA 95037

REP P AS

(201) 666-669 8

WHO -~

can your engineers go

to with their toughest

switching problems?

With a QUARTER
CENTURY OF
SWITCH
INNOVATION
behind us the
answer is easy.

Sector Microwave Industries
PH: (631) 242-2300

O S L http:/Awww.novamicro.com SN FAX: (631) 242-8158
. e NW Tol. 408-778-2748  Fax 408-179-5967 i i

A Probe Station On Every Bench MICROWAVE e-mall: novamic@msn.com www.sectormicrowave.com
J MICROTECHNOLOGY CIRCLE 577 | NOVA MICROWAVE, INC. CIRCLE 584 SECTOR MICROWAVE CIRCLE 598

No
Discontinued
RF Power Transistors

Here
Many %
BLF & MRF
Equivalents Available

®

polyfet rf devices
Contact / View us on the WEB at

YOUR http:/hwww.polyfet.com

MOSFET 1110 Avenida Acaso, Camarillo, CA. 93012

PEOPLE  TEL(805MS844210  FAX(805)484-3383
POLYFET RF DEVICES CIRCLE 586

When Nanoseconds Count

6N‘SSMIG S\Gﬂp‘\'

SIGNATEC CIRCLE 585

wel' PHASE-LOCKED OSCILLATORS
Unique high performance, low cost coaxial resonator PLO's available
in analog and digital designs. Models PLOD and PLOA feature:
+ Output Frequency: To 5.6 GHz
5-250 MHz or Internal (=5 PPM)

-115dBm @ 10 kHz

+ Reference Frequency:

+ Phase Noise @ 3 GHz:

+ Spurious: -10 dBc
+ DC Voltage: 5.2V, 12V or 15V @ 400 ma (typ.)
+ Size: 2.25"x 2.25" x 0.65"

luff RESEARCH, inc T 519 3582000

22 N. Tyson Ave, Floral Park, NV 11001 FAX: (516) 358-2757
web: www.luffresearch.com e-mail: sales@Iuffresearch.com

LUFF RESEARCH CIRCLE 576

Cast Components

*Fast

stock items in
under 3 days

*Economical
just try us

8 *High Spec.
satisfied
customers

& 1509001
accredition
speaks for itself

To find out about
our large range of
components in
2.5 - 40 GHz just
contact:

@ Micro Metalsmiths

Phone 913 438 1600
Fax 913 438 1601

MICRO METALSMITHS, LTD. CIRCLE 582

- DAMASKOS, INC.

p Measurement Solutions

Circuit Board Tester

e ¢ Tan &/ Dk, Df
© 400 MHz - 6 GHz
¢ Thin Dielectric Sheets

P.O. Box 469 m Concord: 'Ile PA 19331

rhmmko* @aol com

DAMASKOS CIRCLE 574
MICROWAVES & RF - JANUARY 2000
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0.5 TO 26.5 GHz
SIGNAL GENERATORS

Seven compact,
programmable
models cover

0.5 to 26.5 GHz
with 1 MHz

resolution.

Prices start at

$3,750

April Instrument
Sunnyvale, CA
Web site:
http:/www.aprilinstrument.com
Tel: (650) 964-8379 » Fax: (650) 965-3711

APRIL INSTRUMENTS CIRCLE 550
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RF Silgnal Generator|

TO ADVERTISE

Oor Best Performance in
a Supporting Role, the

Winner is...

i‘f‘ ' ‘gi

Sector Microwave
Go With the Winner.....

Use Sector Switches!!
@ (631) 242-2300
FAX: (631) 242-8158

www.sectormicrowave.com

999 Grand Blvd.,
Deer Park, L.I., N.Y. 11729

CALL

JOANNE

ESOPE for Windows™
LINEAR RF CIRCUIT SIMULATOR
_INTUITIVE & EASY-TO-USE

US $199 only!
Schematic Capture, Drag & Drop
Frequency domain S-Parameters

Reads S1P & S2P files
Real-Time Tuning / Optimization
Synthesis Capability
Recatangular / Polar / Smith Charts
User-Defined Equations
MiniLog, 7208 Dumas
Montreal, QC, H4E 3A5 Canada

Please FAX: (514) 767-4435

(201) 666-66098

« 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

Ramsey Electronics, Inc.
793 Canning Pkwy Victor, NY 14564
Tel: 716-924-4560 Fax: 716-924-4886
email: RFtest@Ramseyelectronics.com @ ¥
www.RamseyElectronics.com -l

SECTOR MICROWAVE CIRCLE 599

MINILOG CIRCLE 590

RAMSEY ELECTRONICS CIRCLE 570

We Buy Test Equipment
Amtronix Instruments, Inc. pays cash for
your late model, surplus test equipment.

For Sale
HP8901B Modulation Analyzer-53400; HPB901A5990;HPBI03B Audio
Analyzers$1800, Aniitsu 64204 Data Analyzer-5600
Service Monitors Allinclude NIST Traceable Calibration
HPB9204/102/3/4/5/1358500  HP8Y20B 001/102/4/13 513,500
HP§9214/600(COMA}59900  HPB921A$8900
IFR 1200555900 HP83215A-5990
IFRCOM120B,/2/12/20:59900  IFR16005-59500
Wavetek CAT600(cellular activation fesfer)-5950
Motorola R26008-56900 Motoroln R2600C:58500
Motorola R2001D-55500 Motorol 20120 (Trunk | & 11)-58500
Motorola CBT1104A (CDMA & analog cell fest)-58500
Motorola R2600C (8S518,500 (new)
Morconi 2955453400 Marconi 2957453500
Marconi 29570-54900 Marconi 2957854700

Easily
Configurable
High
Thru-put

A compact, full featured, user configurable, manually operated test fixture
with rapid load unload capability. Useful for production measurements of
thin film and packaged microwave components with NIST traceability.

« BenchtopSize(<1ft?) ® Vacuum chuck ® X-Y-Z probe positioners &
= Top Plate Z-lift  Locking Stage # Integral Vacuum Accessory Manifold ¢
» 7X-40X Stereo Zoom Microscope ® Adjustable Halogen lliuminator ¢
 Vacuum Accessories ® Compatible with 40GHz+ probes &

Standard and custom chuck plates for testing

SATELLINK, INC.
SUPER LOW NOISE

FREQUENCY  NOISE TEMPERATURE
1.5 GHz 25°K
7.5GHz 45°K
15.0 GHz 100°K

AMPLIFIERS
CONVERTERS
RECEIVERS

Marconi 2955854500 MICROSTRIP PACKAGES SATELLINK, INC.
Racal 9087-1300MHz Signal Generators, low phase noise, high stobilty, 3525 MILLER PARK DR.
AM /M /Pulse/Phase Modulation, NEW units with warranty! -$3500 J ":;z';\o“’l';gchnﬂfﬂoey GARLAND. TX 75042
HPB657A$2900; Morconi 2022451800;2022C:52000 Porand,OF 57320 (072) 487-1434
: Amtronix Instruments, Inc. hawology 500 s3tasz5 FAY) FAX ©72) 487-1204
:716763-91049Fax:716-763-037 iyt
Phi7} ?mp: y ,“L'iwfd;’;rjmjcg"nﬁ = The Standard for Test Correlation TWX 910-860-5081
AMTRONIX 7 CIRCLE 589 | J MICROTECHNOLOGY CIRCLE 578 | SATELLINK CIRCLE 551
TO 40 GHZ PRECISE MEASUREMENT Coupled Line
. . A :
Filters, Multiplexers & MIC's ||| AVCOM's MSA-90A | | Filter Design Software
Microwave Spectrum Analyzer Windows =~ 95/98/NT
Suspended Substrate MIC e M Spacm Arioe e USA DA, NEW APERTURE COUFLED RODS
Switched Filter Banks 2&?&3 fvitrheguse;ncsyit:\?i?yg Sr%aslgrﬁhazn‘zo‘l‘gcrjéggtzr:gr?:\.s iy P Oz,"
. . spans and uses state-of-the-art direct frequency synthe- I gﬂ S Q
Image ReJeCt MlxerS sis to assure accurate center frequeqcy m_easurements et
i downto 1 Kszaccuracy, for the amazing pnce.c.)fs 3875. SEPTUM
Quadrature IF Mixers — “Cé/sﬂ
PIN Switches *C
Variable PIN Attenuators =
Bias Tee’s LY \\ﬁ.
ES MICROWAVE, LLC. Filter with Flat Group Delay
8031 Cessna Ave., (7] WAVECON

Gaithersburg, MD 20879
301-519-9407 « Fax: 301-519-9418
E-mail: esmllc@aol.com

500 SOUTHLAKE BLVD
RICHMOND, VA 23236 USA
804-794-2500

OF VIRGINIA INCORPORATED FAX: 804-794-8284

Web site; www.AVCOMOofVA.com

ES MICROWAVE, LLC. CIRCLE 583

AVCOM OF VIRGINIA CIRCLE 560
MICROWAVES & RF - JANUARY 2000

P.O. Box 2697, Escondido, CA 92033
el: (760) 747-6922 Fax: (760) 747-5270
Website: www.waveconsoft.com

WAVECON CIRCLE 581




TO ADVERTISE

l:ircuit Board Component
Shielding and RF Cans

* Hundreds of standard = Superior shock &
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

Gl L

JOANNE

REPPAS

Atlantic Coast Instruments, Inc.
‘-’WV\MNVW\AAM

(201) 666-66098

MICROWAVES & RF DIRECT CONNECTION ADS
b O ADVERTISE CALL JOANNE REPPAS (201) 666-6698

ELECTRONIC TEST EQUIPMENT

AFFORDABLE
PRICES

v

PRE-OWNED
Name Brand Manufacturers!

QUICK
DELIVERY ™ INSTRUMENTS

Thousands of RF/Microwave,
Telecom Test Instruments and
Test Hardware Available

Call Toll Free: 1-800-251-0706
SALES e RENTALS

QUALITY

P.O. Box 1851 * Point Pleasant Beach, NJ 42

Tel: 732-714-7700 » Fax:732-714-7105

ATLANTIC COAST INSTRUMENTS

CIRCLE 557

ELECT%QNIGS

| "Where your dreams turn into reality."”

¢ Std. 5 and 10 MHz OCXO
+ TCXO VCXO TC-VCXO
* WIDE BAND VCXO +/- 5000 ppm pull
¢ Customized crystal and L/C filters
* std. 10.7/21.4/45/70 MHz two pole arystal filters
* Phase noise measurement services
Call / fax for the quote.

Call or Fax your requirements.

16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919
Ph: (602) 971-3301 Fax: (602) 867-7250
Visit our website www.kselectronics.com

K S ELECTRONICS CIRCLE 588

IMPEDANCE CONVERTERS

s

Model A65 Series uses a specially
designed and tuned broadband
transformer for converting 50/75 ohms,
75/93 ohms, 50/93 ohms with
negligible loss (.5 dB max for the
1-1000 MHz version).

Available with a number of connector
configurations.

WIDE BAND ENGINEERING CO., INC.
P.O. Box 21652, Phoenix, AZ 85036
PHONE/FAX (602) 254-1570
http://www.wbecoinc.com
WIDE BAND ENGINEERING CIRCLE 554

MILLIMETER-WAVE SOURCES
30 GHz through 150 GHz

B LOW-PHASE NOISE GUNN OSCILLATORS
B HIGH STABILITY GUNN OSCILLATORS

B SPACE-QUALIFIED GUNN OSCILLATORS

® VARACTOR-TUNED GUNN OSCILLATORS

B MECHANICALLY-TUNED OSCILLATORS

® INJECTION-LOCKED GUNN OSCILLATORS
® HIGH POWER FREQUENCY MULTIPLIERS
B MULTI-DIODE POWER COMBINING

u PHASE-LOCKED GUNN OSCILLATORS

Let us quote your oscillator requirements.
We offer custom designs, the best customer

service, maximum performance, very
competitive pricing, and prompt deliveries.

MILLIMETER-WAVE OSCILLATOR COMPANY
TEL 303-684-8807 m FAX 303-684-8804
E-mail:tcutsinger @ mindspring.com
WWw.mmwoc.com
MILLIMETER-WAVE OSCILLATOR CO. CIRCLE 587

YOUR

AD
HERE

Black and White?
or Full Color?

Now the choice is yours.
Simply send us your copy, consisting of 54
characters per line X 10 lines Max., plus a
black and white glossy, color print, slide, or
transparency and a two-line headline, max.
30 characters per line. We'll do the rest. Or
you can do it all and send us your complete 2
3/16"w X 3"d negatives (B/W or 4/¢).

For more information or to advertise call

Joanne Reppas (201) 666-6698.

Filters to 50 GHz

® Waveguide

® Stripline/Microstrip

® Transmission Line

® Miniature/Subminiature
® Lumped Constant.

For more information, ask for
our RF Catalog.

NI

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:/iwww.microwavefilter.com

Rb Standards & DDS Synthesizers
“Precision You Can Afford”

$395
* Atomic Frequency Standards
1450A Rubidium+DDS Synthesizer (Rack)
2950AR Rubidium Standard (Bench)

* Modular and PC-based Synthesizers
DDS6m (shown) 40MHz RS232 Controlled
DDS5m Locks to Standards RS232 & Switch
DDS3pc & DDS4pc PC ISA-bus to 34 MHz

* Bench Top Synthesizers
2910A Series 1uHz steps to 48MHz

Novatech Instruments, Inc.
206-301-8986 (v) , 206-363-4367 (fax)
Specs & prices: www.eskimo.com/~ntsalt3j

MICROWAVE FILTER CO.
MICROWAVES & RF - JANUARY 2000
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Bandpass filter assists
cable-system testing

Model 13430 is a bandpass filter
designed for enhancing measure-
ments in cable-system applications.
The filter has typically less than 1-dB
insertion loss in a passband from 640
to 660 MHz, with less than 20-ns
group delay over the passband. The
rejection is at least 40 dB from 0.3 to
550 MHz and from 750 to 1000 MHz.
Microwave Filter Co., 6743
Kinne St., East Syracuse, NY
13057; (800) 448-1666, (315) 438-
4700, FAX: (315) 463-1467, e-
mail: mfecsales@microwavefil
ter.com, Internet: http://www.
microwavefilter.com.

CIRCLE NO. 86 or visit www.mwrf.com.

VXI spectrum analyzer
aids wireless testing

Model V9035 is a programmable
spectrum analyzer that is suitable for
VXI cellular and personal-communi-
cations-services (PCS) production
testing. The analyzer, which scans
100 kHz to 3500 MHz, has an ampli-
tude range of ~120 to +20 dBm and an
absolute level accuracy of =0.5 dB.
The analyzer’s built-in local-oscilla-
tor (LO) synthesizer features step
times of less than 150 ps and sup-
ports frequency-hopping measure-
ment capability. The frequency reso-
lution is 2 Hz across the full
measurement spectrum. Morrow
Technologies Corp., 2300 Tall
Pines Dr., Largo, FL 83771; (727)
531-4000, FAX: (727) 531-4026.

CIRCLE NO. 87 or visit www.mwrf.com

Mixer spans
5 to 4200 MHz

Model ADE-42MH is a wideband
mixer designed for use from 5 to 4200
MHz. The typical conversion loss is
7.5 dB and the typical midband third-
order intercept point is +17 dBm. The
mixer, which works with +13-dBm
local oscillator (LO) power, achieves
LO-to-RF isolation of 29 dB and LO-
to-intermediate-frequency (IF) isola-
tion of 26 dB. The mixer measures
only 0.108 in. in height. P&A: $14.95
(10 to 49 qty.); stock. Mini-Circuits,
P.O. Box 350166, Brooklyn, NY
11235-0003; (718) 934-4500, FAX:
(718) 332-4661, e-mail: sales@
minicircuits.com, Internet:

http://www.minicircuits. com.
CIRCLE NO. 88 or visit www.mwrf.com.

Power divider
handles 150 W CW

Model HJ-9100 is a two-way power
divider designed to handle 150-W
continuous-wave (CW) power from
800 to 1000 MHz. The 0-deg. power
divider features maximum insertion
loss of 0.25 dB and minimum isolation
of 20 dB. The power divider also
achieves a VSWR of 1.3:1, phase bal-
ance of =3 deg., and an amplitude
balance of +0.1 dB. It is ideal for
next-generation cellular applica-
tions. The power divider is housed in
an aluminum package measuring 2.50
x 2.50 x 0.75in. (6.35 x 6.35 X 1.91
em) with SMA connectors. P&A:
$150.00 (500 to 999 qty). Signal
Technology Corp., Olektron
Operation, 28 Tozer Rd., Bever-
ly, MA 01915; (978) 524-7211,
FAX: (978) 927-9328, e-mail:
abutts@sigtech.com, Internet:
http://www.sigtech.com.

CIRCLE NO. 89 or visit www.mwrf.com.

Tiny filter screens
data transmissions

A series of miniature filters
includes a design that targets data-
link transmitters. The filter features
a loss of only 1 dB at 2150 MHz with
rejection of at least 30 dB at 1 and 3
GHz. The location of the miniature
input and output pads can be speci-
fied at the time of purchase to accom-
modate a variety of printed-circuit-
board (PCB) configurations. The
filter measures 0.5 X 0.5 x 0.3 in.
(1.27 x 1.27 x 0.76 cm) Bree Engi-
neering, 1269 Linda Vista Dr.,
San Marcos, CA 92069; (760)
510-4950, FAX: (760) 510-4959,
Internet: http://www.breeeng.
com.

CIRCLE NO. 90 or visit www.mwrf.com.

SP3T switch routes
0.5 to 18 GHz

Model SWN-1140-3DT is an
absorptive/nonreflective single-pole,
three-throw (SP3T) switch that
operates from 0.5 to 18 GHz. The
insertion loss is less than 3.2 dB and
the isolation is better than 85 dB at
500 MHz and better than 90 dB at 18
GHz. The switching speed is less than

40-ns delay on and less than 40-ns
delay off. The switch, which con-
sumes less than 51-mA current from
its positive supply and less than 48-
mA current from its negative supply,
achieves an amplitude balance of
+(0.25 dB and a phase balance of +3
deg. between ports. American
Microwave Corp., 7311-G Grove
Rd., Frederick, MD 21704; (301)
662-4700, FAX: (301) 662-4938, e-
mail: amcpmi@aol.com, Inter-
net: http:/www.amwave.com.
CIRCLE NO. 91 or visit www.mwrf.com.

Switch matrix serves
testing to 18 GHz

Model 2104 is a coaxial switch
matrix designed for programmable
signal routing and automatic test
applications from DC to 18 GHz. The
matrix, which features GPIB and
RS-232C remote interfaces, incorpo-
rates four single-pole, ten-throw
(SP10T) components in a 19-in. rack-
mount enclosure. Each switch matrix
includes a solid-state controller with
a liquid-crystal-display (LCD) front-
panel display and keypad for manual
override. Dow-Key Microwave,
4822 McGrath St., Ventura, CA
93003-5641; (805) 650-0260, FAX:
(805) 650-1734, Internet: http:/
www.dowkey. com.

CIRCLE NO. 92 or visit www.mwrf.com.

Flat-panel antenna
tunes vehicular systems

A flat-panel very-high-frequency
(VHF)/Global Positioning System
(GPS) antenna includes three RF
pigtail connectors for connection to
Orbcomm Subscriber communicators
and to GPS receivers. The flat anten-
na is suitable for mounting to the top
of a truck. It supports Orbcomm re-
ceive frequencies from 137 to 138
MHz and Orbcomm transmit fre-
quencies from 148 to 150.05 MHz, and
GPS frequencies at 1575 MHz. The
antenna uses elliptical polarization
with a hemispherical pattern cover-
age. Seavey Engineering Associ-
ates, Inc., 28 Riverside Dr.,
Pembroke, MA 02359; (781) 829-
4740, FAX: (781) 829-4590, e-
mail: info@seaveyan tenna.com,
Internet: http://www.seaveyan
tenna.com.
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MMIC mixers
cover 14 to 31 GHz

Three monolithic-microwave-inte-
grated-circuit (MMIC) mixers cover-
ing overlapping bandwidths from 14
to 32 GHz are designed specifically
for applications in local multichannel
distribution system (LMDS), K/Ka-
band satellite ground terminals,
and point-to-point radios. Model
HMC258CB1 covers 14 to 21 GHz,
and models HMC264CB1 and
HMC265 cover 20 to 32 GHz. Model
HMC258CB1 has an intermediate-
frequency (IF) range of DC to 3 GHz,
a drive level of 0 dBm, a conversion
loss of =10 dB, a local-oscillator
(LO)/RF isolation of 40 dB, and an
input third-order intercept point
(IP3) of +7 dBm. Model HCM264CB1
has an IF range of DC to 6 GHz, a
drive level of 0 dBm, a conversion
loss of =10 dB, an LO/RF isolation of
35 dB, and an IP3 of +13 dBm. Model
HCM265CB1 has an IF range of 0.7
to 3.0 GHz, a drive level of -4 dBm, a
conversion loss of +3 dB, an LO/RF
isolation of 20 to 40 dB, and an IP3 of
+10 dBm. The mixers employ metal-
semiconductor-field-effect-transis-
tor (MESFET) and pseudomorphie-
high-electron-mobility-transistor
(PHEMT) technology, and offer sub-
harmonic LO inputs. Housed in ball-
grid-array (BGA) surface-mount-
technology (SMT) ceramic packages,
the MMICs operate at +5 VDC at
temperatures from -55 to +85°C.
Hittite Microwave Corp., 12
Elizabeth Dr., Chelmsford, MA
01824; (978) 250-3343, FAX: (978)
250-3373, Internet: http:/www.
hittite.com.
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VCO covers
1520 to 1600 MHz

The model ROS-1600PV voltage-
controlled oscillator (VCO) gener-
ates frequencies from 1520 to 1600
MHz when tuned over a voltage
range of +0.5 to +5.0 VDC. The oscil-
lator offers a typical output power of
+7 dBm. Typical tuning sensitivity
ranges from 25 to 38 MHz/V. Its 3-dB
modulation bandwidth is 1 MHz.
Typical phase noise is 75 dBce/Hz at
1-kHz offset, =100 dBce/Hz at 10-kHz
offset, and —120 dBe¢/Hz at 100-kHz
offset. Pulling is rated at 10 MHz

NEW PRODUCTS

peak-to-peak at 12 dBr and pushing
is rated at 3 MHz/V. The oscillator
typically draws 25-mA current from
a +5-VDC power supply and oper-
ates at temperatures from -55 to
+85°C. Mini-Circuits Corp., P.O.
Box 350166, Brooklyn, NY
11235-0003; (718) 934-4500, FAX:
(718) 332-4661, Internet: http:/
www.minicircuits.com.
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Oscillators
span 9 to 13 GHz

The PureSource line of internally
and externally referenced phase-
locked oscillators covers frequencies
from 9 to 13 GHz. They boast excel-
lent frequency stability and low
phase noise and are ideal for high-
speed digital radio and other applica-
tions. The internally referenced oscil-
lators are available with reference
frequencies of 33 to 110 MHz. They
have a frequency-stability-versus-

S, .E

L i

temperature rating of =2 PPM, and
their aging factor over 10 yearsis +2
PPM. Phase noise at 12 GHz is -70
dBc/Hz at 100-Hz offset, -105 dBe/Hz
at 10-kHz offset, and —133 dBc¢/Hz at
1-MHz offset. The externally refer-
enced oscillators are available for
external reference frequencies of 33
to 110 MHz. Their phase noise at 12
GHzis 201log N +3 dB for offsets from
100 Hz to 1 MHz. For both types of
oscillators, the standard output
power is +16 dB, and the power-out-
put-stability-versus-temperature
rating is +1 dB. Variation in power
output from unit to unit at +25°C is
+ 1 dB. Maximum harmonics are —40
dBe, and maximum spurious non-har-
monics are —-80 dBe. Reference-port
output power is 0 =3 dB. The stan-
dard phase-lock voltage ranges from
0 to +5 VDC, but can be customer

specified from 0 to +10 VDC. The
oscillators typically draw 250 mA
from a +12-VDC power supply and
operate at temperatures from —40 to
+80°C. Microwave dB, Inc., 950
Lawrence Dr., Newbury Park,
CA 91320; (805) 499-0410, FAX:
(805) 498-0054, Internet: http:/
www.microwavedb.com.
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Filter bank spans
three bands

A switched filter bank contains
three filters in one package and
switches from one to the next
through a transistor-transistor-logic
(TTL) control interface. The center
frequencies of the three filters are
960, 1000, and 1040 MHz. Each filter
has a 3-dB bandwidth of 50 MHz and
a 1-dB bandwidth of at least 25 MHz.
Isolation between the filters is 65 dB
within + 70 MHz of center frequency.
Insertion loss is 7.5 dB and VSWR is
1.7:1. Reverse isolation is greater
than 40 dB, ripple is 0.25 dB, and
group delay is no more than 4 ns at
+ 14 MHz. The filter bank draws 100
mA from a +5-VDC power supply.
E.S. Microwave, LLC, 8031
Cessna Ave., Gaithersburg, MD
20879; (301) 519-9407, FAX: (301)
519-9418, Internet: http://www.
reactel.com.
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Power source extends
microwave analyzers

A power source is now available
for the 6800 series microwave system
analyzers. The Option 030 power
source provides a minimum of +10
dBm of leveled power at frequencies
to 24 GHz and can be used as a sub-
stitute local oscillator (LLO) in mixer
and converter measurements. It
increases the 6800 series analyzers’
dynamic range in the scalar- and
tuned-input modes by 5 dB, yielding
as much as 90 dB for filter and pas-
sive-component testing. The testers
combine synthesized source, scalar,
and spectrum analysis for testing
components. IFR Corp., 10200
West York St., Wichita, KS
67215-8999; (800) 835-2352, In-
ternet: http://www. ifrinterna
tional.com.
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Multiport testsets
evaluate RF components

The model 87050E multiport test-
sets evaluate the performance of 50-
Q RF components in high-volume
production lines. The testsets are
designed to work with the company’s
8712E series of network analyzers
for measuring devices with as many
as 12 ports to frequencies reaching 3
GHz. The multiport test system
allows all of the transmission paths

gy

and port reflection characteristics of
a multiport device to be completely
characterized with a single set of con-
nections to a device’s ports. This can
reduce typical test times by eliminat-
ing the need to constantly connect
and reconnect components. The test-
set system has two calibration rou-
tines: testset and self. The testset
calibration routine requires the user
to connect short, open, and load stan-
dards once to each measurement
port. The self-calibration routine per-
forms automatic, periodic calibra-
tions using the testset’s internal cali-
bration standard to correct system
drift. Agilent Technologies, Inc.,
5301 Stevens Creek Blvd., MS
54LAK, Santa Clara, CA 95052;
(800) 452-4844, Internet: http:/
www.agilent.com.
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GaAs switches
cover DC to 3.5 GHz

A series of positive-bias, non-
reflective, single-pole, multi-throw,
gallium-arsenide (GaAs) switches
operates from DC to 3.5 GHz. The
switches are ideal for applications
such as cellular/personal communica-
tions systems (PCS), wideband code-
division multiple access (WCDMA),

wireless local loop (WLL), industrial-
scientific-medical (ISM), and commu-
nity-access television (CATV)/direct
broadcast (DBS). The switches oper-
ate from a single positive bias of +5
VDC and have transistor-transistor-
logic (TTL)/complementary metal-
oxide semiconductor (CMOS) com-
patibility. They incorporate on-chip
logic-decoder drivers. Isolation is 30
to 50 dB and insertion loss is 0.5 to 1.0
dB over the operating temperature
range of —40 to +85°C. The switches
are available in three configura-
tions—an SP4T in a 16-lead, quad
small-outline package (QSOP)
(HMC241Q8S16), an SP6T in a 24-lead
QSOP (HM(C252QS24), and an SP8T
in a 24-lead QSOP (HMC253QS24).
Hittite Microwave Corp., 12
Elizabeth Dr., Chelmsford, MA
01824; (978) 250-3343, FAX: (978)
250-3373, Internet: http://www.
hittite. com.
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Programmable noise
generator aids testing

The model MX-2000 program-
mable general-purpose-interface-bus
(GPIB) noise generator is dedicated
toward testing IMT-2000 devices. It
features filtered noise from 1800 to
2200 MHz that is calibrated for abso-
lute power over a 90-dB dynamic
range. The calibration data are sup-
plied on an ASCII format on a floppy
disk or as an e-mail file attachment
for loading onto an automatic-test-
equipment (ATE) controller. Micro-
netics Wireless, Inc., 26 Hamp-
shire Dr., Hudson, NH (603)
883-2900, FAX: (603) 882-8987,
Internet: http:/www. micronet-
ics.com.
CIRCLE NO. 101 or visit www.mwrf.com.

Varactor diodes offer
low series resistance

Models SMV1763-079 and
SMV1770-079 silicon hyperabrupt-
junction varactor diodes offer low
series resistance and high capaci-
tance ratio, making them ideal for use
in low-phase-noise voltage-con-
trolled oscillators (VCOs) in wireless
systems to 2.5 GHz. Model SMV1763-
079 exhibits a typical series resis-
tance of 0.5 () at a reverse voltage of
+1 VDC and a frequency of 900 MHz.

At a tuning voltage of 0.5 VDC, a
reverse voltage of 0.5 VDC, and a fre-
quency of 1 MHz, its typical tuning
capacitance, Cr, is 6.7 pF. Raising the
tuning and reverse voltages to +2.5
VDC lowers the typical tuning capac-
itance to 2.5 pF. This yields a typical
capacitance ratio, CTR, of 2.5. Model
SMV1770-079 exhibits a typical
series resistance of 0.4 () at a reverse
voltage of +1 VDC and a frequency of
470 MHz. At a tuning voltage of 0.5
VDC, a reverse voltage of 0.5 VDC,
and a frequency of 1 MHz, its typical
tuning capacitance, CT, is 23.6 pF.
Alpha Industries, Inc., 20 Syl-
van Rd., Woburn, MA 01801;
(781) 935-5150, FAX: 617) 824-
4564, Internet: http://www.
alphaind.com.
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Ultra-compact antenna
serves GPS

The model ANT-GPS-UC is an
ultra-compact antenna specifically
designed for Global Positioning Sys-
tem (GPS) applications. The antenna
is enclosed in a tiny 1.79 X 2.0 X
0.56-in. (4.65 X 1.42-cm) fully weath-
erized housing and can be mounted
with its magnetic base or screw

ANT-GPS-UC ACTIVE GPS ANTENNA

receptacles. The antenna is an active
device that draws 22-mA current
from a +3- to +7-VDC power supply.
Overall system gain is 26 dB and
noise figure is 2 dB. Original-equip-
ment-manufacturer (OEM) cus-
tomers can choose from several ter-
mination styles, including SMA,
RP-SMA, SMB, MCX, or BNC.
LINX Technologies, Inc., 575 SE
Ashley PIl., Grants Pass, OR
97526; (541) 471-6256, FAX: (541)
471-6251, Internet: http:/fwww.
linxtechnologies. com,
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Microwave instrumentation

A manufacturer of microwave-
instrumentation products is profiled
in a brochure. In addition to standard
service offerings, the brochure cov-
ers all aspects of the company’s cus-
tomer-support programs including
range relocation, range-probe ser-
vice, equipment refurbishment,
range-operation services, operator
training, software-maintenance pro-
grams, and mechanical-alignment
services. Microwave Instrumen-
tation Technologies, LLC; (800)
848-7921, (678) 475-8300, FAX: (678)
475-8391, Internet: hitp:/fwww. MIT
echnologies.com.
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Power dividers

A 152-page catalog details 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; low-,
medium-, and high-power waveguide
terminations; coaxial attenuators;
continuously variable attenuators; as
well as interdigital and bandpass fil-
ters are also offered. Connectorized
isolators and circulators, drop-in iso-
lators and circulators, voltage and
digitally controlled PIN-diode atten-
uators, PIN-diode and electrome-
chanical switches, free-run and
phase-locked oscillators, as well as
power amplifiers (PAs) are specified.
Microwave Communications
Laboratories, Inc.; (727) 344-6254.

CIRCLE NQ. 64 or visit www.mwrf.com

EM compatibility

A 40-page design guide provides
an overview of electromagnetic-com-
patibility (EMC) theory and offers
approaches to solving EMC prob-
lems. Application flow charts are
included. Tecknit; (908) 272-5500,
Internet: hitp:/hwww.tecknit.com.
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COTS program

A brochure contains information
concerning a commercial-off-the-
shelf (COTS) quality program to sup-
port the US government’s COTS ini-
tiative. The solutions offer a cost-

effective approach to qualifying stan- |

dard capacitor products for enhanced
reliability applications. The COTS
program provides customers with a
choice of several different screening
packages including options to sup-
port specific customer requirements.
Applications include ruggedized
commercial products, military
(ground, naval, airborne), and
space/satellite. American Techni-
cal Ceramics; (516) 622-,700,
FAX: (516) 622-1748, e-mail:
sales@atceramics.com, Internet:
hitp:/hwww. atceramics.com.

CIRCLE NO. 66 or visit www.mwrf.com

SDH/SONET

A customer magazine covers topics
including synchronous-digital-hier-
archy (SDH)/Synchronous Optical
Network (SONET) test equipment,
mobile radio testing (including cell
phones), digital television analysis,
and testing of cable-television
(CATYV) installations. Background
articles look at trends in Category 6
local-area-network (LAN) cabling
and testing to Level III accuracy.
Wandel & Goltermann GmbH &
Co.; +49 7121 86-1616, FAX: +49
7121 86-1333, e-mail: info@uwwgsolut
ioms.com, Internet: hitp:/luwww. wwg-
solutions.com.
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Microwave components

A selection guide highlights com-
ponents for point-to-point and point-
to-multipoint microwave radios to 60
GHz. Industrial-scientific-medical
(ISM) band products, amplifiers,
switches, frequency-generation
products, mixers, and attenuators for
applications from DC to 80 GHz are
presented. Richardson Electron-
ies Ltd.; (800) 348-5580, (630) 208-
2200, FAX: (630) 208-2550, e-mail:
info@rell.com, Internet: hitp://www.
rell.com.
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Tuning tools

A company’s line of insulated tun-
ing tools is featured in an engineering
bulletin. The bulletin includes data on
several models which were recently
added to the line. These tools were
designed to fit the narrower slots in
the newest miniaturized trimmer
capacitors. Sprague-Goodman

Electronies, Inc.; (516) 334-8700,
FAX: (516) 334-8771, e-mail: info@
spraguegoodiman.com.
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Data-conversion ICs

A product selection guide includes
products for data-conversion and sig-
nal-processing integrated circuits
(ICs). Product charts detail informa-
tion such as resolution, sample/con-
version rate, power dissipation, lin-
earity, as well as input/output (1/0)
specifications. The guide covers ana-
log-to-digital converters (ADCs),
digital-to-analog converters (DACs),
video DACs, comparators, video-line
drivers and processors, as well as
track-and-hold amplifiers. Signal
Processing Technologies, Inc.;
(800) 643-3778, Internet: http:/hwuww.
spt.com.
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Test equipment

An 18-page catalog highlights
reconditioned test equipment,
including pulse generators, logic ana-
lyzers, plotters, meters, RF signal
generators, spectrum analyzers, and
oscilloscopes. Impedance analyzers,
network analyzers, power supplies,
audio analyzers, signal generators,
and data acquisition (DAQ) are also
covered. Pricing information is
included. Test Equipment Con-
nection Corp.; (800) 615-8378,
(L07) 804-1780, FAX: (800) 819-
TEST, (4L07) 804-1277, Internet:
hitp:/fwuwnw.Ltest equipment.com.
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Measurement/automation

A brochure details the PXI Sys-
tems Alliance, a group of more than
50 worldwide product manufacturers
and systems integrators that share a
common commitment to make users
successful with CompactPCI-based
measurement and automation. PXI
benefits and applications, PXI/Com-
pactPCI specifications, the PXI Sys-
tems Alliance Charter, and member-
ship requirements are discussed.
Images of PXI systems and products
built by Alliance are covered. PXI
Systems Alliance; (800) 258-7022,
FAX: (512) 683-9300, Internet:
hitp:/fwww. prisa.org.
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RF switches

A 120-page catalog covers a line of
RF/microwave electromechanical
switches. Stocked switches, custom-
part switches, switch assemblies and
matrices, cellular single-pole, double-
throw (SPDT) switches, switchable
combiners, and switchable divider/
power combiners are highlighted.
Narda Microwave-East; (516)
231-1700, FAX: (516) 281-1711, e-
mail: nardaeast@L-3COM.com,
Internet: http://www.nardamicro
wave.com.
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Adapters and attenuators
Adapters, attenuators, bias tees,
circulators, coaxial cable assemblies,
coaxial connectors, and DC blocks
are featured in a 162-page catalog.
Coaxial contacts, detectors, direc-
tional couplers, fuse holders, isola-
tors, limiters, phase trimmers,
switches, and terminations are also
included. Outline drawings are pro-
vided. Pasternack Enterprises;
(949) 261-1920, FAX: (949) 261-7451,
e-mail: sales@pasternack.com, In-
ternet: hitp:/lwww.pasternack.com.
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Multichip modules

A brochure details automated con-
tract-manufacturing capabilities for
multichip modules (MCMs) and other
advanced high-density electronies
assemblies. Each step of the manu-
facturing process is explained and
illustrated. Natel Engineering
Co., Inc.; (800) 590-5774, FAX:
(800) 590-5764, Internet: hitp:/fwww.
natelengr.com.
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Voltage tester

A four-page brochure describes a
withstanding voltage tester. Specifi-
cations that are provided include out-
put voltage range, analog accuracy,
measuring range, as well as upper
cutoff current range. Features are
included. Kikusui Electronics
Corp.; (045) 593-7570, FAX: (045)
593-7571, Internet: hitp:/fwww.kiku
sui.co.jp/.
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Isolators and circulators
A 44-page catalog focuses on isola-

tors and circulators as well as high-
power terminations. Custom capabil-
ities as well as subsystems are also
described. Outline drawings are pro-
vided along with an engineering ref-
erence. Renaissance Electronics
Corp.; (978) 263-,994, FAX: (978)
263-4944, e-mail: sales@rec-usa.com,
Internet: hitp:/fwww.rec-usa.com.
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Atomic standards

A 12-page technical catalog details
a company’s rubidium (Rb) atomic-
frequency standards. Complete elec-
trical specifications, mechanical
outlines, and environmental
specifications are presented. FEI
Communications, Inc.; (516) 794-
4340, FAX: (516) 794-1340, Internet:
hitp:/lwww. fregelec.com.
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Chip attenuators

A 28-page catalog covers a line of
resistive products. The catalog high-
lights high-frequency resistors and
chip attenuators. Information on
thick- and thin-film chip resistors is
included. State of the Art, Inc.;
(800) 458-3401, FAX: (814) 355-2714,
e-mail: marketing@resistor.com,
Internet: hitp:/lwww.resistor.com.
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Antenna design

Antennas, feeds, components, and
subsystems are detailed in a 134-
page catalog. Application notes,
information on testing services, and
an index are included. Specifications,
notes, and options are provided.
Seavey Engineering Associates,
Inc.; (781) 829-474,0, FAX: (781) 829-
4590, e-mail: info@seaveyantenna.
com, Internel: hitp:/lwww.seavey
antenna.com.
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EMI shielding

A brochure contains information
about products for electromagnetic-
interference (EMI)-shielding solu-
tions. Input/output (I/0) panel gas-
kets, conductive silicones, metal-
wire-mesh gaskets, combination gas-
kets, EMI-shielding tape, and air-
vent panels are described. Ad-
vanced Performance Materials,
Inc.; (314) 844-9300, FAX: (314) 344-

9333, Internet: http:/[www.apme
mi.com.
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DMMs and DAQ

A 44-page catalog focuses on digi-
tal multimeters (DMMs), handheld
multimeters, multimeter accessories,
data acquisition (DAQ), DAQ mod-
ules, counters, as well as power
meters and sensors. Power supplies,
function generators, RF signal gen-
erators, programmable pulse genera-
tors, oscilloscopes, and mixed-signal
oscilloscopes are detailed. Agilent
Technologies; (800) 452-,844, e-
mail: hptm_CustomerCare@hp.com,
Internet: hitp:// www.hp.com/go/bi.
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Capacitors and resistors

A short-form catalog offers infor-
mation on capacitors, resistors, fil-
ters, timing devices, thin-film prod-
ucts, and piezoelectric devices. A line
of connector products as well as fer-
rites is featured. AVX Corp.; (843)
946-0414, FAX: (843) 946-0626, e-
mail: lit@avecorp.com, Internet:
hitp:// www.avecorp.com.
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Coaxial cables

A 16-page catalog features low-
loss wireless communications cables,
including coaxial antenna feeders,
jumper cables, and low-inductance
power cables. Product descriptions,
are included. Montrose/CDT; (800)
346-6626, FAX: (508) 793-9862, e-
mail: sales@mont rose-cdt.com,
Internet: hitp://www. montrose-
cdt.com.
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Frequency control

A 120-page catalog covers prod-
ucts used in wired and wireless tele-
com, video, audio, computers and
peripherals, as well as industrial and
consumer applications. Application
information, features, specifications,
outline drawings, environmental test
conditions, taping/packaging specifi-
cations, and standard frequencies are
presented. Jauch USA; (301) 497-
7670, FAX: (301) 776-7979, e-mail:
sales@jauchusa.com, Internet:
hitp:/fwww.jauchusa.con.

CIRCLE NO. 85 or visit www.mwrf.com
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MICROWAVES & RF ENGINEERING CAREERS

MATERIALS
Ad material to:

Penton Media, Inc., Classified Dept.
Attn: Chet Zielinski,Account Manager

1100 Superior Ave.
Cleveland, OH 44114

SALES STAFF

Classified Account Manager
Chet Zielinski

216-931-9589

Fax: (216) 696-8206
Email:czielinski@penton.com

Which would you rather work
for? Come to Conexant and

work for both. Formerly

Rockwell Semiconductor
Systems, Conexant is the
bright new name in
communications
technologies. A visionary
start-up backed

by a 30-year history of high-
tech achievement, 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.

Bright new

company?

or
Industry leader?

RF SYSTEMS ENGINEERS

Support specification, design and simulation of complex
digital cellular and cordless communication systems.
Requires BSEE or equivalent plus 3 years experience with
receivers, transmitters or synthesizers, Systems
development or hardware design in GSM, CDMA,
TDMA, GPS or cordless platforms a plus.

CUSTOMER DESIGN CENTER ENGINEERS
Be the liaison between customers & design team for
design-in of wireless communications products. Will
present seminars and write technical marketing
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 plus strong background in RF circuit or
MMI software design. International travel required.

RF IC DESIGN ENGINEERS

Design, circuit analysis, simulation & verification of RF
ICs for wireless applications such as-¢ellular & 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 BiICMOS process technologies. Positions also available
in our new Boston Design Center.

RF TEST DEVELOPMENT ENGINEER
Design, develop and implement automated test and
measurement solutions to support engineering lab
evaluation and characterization of new RF and wireless
systems products. Requires BSEE or equivalent, and 3
years exp. in rack and stack ATE development.
Knowledge of HP, VEE, LabView, Visual BASIC, Visual
C++ very helpful.

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 MRF0100-CW, 4311 Jamboree Road, Newport
Beach, CA 92660; Fax:888-815-1923; or Email: connie,williams @conexant.com Website: www.conexant.com
We are an equal opportunity employer supporting diversity in the workplace.

«
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C O N E X A NT

What's next in communications rechnologles.

e

National Engineering Search =

is the leading search firm placing
Engineers nationwide. Our clients
range from the Fortune 500 to new
emerging technology ¢

A World of Possibilities

A Window _of Opportunity

The number of opportunities in today's market is overwhelming...
However, identifying the best and timing it right is the challenge. NES
has strategic alliances with the people who are creating technology,
not just using it. If you're looking for the inside track on tomorrow's
best opportunities (not yesterday’s), then you should be talking to us!

IMMEDIATE OPPORTUNITIES
Communications (Data, PCS,
Cellular, Networks, Satcom,

GPS), Digital Imaging, CATV,

RF Job Network™

Jobs for RF/Wireless/Microwave Engineers

/ . S
www.eecareers.Cq

www.eecareers.com

www.rfjn.com

Wwww.eecareers.com

Free to Job-Seekers / $100 for Employers

www.eecareers.com

Medical,

Contact us today for tomorrow's
best opportunities!
800.248.7020
Fax: 800.838.8789
wd@nesnet.com
See many of our opportunities on-line:

nesnet.com

See our On-Line Salary Survey!

Consumer Electronics

Skills in any of the following:

High Speed Digital & Analog
Design, Mixed Signal, ASIC,
FPGA, MMIC, AD/DA, BiCMOS,
Synthesizers, WCDMA, GSM,
Spread Spectrum, VHF/UHF,
Antennas, Embedded Software

What are you Worth?

Defense,

www.eecareers.com

Engineers & Tech's

830-1424 or email pa@ansara.com.

CAREER OPPORTUNITIES NATIONWIDE

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)

See our website: http//www.ansara.com

In most cases, advertisements contained in Microwaves
& RF employment section indicate that the companies
are equal opportunity employers. The Federal Civil
Rights Act of 1964, and other laws, 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 our knowledge, promote unlawful dis-
crimination.
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AFFORDABLE,
SOLUTION-DRIVEN
TECHNOLOGY

Champion Technologies
CMV Series of SMT VCXOs
Stands Up to Your Most
Demanding Expectations:

» Compact Package — 5mm x 7mm
(4 or 6 Pad CLCC Footprint)
« 3.3V or 5V Operation

« Broad Frequency Range —
2.0 MHz to 55 MHz

+ Optional -40° to 85° Temperature Range
« Stability Performance as Low
as 125 ppm (typical)
» Affordable — Pricing for 1,000 Units
starts at $6.99

TECHNOLOGIES, INGC.

Champi@nw

CIRCLE NO. 433 or visit
www.microwavesrf.com

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
CIRIF

A [nfon

611 Rte. 46 West, Hasbrouck Heights, NJ 07604

LOOKING BACK

F ourteen years ago, the move toward
miniaturization took hold in the world of mixers
with the introduction of a line of surface-mount
mixers from Mini-Circuits (Brooklyn, NY). The
mixers, which fit into a package measuring only
0.25 in.” (1.61 cm’), served applications to 500 MHz.

Microwaves & RF

February Editorial Preview

Issue Theme: Semiconductors

News

Advances in semiconductor tech-
nology have enabled the continuing
growth of markets for wireless and
portable-electronic products during
the last decade. How much further
can semiconductor technologies
evolve? And is the low-cost packag-
ing available to kep pace with the
dropping prices of semiconductors?
Don’t miss this Special News Report
on semiconductors in the February
issue of Microwaves & RF.

Design Features
Technical articles in February will
explore some of the uses for semi-
conductors, including low-noise am-
plifiers (LN As). An author from
M/A-COM, for example, will outline
LNA design techniques and perfor-

mance trade-offs. Additional arti-
cles will continue a series on the de-
sign and simulation of phase-locked
loops (PLLs), examine the use of
confidence-interval analysis in wire-
less measurements, and delve into
the construction of high-frequency
analog switches,

Product Technology

February’s Product Technology
section will highlight a new genera-
tion of heterojunction-bipolar-tran-
sistor (HBT) amplifiers based on a
unique indium-gallium-phosphide
(InGaP) process technology. The
monolithic-microwave-integrated-
circuit (MMIC) amplifiers offer wide
bandwidths with extremely high
gain and simple, single-supply
operation.
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The Best Deal in Town
...from ARRA, of course!

‘ DC-40 GHz customerized to your requirements

| Why gamble? Be a winner
every time with ARRA! Where one good thing leads to another...

and another. ..

and another . . . ( A )
and another... ( , ) Custom

and another. .. ~ = A Diode Switches Products
A ™~ A Waveguide ¢ & Pin Attenuators

Coaxial ~ = : e Space Qualified
v Cumponenls 4 (..Ompunenls ¢ Broadband e Path Simulators

¢ Terminations ¢ High Isolation e Packaged Assemblies
¢ Directional Couplers ¢ Couplers ¢ 10 nsec . * RF Training Kits
¢ 90° & 180° Hybrids * Attenuators ¢ Coax or Waveguide * High Power Components
¢ Fixed Attenuators *Switches * Step Programmable * AC/DC & Stepper
* Power Dividers * Adapters & Transitions | | TTL Compatible * Motor Drives
e Terminations ¢ Bends & Twists ¢ Low Insertion Loss . .. and lots more!
® Phase Shifters * Flexible - - - and lots more!
¢ DC Blocks * Horns
¢ Filters ® Custom Assemblies
... and lots more! - ..and lots more!

- - . the last word in variable attenuators

ARRA INC.
I ANTENNA & RADOME RESEARCH ASSOCIATES I

15 Harold Court, Bay Shore, N.Y. 11706
Visit our website at www.arra.com CIRCLE NO. 255 Tel 631-231-8400 * Fax 631-434-1116




Qualty lﬁe!%ahﬂliypeﬂmmw _Eng%éeer_ingi. senice | Suport | Price

' _GDTO.’ . { hitp://www.rf-power.com

P
¢ ISO 9002 registered
¢ 48 Hour shipment for

e Professional service and
competitive pricing

most standard products ¢ Complete value added
and custom design
capabilities

e Comprehensive
technical support

O Resistors/Terminations

2-800 Watts, DC - 6 Ghz,
SMD, flanged, coaxial

Attenuators )\>)
20-100 Watts, DC - 4 Ghz,
SMD, flanged, coaxial

@{ 90° Hybrid Couplers

100-800 Watts, 50 - 4200 Mhz,
SMD, caseless, coaxial

100-2000 Watis, 20 - 6000 Mhz,
SMD, caseless, coaxial

50-1500 Watts CW, 25 - 2000 Mhz,
SMD, caseless, resistive, coaxial

Custom Devices )@

Custom devices and
assemblies

. Call (516) 563-5050 for nearest location or representative.
(7]

P Po“,erJ Request your i

4578 7 Components, Inc. FREE catalog
125 Wilbur Place « Bohemia, NY 11716 U.S.A. * TEL: 516-563-5050 * FAX: 51 6-563-4747 » www.rf-power.com
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