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Situation: You need microwave test accessories ASAP

HP swiilches and attenuators offer 0.03 dB repeatability over 5 million cycles and are available through
QuickShip. HP amplifiers offer ultrabroad bandwidth from 10 MHz to 50 GHz, which simplifies test set-up.

Call 1-800-452-4844F No matter what accessory you need to
0 ption 2 complete your test system, HP DIRECT is an easier way to get it.

With a simple phone call, you can choose from more than 800 accessories
—from switches to amplifiers to attenuators and more, including the NEW HP
87222C transfer switch. All offer lower cost of ownership by providing
superior performance over millions of cycles, and our QuickShip program puts
them in your hands fast. We can even connect you to an HP engineer who can

answer technical questions you have.

VISA

So the next time you consider “borrowing” HP DII{ECT . o

an accessory, try a faster plan of attack: 1-800-452-4844" Ext. 6349
, .

pick up the phone.

www.hp.com/go/mta

[ﬁ] HEWLETT"®
Y8 PACKARD
@1999 Hewlett-Packard Co. TMSRSDYO1F/MRF
In Canada call 1-877-804-44 14, Ext. 6349
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MICROWAVEfAMPLIEIER
SELECTION

& A
& s g _ VAFB#-MODMOD-OS—UI..N
4 »
0:1 1
Easy selection
of standard catalog units [
- - - AFD3-010020-10-LN
based on design criteria |
S omaax
* Frequencies 0.1 to 30 GHz AF3010040184N
¢ Bandwidths Octave to Aamtmisie | e _
Ultra-Broadband s L e S
* Designs Low Noise T e
(from 0.5 dB :
Noise Figure) :
Medium Power = — 1T
(1 Watt) ” pose o e |
e Packaging Coaxial, B
Surface Mount,
Microstrip
 High Reliability MIL-PRF-38534, T pri—— Lo

Class K @
TEST DATA,

OUTLINE DRAWINGS,
and ANALYSIS TOOLS
for system level
modeling

Call today for your free
copy of MITEQ’s Amplifier
Selection Software

To order, call Jennie Flood at (516) 439-9260.
For technical information, please contact
Fawad Magbool at (516) 439-9254.

100 Davids Drive, Hauppauge, NY 11788

YWIIT= q TEL.: (516) 436-7400 » FAX: (516) 439-9443/436-7430

www.miteq.com
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SUBSYSTEMS
Up-Converter
Down-Converter

Sat Com
Transceiyer »

AMPLIFIERS FOR  }
Every AppLICATION |

¢ Commercial

* Military

* GPS

¢ Sat Com

* Space

* Tri - Band

e Cellular & PCS
PACKAGE STYLES

* Waveguide S8
¢ Surface Mount |

| +21VSWRIn/Out  * Options:
- Higher Gain
— *++10 dBm Output - Lower Noise
] - Custom Packages
* Removable SMA - lemperature Compensation
- Integrated Power Supplies |
- ++15VDC - Limiting Amplifiers ‘

Dell very in 2-4 Weeks ARO

4000 Via Pescador, Camarills CA 93012 ; | ; JC A
Ph 805) 445-9888 » Fax: (805) 987-69 %
Weob%ene( v?rv)w |cate§ﬁ .eom ?)ém(allsj)cg@mgllg;gateeh com Y . TECHNOLOGY

N
b -

G,

JCA's Catalog can now be downloaded from the Web at www1aalec77 cc?m’f“ b
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Taiyo Yuden is the specialist in
providing the miniature passive
components that allow

your wireless products to get
on the air quickly S \’;’
and cost effectively. '
Pick from a full line of robust
ferrite and ceramic signal
components, including chip
capacitors, chip inductors and
EMC chip components in
industry standard packages.

g&.}@ma{z cu(i'ﬁ,({ /’zﬁf{,e, ‘%W Agoce ot crn ﬁ{e, ,a//La.ae, goee areecl.

TAIYO YUDEN (USA), INC.
www.T-Yuden.com E-mail: TYUSA@T-Yuden.com
European E-mail: postmaster@taiyo-yuden.com

800-348-2496
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Your PCS Receiver’s

PERFORMANCE

With NEC's New, Miniature

Low Cost FETs

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

- m

Housed in SO1-343 packages (vight), these NEC HEMTS
are nearly half the size of conventional SOT-143 devices.

L

VERSATILE NE76118 MESFETs:
m (0.8dB Noise Figure @ 2GHz

W [3.5dB Associated Gain @ 2GHz

W [se as an oscillator, 2nd stage LNA,
or buffer amp

B 61¢ in 100K quantities

Super Low Noise NE334S01 HJ FETs:

m 0.25dB Noise Figure @ 4GHz

W 16dB Associated Gain @ 4GHz

W Miniature plastic four pin package
W 99¢ in 100K quantities

NEC

4590 Patrick Henry Drive =

Santa Clara, CA 95054 =
DISTRIBUTORS: Arrow/Bell (800) 525-6666
Mouser Electronics (800) 346-6873

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; allin 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

&
N
w

s
Associated Gain (dB)

Noise Figure (dB)

Frequency (GHz)

For instant Product Data visit us at:

www.cel.com

Or call our 24-hour Fax Hotline fo**--% ;
at 800-390-3232 and request
Document #144

(U.S. and Canada)

California Eastern Laboratories

408 988-3500 = www.cel.com

Reptron Electronics (888) REPTRON
Electro Sonic (800) 567-6642 (CANADA)
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Low-Cost CAE Suite
Adds Power And Speed

The latest version of a PC-based CAE
package combines electromagnetic
and civeuit co-simulation with
additional speed and ease of use.
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COMPACT SMT VCXO0 FULL PERFORMANCE SMT VCXO
paneS o,

~ With a wide frequency range of 2 to 55 MHz, The 5V and 3.3V Full Performance K15268

' Champion’s K1526A Series features compact ceramic con- Series comes in a 6 J-leads SOJ-20 ceramic package including a standard
struction in a 4 J-leads, S0J-20 industry-standard footprint. Additionally, fri-state selectable pin with optional -40°C to +85°C operating tempera-
the Series provides +25ppm stability performance. CRCLENO. 292 ture range. CIRCLE NO. 293

LOW COST SMT VCXO

An efficient, low cost option in surface mount
VCX0s, the K1526LC Series features an Absolute
Pull Range (APR) that meets your PLL tuning needs.
Tri-state output selectable with a frequency range
from 2 to 55 MHz and 3.3 Volt optional supply.

CIRCLE NO. 294

NEW SMT V(X0

The K1526C Series, Champion’s newest innovation
in 5 Volt Full Performance SMT VCXO0s, features a
4 J-leads SOJ-20 industry-standard footprint. It also
provides +25ppm stability, optional 3.3 Volt opera-
tion and frequency performance to 55 MHz.

www.champtech.com or 800-888-1499

CIRCLE NO. 295 ' ddition

SxTmm SMT VCXO

Champion’s newest SMT configuration is a 5 x 7mm
5V and 3.3V extremely low profile ceramic leadless _
chip carrier (CLCC). The CMV Series offers an aper- r —_— ; 4 .

ating temperature range option of -40°C to +85°C as g -r -) _IU‘J £211

well as a frequency range of 2 to 52 MHz.

o
CIRCLE NO. 296 %

Where Engineering Solutions Begin
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NC 346 Series

UFX-NPR Series
UFX 7000 Series

Ask us how our products
can meet your testing needs.

E. 64 Midland Avenue, Paramus, NJ 07652
Phone: (201) 261-8797 Fax: (201) 261-8339
Email: info@noisecom.com

Web Site: http://www.noisecom.com

e C/N » Eb/No « SATCOM e CATV ¢ DOCSIS
e Jamming ® Noise Power Ratio * Fibre Channel

e Wireless ® Military Applications
e Noise Figure Measurement  Automated Test Equipment

We Do!

__Noisgc,
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Mobile phones mean freedom to communicate wherever and whenever we choose.

L
{=1

s Semiconductors is ready today with the competences and solutions you
need to take that freedom to the next generation. Baseband (embedded DSPs),
REF design and low-voltage/low-power technologies are at the core of our expertise.

And our competence in hardware/software optimization, power management,

- mixed-signal ICs, speech recognition, LCD driver technology, packaging and

MCMs, - along with the industry’s broadest range of discretes - adds up to



a capability that has made us a world leader in wireless communications ICs.

With solutions covering the major mobile standards - digital cellular and cordless,
paging, wireless data/LANs and GPS - Philips Semiconductors frees you to create

the communications products for tomorrow’s generation. o find our more, visit

wiwisemiconductorsphilips.comleomimsl or call for more information
USA 1-800-447-1500, ext. 1580, Europe fax +31-10-284-3181, quote “voice”.
Asia fax +852-2811-9173, quote “MRF".
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E CATALOG today!

Quality Electronic Components 5 iperior Service
1-800-344-4539
Fax: 218-681-3380 + www.digikey.com
701 Brooks Ave. South
Thief River Falls, MN 56701

CIRCLE NO. 213
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CONTROL

Features

* External threshold control via
voltage divider or external power supply

¢ Independent TTL output

« Up to /= Watt CW power output

* Hermetically sealed Kovar chassis capable
of meeting ngorous military environments NIRA

« Available with various electrical parameters, alternate 180 9001
‘connectors, and detector output (no RF) E

Typical Model Performance

Model number ABIT5-08001200-25-24P ABIT5-04000800-25-25P
Frequency range 8-12 GHz 4-8 GHz
Gain 30 dB minimum 30 dB minimum
Noise figure 2.5 dB maximum 2.5 dB maximum
1 dB gain compression +24 dBm minimum +25 dBm minimum
BIT detector threshold <420 dBm * <420 dBm *
BIT detection format TTL single ended TTL single ended
Output power Logic 1 = +3.7+1.3 VDC Logic 1 = +3.7+1.3 VDC
Logic 0 = +0.4 +0.4 VDC Logic 0 = +0.4 £0.4 VDC
*Other levels available via adjustment to the threshold control. Y,

For further information, please contact Naseer Shaikh at (516) 439-9296
or e-mail nshaikh@miteq.com.

100 Davids Drive, Hauppauge, NY 11788
M‘ lT—‘- ﬂ TEL.: (516) 436-7400 » FAX: (516) 951-4338/436-7430

TR .
www.miteq.com
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New KEL-com

Commercial Filters
and Selection Software

K&L Microwave, the manufacturer that brought
you REL-il*, now infroduces its latest cost-effective
filter product line and selection softfware... KeL-com.
When size, cost, performance and delivery are at a
premium (when arent they?), KeL-com commercial
filters are the answer. A cavity, lumped element
or ceramic filter is not always practical due to
size and/or cost. KeL-com products provide filter
solutions with small size, low-cost and excellent
electrical performance. Need it fast? The KeL-com line
is standardized for high volume and short delivery.

Send my FREE
KrL-com Commercial Filter Selection Program

Name S
Company_
Address

City.
Country
Zip/Country Code
Phone ()

FAX( )

\Email 7 ,

State/lgrovi nce _

ISO 9001 Registered Quality Management System » www.klmicrowave.com

USA EUROPE
Phone: 410-749-2424

FAX: 410-749-5725 FAX:
Email:  kisales@klmicrowave.com Email:

Phone: ﬁﬁ-ggg-m& 605500
kleurope@kandl.demon.co.uk

KeL-com Commercial Filters
" 10 o 3000MHz |
Chebyshev Ba
2to 6
5 to 20%

 High Volume

Quick Turnaround
Standardized Surface Mount Packaging
* Commercial Grade Components

K:L-com Selection Software

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

CIRCLE NO. 277
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ALBALLOY RESPONSE
To the editor:

I would like to respond to John
Zorzy’s letter on white bronze and
the true name of tri-alloy (Alballoy)
that appeared in May’s Feedback (p.
13). We are a plating company that
has been plating RF connectors for
more than 40 years and providing ser-
vice for many of the companies that
advertise in your magazine. Our fin-
ish is known as Tri-M3™. Currently,
there is no standard that exactly gov-
erns the way alballoy should be plat-
ed or tested as is the case with gold
(Au), silver (Ag), and nickel (Ni). This
is good and bad in that it allows plat-
ing companies to have freedom in how
they plate alballoy, but it promotes a
market saturation of trade names.

The unfortunate byproduct of this
is that there are a lot of “alballoy”-
plated parts out there and no one re-
ally knows what the alloy concentra-
tions are or if customers are truly
receiving what they have asked and
paid for. This has led to some Micro-

RNl b OB RS R

waves & RF company variations of
the trade names that are out there.
So in this sense, I agree with Mr.
Zorzy.

However, I must also disagree with
him, because underneath this convo-
luted view of alballoy, there is also an-
other reason. While I won't dispute
that there are some plating compa-
nies out there that come up with a
trade name for competitive purposes,
there are others that have been plat-
ing alballoy for years and have devel-
oped variations of this type of plating,
specifically with their customers’
parts in mind. We have been using al-
balloy in some variation for many
years to provide a solderable surface
on traditionally unsolderable metals
or for corrosion resistance. Since al-
balloy is a ternary alballoy, platers
can manipulate the properties to pro-
vide the desired characteristics.

Tt is this variation that we present
a trade name to identify the very par-

ticular characteristics that this ver- |
sion offers. Zine (Zn), one of the con-

stituents to the alballoy, has a very
favorable oxidation potential. If a
plater manipulates the deposit so
that more Zn is plated out of the bath,
then it will yield better shelf life and
corrosion resistance. Tin (Sn), anoth-
er constituent, has excellent anti-sei-
zure properties (lubricity) and sol-
derability. If a plater manipulates the
deposit so that the concentration of
Sn in the deposit is higher than nor-
mal, there will be a more solderable
part that exhibits excellent wear re-
sistance. Finally, if it is conductivity
that a person is after, a plater can ma-
nipulate the deposit so that it is high-
er in copper (Cu). Therefore, alballoy
can be broken down into other varia-
tions depending on the desired prop-
erties. It offers many possibilities
that can be “tailored” to a person’s
needs and this capability lends to the
names that are associated with it.
Jeff Smith
President/CEO
Electro-Spec, Inc.
Franklin, IN

Order On-Line
and Save!

TTE, Incorporated
11652 W. Olympic Blvd.

Los Angeles, CA 90064

Ph: 800.776.7614
310.478.8224
Fax: 800.473.2791
310.445.2791

e-mail: sls@tte.com

RF & Microwave Filters

Stock Bandpass

Bandpass Filters

Stock 1270

~u L~

AR

Inductors

www.tte.com
800-776-7614

CIRCLE NO. 411
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As low

as 35¢

in quantity

Silicon Germanium (SiGe), Stanford PRODUCT SELECTION GUIDE

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

Part vd Id 3dB P1dB IP3 Gain@  Gain« NF
conventional silicon-bipolar technologies: Number (V) (mA)  BW (dBm)  (dBm) 1GHz 2 GHz 50 Ohm
lower noise figures, lower power SGA-2186 2.2 20 DC-50  +7.0 4200 105 102 4.1
consumption, high output power at high SGA-2286 2.2 20 DC-35 +7.0  +200  15.0 14.0 3.2
efficiency, and high integration level. SGA-2386 2.7 20 DC2.8 +7.0 4200 174 164 29
As part of a series of Stanford SGA-2486 2.7 20 DC-20 +7.0  +20.0 196 18.0 2.5
Microdevices' initiatives to apply silicon SGA-3286 2.7 35  DC-3.6 +12.0 +26.0 14.8 13.4 3.5
germanium technology to a broad SGA-3386 2.5 35 DC3.6 +12.0 4250 17.4 16.2 3.0

spectrum of communications applications, SCA-3486 2.9 35  DC-2.0 +12.0 +25.0 215 19.4 2.6
we are now offering the wireless market
devices built using a patented silicon
germanium manufacturing process. As
these devices enter the marketplace,
consumers will benefit from cellular

SGA-4186 3.2 45 DC-6.0 +15.0 +29.0 10.4 10.2 4.6
SCA-4286 3.2 45 DC-3.5 +15.0 +29.0 13.8 12.6 33

SGA-4386 3.3 45 DC-2.5 +15.0 +29.0 17.0 15.2 2.8

SGA-4486 3.2 45 DC-2.0 +15.0 +29.0 19.0 16.8 2.5

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

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 +34.0 138 12.4 3.9

less expensive. SCA-6386 5.0 80 DC3.0  +20.0 +345 154 138 38
SGA-6486 52 75 DC-1.8 +200 4340 197 167 2.9

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



POWER GAIN vs. FREQUENCY

OUTPUT 3RD ORDER INTERCEPT POINT

SGA-2186
SGA-5286

Typical performance at 900MHz

Call for Eva'luation Kit
1-800-764-6642

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.

. s s e s s s s s e e

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

=2 Stanford
=] Microdevices

1-800-764-6642
Dept. SGMRF1

Visit our web site at
www.stanfordmicro.com/sige

DISTRIBUTED BY:

==AVNET

===== electronics marketing

I

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

Richardson
Electronics

Engineered Solutions

800-348-5580 www.rfpowernet.com

All company and/or product names are
trademarks and/or registered trademarks of

their respective owners.
©1999 Stanford Microdevices
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You Talk,
We Listen |

TAS communication

test solutions
are based on your
needs.

t Telecom Analysis Systems our customers are a valuable

S

Telecom Analysis Systems resource. Your input provides us with the foundation for

our innovative test solutions. However, our focus isn't

limited to new products and features. TAS is dedicated to
customer application support as well. We combine detailed
training courses and excellent technical support with our
cutting-edge products. At TAS we listen to and meet your

testing needs.

For over 15 years TAS has been developing complete test
solutions to evaluate a broad range of communication
products. TAS test systems enable our customers to evaluate

the transmission performance of their products over a

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

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

TAS and our products, visit our web

34 Industrial Way East = Eatontown, NJ 07724-3319 = Phone: (732) 544-8700 = FAX: (732) 544-8347 = Email: sales@taskit.com
“
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‘ EDITORIAL |

OF COMMUNICATIONS AND
INFORMATION OVERLOAD

Communications is now the fastest-
growing segment of the electronics mar-
ket. And those who read this magazine
are probably hoping that the wireless seg-
ment of communications, which is based
on the use of RF, microwave, and milli-
meter-wave frequencies, captures its fair
share of this expanding market. Yet, the
days of being an RF “specialist” are over,
replaced by the need to be a multifaceted
design engineer, well versed in analog,
digital, microwave, and even optical tech-
nologies. Those who can command the
greatest set of complementary design ‘
skills will benefit the most from the growth in commumcatlons markets.

The blending of technologies is evident in almost every modern communica-
tions system. Most community-antenna-television (CATV) systems, for exam-
ple, are a combination of copper (Cu) cable, fiber, wireless links, and satellites.
Telephone networks are likewise a combination of wire and wireless. Ironical-
ly, the very engineering skills that have built these systems will be made obso-
lete as the systems mature. As information is made more accessible through
more-efficient communications systems, engineering teams will be pushed to
increase data rates, to increase bandwidth efficiency, to reduce costs. The pres-
sure on high-frequency engineers to keep current is enormous, brought on by
shrinking design cycles and increasing competition (for those communications
markets). Eventually, limits will be reached, and next year’s cellular telephone
will look very much like this year’s model.

Fortunately, there is help in the battle against information overload.
Through Internet classes and compact-dise-read-only-memory (CD-ROM)-
based educational courses, engineers can fill the holes in their training on their
own terms. Some computer-aided-engineering (CAE) software suppliers have
responded to complaints about the long learning curves for their tools by de-
veloping engineering templates. And many trade shows now offer educational
programs based on specific technologies or applications, providing a much-
needed filter for their attendees.

Global communications can be a wonderful thing, but not all the time. A con-
stant flow of information can only decrease the value of that information, with
no time to digest it or even comprehend it. Rue the day when cellular handsets
are designed without an on/off switch. ®®

Editor’s Note: Attentive readers (and those who read from the back of the
magazine forward) may have noticed several new names among the stories of
this issue. One is that of an old friend, Allen Podell, who has graciously agreed
to share his design ideas as part of a somewhat regular columm called Design-
er’s Diary (see p. 44). Allen, who is Chief Technology Officer for Besser Asso-
clates (Mountain View, CA), will no doubt stir the imaginations (and some-
times the tempers) of more than a few readers with his provocative ideas.

The other name is that of Senior Editor Don Keller. A skilled writer with a
strong background in general electronics, Don will be making his way
through this industry as he learns more about the capabilities of microwave
electronics. Please welcome him to our part of the electronics industry!

&W’\L

Publisher/Editor
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Ultra-Broad Ban
AMPLIFIERS

VSWR in/out max: 2.0:1

Features/Options:

Removable SMA Connectors
Gompetitive Pricing

Compact Size

Quick Delivery

Alternate Gain/Noise/Power/VSWR
levels if required

JCA

TECHNOLOGY

DELIVERY IN 2-4 WEEKS ARO

4000 Via Pescador, Camarillo, CA 93012
(805)'445-9888 Fax: (805) 987-6990
email: jca@jcatech.com
www.jcatech.com
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MONOCYCLE GENERATORS
AND

IMPULSE GENERATORS

Data sheets and pricing on the Web!
http://www.avtechpulse.com

We have expanded our line
of RF monocycle and
impulse generators for SAW,
ultra-sonics and short pulse
radar  applications. The
monocycle generators span
the frequency and amplitude
range of 20 MHz to 5 GHz
and 10 Volts to 750 Volts
while the impulse generators
range from 10 Volts, 130 ps
to 1000 Volts, 8 ns. Call or
fax for a copy of our new 113
page catalog (Cat. No. 10).
Our product information is
now also available on the
World Wide Web. Call
Avtech for all your pulse
generator and pulsed laser
diode driver requirements.

BOX 265, OGDENSBURG
VT EC H Rty NY, 13669-0265
A ~Ny— 1-800-265-6681
st T (315) 472-5270

Fax: (613) 226-2802
e-mail: info@avtechpulse.com
Niwww.avtechpulse.com

120 VOLTS / DIV
I 1.0NS/DIV |

ELECTROSYSTEMS

UK: LYONS INSTR., WALTHAM CROSS
JAPAN: MEISHO CORP, TOKYO
FRANCE: K.M.P. ELECT., CLAMART
GERMANY: FOIC, HAMBURG

NANOSECOND
WAVEFORM ELECTRONICS
SINCE 1975
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Model 9640
Dual HF Receiver

Frequency Range — 0.56 to 32 MHz
Noise Figure — 10 dB Maximum
Gain— 48 dB +2 dB
Synthesizer Control— RS-232C Interface

Synthesizer Step Size— 0.5 MHz over the
tuning range of 4-30 MHz

Synthesizer Tuning Speed— 100 ps Maximum

interad Lid.

8020 Queenair Drive « Gaithersburg, MD 20879
Phone: 301-948-7172 - Fax: 301-977-7559
E-mail: interad@pop.erols.com
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SAW FILTERS

Handset &
Base Station
Applications

* Over 25 Years In Design
and Manufacturing

* Facilities In US, Europe
and the Far East

* LCC and Low Cost
SLAM Technology

We are

V E c T n D N 166 Glover Avenue, Norwalk, CT 06856
INTERNATIONA L Tel. 1_-!_38-VECTRON-1 s Fax. 1-888-FAX-VECTRON
e-mail: vectron@vectron.com
A TECHNOLOGIES COMPANY www.vectron.com
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Introducing a new series of Low Noise
and High Dynamic Range FETs

Cutting-edge performance at

FH1
For wireless v
applications

to 3GHz

AN N NN

FHF1
For wireless

applications
above 3GHz

The Wireless Edge”

an amazingly low price

DC-6GH=z=

IP3 up to 45dBm

Noise Figure Down to 1.5dB
Low Cost SOT-89 Package
Proven WJ Quality and Reliability

W]J's new series of FETs combines low noise, high dynamic
range, and up to 20 dB of gain.Call our toll free number, fax us
at 650-813-2447 or e-mail us at wireless.info@wj.com to request
data sheets and a complete catalog.

1-800-WJ1-4401

Distributed In U.S.A. by Microwave Components: 800-282-4771; Nu Horizons Electronics: 888-747-6846; Richardson Electronics: 800-348-5580.
In Europe call WJ: +44-1252-661761 or your local Richardson Electronics Office: France: (01) 55 66 00 30; Germany: (089) 800 21 31; Italy: (055) 420 10 30 UK: (01753) 733010;
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'E BAY NY—-—A report published by Allied Business Intelligence, Inc. ex-
s key ere' ss communications technologies by assessing current market status,
and competitive pressures. The report, Wireless 99, considers the mar-
ot pcisit:io of the following systems groups and where they might be in 2005 and be-
—cellular/p: rsonai communications services (PCS), wireless local loop (WLL),
eless local-area network (WLAN), very-small aperture terminal (VSAT), Global Po-
ning System (GPS), and satellite television. Satellite broadband, local multipoint
VDS et Ste™  World cellular/PCS subscribers—1996 to 2005
DS (MMDS), HALO 700
HALE) specialized

Over the next five
ears, the expansion of
ectivity will accel-
te as wireless com-
nications move to-
ard non-telco media
t incorporate video,
telephony, and data.
Enhanced information
‘services and e-com-
merce will make today’s information environment seem primitive by comparison. In
many parts of the world, wire-line technologies will yield to cheaper and quicker im-
p}emented wireless solutlons World communications revenue for products and ser-
vices is approaehmg the trillion-dollar mark and is growing at a rate of 5 to 6 percent
er year. Much of that growth is derived from fixed and mobile wireless communica-
tions and is on the order of $25 to $30 billion annually, with the likelihood that it will
continue increasing through 2005 and beyond (see figure).
- Leading the charge is cellular/PCS telephony, where 80 million subscribers in the
US are generating close to $35 billion in revenue per year. On a greater scale, LMDS
will promde a broadband pipe for corporate and business users across the US.

Millions of subscribers

0
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Source: Allied Business Intelligence, Inc.

WASHINGTON DC—For more than two years, the Federal Communications
- Commission (FCC) has considered mandating the use of “strongest-signal” technolo-
gy in cellular telephones. This mandate would require cellular phones operating in the
analog mode to scan analog and digital systems and lock on to the strongest signal
available when the person operating the phone dials 911 for emergency services. The
- Wireless Consumers Alliance, the group that proposed the mandate, claimed that the
'technology would increase the chances that emergency service would receive the call,
making cellular 911 calls more reliable. But the Cellular Telecommunications Industry
ssociation (CTIA) opposes the proposal for several reasons.

In a letter to the FCC, CTIA Vice President Michael Altschul contends that
“strongest-signal” technology would not lead to more emergency calls being complet-
-ed, and might actually cause call blockage. The proposed technology would make cel-
t lar phones sean analog and digital systems for the strongest control channel when
911 is dialed. But the availability of a control channel does not necessarily mean that
voice channel is available. Altschul also says that the technology might actually de-
crease the reli 111ty of 911-call completion because it is likely to place all emergency
calls on one system, increasing the likelihood of blockage.

Another reason why the CTIA opposes the proposal is that it would require cellu-

-phone manufacturers to purchase a license from the technology’s patent holder.
~ As an alternative to “strongest-51gnal” technology, the CTIA supports a technolo-

gy called “automatic A/B roaming.” In the event of a failed 911 call attempt, automat-
ic AJB ming would cause the cellular phone to scan all channels until it makes a
ection.
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Stellex MicroYIG™

The MicroYIG™ is designed
for applications where small
size and cost combine with low
phase-noise demands. An ideal
replacement for DROs.

« Very low cost (as low as $99 in 10K
quantities for board mount config.)

= Low phase noise performance

-95d8c @ 10kHz
-125d8c @ 100kHz

« Small package (footprint is smaller
than a dime. T0-8 style)

* Through-hole board mount or SMA
connectorized configuration

* Heaterless design

» +50MHz tuning range from 2-10 GHz
with permanent magnet construction

Typical MicroYIG Phase Noise

100 -~

10 GHz

SSB PHASE NOISE -dBc/Hz

10K

FREQUENCY OFFSET 100K

MicroYIiGs
and MiniYIGs

Designed to Shrink

Your System Cost

Stellex is committed to providing
competitive low-cost, high quality
commercial YIG oscillatiors for LMDS,
VSAT, digital radio, test equipment
and any other application where low
phase noise is critical. Low cost is
achieved through extensive assembly
automation and the use of molded
metal cases. Stellex has invested in
state-of-the-art Metal Injection
Molding (MIM) technology to dramat-
ically reduce cost over traditionally
machined packages. This in-house
capability yields low-cost, high
quality products unmatched in

the industry.

For more information, call our
800 number, or fax us at
650-813-2525.

P tellex

MICROWAVE SYSTEMS
www.stellexms.com

CALL 1-800-321-8075

Stellex MiniYIG

The MiniYig excells where
low phase-noise, broad tuning
range, and low tuning power
consumption are required.

« Low cost (as low as $225 in 5K
quantities)

* Low Noise Performance:
-950B8c @ 10kHz
-120d8c @ 100kHz

* Tunable to +1GHz from 2-14 GHz
(permanent magnet configuration)

« Also available in multi-octave tuning
range (electromagnet tuned)

« Standard 1" X 1" footprint
« SMA Connectorized
* Heaterless design

Typical MiniYIG Phase Noise

-100

$SB PHASE NOISE -dBc/Hz

135 t t T T

FREQUENCY OFFSET

Stellex Microwave Systems, Inc. » 3333 Hillview Avenue, Palo Alto, CA 94304-1223 « email: sales@stellexms.com
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W re can I find
~ high performance

RF & Microwave Coaxial
connectors at a great price?

To

Contact Us | Ste Map

& V "f‘.‘. P el # O
et Electronics Marketing
| Line Card | Price & Avaiabiity | Re

FIMiCrowave

WHAT’S NEW
SPECIAL OFFERS
PRODUCTS
INTERCONNECT |
PASSIVE
POWER
SMALL SIGNAL
VALUE ADDED SERVICES
RESOURCES
SERVICES

the inventory of RF
?mm-mﬁmm o o
of RF /Microwave products & sery
Soyrce.

Specialized Services

Avaet ics Marketing can

:stm by other distributors

cm«nmmaae"];
L

MICROWAVE TECHNICAL SO
MICROWAVE CHIP SOLUTIONY

solutions which i|

All trademarks property of their respective

owners. Limited time offer whi
Third party software included is for evaluation purposes only and may be time

supplies last

function limited
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em.avnet.com/rfm

And best of all you can find them easily at the Avnet!
Electronics Marketing Web site. You'll find RE, Microwave
and Millimeter wave connectors from leading
manufacturers, right at your finger tips. Names like AMP,
Amphenol, Anritsu, Johnson Components,
M/A-COM and more. And with our ONLINE TOOLS we
can help you select the right connector from DC-60GHz,
plus the technical support you need to move your project
to completion, faster and easier. Do it all online at

em.avnet.com/rfm, or call us at 1-800-332-8638.

I

— AVNET

=== electronics marketing



FuIIy Loaded.

Includes S—parameters
with Noise Figure for
unparalleled vector accuracy.

Transmission/
reflection or
fullreversing.

Test Sequencing from the
keyboard makes repetitive
operations a snap.

Displays any 4 S-parameters
simultaneously for both
2-port and 3-port Devices.

3-Port VNA that also
measures Noise Figure,
IMD, and Harmonics.

Intemal AutoCal control |
you calibrate in 40 secon
- No computer needed.

al 3rd Port and 2nd
al Source eliminate cable
switching, improve throughput.

10 MHz to 3- or 6-GHz
frequency ranges.

125 dB dynamic range and
150psec/point sweep times.

Deadly Accurate.

If tedious RF measurements are poison to you, meet Anritsus new
MS462X “Scorpion” family. More than unsurpassed precns1on and

convenience, it's the antidote to high test costs. Order ;

only the functions you need and enjoy dramatic _
savings over separate instruments. So take the sting
out of your RF testing. Call 1-800-ANRITSU today. 1

s /inrit:

Anritsu MS4622/3 Vector Network Measurement System
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N DC—-Several telecommunications companies recently teamed
Gcevamment ageneles to demonstrate the first operatlonal ﬁber-optlc net-

ned by DARPA, defines the best way to achieve optical net-
government and commerecial applications on a national scale.
rticipants in the MONET program included AT&T, Bell Atlantic, Tel-
gies, BellSouth, Lucent Technologies, SBC/TRI, and Tellium, Inc. Telli-
\urora-32 optical cross-connects, six dense wave-division multiplex-
and four line-wavelength amplifiers. “W e are honored to be participants,”
es, President and CEO of Tellium. “What we have seen here is the launch
high-performance communications that not only supports our national-
urely, but has far-reaching commercial applications,” he said.

‘ N, DC—If US companies are to compete successfully with foreign
in the commerecial space industry, Congress must remove the barriers. That
tion of John W. Douglas, president of the Aerospace Industries Asso-
s recent testimony before the Senate Subcommittee on science,
Douglas stressed the need for what he called “an enhghtened
1 that combines public and private investment in synergistic
areas where the government needs to remove barriers blocking
cemmerclai space industry.
al barrier is the lack of a five-to-10-year renewal of the
of the Commerclal Space Launch Act. These prov1s1ons

g'vmh leadmg~edge companies such as Anritsu will be a key factor in
Com successes,” states Edward Garcia, chief executive officer of Noise
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It's Like
Your Project. It Can Be
Upgraded At
A Moment’s Notice.

In a world where projects can change in a nanosecond, ~ you've purchased your Anritsu 68C/69B, you can upgrade

isn’t it nice to know that one synthesizer is flexible enough ~ to a higher-performing model at any time without buying a

to meet your company’s evolving needs. Introducing the completely new synthesizer. So as your project grows, your

fully-upgradable El Toro™ Microwave Synthesizer from equipment can stay productive.

Anritsu. Featuring the widest frequency coverage and the You'll also enjoy the peace of mind that comes with

lowest phase noise available today. owning one of the hardest working and longest lasting
Whether you need CW signals to 8 GHz, fully modu- synthesizers on the market.

lated signals to 65 GHz, or anything in between, Anritsu For more information call 1-800-ANRITSU or check

can configure the right signal generator for you, offering out our website at www.global.anritsu.com. The El Toro

42 different levels of technology to choose from. Andonce  from Anritsu. The only synthesizer you'll ever need to buy.

the = . : =

Y”? da;‘."‘. A n rl tsu
% o
El Toro 68C/69B Microwave Synthesizer One world. One name. Anritsu.

©1999 Anritsu Company Sales Offices: United States and Canada, |-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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—A study performed by technology market-research firm Venture
rp. (VDC) shows that the global market for RF-identification (RFID)
stems is expected to reach approximately $800 million in 1999. This
growing approximately 30 percent per year for a number of years,
: grow between 25 and 30 percent per year through 2002.

rowth is not ensured. The study by VDC highlights the primary barriers
et development and recommends solutions for exploration by RFID

mated production line will contain all of the required technologies to as-
Ms, including surface-mount-device (SMD) attachment, die-attach, wire-
APS on, singulation, and marking. MCMs combine the chip and support-
ge, which dramatically reduces the external parts that are required in the
olication circuit.
gration gives us control of every detail from start to finish and should
; duce the product-cycle times that are critical to our customers,” says David
\ orbury, president and chief executive officer. “Adding module packagmg to our
ties will help our customers increase their own production capacity as
educed component count in the final assembly.”

lar networks, recently announced tha’c the SpotL1ght® 2000 smart-
now compatible with the Motorola SC 4812 and SC 4812T cellular

'uccessfully integrated with the SC 4812 base station in the field and
are expected to carry commercial traffic by the end of the second

r Telecommunications Industry Association (CTIA) recently announced
ers of the VITA (“life”) Wireless Samaritan Awards, honoring 61 indi-
; se of a wireless phone in an emergency resulted in a safer community,
a ev nted me, or a rescue...The National Association of Broadcasters Education
: lation and Bonneville International Corp. have begun a new annual program to
ize and encourage outstanding community service by broadcasters and their
nunity partners. The symposium and evening awards banquet will take place this

h at the Ronald Reagan Building and International Trade Center in Washington,
eneral Cclm Powel] will present the opening remarks Every mother who had

its new “Point of Contact” brand-promotion campaign, Sprint deliv-
s to methers to help them on their big day and make 1t easier for

( gum clgars Sprmt also helped families at selected hospltals
ta.i hoto of their new arrival and e-mail it to friends and relatives across
”Addltlenally, Sprint provided Sprmt personal-communications-services
mes for free wireless calls.
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Ericsson RF Power Products is committed to delivering the best LDMOS

RF products in the industry. Your system requires maximum performance

and reliability, our devices are ALL GOLD, all the time.
2.0 GHz LDMOS

We offer 2.0GHz LDMOS FETs optimized for

PCS. The impressive PTF

10120 displays an :

intermodula- ' f‘f

tion distortion - | - wh e

level of better @&
than -30dBc for
peak envelope
power levels up to
120 watts.

900 MHz LDMOS

Our newest 900 MHz LDMOS FETs are
. optimized for cellular base station
signals with the highest power
device, the
PTF 10100

L 5 § %y
3 6\ . 4 " delivering 165
“i ‘éo 4 49;?‘/’ _ watts of power
€ with 13dB of
% i, > F linear gain.
Actual Size

Contact our authorized distributors:

Richardson
Electronics
Engineered Solutions

1-800-RFPOWER (737-6937)
www.rfpowernet.com

~ =AVNET

== glectronics marketing

1-602-643-2000
www.avnet.com




DAB/DAR LDMOS

Looking for excellent 1.4-1.6 GHz RF
) _ products? Our DAB/DAR LDMOS
“““ <>+ € FET, PTF 10125 has 13dB of linear
gain and 135 watts of power.
' Every device in this
. family is optimized for
== broadband capability
and supports the new digital
modulation applications.

" Actual Size

13w

UHF TV LDMOS

Your UHF TV power
amplification system wil
benefit from our family ¢
470-860 MHz LDMOS
FETs. The PTF 10037,
the highest power
device, delivers 120

ﬂ‘ watts of power with
14dB gain.

”

Actual Size

High Impedance
Technology (HIT™)

HITs combine
state-of-the-art
LDMOS silicon

device design, hybrid
circuit technology and RF circuit design for a
drop-in solution. Take a look at our 1.9—-2.0
GHz, 50-Ohm hybrid, PTH 31002, delivering
30 watts of power with 12db gain.

Actual Size

Contact us today to find out

how Ericsson’s GOLDMOS™ ¢ .
products can be your wireless .
system solution.

ERICSSON 2

RF Power Products
1-877-GOLDMOS (465-3667)
www.ericsson.com/rfpower

International
+46 08 757 5000
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IF-SAMPLING BASESTATION RECEIVER

NATIONAL'S DIVERSITY CLC5526
RECEIVER CHIPSET (DRCS)— e DVGA CLC5956

IMPLIFIES D N BY %y -
# T i CLC5902

ELIMINATING EXPENSIVE

Dual
ANALOG IF STAGES Digital
5-CHIP SOLUTION 4 ok i T\;";‘t‘;’
a5 L % AGC
«CLC5526 —Two DIGITAL e Cikin
VARIABLE GAIN AMPLIFIERS it
(DVGA)
«CLC5956 —Two 12-BIT/

65MSPS A/D CONVERTERS DRCS LAYOUT (shown actual size)
«CLC5902 —ONE DUAL DIGITAL ' = i
TUNER WITH AGC

«DIRECT IF-SAMPLING TO 300MHz
+«52MSPS OPERATION 533 )
«TWO INDEPENDENT CHANNELS 0 o By, S 2 # CLC5902
«USER PROGRAMMABLE AGC
«MEETS GSM, EDGE, PCS, DCS,
AMPS, DAMPS AND PHS
REQUIREMENTS = 7
«EVALUATION BOARD AVAILABLE irademarks of Nationat Semicanducior Corporatin. 4 e oo

. All rights reserved.

o AL

3
T

9565310 &

T
a
s
3
g
8
=

IDEAL FOR CELLULAR BASE-
STATIONS, SATELLITE AND
PAGING RECEIVERS, E911 cELL
PHONE LOCATION SYSTEMS,
WIRELESS LOCAL LOOP AND
DIGITAL COMMUNICATIONS

ForR MORE INFO ON DRCS:
www.national.com/see/DRCS
1-800-272-9959

FREE CD-ROM DATA CATALOG

AVAILABLE @ freecd.national.com . . , P
National Semiconductor
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NEWS

Bluetooth Update

First came portable phones, and now a slew of pevsonal
electronic “appliances” will communicate wirvelessly
with each other using a vadio technology called Bluetooth.

Wireless Ushers In The
Era Of Personal Gonnectivity

GENE HEFTMAN

Senior Editor

OME years back, the then New York Telephone Co. used the phrase,

“We're all connected” in an advertising campaign to bring attention -

to a multitude of wired telephone services that customers could use

to communicate with one another. Flash ahead approximately a : ¢2 be absorbed more readily in a

decade to today's wireless technology and the phrase takes on an entirely = 1gh-priced machine than a low-cost
i the era of personal connectivity dawns. Not only will peo- one. But, says Allen, “The ultimate
Néw meaning as ’ i goal is deploy Bluetooth across the

ple soon have a wide array of voice and data services available with the * entire notebook line, as costs drop and

emerging wireless connectivity, but they will be able to communicate using - acceptance of the technology occurs.”

virtually every electronic “appliance” known to man—portable phones, lap-
top computers, personal digital assistants (PDAs), fax machines, digital
cameras, etc. There will also be some non-electronic appliances one would
have never believed such as refrigerators and irons. It will all be made pos-
sible over the next few years through Bluetooth, a wireless connectivity ;
standard using short-range radio that has captured the imagination of
almost everybody associated with the communications industry. A Blue- < * o AL X
tooth special-interest group (SIG) formed a few years ago by five founding .Sli’rz (Fl‘(CCLsEhe mgma.tmns 13 IEOt ta.‘ mvl;
members—IBM, Intel, Ericsson, Nokia, and Toshiba—to develop an open 3 :;iis?isew'acr; Canebee;;%z:} Tﬁaueeﬁgﬁgg ©
specification for the technology has attracted so many members that it was ' ’
recently closed to further entrants. Although the 900-plus SIG members

have yet to manufacture a single Bluetooth-enabled product, optimism

about user acceptance is running so high that few doubt that the technolo-
gy will turn out to be a big hit in business and consumer markets.
The original concept behind Blue-

tooth was to enable a wireless connec- : corner, but neither is it out of the

tion between a mobile telephone and a
laptop computer (from a mobile device

to a fixed device). But that basic idea

has been expanded upon to include
applications that sound like science
fiction. For example, picture a Blue-
tooth-enabled refrigerator in one’s
home sending a shopping list over the
telephone network to a supermarket
which then calls the customer on a
mobile phone to find out when he or
she wants the order delivered. That

. question a few years after the tech-
- nology makes its debut early in 2000.
Most SIG members figure that the :
. early adopters of Bluetooth will be
- mobile professionals, business users :
: who can benefit from a wireless con-
- nection between their laptop and cel-
- lular or digital phone, and who may
© not pay for it out of their own pocket. :
i According to Warren Allen, Senior :
¢ Product Planner and Program Mana-
. ger for the Bluetooth SIG for Toshiba

- America Information Systems (Ir-
. vine, CA), the company is planning to
. implement Bluetooth in their line of

notebook computers, starting out
with the high-end types. That’s be-
cause the cost of the Bluetooth radio

For that to happen, Bluetooth hard-
ware will have to have a bill-of-mate-
rials cost of approximately $5 per
implementation. That will not be the
case early on because implementing
and certifying a Bluetooth radio to
Federal Communications Commis-

NETS OF NETS

The primary goal of Bluetooth tech-

'~ nology is to free communications and
_ . computer users from the burdensome
{ scenario is probably not around the :

cabling that is now needed for equip-
ment to send information back and
forth by replacing it with a short-

. range radio link. This radio link, as |

presently specified, can cover a dis-
tance as little as 10 cm and as great as
10 m depending on the radio’s output

¢ power. It will also probably replace

infrared (IR) communications links in

: many short-distance (line-of-sight)

applications due its higher-speed data
capability. Bluetooth is a global stan-
dard that will ensure compatibility of
systems anywhere in the world.
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The Bluetooth radios con-
templated for this task oper-
ate in the unlicensed 2.4-GHz
industrial-scientific-medical
(ISM) band that is noted as
being the same band used for
IEEE 802.11 wireless local-
area networks (WLANSs), and
serves as a comparison point.
Bluetooth employs spread-
spectrum technology, but the
simpler frequency-hopping
(FH) type as opposed to the

Scatternet

Piconet A

Piconet B

products with the radios, so
they must turn to outside
sources such as manufactur-
ers of development kits or
combinations of hardware
and software to gain the
expertise to get on the Blue-
tooth bandwagon.

A recently announced
development kit comes from
Ericsson Microelectronics
(Richardson, TX) intended
for early adopters who want

direct-sequence (DS) type of
802.11. The Bluetooth data
rate is in the range of 432.6
kb/s to 1-Mb/s, while 802.11 is
much faster, already at 2

Mb/s and moving into its second gen-
eration at 10 Mb/s. In general, 802.11 :
can cover more distance. It is more :

performance oriented, faster, and

more expensive than Bluetooth,andis !
not considered a competitive technol- :

ogy for the same applications.

In its simplest network configura- -

tion, Bluetooth requires only two de-

edge of one another and can simply es-

1. Just two devices need to be connected to form the
simplest Bluetooth network called a piconet. Two or

more piconets—up to eight devices each—make up a
scatternet.

year, prospective manufacturers !

need to get up to speed quickly to gain

very competitive market.

NEW DEVELOPMENTS

Many members of the SIG can find

to integrate Bluetooth into a
variety of information appli-
ances. Rex Siefert, Market
Manager for Microelectron-
ics, says the kit “can be used
for proof of concept to show that

. Bluetooth is a viable product, and
a foothold in what promises to be a

demonstrates a basic stack, which is

- the software that interfaces between
. the RF physical layer and applica-
: tions.” The complete Bluetooth proto-
i col stack is complex because the radio
themselves short on the RF and soft- :
. ware backgrounds necessary to equip
vices to establish a communications :
link, known as a piconet. The two :
devices—a laptop personal computer
(PC) and a mobile phone, for exam- :
ple—need not have any prior knowl-

must be able to handle a variety of in-
formation including audio, multime-

: dia, and packet data. The stack is an
. essential element of any Bluetooth
i development process since it pro-
© vides successive layers of software

| - which control the radio, baseband

tablish an ad-hoc network. Up to six : f

more devices—for a total of eight—
can join in a piconet (Fig. 1). All
devices in the piconet are identically :
configured, making them peers. But
once a piconet is established, one de-
vice becomes the master and the oth- :
ers slave for the duration of the con-
nection. Multiple piconets can
communicate with each other in a @ |
scatternet, which is a group of pico-
nets that are linked together in a non-
synchronized fashion. Each of the :
piconets in a scatternet is identified
by a different FH sequence. The radio :
modules avoid interference from
other signals by hopping to a new fre- :
quency after transmitting or receiv- :
ing a packet of information. By hop-
ping faster and using shorter data
packets than other systems operating

in the same frequency band, Blue-

tooth can avoid interference from
microwave ovens and transmissions

from other systems.

2. Development kits such as this
- one from Ericsson Microelectronics

contain the hardware and software
necessary to design a prototype

. Bluetooth communications system
With the first Bluetooth-enabled :
products scheduled for early next :

for a variety of electronic
appliances.

functions, the link manager, logical
link control, and on up to the applica-

© tion-program layer. Siefert believes
¢ that the current basic stack in the
. development kit will be extended to
¢ the higher layers when the kit begins
- shipping in the fall. Other Bluetooth
. development-kit manufacturers
- already make use of the Ericsson
| ' stack in their own products.

The kit contains two development

. boards that each have a complete
* functional radio for proof-of-concept
. demonstrations and application-soft-
. ware testing (Fig. 2). Also included is
 documentation that runs the gamut
¢ from an introduction to wireless con-
- nectivity to application examples and
. a comprehensive description of the
: Bluetooth packet structure, link
. type, and protocols. The kit sells for
: $15,500 and is available 10 to 12
. weeks after receipt of order.

A similar development kit, aptly

- named the Bluetooth Development
- Kit, or BTDK, is offered by VLSI
- Technology (San Jose, CA). The com-
i pany says that the BTDK can be used
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Being an engineer is an occupation that’s pretty tough
to leave at the office. So the last thing you need is
test equipment that won’t do what you need it to.
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GSM, NADC, PDC, DECT, PHS, TETRA and W-CDMA.

The result? You spend less time dealing with inad-
equate test equipment and more time finding the
perfect design. And hopefully free up some of that
cherished vacation time to spend
with the kids in the wading pool. Introducing
For a free application note, hig.h spectral
L . purity models

Custom Digital Modulation

with the HP ESG-D or DP Series

Real-time I/Q Baseband Generator, or for more infor-
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Thailand (66 2) 661 3999, (088) 225 802 * United Kingdom (01 541) . \enezuela (58-2) 207-8357

© 1999 Hewlett-Packard Co. TMMID821/INTL
CIRCLE NO. 243




Surfing
for
- Surface
Mount
Fliter
Solutions

breeeng.com

“The Surface Mount Experts”

Bree Engineering
RF Microwave Filter
Manufacturing & Design
1269 Linda Vista, San Marcos, CA 92069

(760) 510-4950 * Fax: (760) 510-4959
CIRCLE NO. 489

NEWS

Bluetooth Update

with its Rapid Silicon Prototyping
methodology to create complete solu-

are the company’s Bluetooth radio

with 1-MHz bandwidth, the VWS-
26001 baseband processor with re-
usable intellectual property that can
be integrated into custom integrated

containing the link-controller and
host-controller interface. The BTDK
is configured as a development board
and a pair of daughter

i cifie-IC (ASIC) devices compliant to
: the Bluetooth standard.

tions for system-on-chip (SOC)-based
Bluetooth devices. Included in the kit : land) comes a development and
- demonstration toolkit based on a digi-

module that has 79 channels, each :

From Digianswer A/S (Dublin, Ire-

tal-signal-processing (DSP) imple-

‘ mentation of the Bluetooth specifica-
- tion. The type II PC-card version
- incorporates a +20-dBm radio (for the
- 10-m range version of Bluetooth) to-
circuits (ICs), and a protocol stack

gether with a full software stack and

- Windows-compatible applications
- software that enables a user to see
i Bluetooth devices within RF proxim-

boards. On a daughter
board is the VWS-
26001, which handles
functions such as the
link controller, univer-
sal asynchronous re-
ceiver/transmitter
(UART), and inter-
faces such as USB. It
also executes the pro-

Custom
applications

tocol stack through its
ARMT7TDMI miero-
processor. The proces-
sor itself and the stack
have been developed
to Ericsson specifica-
tions, and since Erics-
son is a charter mem-
ber of the Bluetooth
SIG, users of the kit be
ensured that devices
developed with it will
comply to the Blue-
tooth standard.

The BTDK’s daugh-
ter boards can runin a

Kernel mod

stand-alone mode or
with the Velocity
Rapid Silicon Proto-
typing Development
Board. In the latter
mode, designers can
develop core-based
SOC ICs, develop
hardware and soft-
ware concurrently,
and debug and verify
the operation of com-

plex embedded sys- 3. The Type Il PC Card Development System from
tems. Use of the Ve- Digianswer incorporates the software—a full
locity platform with Bluetooth prototype stack—and hardware—a DSP-
the Ericsson baseband based Bluetooth core that contains a radio
processor will also module—for demonstrating, testing, and

yield application-spe- developing a product.
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CELLULAR
AMPBLIFIERS

ity and establish data and/or audio
connections between selected devices.
Part of the PC-card version is the
Digianswer Bluetooth Core which is a
DSP implementation of the Bluetooth
Baseband, Link Manager Protocol
(LMP), and the Bluetooth Host Con-
troller Interface (HCI). The Core also
includes a Bluetooth Radio Module
with +20-dBm or 0-dBm output power
(Fig. 3). Protocols in the present kit
are subsets of the 0.8 version of the
protocol but the 1.0 Bluetooth proto-
col (the final release) will likely be

; , B /s on the: wele o available to developers in the next
Find your requirement www.amplifonix.com month or two. A free upgrade pro-
I QUL Coiato, Ok e You can download the gram s available with the kit to access
SITDIE MAdKy ane 10 product data you need. periodic updates, applications, and

meet your specifications. . .
¥ P documentation on the Internet until

i;fr PELEZI;:?) A ' e M pli I:O N i I the 1.0 release is finalized.
+COs . THE CHIP RAGE

+DETECTORS ' : 2707 Black Lake P C e .

b : Philadelphia, PA 19154 Antlmpatmg a rpsh for Bluet'ooth
LIMITING i : : Tel: 215-464-4000 .deVICES that can be mt.egrated qu.lckly
AMPLIFIERS ‘ Fax: 215-464-4001 into personal-connectivity appliances,
' ' e-mail: info@amplifonix.com IC manufacturers are prepared with
devices that incorporate many of the
features that will be required in this
application. However, in most situa-
tions, designers will need the support
of a development kit together with
these devices to implement a work-
able Bluetooth solution.

National Semiconductor (Santa
Clara, CA), for example, introduced a
few months ago a single-chip radio
transceiver for wireless voice and
data in the 2.4-GHz band. The LMX-
3162 contains all of the transmit and
receive functions of a complete radio
front end, and suits the low-power
networking applications using FH
spread spectrum that make up the
Bluetooth specification. The IC is
aimed at 2.4-GHz Digital Enhanced
Cordless Telecommunications
(DECT) cordless phones used exten-
sively in Europe. National has de-
signed two other devices that work
with the LMX3162—the SC14402
baseband processor for DECT hand-
sets and the SC14422 integrated base-
band processor with embedded echo
cancellation for base stations. Com-

207-D North Tst Street, Stroudsburg, PA 18360 plete DECT and 2_-4'GHZ develop-
1-877-MegaPhase » 1-877-MegaFax ment kits are supplied by the compa-

570-424-8400 » 570-424-6031 ny’s system-integration partner,
megaphase.com RTX Telecom A/S, which include

schematics, layout, software, and doc-
umentation. A 48-lead, plastic-quad
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In addition, MECA maintains many standard
components in stock which are available for
overnight delivery.
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components into your systems today.
Call (973) 625-0661 for your MECA product

catalog, or visit our website at www.mecaelectronics.com.
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flat-pack (PQFP) version of the LMX-

3162 is priced at $5.60 in 1000-piece
quantities.

A complete single-chip Bluetooth :
transceiver fabricated in bipolar-com- :
plementary-metal-oxide-semiconduc- :

tor (BiCMOS) silicon-on-insulator

market in late summer. The

(radio, modem, and controller func-

. tions) chip, operates in a partitioned
- mode with a low-cost microprocessor
in a Bluetooth system (Fig. 4). This :
scheme conserves power because the :

RMC contains the logic to decode

only good ones addressed to the host.

: a sleep mode most of the time, awak-
. ening only to handle a “good” packet,

thus conserving system power.
Although ostensibly an IC compa-
ny, Silicon Wave acts like a systems

- company in that it will soon offer its
© incoming data packets and passes on :
(SOI) technology from Silicon Wave,

Inc. (San Diego, CA) will be on the | The host microprocessor can remain in

own development system including a

: protocol stack to customers. As Chair-
: man and CEO David Lyon puts it,

“We try to take a partnering

company claims that BiC-
MOS SOI offers a better
technology than straight
CMOS for implementing ana-

log, digital, and mixed-signal
functions on the same sub-
strate. High-quality passive

components (inductors and
capacitors) for radio circuits
can be fabricated in the pro-
cess and the insulating layer
of silicon dioxide (Si0,) be-
tween circuits and the Sisub-

Protocol
4-b
Radio-modem | _Serialbus | Microcontroller |
controller Good data
only Flash RAM
One chip Low cost 8- or 16-b
wC (8051, H8, Thumb)
or the system's
host processor

approach with customers
because Bluetooth is such a
new technology. Virtually
none of the organizations

USB, | we're working with is self-
FF’I(?MZ(?IZA sufficient at this time.”
g Indeed, obtaining a work-

able Bluetooth solution
could be a tedious chore for
many companies according
to Jim Zyren and Bruce
Kraemer, Senior Marketing
Managers in the Wireless

strate prevent noise from
being coupled between RF
elements. Silicon Wave’s
transceiver, called the RMC

4. Single-chip transceivers such as this Silicon Wave
RMC (radio, modem, and controller) device will be

critical in building inexpensive, small-size, low-power
Bluetooth solutions.

Products group of Harris
Corp. (Melbourne, FL).
They point out that phones
already have most of the

Like what you see? Need more information?
Do you want it now?

www.microwavesrf.com

Visit the Microwaves & RF website at:
www.microwavesrf.com and click the
instant inquiry button to request information
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intelligence onboard to implement :
the link-controller function in the pro-
tocol stack. Therefore, they would !

need only a physical-layer (PHY)

device to provide a complete Blue- :
tooth solution. But appliances such as :

laptops and PDAs are another story

the company is developing a single-

wireless systems such as 802.11 and
HomeRF.

Although Bluetooth radios are low :

power—() dBm or 1 mW for the 10-em

10-m range—they will require some
form of FCC certification as transmit-

NEWS r

Bluetooth Update

panies seeking to implement Blue- :
tooth since they are not RF experts
say Zyren and Kraemer. These com-
i panies should seek modularized solu-
tions where the company who manu- |
: bution is its WAVE chip set, a 1-Mb,
i radio approvals. When the module is : 2.4-GHz FH radio system built in
since they are not inherently Blue- :
tooth ready, and do not have any com-
munications capability. These prod- :
ucts would need a link-controller :
function in addition to the PHY. To !
support users at the physical level, :

factures the module obtains the FCC

need FCC certification since the mod-
ule is already approved.

mentioned earlier, Ericsson is intro-

. ducing a pair of devices to enable fast- -
chip FH-PHY solution which it hopes : er development times. The PBA- :
to demonstrate late this year and :
sample in the first half of next year. It :

will also have applications in other !

31301/2 is a short-range radio trans-

need even faster turnaround times.

Mitel Semiconductor (Kanata, On-

tario, Canada) and Philsar Electron-
ics, Inc. (Ottawa, Ontario, Canada)
have joined forces to develop a low-
power Bluetooth solution to be re-
leased early next year. Mitel’s contri-

installed in a computer or other elec- | CMOS technology, while Philsar has
tronic appliance, that product does not :
: cessor technology for software-con-
¢ figurable radios. The companies plan
In addition to its development kit :

. velopment kit, an example platform,

developed a unique radio-signal pro-

to offer radio and baseband ICs, a de-

software, and application informa-
tion. The goal is to enable early

. adopters of Bluetooth to test product
ceiver fabricated as a BICMOS ASIC
that, with an antenna, provides a com- :
i plete Bluetooth radio solution. A user :
. must provide the antenna, baseband, :
host-processor hardware, and the soft- :
. ware for a complete Bluetooth solu-
range and +20 dBm or 100 mW for the : tion. Also available is a Bluetooth mod-
- ule, the ROK101007/1, with more
: functions integrated for users who
ting devices. This creates another :
potential problem for computer com- :

ideas, develop prototypes quickly,
and develop their own applications
software. ®®

For more information
on this topic,
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www.microwavesrf.com
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service and support. Complete integrated microwave solutions

that require cost and performance optimization within the

customer's total system solution is our specialization.

Make REMEC part of your competitive advantage.

. The Total Microwave Solution

REMEI/ZUL

Building solutions
through teamwork.
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QOunadratuve Hybrid Couplers

Quadrature Hybrid Couplers
Serve Narrowband Applications

The quadvature
hybvid coupler
1s useful for
adding and
subtracting
signals.

ALLEN PODELL

Contributing Editor

UADRATURE hybrid cou- pacitor to create an effective narrow-
plers sound exotic, but they are

actually quite simple in design

and extremely useful in a wide
range of signal-processing applica-

vectorially and split a signal into mul-

tiple outputs. They can be used to :
sense transmitter power, deliver :
power to two loads with high isolation,
and split and combine signals from
RF/microwave mixers. With current- :

ly available surface-mount bifilar

Port 2

1. This coupler can be fabricated
. with a pair of surface-mount bifilar
i inductors and a capacitor.

band coupler.

tivity over a +10-percent bandwidth,

¢ with dissipation loss on the order of 0.1
to 0.2 dB. The bifilar inductor can be :

etched onto a circuit board or included
as part of an integrated circuit (IC).

the reactance of the capacitor or one

. winding of the inductor is equal to the
. port impedance of the coupler. With
. an actual inductor, capacitance exists
. between the bifilar windings and the
. coupling is imperfect. The value of the
- required winding inductance is in-
- creased by approximately 1/k, where
- k is the coupling coefficient, typically
¢ greater than 0.8 for a multi-turn air-
. or ceramic-core bifilar coil. Additional
. capacitance is reduced in value by the
- amount of the inter-turn capacitance.

In this design, the 8.62-nH induc-

. tor and the 3.47-pF capacitor provide
¢ 3-dB coupling at 1 GHz. The input is
- connected to port one, the “through
. port” is port two, and the “coupled

port” is port three. The phase of the

. coupled port leads the phase of the
Simple narrowband couplers de-
. signed in this manner can achieve bet-
¢ ter than 20-dB return loss and direc-
tions. They can add or subtract signals

through port by 90 deg.
The transmission from port one to
port two falls off monotonically with

. frequency, while the coupling from
© port one to three increases at a rate of

6 dB/octave, until the two are equal at
3-dB coupling. The fourth port only

. receives a signal if port two or three is

Figure 1 shows a narrowband four-
port coupler. Since parasitic values :
. are not considered, the magnitude of :
coils, adesigner needs toonly add aca- :

mismatched. The transmission coeffi-
cient from port one to port four is
equivalent to the isolation. Similarly,

© directivity is the ratio of the coupled

i i 0 -205— -
Couplerwith 50 Q loads _~
a \ b4
\>< 25 KB\ v &
" |— PRSI e Retum \, ). 4
- Quadt Loss ) /
— DBAS[1L1IDER) -3 N
4 Quadt _— Couplerwith oper)f’oads
— DRSR.1IDQ) m 251 \E‘k /
A |—oegsem® A
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2. The performance of the quadrature hybrid coupler is
plotted close to its 3-dB coupling frequency

(approximately 1 GHz).

3. The return loss is plotted with the through and
coupled ports open. All of the reflected power is sent to

the port that was previously isolated.
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'sttart drop‘vlng, 100!

you'll inc

coverage : _ :

_ amplifiers can also be oombmed e
h ' to achieve 100, 150, or 200 watts

can transmit multiple AMPS
TDMA or CDMA signals simultaneously.
And, integration is seamless, so you
can easily upgrade your expanding the superior performance and
analog network to your expanding reliability of MPD multi-carrier
digital network. w, Mol power amplifiers, call today. And,
What’s more, our power amplifiers increase your base station capacity

are designed for the long-term. [8AMPS Carriers and 2 CDMA Carriers| before you drop another customer.
Transmitted Simultaneously

and more.
For more information about

A

M
P\
MPD TECHNOLOGI FS., INC. K\ E)} a subsidiary of Microwave Power Devices, Inc.

49 Wireless Boulevard, Hauppauge, NY 11788 « Phone: 516-231-1400 x452 » Fax: 516-434-1725 * E-mail: sales@mpd.com * Web site: www.mpd.com.
MPD is an EEO employer (M/F/D/V). For career opportunities, please visit our web site.
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What does stability mean to you?

STABLE STABLE

When it comes to oscillators,
stability means CTS Reeves

Model 115 high stability Model 108 Model 119 high
double oven OCXO for Mini TH/SMT OCXO stability / low phase noise
CDMA base stations frequency reference OCXO

We know you want the most stable, highest quality, crystal controlled products available.

That’s why our half century of experience in the development of high stability, ovenized, temperature
compensated and voltage controlled oscillator products is important to you. From raw quartz bars to
finished high precision oscillators, we control the technology and the processes to assure the highest

possible stability to meet your most demanding product specifications.

We know you want to do business with a stable, reliable company.
CTS Reeves has been in the business of developing and producing crystal products for more than
50 years and our quality is backed by ISO 900! certification. In addition, our experienced engineering

staff provides support services and design solutions to meet all your crystal product needs.

For more information call:

Marketing Department - 815-786-8411, CTS Reeves
or visit our WEB site at: www.ctscorp.com FREQUENCY PRODUCTS
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signal to the isolation signal.

port and port two is the coupled port.
Connected in this way, a four-port cou-
pler can feed two isolated loads with

tor. It is not unidirectional like an isola-
tor, but it can be used in similar ways.

The two closely coupled induetors
can be fabricated as an etched spiral
on a printed-circuit board (PCB), as a
twisted or bonded (bifilar) pair of
wires wound on a coil form, or just
looped from one pair of terminals (one
and two) to the second pair (three and
four). At 1 GHz, a 0.4-in. (1.016-cm)
length of #37 bifilar wire works well.
Approximately two turns would be
required if the coupler is etched on
PCB, and multilayer is essential. This
is due to the effect of the ground on
the PCB reducing the coupling
between the pair of wires.

Figure 2 shows the performance of
the coupler close to its 3-dB coupling
frequency. The parasitic effects of the
nonideal inductor are apparent in the
return loss and isolation (coupling to
the fourth port from the input). The
results are for k = 0.8. For k = 1,
return loss and isolation could be bet-
ter than 40 dB, and the coupling
response would remain unchanged.

Figure 3 shows the return loss for
this coupler with the through and cou-
pled ports open. All of the reflected
power is sent to the formerly isolated
port. In this way, two couplers can
combine the power of two identical
devices with poor impedance match.
Low-noise transistors, common-base
transistors, and power amplifiers
(PAs) are examples of these devices.
At frequencies below the 3-dB cou-
pling frequency, the magnitude (S4;)
decreases faster than the coupling
(S3;). This shows that this coupler
works with high directivity down to a
very-low frequency.

The frequency slope of coupling for
this design is approximately 6 dB/oc-
tave, This slope is excessive for broad-
band applications, but adequate for
narrowband applications. For narrow-
band, less than 20-dB couplers, a short
length of bifilar wire, and a capacitor

L DESIGNER’S DIARY  [F

QOunadvature Hybrid Couplers

i can be used. These couplers are so

A signal fed into port four is split be-
tween ports two and three, but with
the roles of ports two and three re- :
versed. Port three is now the through :

electrically short that their loss is

nearly zero. Since the coupling :
response exhibits a sharp slope, it is :
. important that there be little harmon- :
. ic content in the input signal, or a two- :
. diode peak-to-peak detector which :
: minimizes the effect of second har-
twoisolated sources. A hybridis a four- '

. monic, should be used for automatic- :
port device, unlike a three-port isola-

gain-control (AGC) applications. ee

i Editor’s Note: This article sets off a
: regular series by Allen Podell, re-
cently named Contributing Editor to
i Microwaves & RF and Chief Tech-
nology Officer for Besser Associates,
201 San Antonio Circle, Building E,
Suite 280, Mountain View, CA 94040;
i (650) 949-3300, FAX: (650) 949-4400,
Internet: hitp:/lwww.bessercourse.
: com.
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¢ Frequency selectivity with optimum

¢ Low group delay variation

2min.
10 min.
; 2 min.
-
325 10 min.
[P
FH 350
PSRRI,
FH 350

1 min.

1 min.

or visit our Website at www.sawtek.com.

13 max..

14 max.

13 max.

14 max.

10 max.

13 max,

Sawtek’s New WLAN TF SAW Filters

Combining high performance with competitive pricing, Sawtek’s new IF SAW filters
for wireless local area networks (WLANG) are setting new standards in wireless
communication. Designed to support the emerging IEEE 802.11 standard which
allows both frequency hopping (FH) and direct sequence (DS) spread spectrum
architectures, these filters offer competitive advantages like:

insertion loss

* New SAW structures that generate steeper shape factors in smaller
surface mount packages [SMP-28: 7.0mm (L) x 5.5mm (W) x 1.9mm (H)]

Standard WLAN Filter Specifications

Architecture Center ; 3ddBdh Insertion Gr(iup Pasck’a ge Parg
& Frequency andwidt Loss Delay tyle Number
¢ (MHz) ¢ (MHz) ¢ (dB) ¢ Variation ¢ ¢ ¢+

(ns p- p)

_ 100 max.  SMP-28 855091
AT AT AT [T
SMP-28 855092

855093

75 max.
TR IO O BRI RN
100 max. SMP-28
CRNETRRENH T AERRISAR
SMP-28 855094
855377

75 max.
200 max. SMP-28
SMP-35 855308

350 max.

For data sheets on each of these filters, call 407/886-8860 to talk with one of our engineers

if'“!“
e INCORPORATED

P.O. Box 609501

Orlando, Florida 32860-9501
Telephone: 407-886-8860
Fax: 407-886-7061

Website: www.sawtek.com
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Front-end SiGe IC serves DECT applications

icon-germanium (SiGe) technology to integrate

@he model U7006B integrated circuit (IC) uses sil-

several front-end RF cir-
cuits on one chip for Digital Euro- Bji8
pean Cordless Telecommunications
(DECT) applications. Included on %
the chip are a 50-() internally
matched low-noise amplifier (LNA),
power amplifier (PA), and transmit
(Tx)/receive (Rx) switch driver. The
amplifiers cover DECT frequencies
from 1.88 to 1.94 GHz. The noise fig-
ure (NF) of the LNA is typically 1.8
dB and its typical power gain is 19

R Y PP T PR TS

Distributed antenna aids
‘in-building wireless systems
' he RadWire distributed antenna
system enhances wireless cover-
v ~age inside high-rise buildings,
‘transportation terminals, shopping malls,
campuses, warehouses, and similar struc-
tures. It replaces radiating coaxial cable,
standard coaxial cable, and individual an-
tennas with a single-wire transmission
line that serves as a high-efficiency dis-
tributed antenna. The system converts
signals into a surface wave that is simul-

taneously guided and radiated by the
wire. Its most basic configuration con-
gists of a transition cone, which creates
the surface wave on the wire, followed by
a length of RadWire and a Terminating
Load. The system is band specific, en-
tirely passive, and rated for plenum en-
vironments. Four band-specific systems
are available—cellular/specialized mobile
radio (SMR)/paging, distributed commu-
nication systems (DCS), personal commu-
nications services (PCS), and 2.4-GHz
industrial-scientific-medical (ISM) band.
Rubytron, 70 West Red Oak Lane,
White Plains, NY 10604; (914) 937-
6376, FAX: (914) 697-4888, Internet:
http://www.rubytron.com.

CIRCLE NO. 65

dB. The PA has a typical gain of 28 dB and its power-added
efficiency (PAE) is typically 40 percent. The use of SiGe
technology enables the chip to be
powered by a single voltage of +2.7
to +4.3 VDC. In case of higher sup-
ply voltages, an internal ramp-con-
trol function controls and optimizes
the output power. TEMIC Semi-
conductor GmbH, P.0O. Box
3535, D-74025 Heilbronn, Ger-
many; 49 (0) 7131 67 2594, FAX:
49 (0) 7131 67 2423 Internet
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Noise/interference emulator
extends coverage to 2.5 GHz

odel 4600A H noise and inter-
ference emulator reaches |
carrier frequencies to 2.5 '}

GHz for testing next-generation wire-
less equipment for applications such as
personal-communication-services
(PCS), IMT-2000, and industrial-scientific-medical (ISM) bands. The
4600A H accurately measures the power of an incoming RF signal, then
adds a specified amount of noise or interference to obtain a desired car-
rier-to-noise (C/N) and carrier-to-interference (C/I) ratio. It is avail-
able in single- and dual-channel configurations and includes
TASKIT/4600-for-Windows software. The software includes pre-de-
fined configuration files based on industry test standards. Telecom
Analysis Systems, Inc., 34 Industrial Way East, Eatontown,
NJ 07724-3319; (732) 544-8700, FAX: (732) 544-8347, Internet:
http://www. taskit.com.
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Bandpass filter handles ENG services
ingle-channel bandpass filter model 12861 passes frequen-
cies from 1990 to 2110 MHz and is ideal for use in electronic-
news-gathering (ENG) applications. The filter has a band-
width of 8 MHz and an insertion loss of less than 3.5 dB at center
frequency. It offers more than 25-dB rejection at =7 MHz from the
center frequency, providing substantial
selectivity to remove undesired fre-
quencies. The filter offers 50-(),
type-N female connectors and is
designed for indoor applications.
It is available with a 16-MHz
bandwidth, and can be provided
with other connectors and modified
for outdoor use. Microwave Filter
Co., 6743 Kinne St., East Syracuse,
NY 138057; (800) 448-1666, FAX: (888) 411-8860, Internet:

http://www.microwavefilter.com.
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3 GHz for only $11,250"

Nelther do we. You know you
have a tight budget to stick to, But
you also know you can’t afford to
sacrifice performance to do it. HP’s
experience in test equipment means
you don’t have to.

Take our HP ESA-L Series
spectrum analyzers. They give you
more performance for the price
than anyone else. You
choose the frequency
range you need—1.5,
3.0 or 26.5 GHz. And they all have
5 ms full-span RF sweep times
and up to 28 measurements per
second. So you get virtual real
time tuning response and shorter
measurement times. That means

your line can move faster than ever.

!

pluvg&play

And the best part is, the
ESA-L's amplitude accuracy
and continuously phase-
locked synthesizer give you
complete confidence in every
device you test.

Get the performance you
want in a spectrum analyzer you
can afford. We wouldn’t have it

any other way. You
, shouldn’t either.
To find out more, or to
get the free tutorial Optimizing
Spectrum Analyzer Amplitude
Accuracy, call your local HP
sales office at one of the numbers
listed below.

*US List Price
©1999 Hewlett-Packard Co. TMMID842/INTL

B e e R

Australia 1-800-629-485 = Austria (01) 25000-7171 # Belgium (32/2) 778 3417 » Brazil (56-11) 7297-8600 ¢ Canada 1-877-894-4414
China (86-10) 6564-3888, 800-810-0189 « Czech Republic 420 2 61307458 » Denmark 45 99-15-15 « Finland 358-9-8872 2100
France 01 60 29 41 14 » Germany (0180) 524-63 33 » Greece 01726 40 26 » India (91/11)6906156 » Ireland 01 615 8222 » Israel 03 53 80 377
Italy 39 02 6212 2241 « Japan 81-426-56-7832 » Korea (82-2) 760-0800 » Malaysia 1-800-88-8848, (6-03) 2010213 » Mexico (52-5) 2584392
Netherlands 020-547 6669 » New Zealand 0800-738-378 » Norway 47 2273 5750 » Philippines (63-2) 814-1083 » Poland 48-22-7230066
Singapore 1800 375 8100 » South Africa 27 11 806 1000 » Spain 34 91 631 13 23 » Sweden (08) 444 2277 » Switzerland (GE) (01) 735 72 00
Switzerland (FR) (022) 780 4361 » Taiwan 080-212-535, 0800 47866 press 1 + Thailand 661-3999), (088) 225-802 » United Kingdorn 01344-356666

CIRCLE NO. 249

HP ESA-L Series
Spectrum Analyzers
Starting at $7,500*

® 1.5, 3.0 and 26.5 GHz models

® 1 kHz to 5 MHz resolution
bandwidths

 +/- 1.1 dB amplitude accuracy

® +/- 2 kHz frequency accuracy
@1GHz

CALL HP DIRECT
RIGHT AWAY

[ﬁ HEWLETT
B8 pacKARD
[ Expanding Possibilities |




FINANCIAL NEWS

Harris Focuses On Communications

broad-based technical com-

pany—communications, semi-
conductors, and office business prod-
ucts—Harris Corp. (Melbourne, FL)
is pulling in its horns and focusing on
one of its core competencies, commu-
nications, with an emphasis on its

After spending much of its life as a

tems, and network-support groups.
The company announced recently
that it is selling its semiconductor op-
erations and is in the process of spin-
ning off its Lanier Worldwide Office
Products business. These moves will
reposition Harris as a company de-

. voted exclusively to providing com-
wireless, broadcast, government sys-

munications infrastructure for voice,

ST WHEN YOU THINK
T IS SAFE TC PICcK
ANY MANUFACTURER

FOR
THINK /

VTECH COMMUNICATIONS LTD.

FOR MORE INFORMATION ABOUT VTECH

PROVEN RF/WIRELESS

VTECH TEL

YOUR PROJECT,

GnlN

ANUFACTURING SERVICES
TACT US AT
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. video, and data worldwide.

The main buyer of the semiconduc-
tor operations is Sterling Holding Co.
LLC, a Citicorp Venture Capital Ltd.
investment-portfolio company. Also
participating in the buyout is Credit
Suisse First Boston Corp., individual
investors, and Harris itself, which
will retain a 10-percent ownership of
the business. Harris will pull in $700
million in cash, notes, retained receiv-
ables, and contingency payments, in
addition to its equity in the business.
The proceeds will go toward reducing
corporate indebtedness and other
general corporate purposes.

Another result of the divestiture
will be a streamlining of the compa-
ny’s organizational overhead struc-
ture from its present sector-based
form to a slimmer one that will have
five divisions with approximately
11,000 employees. Last year, Harris
had more than 28,000 employees
worldwide and sales of $3.8 billion.

By selling the semiconductor sec-
tor, the company parts with over $500
million in annual sales and more than
6200 employees. The power-semicon-
ductor operation, based in Mountain-
top, PA, is a key coup for the buyer of
this sector since it boasts the world’s
only 8-in. power wafer-fabrication fa-
cility. Other group locations include
fabrication and assembly operations
in Florida and Ohio, and a major test
and assembly facility in Kuala
Lumpur, Malaysia. The semiconduc-
tor operation has been a technology
innovator in analog and digital tech-
nology dating back over 30 years.

In its new incarnation, Harris will
still be a diversified technology com-
pany, but on a smaller playing field.
Its product line ranges from airborne,
spaceborne, and ground-based com-
munications and information systems
to wireless-market digital microwave
radios, wireless-local-loop (WLL)
telephony systems, and secure radio.
Recently, Harris has played a leading
role in the development of wireless lo-
cal-area-network (WLAN) technol-
ogy with the creation of a radio chip
set that enables high-speed data
transfers. The company has a long
history as a military supplier and last
year, 20 percent of sales were to the
US government. e®




Contracts

Sprint—Has signed a $120 million contract with Mas-
Tee, Inc., a Hispanic-owned telecommunications infras-
tructure construction firm. MasTec will perform a variety
of construction projects, including the installation of cop-
per (Cu) and fiber networks and providing network tech-
nicians to support service installation and maintenance ac-
tivities, initially at Sprint sites in Fort Myers, FL and Las
Vegas, NV, and their surrounding metropolitan areas.

Sanders—Was awarded an indefinite-delivery, indef-
inite-quantity (IDIQ) contract by the US Army Commu-
nications and Electronics Command (CECOM) for its
AN/ALQ-144A(V)1/3/5 countermeasures set with a not-
to-exceed value of $30 million.

Microelectronic Modules Corp. (MMC)—Has ac-
quired Switch Power, Inc. (SPI). The purchase caps a
two-year licensing agreement where MMC has developed
its board-level high-density, low-voltage (HDLV) DC-to-
DC converters incorporating SPT’s patented V@ control
architecture.

CTS Corp.—Announced that its custom microcircuits
manufacturing operation, CTS Microelectronics, has
been awarded a contract by Harris Corp.’s ASD to pro-
vide three custom optical data-link multichip modules
(MCMs) in support of the F-22 Raptor Aircraft.

Watkins-Johnson Co.—Announced that its Tele-
communications Group received the award of two con-
tracts totaling $8.2 million for electronic receiving equip-
ment from Sanders, a Lockheed Martin Co.

Diversified Technologies, Inc. (DTI)—Has re-
ceived a contract valued at more than $750,000 from the
US Navy to build advanced solid-state radar transmit-
ters. The transmitters will use the company’s patented
PowerMod® modulator technology.

Boonton Electronics Corp.—Has received a
$250,000 contract to supply 70 of its model 1130 distortion
analyzers to the French Army.

Fresh Starts

Sprague-Goodman Electronics, Inc.—An-
nounced the appointment of Brothers Electronics, Inc. as
a franchised distributor of Sprague-Goodman’s trimmer
capacitor, specialty, and surface-mount inductor lines.

QUAKE Wireless, Inc.—Has entered into a strate-
gic alliance with WABCO Railway Electronies, a division
of Westinghouse Air Brake Co. (WABCO). The compa-
nies will jointly develop a rail-specific interface card
and customized onboard software designed to work with
QUAKE’s satellite-communications hardware,
LEOLink®,

Texas Instruments—Announced that its digital sig-
nal processors (DSPs) have been selected by Exide Elec-
tronics as the control platform for the Powerware Plus™
750 uninterruptible power systems (UPS). Exide Elec-
tronics is the first UPS manufacturer to implement a
DSP-based UPS.

Berkeley Varitronics Systems, Inc.—Announced
the appointment of Safco Technologies, Inc. of Chicago,
IL as Berkeley's international distributor for Israel, Ja-

pan, South Korea, and Turkey. Safco will sell Berkeley’s
standard product line of portable wireless test and mea-
surement products throughout these four countries.

Northrup Grumman Corp.—Has signed a defini-
tive agreement to acquire the Information Systems Divi-
sion (ISD) of California Microwave, Inc. This division of
California Microwave specializes in airborne reconnais-
sance and surveillance systems, government ground-
based satellite-communications systems, and mission-
planning systems.

Ericsson, Inc. Components Group—Announced
the establishment of the new design center based in Phoe-
nix, AZ. The new design center will focus on the develop-
ment of highly reliable, gold (Au)-metallized products
including state-of-the-art laterally-diffused-metal-oxide-
silicon (LDMOS) RF integrated circuits (RF ICs), ad-
vanced bipolar products, and replacements for devices that
are phased out by other RF power-transistor manufactur-
ers. The Phoenix Design Center will work in concert with
and will also be a complement to the Morgan Hills, CA;
Norristown, PA; and Kista, Sweden design centers.

ISTAR—Announced the creation of an American sub-
sidiary, ISTAR Americas, Inc., that will reinforce techni-
cal and commercial operations throughout North and
South America.

Continental Microwave and Tool Co., Inc.—An-
nounced that it will be relocating to a newly constructed
90,000-sq.-ft. facility in Exeter, NH.

Tellabs—Recently introduced the TITAN 4500GS
global-services delivery system, a flexible platform that
enables service providers to seamlessly deliver high-
bandwidth global services over Synchronous Optical Net-
work (SONET) and synchronous-digital-hierarchy
(SDH)-access networks.

SaRonix—Signed a distribution agreement with
Sterling Electronics. Sterling will offer SaRonix’s com-
plete line of frequency-control products, including pro-
grammable oscillators, to a broad spectrum of customers
in telecommunications, wireless process-control automa-
tion, computer peripherals, as well as the medical and in-
dustrial markets.

Rohde & Schwarz GmbH & Co. KG—Has con-
cluded a far-reaching sales agreement with X-Net of Fin-
land. Under the designation “Nethawk,” X-Net produces
plug-in cards and software to enable analysis and simula-
tion in communication networks. With products from X-
Net, Rohde & Schwarz will be able to add portable mea-
surement solutions for wired data transmission to its
wide range of communication-test products.

Intertek Testing Services (ITS)—Purchased the
assets of Electrohome Ltd.’s electromagnetic-compatibil-
ity (EMC) testing facility, known as Wellington Labs.
With this acquisition, ITS complements its existing EMC
testing services for clients throughout Canada.

Gabriel Electronics, Inc. and Hite Electronic
Sales Co.—Have entered into an agreement for Hite to
represent Gabriel’s terrestrial microwave point-to-point
and point-to-multipoint antenna products, transmission-
line systems, and pressurization equipment.
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10 MHz OCXO
MOTAC 511

2"x2"x 15"
(50mm x 50mm x 38mm)

The MOTAC 511 has a glass sealed
SC Cut crystal for fast warm-up and
low aging. It utilizes double oven
technology for improved frequency
vs. temp. performance.

Applications:

CDMA & GSM Base Stations
Test & Measurement
GPS Timing

STANDARD SPECIFICATIONS
at 10 MHz
Stability 0 to +70°C
Aginglyear:

+1 x10™

<3x107%

+12 Vde
+7 dBm

Output

*After 2 weeks continuous operation

Custom specifications
welcomed.

Crystals, Filters,
Oscillators, VCXO0 §,
TCXO s, OCX0s &
Rubidium Atomic Clocks

PH: 602-780-1995

FAX: 602-780-9622
e-mail: sales@temex-az.com

www.temex-az.com

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

CIRCLE NO. 408

PEOPLE

Boldt Metronics Internation-

al (BMI)—Peter Spaulding to vice
president and general manager of the
Boldt Metronics business unit; for-
merly president of the Wilton Tool
Group.

Filtronic Solid State—James
M. Miller to vice president of sales
and marketing; formerly western re-
gional sales manager.

MILLER MORTENSEN

Quad Systems Corp.—Derek
Mortensen to director of internation-
al sales; formerly manager of inter-
national sales.

Microtune—Vincent Birleson to
vice president of systems engineer-
ing; formerly director of systems
engineering.

American Technical Ceram-
ics—Mike Giacalone to vice presi-
dent of advanced product operations;
formerly worked at Electro-Technik.

Palomar Technologies—Rob-
ert W. Ott to Asian regional sales
manager; formerly regional manager
for Sym-Tek Systems.

ADC Telecommunications,
Inc.—P.G. Narayanan to vice presi-
dent and chief technology officer;
formerly executive vice president of
Osicom.

Communication Solutions, |
Inc.—James A. Andem to director :

of sales and marketing; formerly
worked in business development in
the signals-intelligence industry.

Boonton Electronics Corp.—
Ron Zukowski to director of oper-
ations; formerly manufacturing
manager at the Phillips/Lucent Tech-
nologies New Product Introduction
Center.

GHz Technology—Anthony J.
Riemma to western regional sales
manager and wireless marketing en-
gineer; formerly worked for Rock-
well-Collins.

Reed Exhibition Companies
(REC)—Cynthia Holloway to direc-
tor of industry development for the
NEPCON portfolio of trade events;
formerly director of industry devel-
opment for association exposition
and services (AE&S) international
security shows.

Current Technology, Inc.—
Toni Mihalic-Watson to vice presi-
dent of sales and marketing; formerly
marketing manager for Matco Tools.

Sanders—Walter P. Havenstein
to president and acting president of
the electronics sector’s aerospace
electronics systems; formerly execu-
tive vice president. Also, Albert E.
Smith to president of Lockheed Mar-
tin’s Energy and Environment Sec-
tor; formerly president of the elec-
tronies sector’s aerospace electronics
systems.

Synergetix—Alan Niesel to east-
ern regional sales manager; formerly
worked in sales and marketing of
high-end test equipment.

Lawrence Behr Associates,
Inc.—Bill Frazier to manager of sig-
nal measurements and analysis; for-
merly national program coordinator
of the signal measurements and anal-
ysis division with Crown Communi-
cations, Inc.

FRAZIER

BUCHANAN

Watkins-Johnson Co.—Scott
G. Buchanan to executive vice presi-
dent, chief financial officer, and trea-
surer; formerly worked in finance
and management positions with
Watkins-Johnson.

TriPoint Global Communica-
tions—John T. Russell to vice presi-
dent of international sales for RSI;
formerly director of business devel-
opment for Media4, Inc.

I-Bus, Inc.—James Falasco has
been appointed director of business

. development.
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No one stacks up
to our cable modem
technology

Upconverters m Downconverters m Reverse Amplifiers

ANADIGICS has shipped over 2 million cable modem ICs because
our products not only meet DOCSIS specifications...they exceed them!
You'll find other solutions just don't stack up, call us today.

L ANRDIGICS o, ...

35 Technology Drive Warren, N 07059 Tel: 908 668-5000 Fax: 908 668-5132 e-mail: mktg@anadigics.com. Website: www.anadigics.com
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Designing 10
Gbps RF Links?

Discover our New
Receivers with gains of
80, 350 & 1000 V/WI

v Bandwidths of 100 KHz to 11
or 14 GHz

v" Optimized for 10 Gbps short,
medium and long haul systems

v Output level drives decision
circuits directly

v Combined PIN and amp in
small module saves space

v Low noise, high reliability
hermetic package w/ceramic
feedthroughs

v' Single supply, DC coupled
options available

Detect the difference
wide bandwidth makes!

Contact us now!

N
§

& ~

www.chipsat.com - sales@chipsat.com
Tel: 609-275-0011 - Fax: 609-275-4848
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EDUCATIONAL MEETING

S

M BN 155300 B N BB MRS AP SR

Short Courses

Advanced Electronic Warfare
Principles

September 14-17 (Atlanta, GA)

Continuing Education, Georgia Institute of
Technology

Atlanta, GA 30332-0385

(404) 894-2547, FAX: (404) 894-7398

e-mail: conted@gatech.edu

Internet: http://www.conted.gatech.edu

Satellite Communications: Systems
Planning, Design, and Operation at
C- and Ku-Bands

September 14-17 (Washington, DC)

The George Washington University

Continuing Engineering Education Program

Washington, DC 20052

(800) 424-9773, FAX: (202) 872-0645

Internet: http://www.gwu.edu/~ceep

Microwave Radio Systems

September 21-24 (Washington, DC)

The George Washington University

Continuing Engineering Education Program

Washington, DC 20052

(800) 424-9773, FAX: (202) 872-0645

Internet: http://'www.gwu.edu/~ceep

The 1999 Ansoft HFSS User
Workshop

September 23-24 (Baltimore Marriott Inner
Harbor, Baltimore, MD)

Ansoft Corp.

Four Station Square, Suite 200

Pittsburgh, PA 15219-1119

David DiOrio

(412) 261-3200 ext. 158, FAX: (412) 471-9427

e-mail: diorio@ansoft.com

Practical RF/Microwave Design

September 27-October 1 (University of
Oxford, Oxford, England)

International Electronics and
Communications Courses 1999

University of Oxford Department for
Continuing Education, Linda Tonge

CPD Centre, 67 St. Giles

Oxford OX1 3LU, England

+44 (0)1865 288170, FAX: +44 (0)1865
288163

e-mail: linda.tonge@conted.ox.ac.uk

Internet: http:/www.conted.
ox.ac.uk/ousep.html

Digital Signal Processing
Applications in Wireless
Communications

September 29-October 1 (Los Angeles, CA)

UCLA Extension, Department of
Engineering

10995 Le Conte Ave., Suite 542

Los Angeles, CA 90024

(310) 825-3344, FAX: (310) 206-2815

e-mail: mhenness@unex.ucla.edu

Internet: http://www.unex.ucla.
edu/shorteourses

Meetings

AUTOTESTCON 99: Test Technology
for the New Millennium

August 30-September 2 (Henry B. Gonzalez
Convention Center, San Antonio, TX)

Institute of Electrical and Electronics
Engineers (IEEE)

Internet: http://www.
AUTOTESTCON.com.

Computer Telephony Expo Fall 99

i September 13-16 (Jacob K. Javits Center,
New York, NY)

Miller Freeman, Inc.

12 West 21st St.

New York, NY 10010

(212) 691-8215, FAX: (212) 691-1191

Internet: http://www.ctExpo.com

PCS ’99-Personal Communications
Showecase

September 21-24 (Ernest N. Morial
Convention Center, New Orleans, LA)

PCIA

Registration

P.0O. Box 561

Brookfield, L 60513-0561

(800) 759-0300, FAX: (708) 344-4444

Internet: http://www.pes99.com

Wireless Symposium/Portable by
Design
(in conjunction with PCS ’99)

September 21-24 (Ernest N. Morial
Convention Center, New Orleans, LA)

Penton Media, Inc.

611 Route 46 West

Hasbrouck Heights, NJ 07604

(888) 974-3734, F AX-back service: (800)
561-7469

Internet: http:/www.WirelessPortable.com

M+RF 99 (Microwaves and RF
Conference and Exhibition)

September 21-23 (Wembley Conference &
Exhibition Centre, London, England)

Nexus Media Ltd.

Nexus House, Swanley, Kent BR§ 8HU,

England

+44 1322 660070, FAX: +44 1322 661257

e-mail: M+RF@nexusmedia.co.uk

Internet Device Builder Show and
Conference

October 4-8 (Jacob K. Javits Center, New
York, NY)

Penton Media, Ine.

611 Route 46 West

Hasbrouck Heights, NJ 07604

(201) 393-6259, FAX: (201) 393-6297

e-mail: teusumano@penton.com

Internet: http://www.iDeviceBuilder.com

Call for Papers

International Conference and
Exhibition on High Density &
Systems Packaging

April 26-28, 2000 (Adam’s Mark Hotel,
Denver, CO)

International Microelectronies and
Packaging Society (IMAPS)

1850 Centennial Park Drive, Suite 105

Reston, VA 20191-1517

(888) 464-6277, FAX: (703) 758-1066

e-mail: imaps@imaps.org

Abstract deadline: October 1, 1999

4th European Symposium on
Electromagnetic Compatibility
(EMC Europe 2000)

September 11-15, 2000 (Brugge, Belgium)

TI-KVIV, Mrs. R. Peys

Desguinlei 214

B 2018 Antwerpen, Belgium

+32/(0)3 216 09 96, FAX: +32/(0)3 216 06 89

e-mail: johan.catrysse@kh.khbo.be

Internet: http://www.ti.kivi.
be/conf/emc2000.htm

Abstract deadline: December 1, 1999
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Appllcatlon Proflle -

DuPom Green Tape" Shrinks

Wireless Communications Devices.

National Semiconductor chose
DuPont Green Tape™ materials to
integrate passive components into
circuit substrates used in wireless

communications devices, improving

performance and reducing circuit

size and cost.

The Challenge: Small-Size,
High-Performance Circuits
for Wireless Telecom
In wireless communications devices

such as cellular telephones, wireless

LANSs and satellite global positioning

systems (GPSs), the ratio of passive
to active components may be more
than 100:1, which increases circuit
size, weight and cost. National
Semiconductor engineers needed to
address the problem of integrating
the necessary passive components,
while still meeting circuit size and
cost-reduction goals.

In addition, the new circuit had to meet
complex performance requirements.
Portable wireless components typically
operate in the 900 MHz-2.4 GHz
range, and require high efficiency
(or high Qs) to meet stringent power
and signal integrity requirements.

The Solution: Dupont 951
Green Tape™ System
The new circuit substrates use the
DuPont 951 Green Tape™ system

with embedde:
capacitors, combln
Semiconductor’s B1CMOS”
frequency synthesizer ICs.

The combined technology was

first used on a VCO/synthesizer
designed to embed the resonator
and several passive circuit elements
of a loop filter in a frequency control
module. The embedded technology
reduced circuit size by a factor of
four and cut costs by half. The circuit
has eight conductive layers, 200-
micron lines and spaces, and 150-
micron vias. It contains two buried
inductors and four buried capacitors.
Each substrate master produces 64
individual circuits.

The embedded functions of the
substrate eliminate many inter-

connections with poorly controlled

CIRCLE NO. 256

impedance, which traditionally
require additional components to
control the effects of parasitics
and impedance mismatches.
Concurrent design of active RF
ICs with substrates containing
embedded passives simplifies
IC design and improves circuit
efficiency to reduce power
consumption, improve battery life,
or reduce battery size.
For more information,
call DuPont at 1-800-284-3382,
press 3, or visit the DuPont

Microcircuit Materials Web Site
(http://www.dupont.com/memy/).
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BIST solves
many telecom-
test problems

Proper shielding
termination
reduces EMI
coupling in
cables

VXibus overhaul
adds new test
capabilities

Microstrip
equivalent
circuits derived
from algorithm

Built-in self test (BIST) offers a test methodology for all types of electronic systems
whereby the test functions are embedded into the circuit itself. It can be particularly use-
ful in telecommunications systems which must operate at high reliability to ensure unin-
terrupted network service to customers. To familiarize engineers with BIST concepts and
how they apply to the testing of telecom systems, Nilanjan Mukherjee and Tapan J.
Chakraborty of Bell Laboratories of Lucent Technologies (Princeton, NJ) and Ramesh
Karri of Polytechnic University (Brooklyn, NY) authored a tutorial on BIST that explains
the types of test structures required at the circuit and system levels, The tutorial focuses
on the different aspects of BIST and how it can be used effectively to achieve complete
system test across the entire design hierarchy. The advantages for large systems are nu-
merous—reduced test-development time, elimination of very-high-speed hardware
testers, provision for at-speed tests, in-field test capability, and high fault coverage are a
few. See “Built-In Self-Test: A Complete Test Solution For Telecommunication Sys-
tems,” IEEE Communications Magazine, Vol. 37, No. 6, June 1999, p. 72.

Long cables that connect low-voltage data systems such as RS-232 interfaces or
modems can be affected by lightning surges, high-frequency interference that propa-
gates along a shield and into the signal lines, and low-frequency interference caused
by shield current coupling onto the signal lines. There are methods to reduce the elec-
tromagnetic-interference (EMI) effects in each of these situations according to
Richard Meininger and Robert Blouch of CHAR Services, an EMI consulting company
(Lebanon, PA). Much of the solution involves the shield around multiconductor cables
and its method of termination. Reduced EMI effects can be achieved for existing ca-
bles by proper termination of the shield for both high- and low-frequency effects while
ableed path can be created for the induced voltages due to lightning that result in dam-
aging surges. For new installations, a cable having braided shield or thick-foil shield
is better than one with a mylar shield with a drain wire. See “Impedance Termination
Of Cable Shield To Reduce EMI Coupling,” The International Journal of EMC
(ITEM 1999 Edition), 1999, p. 150.

The VXIbus (VME eXtensions for Instrumentation) is a primary open-system stan-
dard in the test and measurement arena that has undergone tremendous expansion in
this decade. A new version of the VXIbus standard, called VXI-1 Revision 2.0, was re-
leased recently with a number of enhancements and features, a summary of which are
described by Greg Hill of Hewlett-Packard’s Measurement Systems Division (Love-
land, CO). The major contribution, from the VME64 specification, is the increase to 64-
b data transfers. This doubles the available bandwidth for both the VMEbus and VX-
Ibus, without any backward compatibility problems. Another enhancement derived
from VME®4 is the retry capability. This enables a slave device to backoff a transac-
tion it is not ready to complete and perform it at a later time. Some features of VME64
are not included in Revision 2.0 because they would add little to the bus’s capability
while increasing cost to the user. See “VXIbus Revision 2.0-What's New,” IEEE In-
strumentation & Measurement Magazine, Vol. 2, No. 2, June 1999, p. 19.

Discontinuities in microstrip lines and microwave circuits such as planar inductors
and parallel-plate capacitors are represented by S-parameters when measured by con-
ventional instruments such as network analyzers. But such parameters cannot be han-
dled by circuit simulators such as SPICE, which require conventional, lumped-pa-
rameter equivalent circuits for proper simulation. A technique for extracting an
equivalent circuit from its S-parameter form was created by P.L. Werner, R. Mittra,
and D.H. Werner of the Department of Electrical Engineering of Pennsylvania State
University (University Park, PA). The technique is based on the application of the ge-
netic algorithm (GA) to extract the equivalent circuit. The GA works by taking a large
population of randomly selected component values and guiding it toward better solu-
tions through repetitive applications of reproduction, crossover, and mutation opera-
tors. See “Extraction of Equivalent Circuits for Microstrip Components and Discon-
tinuities Using the Genetic Algorithm,” IEEE Microwave and Guided Wave Letters,
Vol. 8, No. 10, October 1998, p. 333.
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THE FIRST MONOLITHIC DDS TO
DIRECTLY GENERATE 100 MHz.

With its integrated 12-bit DAC, the AD9852 is the logical upgrade from PLL.

Got an application requiring fast signal tuning? Then it’s time to set aside PLL implementa-
tions. Because attaining the precise digital control of DDS is both affordable and easy.

Everything you need to know about DDS. For just $22.00*, the 100 MHz AD9852 gives you a truly monolithic

From the fundamentals to more i

solution. Complete with a 12-bit, 300 MHz on-board DAC, an integrated

and application tips to testing, you'll find it

e o reference clock multiplier and built-in chirp and output amplitude control that

our comprehensive yet e llow CD-ROM

tutorial. Order your FREE copy today reduces processing time while increasing device functionality. Now, it just
doesn’t make sense to hold back your communications designs with analog upconverters and
long PLL settling times. Especially when you can generate a host of system-level advantages

with Analog Devices. The leader in direct digital synthesis technology.

For FREE samples and data sheets plus a FREE DDS Tutorial on CD-ROM:
ANALOG Visit www.analog.com/DDS or call 1-800-ANALOGD.

DEVICES

THE WORLD’S NUMBER ONE BRAND FOR HIGH-PERFORMANCE ANALOG ICS.
*USD 1,000s, recommended resale, FOB U.S.A. Ad Code 3650



Microwave dB.
Off the shelf value.
Off the chart quality.

At Microwave dB our microwave components are We spent hundreds

perfect for today’s OEM market. That’s because we of man vyears

designed them that way with unsurpassed dedicated to the development of microwave devices.
engineering. By anticipating the needs of the market ~ Now you get the benefit of all that experience

we're able to provide the kind of off-the-shelf value through immediate cost effectiveness and of course,
that seems like we made our parts just for your unrelenting quality.

needs. And so we do. _ ) o .
Microwave dB is designing solutions for today’s

Microwave dB combines blazing delivery speed and OEM manufacturers, giving you the advantage of
high precision no tune, no repair man- the highest possible state-of-the-art design.

ufacturing to offer a wide and unsur- Find out how you can get the Microwave

passed line of microwave components dB advantage on your side today.

you can rely on time and time again. micrawawaﬂ

We put creativity and innovation to your advantage.

950 Lawrence Dr. @ Newbury Park, CA 91320 = 805-499-0410 = FAX: 498-0054 ® www.microwavedb.com
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Multiple-Beam Antennas

Novel Multiple-Beam
Antenna Array Serves
Mobile BTS

Multiple-Beam Antennas, Part 1

This envivonmentally sound,
multiple-beam, divect-vadiation
array antenna can help boost the
capacity of existing wirveless systems.

Luca Cellai

Senior Engineer

A. Ferrarotii

Senior Engineer

Space Engineering S.p.A. Via dei
Berio 91, 00155, Rome, Italy

 health and environmental issues.

Sector antennas are commonly

used in a mobile communications BT,
. with typically one transmitting and
. scheme. The same pole usually hosts

- ‘objects’ are now very common in the
. skyline of an urban environment. In

beam antenna with four beams evenly covering a span of approximately 120
deg. in the horizontal plane. The array antenna contains five columns of
radiating elements spaced 0.4 wavelength units.

ULTIPLE-BEAM (direct radiation) array antennas have been
successfully used for more than a decade in military and satel-
lite systems. This type of antenna offers a novel means of fulfill-
: ing conflicting wireless base-transceiver-station (BTS) design re-
- quirements, such as boosting system capacity while being attentive to

general, as the sector size is made

. narrow, the potential for frequency
: re-use increases, and higher capacity
- one or more receiving antennas per :

cell, depending on the diversity :

can be achieved with lower power lev-
els. But narrower sectors also in-

: © crease the number of sector antennas
. the antennas of several cells and these :

needed. In addition, the physical di-

- mensions of BTS antennas depend on
¢ the sector size. Usually they have the
: shape of a rectangular panel whose
7 height depends on the beamwidth in

the vertical plane. Narrower sector/
beamwidth sizes (either in the vertical
or horizontal plane) translate into
larger antenna panels.

Clearly, large antenna systems
have a greater environmental impact
on the landscape. But the visual im-
pact is also accompanied by a public
awareness of low-level RF radiation.
Even though there is no persuasive

1 evidence that low-level’ RF radia-
| tion can produce significant health
|| risks, international bodies are recom-
|| - mending more and more prudential
| limits to the emissions from personal
1| phones and BTS (especially those lo-
| cated in residential areas). The use of
- multiple-beam array antennas can
- make it possible to boost network ca-
: pacity by upgrading an existing in-
- frastructure, to reduce the environ-
. mental impact on the landscape by
¢ the BT'S antennas, and to reduce the
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Multiple-Beam Antennas

level of RF radiation associ-
ated with mobile telephones.

Several strategies and
technologies are available to
build up capacity in stages
that pay back quickly and try
to make full use of the in-
vestment over the network
lifetime.

The current trend is an
evolving combination of
powerful software solutions
that increase network capac-
ity by making more-efficient
use of the available frequen-
cy band without resorting to
massive investments for new
infrastructures.

In conjunction with ad-
vanced network planning and
optimization techniques, an
intelligent underlay-overlay approach

has also been successfully implement- -
ed in several macrocellular and micro- :

cellular networks. The basic two-layer

overlay technique provides seamless

cies more aggressively than with
traditional planning methods. The
most-aggressive frequency-reuse

antennas.

A smart antenna would appear to :
be ideal for a BTS. This type of anten- :
na can automatically change its radi- :
ation pattern in response to the sig- :
nal environment. Smart antennas
consist of an array of elementary ra- :
diating elements, a ‘beam-former’ :
that combines the signals to/from the :
elements, and a digital signal proces-
sor (DSP) that calculates the beam- :

former coefficients.

In fact, the desired antenna pattern °
can be synthesized by adjusting the
amplitude and phase/delay of the sig-
nals feeding the array elements. The
array acts as a spatial filter, which can -
enhance or reject signals based on
their direction of arrival. Employing a
smart antenna at cellular BTS sites
. 3. This is an example of a muiltiple-
dynamically generated for each mo-

enables “customized” beams to be

bile unit or group of mobile units. This
may be regarded as a more-sophisti-
cated spatial-diversity system. It is

2. In a typical antenna system for a clover BTS for GSM
(left), a common pole hosts the antennas for three

adjacent 120-deg. sectors. A low-environmental-impact
antenna is shown (right) for contrast.

even possible to reuse frequencies
within a single cell through spatial-di-

digital implementation.

nology does not yet appear mature to

l mvm:nua.
l mm{um
’ NZVH%m
| 1R\'b!*|ﬂl
| I |
' mrn:u-w
| 10“;*@

beam, direct-radiation array antenna

. with radiating elements arranged in a

rectangular pattern with five columns
and seven rows.

technology does not exactly
match the technology of
existing BTS and it requires
massive capital investments
to upgrade the infrastruc-
ture. However, a near-term
alternative to smart anten-
nas is available—analog syn-
thesis of multiple beams
using an array antenna. This
approach retains most of the
benefits of smart antennas,
with considerably less com-
plexity and cost than an all-
1 digital solution.

The technique enables the
synthesis of multiple simul-
taneous narrow beams by us-
ing a single array of approxi-
mately the same size of a
standard sector antenna
with comparable beamwidth. The ap-

© proach is compatible with existing in-
vision multiple access (SDMA). The
i table summarizes the main features
network structure of the underlay- :

. frastructures, and enables service
. providers to trade a potential signifi-
and benefits of smart-antenna sys- :
© tems, which are best suited for fully
coverage on one layer (macrocell) and
high capacity on the other (microcell).
The approach can improve network -
capacity by enabling reuse of frequen-

cant increase of the network capacity

- in exchange for a moderate upgrade
. investment in BTS equipment.
Unfortunately, current digital tech- :

The task of transmitting in a spa-

- tially selective manner is the major ba-
support the wide instantaneous band-
: width and the processing power nec-
© essary to deal with cellular radio spec-
i trum. In addition, smart-antenna
strategies, however, require smart

sis for differentiating between mul-
tiple-beam and adaptive-array
systems. As described below, multi-

. ple-beam systems communicate with
- users by changing between preset di-
. rectional patterns, on the basis of sig-
- nal strength. In comparison, adaptive
. arrays attempt to understand the RF
. environment more comprehensively
- and transmit more selectively. The
- type of downlink processing depends
¢ on whether the communication system
. employs time-division duplex (TDD),
¢ which transmits and receives on the
- same frequency or frequency-division
. duplex (FDD), which uses separate
i frequencies for transmitting and
. receiving. In most FDD systems, the
© uplink and downlink fading and other
. propagation characteristics may be
. considered independent, whereas in
- TDD systems, the channels of the
. uplink (i.e., the link from the mobile
i user to the base station) and downlink
© (from the base station to the mobile
- unit) can be considered reciprocal.
- Hence, in TDD systems, uplink chan-
- nelinformation may be used to achieve
- spatially selective transmission. In
- FDD systems, the uplink channel
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MAKE YOUR

s B
FLY!

As the world races

towards IMT-2000, wireless

consumers are demanding more and more

for less and less; they keep raising the bar. To get over the

top these days your wireless systems have to fly. So to

guarantee quality as you rush product out the door, you
need the best, the fastest, the most flexible measuring
equipment you can find. You need Advantest. Advantest
is one of the world's greatest names in wireless tele-
communications measuring technology. We make
everything from spectrum and network analyzers to a
vast range of other measurement equipment for commu-
nications devices —— including amplifiers and filters.
And together with our partners Rohde & Schwarz in
Europe and Tektronix in the U.S. we back it all with
worldwide service. We can give you all you need to make

your systems fly. How high they fly is up to you.
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R3267 Spectrum Analyzer

For IMT-2000!
The R3267 is a high-performance spectrum analyzer designed

to meet the needs of the new communication technologies

like 3rd generation mobile (IMT-2000), microwave digital broadcast,
high-speed multimedia mobile access (MMAC), and satellite-based
services, It features a frequency span accuracy within 1% and

a dynamic range of —154dBc/Hz (typ.) in the 2GHz band.

ADVANTEST

Japan: ADVANTEST CORPORATION +81-3-3342-7500, tmi@advantest.co.jp, http://www.advantest.co.jp/index-e.html
Europe: ROHDE & SCHWARZ Engineering and Sales GmbH +49-89-4129-3711, http://www.rsd.de

North America: Tektronix, Inc. +1-800-426-2200, http://www.tek.com

Asia: Advantest (Singapore) Pte. Ltd. +65-274-3100, tmi@asp.advantest.co.jp
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Multiple-Beam Antennas

information cannot be used di-
rectly and other types of downlink
processing must be considered.

In terms of radiation patterns,
multiple-beam antenna technolo-
gy is an extension of the current
sectoring method of splitting a
typical macrocell, making it fully
compatible with existing wire-
less infrastructures. However,
instead of using as many panel
antennas as the number of the
new (narrower) sectors, the mul-
tiple-beam array synthesizes all
the new beams by the same
antenna.

Much like current sectoring
methods, the multiple-beam ap-
proach further subdivides mac-

rosectors into several microsectors
or microcells as a means of improving
range and/or capacity. Each micro- :
. where:
fixed beam pattern with the greatest :
sensitivity located in the center of

sector contains a predetermined

the beam. The multiple-beam system

power in the remote user’s channel.

When a mobile user enters a par- -
ticular macrosector, the multiple-
beam system selects the micro-sector |
(e.g., the cell) containing the strong- - |
est signal. Throughout the call, the : |
system monitors signal strength and |
switches (makes a handoff) to other | |

adjacent beams (cells) as required.

An array antenna has an aperture
assembled from many similar radiat- = |
ing elements such as slots over ametal :

plane, dipoles, patches, or horns.
When the elements are directly ra-

diating in space (with no shaped re- :
flector on the signal path), the array

is called “direct radiating.” Direct-
radiating arrays are very compact

and, by suitable amplitude and phase
control of the individual radiating

elements, can achieve high efficien-
cies with accurately predictable radi-
ation patterns and beam-pointing
directions.

It should be noted the same aper-

ture generates all the beams of the
array antenna.

With the elements spaced by one-

half wavelength (or less, to avoid the
generation of multiple beams, called
grating lobes), the number of radiat-
ing elements, N, for a pencil beam, is

4. This display from the Quick_Plan software
shows a cellular territory in northern Italy. The
existing infrastructure is shown in terms of three
clover BTS sites labeled M-01, M-02, and M-03.

related to the beamwidth:

Bp, by 65 ~ 100/N*° (1)

8= the 3-dB beamwidth (in deg.)

Features and benefits of smart-antenna systems

ementary receive
d at the base

to optimize
to establish
rage.

tion

can be generated
rference sources,
nterference ratio

n from the array is
ninimize fading and
ffects of multipath

aperture (i.e., along array bore-
sight) is:

GOzTEN (2)

When the beam is pointed to
an angle 0, from boresight, the
gain of a planar array is reduced
to that of the projected aperture:

G6, =t NcosB, (3)

and the beamwidth is somewhat
greater than 6.

Practical extreme values of 6,
are in the region of 60 to 70 deg.

The radiation pattern of an ar-
ray is the product of the element
pattern and the array factor. The
array factor is determined by the
geometric disposition of the ele-

- ments, and their amplitude and phase

weighting, on the assumption that the

. elements are isotropic and there is no
- mutual coupling. The element pattern
. depends on the radiation patterns of
The corresponding gain, G,, when
: the beam points broadside to the :
selects one of several predetermined -
fixed-beams with the greatest output

all the individual elements, actually
taken in the array, in the presence of

e tran:

from the user

se to the user's
the health risks.
rements also enable
nd smaller/lighter

tation, the energy

th equality of
increases BTS range
controlling interference

f signal nulls quality
ence combine to
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Need a W-CDMA check-up?
Consult your local FSIQ.

The third generation of mobile

radio is quency, time or modulation signal analysis.

coming up, and fo be on the spot right at the With an Error Vector Magnitude (EVM) of

start, now is the time for a good
hard look at the new technology.
Just make certain the measuring
equipment you are using is up to
the task, because one thing is for
sure: the bandwidth and dynamics
of a W-CDMA signal turn even
some of yesterday’s best test instru-
ments into today’s scrap. That's

less than 1% at 4.096 MChips/s,

Analysis in frequency,  ITNRIN e IR perfect view of

time and modulation S . .
the situation even in error-rife

measurement situations. Its 75 dB
75 dB_ ACPR ACPR dynamic range is the cur-
dynamic range rent benchmark.. Plus, FSIQ is the

RMS detector first spectrum analyzer with an
Very fasl, very precise integrated RMS detector for pre-
cise power measurements up to

domain

why you need the brand new FSIQ. Where the highest crest factors.
others are improvising with add-ons, FSIQ is Curious? Your nearest Rohde & Schwarz
an uncompromising specialist to the core. representative can fell you lots more about
Multi-domain, it gives you the choice of fre- the FSIQ. Call any time.

ROHDE&SCHWARZ

Internet http://www.rsd.de - Tel: Argentina (1) 3 31 16 85 . Australia (2) 97 48 01 55 - Austria (1) 6 02 61 41 - Belgium (2) 7 21 50 02 - Brazil (11) 55 05 21 77 . Bulgaria (59) 2 65 51 33 . Canada (see USA)
Chile (2) 2 77 50 50 - China (10) 64 67 23 65 - Czech Republic (2) 24 32 20 14 - Denmark (43) 43 66 99 9 . Finland (58) 9 47 88 30 - France (1) 41 36 11 09 - Germany (180) 512 42 42 - Greece (1) 7 22 92 13
Hongkong (2] 5 07 03 33 - Hungary (1) 203-0282 . India [11) 4 61 52 85 . Indonesia (21)2 52 47 88 - Iran (21) 8 73 02 82 - ltaly (6) 41 59 81 - Malaysia (3) 7 03 5503 - Mexico (5) 5 59 76 77

etherlands (30) 6 00 17 00 - New Zealand (4) 2 32 32 33 - Nerway (23) 17 22 50 -

Pakistan (51) 25 69 53 - Philippines (2) 8 17 05 07 - Poland (22) 6 35 06 87 Portugal (1) 4 12 01 31 . Romania (1) 4 10 68 46

Russian Federation (095) 2 34 49 62 - Saudi Arabia (1] 4 65 44 78 . Singapore (2) 87 68 22 - Slovenia (61) 1 23 46 51 - South Africa (12) 8 04-16 20 - Spain (1) 3 34 10 70 - Sweden (8) 6 05 19 00
Switzerland (31) 9 22 15 22 - Taiwan (2) 7 01 68 99 - Thailand (2) 9 53-22 44 - Turkey (216) 3 85 19 17 - United Kingdom (1252) 81 13 77
USA Tekironix Tel. (800) 426 22 00, Fax (503) 2 22 15 42, hitp://www.tek.com - Viemam (4) 8 34 61 86
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Multiple-Beam Antennas

all other array elements and taking :
into account all coupling effects and
mismatches. The radiation patterns of :
the array elements must clearly be :

broad enough to support the maxi-
mum pointing angle 8, (from bore-
sight) of the design.

Multiple-beam-forming antennas
consist also of networks that g
generate or receive the simul-
taneous beams of the array,
with each beam having the
gain and beamwidth of the
whole antenna. The complexi-
ty, cost, and implementation
loss of such analog networks is
directly related to the number
of simultaneous beams and
their isolation.

Practical values for the num-
ber of simultaneous beams
range between 4 and 16.

In the case of antenna sys-
tems for mobile BTS units, in
order to double the effective
frequency reuse, the more-
appropriate number of beams

appears to be in the region of 4 to 6.
For the sake of clarity, consider the

5. This “best server” display of the area in northern Italy
is based on nine cells corresponding to the three existing
clover BTS (three 120-deg. sectors or cells each). Each
color shade corresponds to a different cell, with
individual pixels corresponding to received field levels.

- such a rectangular array with five
. identical vertical columns of radiating
rough preliminary design of a sort of :
reference antenna of this kind, with °
the radiating elements arranged in a
. rectangular pattern with five columns
. and up to seven rows. Figure 1 shows
¢ the array factor (horizontal axis cut) of :

elements. Each column is made of up
to seven radiating elements spaced
approximately one-half wavelength
from each other and the columns are
spaced 0.4 wavelength units. Each col-
umn of radiating elements is in charge
of forming the pencil beams in
the vertical plane and it re-
sembles the shape of the stan-
dard vertical panel antennas
currently used in mobile base
(transceiver) stations. The
theoretical array factor cut
along the horizontal plane of
four simultaneous beams can
be seen. Four beams may en-
able a times-two frequency
reuse among odd (1-3) and
even (2-4) beams, This implies
a nominal doubling of the
capacity with respect to the
case of a single fan beam over
the same horizontal sector.
Figure 2 (left) depicts the
typical antenna arrangement
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for high-frequency applications, including scattering
parameters (511 and S21). It will even handle graphing
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coefficients vs. frequency curves.
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Multiple-Beam Antennas

of a Global System for Mobile Communications (GSM) BTS
in a clover configuration. The BTS covers three 120-deg.
adjacent sectors (cells) by one transmit and two receive
antennas (due to spatial diversity) per cell. The three an-
tennas for each cell are mounted horizontally in this case
but they could also be mounted vertically.

Figure 2 (right) shows the typical configuration of the
same three sectors (clover) BTS when low environmental
impact is mandatory. In this case, there is only one trans-
mit and one receive antenna per cell (no spatial diversity)
and the antennas are mounted vertically.

In the case of a clover BTS, the current sectoring
method (case of four beams, that is, four new micro-cells
over the original 120-deg. cell) would require the installa-

igineering S.p.A. spun off a separate
leinformatica e Sistemi (TeS) s.r.l.
almost exclusively on software
» market. The company has de-
nning and analysis tool for mo-
lick_Plan®, The software tool is
perators and environmental
'ze base-station coverage and
the timely development of fre-
‘dtsp]ay the electromagnetic

or the prediction of the macrocell
based on the latest analysis
1g the Okumura-Hata model). The
graphic Information System
powered by ORACLE X
run on a.laptop computer for

uency Range 10
‘PPM over 0° C |

eramic Resonators
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Multiple-Beam Antennas

tion of 24 antennas (no spatial diver-
sity) or 36 antennas (with spatial .

diversity).
Under the same assumptions, only

six (three transmit and three re- :

ceive) multiple-beam (direct radiat-

ing) array antennas (Fig. 3) would :
suffice. They could be mounted verti-

cally (as in Fig. 2, right) while retain-
ing the inherent spatial diversity

benefits of all array antennas. As far

desired vertical plane beamwidth.
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© unit (i.e., two wavelength units, ap-
as the size of each multiple-beam ar-
. ray antenna (Fig. 3) is concerned, the :
- vertical height is approximately the
. same as the standard antenna pan- :
. els—this size depends only on the !
¢ tenna panel (Fig. 3, with 900-MHz
The horizontal width, under the :
. assumptions of Fig. 1, is on the order
- of four times a one-half wavelength -

proximately 66 cm at 900 MHz or 33
cm at 1800 MHz). In practical terms,
the width of the multiple-beam array
antenna is more or less comparable to
two times the width of a standard an-

antenna panels having a width on the

- order of 35 cm). The total area occu-

pied by 24 standard panel antennas is
approximately twice the area of six
multiple-beam array antennas.

In the previously depicted sector-
ing case of a clover BTS, the use of
multiple-beam array antennas may
give a remarkable 50-percent saving
in terms of pure antenna area. Taking
also into account the necessary guard
distance among 24 standard panel
antennas installed on site, the effec-
tive area saving might even be higher.

This simplified analysis clearly
shows the potential of multiple-beam
array antennas to guarantee a very
low environmental impact.

To visualize the potential for in-
crease in capacity due to sectoring
with a multiple-beam array antenna,
analyses were performed with Quick
Plan™, a planning software tool for
mobile networks (see sidebar) devel-
oped by TeS Teleinformatica e Sis-
temi s.r.l. (Rome, Italy). Figure 4
shows an area in northern Italy with a
hypothetical arrangement of several
existing (clover) BTS. For simplicity,
traffic is assumed to be evenly spread
among the cells so that the existing
frequency plan is in line with the the-
oretical frequency reuse pattern cor-
responding to the cluster size of the
system. Figure 5 shows the calculated
best-case conditions for coverage of
the nine cells. The software can also
calculate the second-best conditions.

Next month, the conclusion of this
two-part article will highlight the
effects of sectoring in cell sights and
address the health issues of EM radi-
ation in cellular installations. ®®

For Further Reading
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Principles & Practice, Prentice-Hall, Englewood Cliffs,
NJ, 1996.
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Barry D. Van Veen and Kevin M. Buckley, “Beam-
forming: A Versatile Approach to Spatial Filtering,” IEEE
ASSP Magazine, April 1988, pp. 4-24.

David F. Kelley and Warren L. Stutzman, “Array Anten-
na Pattern Modeling Methods That Include Mutual Coupling
Effects,” IEEE Transactions on Antennas and
Propagation, Vol. 41, No. 12, December 1993. |
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Standardization): European pre-Standard ENV 50166-2,
“Human Exposure to Electromagnetic Fields—High
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Transmitter IC

FSK Modulator
Boasts High DC

Accuracy

A low-cost transmitter integrated
circuit can be used as the basis for

an FSK modulator for low- and
medium-data-vate wiveless systems.

Mike Benedict

Applications Engineer

RF Micro Devices, 7625 Thorndike
Rd., Greensboro, NC 27409-9421;
(336) 664-1233, FAX: (336) 664-0454,
Internet http://www.rfmd.com.

loop (PLL) filtering.

A typical, low-cost FSK modulator
is implemented by injecting the mod-
ulation voltage into the carrier syn-
thesizer’s PLL. This can be per-
formed by summing the modulation
voltage and the loop-error voltage
together and applying the combina-
tion to a voltage-controlled-oscilla-

4-bit
Counter . Prescaler
us

A Qs Control Div. by {>Fﬂ'( Output
Loud {... B Qb — N/N+1

=1C Qc |~

D Qd

VCO
Clk
P Carry Phase
load  out Detector
L Reference
Oscillator
Reference Oscillator
Load "5"
Carry out [ T
Mod. control (Qa)
j#——— Duty Cyole n'=5/11= 0454 —p§

Load "7
Carry out I [

J&—— Duty Cycle ' = 49 = 0.444 —p]

1. This block diagram shows the components of a DC-accurate FSK modulator.

ODULATORS for frequency-shift-keying (FSK) communications
systems require high-frequency accuracy. An approach has been
developed that is relatively immune to the effects of phase-locked-

tor’s (VCO’s) tuning port or by using
a separate tuning port usually having
lower sensitivity to voltage changes.
The modulating data would change
the carrier frequency by a predeter-
mined amount (deviation). This, how-
ever, causes a frequency error within
the PLL that the loop begins to cor-
rect. The effect of the loop correcting
for the frequency errors caused by the
modulation is analogous to passing the
modulating signal through a highpass
filter. Lower-frequency components
of the modulation signal get filtered
off (or even eliminated). The result is
unreliable communications for ran-
dom data streams, especially for long
strings of non-changing digital bits.
Several solutions have been devel-
oped and implemented to address this
problem. One approach is to predis-
tort the modulation signal to compen-
sate for the effects of the PLL. This
has limited results and a finite fre-
quency range. Another commonly
used method is to encode the data
stream with techniques such as Man-
chester coding or split-phase coding.
The basis of this coding is to send two
complementary symbols for every
data bit, thus a transition is guaran-
teed for every data bit. This approach
is effective since it fixes the lowest-
frequency component of the modula-
tion signal so that a loop bandwidth
can be designed to have a minimal
effect on the coded data. Unfortunate-
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Transmitter I1C

ly, this means that the effective data

rate is doubled, increasing the
required channel bandwidth. The en-
coding procedure is rather simple
(EXCLUSIVE OR the data and clock
together). The decoding is more com-
plicated, requiring some synchroniza- -
tion to guarantee that the correct two
symbols are used to decode the data :

bit.

Other approaches avoid the entire :
. 3. The accuracy of recovered data
outside the PLL. This can be per- | (bottom) compared to transmitted
. data (top) demonstrates the
crystal oscillator, for example. Since
. data rate of 100 b/s.

the PLL does not try to correct the :

¢ gram the mark and space frequencies
in the PLL. There are several ways
. to do this depending on the program-
- mability of the PLL divider regis-
ters. A new technique takes advan- -

problem by performing modulation
formed by modulating the reference
modulation occurs outside the loop,

modulation signal, it simply tracks

the changes in the reference frequen- :

cy. The pullability of the crystal res-
onator or oscillator limits the achiev-

able frequency deviation. Another :
method would be to generate the ref- :
erence frequency with a direct digital
synthesizer (DDS) and perform mod-
ulation of the DDS. This is an accu- : cally designed to be multipliers of a |
- reference crystal to generate a local-

oscillator (LO) frequency, although

. ratio for logic level 1 and another

rate, but expensive solution.
Another type of approach is to pro-

Chd 100V

12K Rum: 1,00MS/s  Sample
. s, s s
T . -

chd 100V

effectiveness of the modulator for a

tage of low-cost integrated circuits

VCO functions. These ICs are typi-
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© 4. The data integrity can be evaluated
. for the modulator at 72 kb/s by
comparing data recovered with an IC
. receiver (bottom) to the original

* transmitted data (top).

single integrated circuit.

they can also be modulated for FSK
transmitters.

The prescaler is a PLL component
that divides the VCO frequency
down to the reference crystal fre-

- quency. It usually has dual division
(ICs) that contain simple PLL and -

rates (N and N + 1) and, as such, is
referred to as a dual-modulus pre-
scaler. By controlling the ratio of the
two rates, the VCO frequency can be
set to a desired frequency. Using one

¢ ratio for logic level 0 can effectively
- generate I'SK modulation that is not
- affected by the PLL and, therefore,
. can be used for signals that contain
- near DC components.

One way to generate this ratio is

- through a pulse-width modulator.
- This is similar to how a typical PLL
- would work. The prescaler would
- divide by N for part of a cycle and
- then divide by N+1 for the remainder

of the cycle. This would synthesize a
frequency that is N + (duty cycle)

- times the reference frequency. The
. step size between two frequencies is

set by the resolution of the counter
used to set the duty cycle. Another

. way to generate a ratio is to start
- with a clock pattern and periodically

inject an extra bit. The ratio is then

- tied to the period of the injected bit.

By changing the period of the inject-

- ed bit, a new ratio is formed and,
- thus, a new synthesized frequency.

An example of this approach can be

- shown with a 4-b programmable
- counter. By loading one set of bits into

the counter with the carry out, the

- counter can be programmed to divide
2. The DC-accurate FSK modulator is represented by these circuit elements and |

the clock frequency, F ., by s (F/s),

* resulting in a cycle rate of s/F . sec-
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Transmitter IC

onds. The first divider output, Q,, nor-
mally looks like F, divided by 2. If
the programmed value s is chosen so
that a logical 1 is loaded into the a
divider (an odd number), then the Q,
output stays at 1 from the previous
state. This puts one more 1 than 0 in
the Q, output for every cycle of the
counter. This unequal number of 1s
and 0s will define a fractional number
over the cycle rate of the programmed
bits. Different programmed bits can
generate different fractional numbers
and, thus, different synthesized fre-
quencies. If b is the number of bits in
the counter and s is the programmed
word, then the fractional number gen-
erated is:

Number of Q, states

per cycle = 26—

(1)

Number of Os per cycle =
2b 51
—_— 2
P (2)
b -1

Then fractional n =

— (3
22" - s) 7

The synthesized frequency can
then be calculated as Fi(ref) X (N+n).
If s and n(s) represent the space fre-
quency and m and n(m,) represent the
mark frequency, then the peak-to-
peak frequency deviation can be cal-
culated as F(ref) X [n(s) —n(m)].
This method can produce smaller
deviations with fewer dividers than
the previous method but offers fewer
selections to chose from.

A simple form of this technique is
described in Fig. 1, implemented
with a 4-b counter. The values of s
and m are chosen so that only one of
the four bits is different. Therefore,
the data to be modulated onto the
carrier are used to set or clear that
divider every cycle. An infinite num-
bers of cycles can occur at either the
mark or space frequency without cor-
rection by the PLL, thereby making
this modulator accurate down to DC.

In this example, a 4-b counter is
used to control the divider ratio of the
prescaler in a PLL synthesizer. The
Q, output toggles high and low except
when the carry out is asserted. Then
the Q, output stays high with the cor-
rect load value. For a loaded value of

B soomv
5. This eye diagram was measured
and plotted for the modulator

operating at a data rate of 72 kb/s.

5, the Q, output will be low for 5 out of
the 11 states of the counter [(16 - 5 -
1)/2]. This sets up a ratio or duty cycle
of n = 0.454. The B bit of the counter
can be changed from a 0 to a 1 to
change the load value from 5 to 7. In
this case, the Q, output is low for four
out of nine states, [(16 — 7 —1)/2] for a
duty cycle of n = 0.444. The ratios
modify the prescaler to produce an
output frequency with a fractional
divide-by ratio, that is, 128.454 or
128.444. Therefore, the output
frequencies differ by (128.454 —
128.444) times the reference oscilla-
tor. The rate of change on the modulus
control pin is very high relative to the
PLL bandwidth so the changes are
averaged or smoothed out over time.
A simple hardware implementa-
tion of a radio link using this method
is described here. A family of trans-
mitter or transceiver ICs RF Micro
Devices (Greensboro, NC) offers the
internal PLL and dual-modulus pre-
scaler which can be used in this de-

sign. The RF2513 IC from RF Micro
Devices was chosen to demonstrate a
simple low-cost transmitter for US
industrial-scientific-medical (ISM)
band applications. The RF2513 con-
tains all of the active circuitry neces-
sary to implement a single 1C F'SK
transmitter—a reference crystal os-
cillator, PLL, dual-modulus prescal-
er, VCO, transmitter-buffer amplifi-
er, and power amplifier (PA). The IC
also contains an internal varactor
diode for tuning the VCO. By using
printed inductors for the resonators,
the external component count is min-
imized. A T4HC161 4-b counter from
Motorola (Phoenix, AZ) is used to
implement the counter and a 7T4HC04
is used for the necessary inversion to
load the counter and to buffer the ref-
erence oscillator used for the clock.
The schematic of the final circuit is
shown in Fig. 2.

The reference crystal oscillator,
which is supplied with the evaluation
board for the RF2513, operates at
7.15909 MHz. This normally produces
a transmit frequency of 916.4 MHz for
a divide-by-128 setting. Other values
could easily be substituted. Since the
divider ratios are 128.454 and 128.444,
the output frequencies are 919.6137
MHz for a logic level 0 and 919.5421
MHz for a logic level 1 input. Thus,
the peak-to-peak frequency deviation
is fixed at 71.6 kHz. Since the devia-
tion is derived by numerical means as
a fraction of the crystal frequency, it
is very accurate and repeatable with-
out additional tuning. This deviation
supports a wide range of data rates,
from 1 b/s to 100 kb/s by using differ-
ent modulation indices. The upper

Dmite 3 L£73 NOL3 RS B tim R Attt a0 as
@n—f v ~78 .38 aBcrkx V. 200 Hx
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6. The phase noise of the RF2510 transmitter IC was measured for a loop

bandwidth of 50 kHz.
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Transmitter 1C

limit is actually set by the PLL’s loop
bandwidth to the point where the
modulation index becomes too small.
In Fig. 3, a pseudorandom data pat-
tern clocked at 100 b/s is shown as an
example of the low-data-rate capabil-
ity. The recovered data maintain
their DC level through several con-
secutive data bits, providing evidence
of the modulator’s DC accuracy. In
Fig. 4, the same pseudorandom data
pattern at 72 kb/s is shown. In each
instance, an RF2917 evaluation board
tuned for 919.578 MHz was used to
demodulate the data.

The PLL bandwidth is designed to
be reasonably wide and yet still pro-
vide reasonable spurious rejection.
The loop bandwidth is one factor that
determines the rate at which the
VCO changes from one frequency to
the other and, thus, the upper data
rates. As data rates exceed the loop
bandwidth, the modulation wave-
form becomes bandlimited and takes
on the appearance of intersymbol in-
terference (ISI). Figure 5 shows the
eye pattern of this modulator as seen
at the output of a model RF2917
receiver IC. The flatness of the eye
pattern attests to the modulator’s
immunity to random data patterns.
The slew rate due to the PLL band-
width is also evident. The high-loop
bandwidth offers several advantag-
es. First, the close-in phase noise of
the VCO is corrected by the PLL, at
best to that of the crystal. More
important, the PLL synthesizer will
have a faster lock time due to the
higher bandwidth. This is useful for
systems that burst a packet of data
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8. The modulated (with 72-kb/s pseudorandom data) spectrum of the RF2510
transmitter IC was measured at a carrier frequency of 819.54 MHz.

and then shut down to conserve bat-
tery life. Burst-type systems are also
affected by load pulling when the PA
is turned on. The faster loop response
can minimize or eliminate out-of-
band spurs due to turn-on transients
that would be problematic for low-
data-rate systems that use lower-
loop bandwidths.

For this design, the loop bandwidth
is set at 50 kHz and a type two, third-
order loop is used to help with sup-
pression of the crystal-reference
spurious products. (Additional infor-
mation on designing the loop filters is
available in the 71999 RF Micro
Devices catalog, technical article TA-
0031.) Figure 6 provides a look at the
close-in phase noise while Fig. 7
shows the spurious performance.
Modulation spurious signals resulting
from the counter cycles are also evi-
dent in Fiig. 7. The primary source for

these modulation spurs are voltage
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7. The spurious output products of the RF2510 transmitter IC can be seen in

this plot of an 819.54-MHz carrier.

spikes caused by the gates and flip-
flops changing states during the carry
over which then get coupled into the
VCO. Careful isolation and decou-
pling are needed to get the best sup-
pression of these spurs. Figure 8
shows the spectrum of a modulated
signal, with an occupied bandwidth
(99 percent) of 150 kHz for the 72-kb/s
data rate. The loop filter acts to
smooth the data and helps shape the
frequency spectrum even though the
input signal is digital. This bandwidth
works well with a receiver using low-
cost 180-kHz ceramic intermediate-
frequency (IF) filters.

The RF2513 transmitter IC pro-
vides a counterpart single-1C receiv-
er, the model RF2917, for low-cost
frequency-modulation (FM) or FSK
simplex links. The RF2917 incorpo-
rates the reference oscillator, PLL,
VCO, low-noise amplifier (LNA),
downconverting mixer, 94-dB limit-
ing IF amplifiers, frequency discrim-
inating demodulator, and data slicer
in a single chip. With the addition of a
few external, discrete components, a
complete FSK receiver can be built.

With so many new applications
that require low-to-moderate data
rates at low cost, a modulator has
been presented that provides a low-
cost, easy-to-implement alternative
to existing schemes. This modulation
scheme is being patented and will be
incorporated into a new IC which can
further reduce the overall cost of the
transmitter. e

The author w%ﬁﬁgﬁlfcg%ﬂﬁg: and thank Dan

Habecker for his assistance in the lab with assembly and
testing.
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LTCC Filters

Design Interdigital Bandpass
Filters Using LTCC

Gircuits

Low-temperaturve-cofived-cevamic (LTCC)
civcuit technology offers great promise for

multifunction, multilayer micvowave designs
with high performance in compact housings.

Steve Cheung

Senior Design and

Development Engineer

Radar Integration and Technology
Department, Sensors and Electronic
Systems Engineering, Raytheon

Systems Co., Tewksbury, MA 01876;

(978) 858-9109, FAX: (978)
858-4279, e-mail:
Steve_Cheung @ res.raytheon.com.

NTERDIGITAL bandpass filters using low-temperature-cofired-ceramic
(LTCC) technology offer great potential in multilayer designs. These fil-
ters can be made small with low insertion loss and high isolation (approx-
imately 85 dB). They can even be made as low-cost designs, three-dimen-

- sional designs with via-hole ground connections, and reduced bond-wire
. interconnections. The report that follows offers simulated versus measured
- results at S-band for narrowband and wideband filters fabricated together
- side-by-side or stacked on LTCC.
- The advantages of using LTCC for
. microwave applications include the |
. ability to use architecturally embed-
- ded device structures for high-densi- :
-ty packaging, insertion-loss perfor- :
. mance that compared favorably with
- standard microwave and millimeter-
- wave techniques, and the opportuni- :
. ty touse a cost-effective circuit medi- :
- um and simplified sealed housing |

with improved isolation and rejec- °

tion. LTCC can reduce costs by low-
ering total part counts. The impact is

¢ most pronounced in microwave and

millimeter-wave applications with
tight constraints on the size and
weight of circuit elements. More-
over, a multichip module (MCM) us-
ing LTCC offers potential improve-
ments in channel bandwidth and
isolation.

Interdigital bandpass-filter appli-

Grounding Vias

Input ports

(Top View)

Output Ports
(b) Co-planner Structure

cations using parallel-cou-
pled shorted lines have
been found useful in terms
of their compact size and
low cost.'™ To demon-
strate the effectiveness of
LTCC technology, two in-
terdigital bandpass filter
types were simulated, de-
signed, and tested. The
| two filters feature two ap-
proaches—stacked and
coplanar configurations.
LTCC not only acts as a
circuit medium for a filter
but also provides a three-
dimensional buried strip-

. 1. This top view shows the prototype of the co-

. planar interdigital bandpass filter realized with

. LTCC. The input and output ports for the co-planar
- structure are in vertical transition forms.

line format useful in real-
izing circuit elements for
the filter. Narrowband
and wideband filters were

MICROWAVES & RF » AUGUST 1999
7




LTCC Filters

ployed to provide RF feedthroughs
for the input and output lines of the

(a) Bottom Narrowband Filter

(a) Top Wideband Filter

2. The stacked-filter configuration includes a narrowband filter on the bottom
(left) and a wideband filter (right) on the top.

fabricated using each structural
type.

Both types of filters have a cen-
ter frequency at around 4 GHz.
Both structures are made with
Ferro A6 LTCC, amaterial with a
dielectric constant of 5.9 +0.15.
The material is a 0.074- or 0.037-
in.-thick post-fired layer. The
input and output ports for the
stacked and co-planar structures |
are in microstrip and vertical ||
transition forms, respectively.
Figure 1 offers a top view of the
co-planar filter structure. Figure
2 shows the filter layers for the

narrowband filter.
The top and bottom ground planes |
are connected by caging via holes sur-
rounding the filters to form the
grounding housing. Additional via
holes are added in the housing to sup-
press any undesired modes. The for-
mation of the grounding structure
minimizes radiation loss as long as the
operating frequency is below the
waveguide cutoff frequency. It is pos-
sible that propagation modes above
the cutoff within the housing can sig-
nificantly perturb the circuit re-
sponse. Therefore, the filter hous-

ings are designed in such a way as
to exclude any half-wave and quar-
ter-wave resonances to avoid radi-
ation at higher frequencies. More-
over, the grounding via holes
provide a shielding barrier which
increases the isolation between the
two filters. For the stacked struc-
ture, a center ground plane is sand-
wiched between the top and bot-
tom filter layers in order to isolate
| the interference between those fil-

L

narrowband [Fig. 2 (left)] and
wideband [Fig. 2 (right)] filters
fabricated with the stacked

configurations for both structures: (a) the
stacked structure and (b) the coplanar
structure.

3. This cross-section view shows the layer

approach. Both types of stacked
filters are fifth-order designs, initial-
ly with a Butterworth response.
Shorting the ends to top and ground
planes through stagger via holes ac-

the structures are simply formed by :
two silver layers screen-printed on
the top and bottom of the substrate. :
The input/output (I/0) striplines are :
channelized by via holes in order to :
guide the RF wave through the filter. :
The length of the quarter-wave res-
onator is slightly shortened to accom-
modate the inductive effect of the :
grounding via holes. The wideband fil-
ter is situated on top of the narrow-

band filter. The narrowband and

wideband filters are designed to have
35- and 60-() internal impedances to
reduce insertion loss and to relax :
dimensional constraints, respectively. -
Since the narrowband filter is buried

. underneath the wideband filter, two -
i 50-(} vertical transitions consisting of
i a centralized vertical via caged by
i coaxial-type grounding via holes (to
complishes grounding of the resonat- :
ors in the filters. The ground planesin

suppress higher-order modes) are em-

ters. In addition, sectional ground
planes are provided for the vertical
transition and the I/O lines on dif-
ferent substrate layers to guide the
microwave signals.

The co-planar structure is simi-
lar to the stacked structure except
that the filters are placed next to
each other on the same LTCC layer.
. Unlike the fifth-order filters of the

stacked configuration, these are |
. fifth- and seventh-order filters, how-
ever. The filters employ a vertical

2 LTCC Namowband Filter: HFSS Simulation
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4. The HFSS EM simulator generated these results for the narrowband (left) and

wideband (right) LTCC filters.
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LTCC Filters

launching scheme at the input and
output ports in order to isolate cross-
talk between those ports and im-
prove rejection. Fuzz buttons were
used to launch microwave signal
through the vertical transitions to
the filters in the coplanar structure.

Figures 3a and 3b show the cross-
sectional views of the stacked and co-
planar filter structures, respectively.
The stacked structure consists of 32
separate 3.7-mil LTCC layers where
each filter occupies sixteen layers
(Fig. 3a). The co-planar structure, on
the other hand, consists of eight 7.4-
mil LTCC layers (Fig. 3b). For both
cases, the input and output vertieal
transitions are half way up to the top
ground-plane layers.

SIMULATING PERFORMANCE

A three-dimensional electromag-
netic (EM) simulator, the High-Fre-
quency Structure Simulator (HFSS)
from Hewlett-Packard Co. (Palo
Alto, CA), was used to simulate the
performance of the filters. Simulated
results are plotted alongside the
design specifications for the narrow-
band and wideband filters, respec-
tively, in Fig. 4 left and right. The
results are normalized to a center
frequency of approximately 4 GHz.
The simulations are based on a
dielectric constant and the loss tan-
gent of 5.9 and 0.0007, respectively. A
metal thickness of 0.4 mils was used
in the simulations. Resonators were
approximately one-quarter-wave-
length long.

To confine the microwave energy
through the stripline, a coaxial form of
surrounding via holes was included in
the simulations. With the help of the
HFSS simulator, the via-hole
feedthroughs were then matched to
the input and output lines by adjust-
ing the diameter of the coaxial via
holes. Quarter-wave transformers
and vertical launchers were also
included in the simulations.

For the narrowband LTCC filter
simulation, there is an upward shift in
frequency for the simulated values
compared to the design specifica-
tions. However, the specification en-
velope of the narrowband filter could
overlap on top of the HFSS simula-
tion if the HFSS result was down-
shifted in frequency by 90 MHz. This

"xméllent....QSpum is
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been looking for."

Steve Rempel, R&D Mgr.
Marki Microwave
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using the most cost-effective
manufacturing processes, and
with the shortest possible
cycle time.

Pacific Microwave Corporation offers
complete solutions for your RF and
Microwave manufacturing needs. Our
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outsourcing program, because we are
committed to give you the manufacturing
solution you need - that which
consistently delivers only the best
products and services.

PARTIAL LIST OF
PRODUCTS
MANUFACTURED
AND TESTED

DEVICES

All types of ceramic packages,

TOB8, Flatpacks, Open Carrier

Modules, etc.

e Wide band, narrow band,
internally matched amplifiers

e Attenuators

e Low Noise Amplifiers 4

e Power Amplifiers up to 60 Watts

e Voltage Controlled Oscillators (VCO)

e C-Band & Ku-Band Amplifier Modules

COMPONENTS

e Voltage Controlled Oscillators

e Gun Oscillators

e Lumped Filters up 2 GHz

e Power Dividers / Combiners

o Low Noise Amplifiers

e Amplifiers up to 40 GHz

e Frequency Multiplier up to 40 GHz

e Diplexers up to 26 GHz

e Mixers, Attenuators & Switches

e Phase Locked DROs

e Free running DROs

e Synthesizers

SUBSYSTEMS

¢ Multi-Channel Loopback for
Cellular Base Station

e Multi-Carriers Divider/Combiners
with Auto Sensor for Cellular
Base Station

e Transceivers up to 40 GHz

e Spread Spectrum Outdoor Units

o VSAT Transmitters: C-Band, Ku-Band
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LTCC Filters

is equivalent to extending the length
of the resonators by 8 mils. Since the
frequency shift depends on the length
of the resonators, increasing the
length of the resonators can restore
the narrowband-filter passband clos-
er to the design specifications. The
initial filter design was thus modified,
but the HFSS simulation was not
repeated due to the long computation
time required. Although the frequen-
cy shift was sensitive in the narrow-
band case, the performance of the
wideband filter was insensitive to fre-

BOTH FILTERS SHOW
HIGHER SELECTIVITY
THAN THE DESIGN
SPECIFICATIONS DUE
T0 THEIR HERMETICALLY
VIA-SEALED

CONFIGURATIONS,
WITH GREATER THAN
80-dB REJECTION
FOR NARROWBAND
AND WIDEBAND FILTERS.

quency shift (Fig. 4b). For the wide-
band filter, the HFSS simulation pro-
vides a close mateh with the design
specifications.

EXPERIMENTAL RESULTS

The prototype of Fig. 1 was tested
with an HP 8510C vector network
analyzer (VNA) from Hewlett-
Packard Co. (Palo Alto, CA). Fuzz
buttons were used to launch the
microwave signal to the filter through
the vertical transition in the co-planar
structure. Measurements were per-
formed at room temperature. The
design performance of the filter is
best described by comparing the sim-
ulation results, the measurement
results, and the filter specifications.
Figure 5 shows the performance of
the narrowband filter in the stacked
structure with frequency normalized
to the center frequency. The mea-
sured results show good agreement
with the simulation in the passband,
except that the passband is narrower

TAKE THE HEAT.

Between the four walls of this wafer-thin attenuator are near microscopic
deposits of patented magic. Like climate control for your circuitry, the thick film-
resistive technology in Thermopads® compensates for changing temperature and
keeps power output flat.
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DESIGN FEATURE
LTCC Filters

than expected and shifted upward in
frequency.

These discrepancies can likely be
overcome by increasing the length of
the resonators and reducing the width
of the filter in order to downshift and
widen the filter passband, respective-
ly. The measured insertion loss agrees
well with the simulation and design
specifications.

Figures 6a and 6b present the
transmission and reflection perfor-
mances of the wideband filter in the
stacked structure. Although there is
a slight offset in frequency compared
to the HFSS simulation and the de-
sign specifications, the measurement
results show good performance lev-
els in the passband and band-reject
regions. The off-resonance isolation
or band rejection goes beyond 80 dB
(Fig. 6a).

TUNING THE FILTERS
By adjusting the length and width
of the resonators in both filters, their
passbands can be re-tuned to meet : o . ' o -
their design specifications (Fig. 7). CIRCLE NO. 442
Figure 7 reveals that the band skirts

of both filters have higher selectivity S C x U It ram i n i ature

than the design specifications. The

linearized phase performance levels 1

of the narrowband and wideband fil- C oaxi al
ters were measured and found to be

quite linear in the vicinity of the cen- C onne CtO rs

ter frequency. (-145” max diameter)

5. The measured performance of the
narrowband filter in the stacked
structure was compared with the
design specifications and the HFSS
simulated results.
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LTCC Filters

The off-resonance spurious re- :
sponses of narrowband and wideband
filters were also measured. Even
though the stripline configurations of :
the interdigital filters have the same
even- and odd-mode propagation ve- :
locities, which in general eliminate the :
even-order spurious responses at the
passband frequency, such filters do
have odd-mode spurious responses at
higher frequencies."* These odd-
order spurious modes have been ob- '
served in both filters as expected in
any filter stripline structure. Despite -
the existence of the odd spurious !
modes, off-resonance even-order spu-
rious responses have also been ob-

served in both filters. The occurrence

of the resonators where their phases

are mismatched due to the inductive

effects of the grounding via holes.

insertion loss in the passband caused

the passband spurious response.

Both filters show higher selectivity :

than the design specifications due to

their hermetically via-sealed configu-
rations. For the stacked and coplanar
* filter. Using the same lot of LTCC

structures, the narrowband and
wideband filters have band
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6. The measured transmission and reflection performances of the wideband

for (a) insertion loss and (b) return loss.

dielectric constant of the substrate. :
- The manufacturer’s claimed firing
shrinkage percentage of the LTCC is
i typically 15.6 percent. However, the -
There is a small amount of additional

actual shrinkage percentages mea-

- sured in these applications were
by the impedance mismatch at the :
input and output lines and possibly by

observed to vary between 14.1 and

14.6 percent. Since the shrinkage of
- the LTCC can impact the perfor-
mance of the filters, it will be interest-
. ing to find out the reproducibility of :
the filters in terms of their perfor-

mance, especially for the narrowband

. filter in the stacked structure were evaluated compared to the simulated results
of the off-resonance even-mode spuri- :
ous responses is believed to be caused :
by the grounding via holes at the end

material, the narrowband filter in the
co-planar structure was reproduced
on a second wafer to compare its per-
formance to that of the first wafer.

. Figures 8a and 8b describe the repro-
. ducibility of the narrowband filters in

terms of their performance. It can be
observed that the narrowband filter
of the second wafer has a little dip in
the passband with less off-resonance
isolation (approximately 65 dB com-
pared to the first filter, which is ap-

: proximately 85 dB). These discrepan-
© cles are mainly due to the mismatch

between the testing fixture

rejection greater than 80 dB.
In addition, the steepness of
the band skirts is sharp and
quite favorable in both cases,
especially at the 60-dB band
rejection.

By measuring the band-
width and insertion-loss per-
formance of the narrowband
filters, the unloaded Q-factors
of the narrowband bandpass
filters for the fifth- and sev-
enth-order filters are estimat-
ed* to have values around 185
and 288, respectively.

After the filter was fired, the
two major factors that dictate
the filter performance are the
consistences of the shrinkage
and the dielectric constant of
the LTCC substrate. It has
been seen that the response of

 Z®M@I—~Cco0 o= 0N

LTCC Interdigital Bandpass Fiters

and the input and output lines

80

of the filter during measure-
ment. However, the overlap of
their passbands indicates that
LTCC filters, which use the

06
. Normalized Frequency
~ Wideband Fiter

77 Namowband Fitter
- 9" Specification Envelop : Wideband Fiter
" Specification Envelop : Narmmowband Filter

same lot material, are highly
reproducible.

Although the typical dielec-
tric constant of the LTCC
supplied by the vendor
(Ferro) is 5.9 +0.15, that
value is measured at very low
frequencies (to 100 kHz).
Such deviations in the dielec-
tric constant can jeopardize
filter performance, especially
for narrowband-filter applica-
tions. Therefore, measure-
ment of the LTCC dielectric
constant is one of the key
steps in the LTCC filter-de-
sign process. Based on the so-

the narrowband filter is very
sensitive to the changes of the

7. This comparison shows the measured performance
of the narrowband and wideband LTCC coplanar filters

resonator lengths and the relative to their design specifications.

called waveguide cavity-fill-
ing approach,” the dielectric
constant of the LTCC materi-
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IMPROVED QUAD SWITCHES
GUARANTEE OPERATION AT +2V

New Switches Offer 0.009% THD with 100<2 On-Resistance

The MAX4610/MAX4611/MAX4612 is a family of quad SPST switches that are pin compatible with the industry-
standard 74HC4066. These devices offer guaranteed on-resistance matching and flatness over the entire +2V
to +12V supply range. Low total harmonic distortion makes this family of products ideal for use in audio
applications such as multimedia terminals, car audio systems, and high-performance stereo equipment. They
are available in a space-saving 14-pin TSSOP package, as well as plastic DIP and narrow SO.
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LTCC Filters

al was found by the frequency shift of
the resonance mode when the cavity
is filled with the LTCC material. Cal-
ibrated by the use of several prede-
termined materials and adjusted by
the system-setup error, the measure-
ment of the LTCC dielectric at 8.5
GHz appears to be around 6 to 7 per-
cent below the vendor’s value |
obtained at 100 MHz. The discrepan-
¢y may be due to the different fre- :
quency ranges used in both measure-
ments and, possibly, different system

factors in both measurement setups.

Although temperature change has :
. 9. Preliminary measurements were made on the frequency (a) and phase (b)

© drifts of the narrowband filter at the band skirts due to temperature changes.
ter’s passband is sensitive to changes
in temperature. Since the operating .
frequency is confined within the pass-
band, frequency drift at the lower-

little effect on the performance of the
wideband filter, the narrowband fil-

and upper-band edges due to changes
in temperature now dominate the

passband performance of the narrow-

band filter. Preliminary measure-
ments on the frequency and phase
drifts of the narrowband filter at the
band skirts, due to temperature

0°C (Fig. 9).

TEMPERATURE EFFECTS

The temperature range used in the
measurement is from -10 to +85°C.
For the LTCC narrowband filter, the
frequency shifts of the lower and

points are -0.15 MHz/°C and -0.21
drifts for both exhibit a fairly linear

ing by differences in their slopes, the

-]
: . Frequency Drift vs. Temperature D Phase drift vs. Temperature change
£ s I 1
1 - . ;
2 b Lo
. RO ;a0
6 Percm, r
n oL Pk, o =20 4
: v'-.'_n__ e« 30
Qs s
: =1} . s 0
£ o, 'u, B -s0 t
-15]— ! 60—
"o -0} .
n’*) i 1
o 9 » o N w NS T % W% W
Temperature [Celsius| Tempmeatiics change {degres Celsus]
" Lower Skirt —— Skil
i i ! Lower Skirt
& Uprkﬂ (a) - Upp.r&urt (b)

frequency at both skirts are shifted
at different velocities.

expansion, and substrate thickness,

- contributes to the frequency drift is

. ature variation. According to vendor
¢ data, the variations of the dielectric
changes, were made referenced to :

. tions of the substrate thickness and
- the gap coupling between the resonat-
© ors and the caging via holes. Similarly, :
upper skirts measured at their 3-dB

¢ Insertion loss in the temperature
- range being measured. Therefore, it is

Among the many factors consid- !
ered, such as dielectric constant, size

recommended that the center fre-
quency of the LTCC bandpass filter

: be designed at a higher temperature
the major physical parameter that

(in this case the temperature is ap-

. proximately +47°C) to ensure that the
the dielectric constant due to temper- :

specification parameters of the LTCC

- filters are met for the overall temper-
. ature range.
constant and device dimensions due to :

. temperature change could contribute :
- 81.5 and 13.3 percent of the frequency :
© drifts, respectively. The rest may be |
- caused by other factors such as varia-

In conclusion, interdigital band-
pass filters based on LTCC technolo-
gy for multilayer microwave circuits
can be constructed with high perfor-

. mance in compact sizes. By employ-
. ing the vertical transition approach,
. the LTCC filters demonstrate a band

the measured phase shift is linearly

¢ related to changes in temperature. A
MHz/°C, respectively. The frequency :

phase drift of approximately -0.88

- deg./°C at the 3-dB points was mea-
relationship with temperature. Judg-
© that an extra 1 dB was added to the

sured. In addition, it was observed

. LTCC Namowband Bandpass Fiter . LTCC Namowband Bandpass Fiter

f t
o o
e e
d d
e

t«m :-‘
P i
N el n
9 - g
a . a
Mol "

0% 0% i % 11
T Sample#2, Watertt ;)

8. The reproducibility of the narrowband filters was evaluated in terms of
insertion-loss (a) and return-loss (b) performance levels.

rejection of ~85 dB with high selec-
tivity due to their inherent sealed
grounding configurations. The nar-

- rowband and wideband filters show

comparable insertion losses with
standard techniques for microwave

- applications. Despite the complex ar-

rangement of the grounding via holes,

- LTCC interdigital filters show great
. promise for future three-dimensional

. microwave designs. ®®
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DESIGN FEATURE

Coaxial Connector

Novel Goaxial Connector
Aids In-Vehicle Phone

Users

A new coaxial connectov enables
the safe use of a wiveless handset in o

moving vehicle, while improving the
REF performance of the mobile telephone.

Patrick Duquerroy
Product Manager
AMP Deutschland GmbH, Postfach,

Carl Benz Str. 12-14, 64625 Bensheim,
i alleviate these concerns. The novel connector permits hands-free use of a
. mobile telephone with improved signal gain and signal integrity. The new
. connector interface switches the signal of a mobile telephone from its own
~ internal antenna to a vehicle’s external antenna for hands-free operation
. with enhanced performance. The connector design accommodates signifi-
Amperstrausse 3, Amperstrausse 9323, = cant misalignment between a mobile unit and its cradle, while occupying
- minimum space within the telephone. The connector can be produced in
- high volumes at low cost.
- Compliance with specific legislation -
. and general concerns for traffic safety

: have led to increased interest in
¢ hands-free operation of mobile tele-
. phones. Many countries, including

Germany; (49) 6251-1330, e-mail:
pduquerroy@amp.com

Dieter Bozzer

Engineering Supervisor

AMP (Schweiz) AG, Loading Dock H,

Steinach 932, Switzerland; (41) 71-
447-0447, e-mail: dbozzer@amp.com.

ONNECTORS play a humble but important role in the design of a
wireless system. For example, concerns over safety issues related to
the in-vehicle use of mobile telephones have been well documented.
But a new high-performance coaxial connector design can help to

France, Switzerland, and Brazil, do
not permit drivers to use a mobile
telephone while operating a vehicle.
In the US, legislation slated to be-
come effective in 2005 mandates that

. 1. This photograph shows the new connector system in mated and unmated

¢ configurations.
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BOOST 3V TO 5V AT 250mA
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The MAX682/MAX683/MAX684 step-up charge pumps generate a regulated 5V with output current up to
250mA, 100mA, and 50mA respectively. Input voltage range is from 2.7V to 5.5V. Select either pulse-
skipping operation for lowest supply current, or fixed-frequency operation (50kHz to 2MHz) for lowest ripple.
This gives designers the flexibility to optimize capacitor size, ripple, output current, and supply current.
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130mm?

The MAXB682 circuit occupies 3-times less board area than the smallest inductor-based solution, and delivers
up to 250mA. The MAXE83, in a 1. 1mm-high UMAX; is 4.5-times smaller and delivers up to 100mA.

+ Regulated 5V Output: ¢ 2.7V 10 5.5V Input Range
250mA for MAX682 (8-S0) + User-Set 50kHz to 2MHz Operation
100mA for MAX683 (pMAX) ¢ 0.1pA Shutdown Current
50mA for MAX684 (uMAX) + Shutdown Disconnects Output

o o ) FREE Power Supply Design Guide —Sent Within 24 Hours!  caes rulv-te b camacos
“oon et g by Includes: Data Sheets and Cards for Free Samples

LDOs for 1.8V ON CD-ROM
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Coaxial Connector

cars accommodate a hands-free con-
nection for using mobile telephones.

Regardless of legislation, hands-

free operation promotes personal

safety and helps to avoid the prospect :

of litigation if an accident does occur.
Additionally, using an antenna exter-

nal to the vehicle provides improved :

signal gain (compared to the mobile

unit’s own antenna), with improved

: reception and signal clarity.

Mobile-telephone and car-equip-
ment makers are responding with
- kits that permit drivers to place their
mobile phones in a cradle while driv-
. ing. The action of placing the tele- :

. phone in the cradle automatically:

¢ Passively switches the telephone
. from its internal antenna to the vehi-
. cle’s external antenna.

Rise above the noise.

Cascade’s RF Probe Stations deliver:
* Lower noise

e Enhanced shielding: -50 db

* Better calibration: X2 improvement
e Higher isolation
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® Attaches the telephone to an
audio microphone and speaker system
installed in the car.

e Enables the telephone to draw
power from the vehicle’s battery.

The new 50-() RF connector sys-

- tem (Fig. 1) offers excellent electrical
. efficiency through 2 GHz. State-of-
- the-art production technologies as-
. sure high quality at low cost. The

connector’s durable design is speci-
fied for 30,000 connect/disconnect
and switching cycles.

The RF jack is a small (typically 5 mm
high) surface-mount connector designed
to be mounted on the mobile telephone’s
printed-circuit board (PCB). It mechani-
cally switches from one state to another

THE NEW LOW-COST,
90-() CONNECTOR
SYSTEM OFFERS
EXCGELLENT ELECTRICAL
EFFICIENCY THROUGH

2 GHz, WITH
A DURABLE DESIGN
SPECIFIED FOR 30,000
CONNECTOR/DISCONNECT
AND SWITCHING CYCLES.

when engaging or disengaging the con-
nector plug. This low-profile jack requires
a minimum amount of real estate on the
PCB. Designed for pick-and-place op-
eration, it comes in standard tape-and-
reel packaging to accommodate high-vol-
ume manufacturing environments.

The RF plug mounts to the cradle
of the car kit, where it may be termi-
nated to a coaxial cable (e.g., RG 174
cable), leading to the external anten-
na. The RF plug employs a float de-
sign, which helps to correct for rela-
tively large misalignments.

SWITCHING JACK

The connector’s switching mecha-
nism resides in the base of the connec-
tor (Fig. 2). When the mobile tele-
phone operates independent of the
car, RF signals pass to and from the
telephone’s internal antenna through




the normally closed contacts of the
switch.
The jack has a bell-like entrance to

base material of the shell is either

deep-drawn brass or steel and is gold :

(Au) plated. Since the bell entrance
must be flush with the telephone
housing, the jack is manufactured in

Coaxial Connector

The dielectric material selected for

- accommodate various distances from are embedded in the PEEK dielectric.
- the PCB to the telephone-housing :
. surface.

help guide the plug into position. The :

PEEK is a high-end, semi-crystal-

. line thermoplastic with exceptionally
- high strength and good high-temper-
. the jack is polyetheretherketone,
commonly known as PEEK. The
- PEEK injection-molded part has an
. upside-down tee shape in cross sec- :
- tion (see Fig. 2). The stainless-steel
heights ranging from 3.5 to 6 mm to :

ature characteristics. Its strength
and wear resistance contribute to the

¢ connector’s 30,000 disconnect and

switching-cycle specification. Its abil-

¢ ity to handle high temperatures helps
switching contacts in the jack’s base :

the jack withstand the rigors of sol-

smilm

PEEK )

Switch gg@el m‘\\

r

{ Switch contact
\\\\“

Phone Mi_musing

¥
o

o

2. The jack’s bell-like entrance accommodates
misalignment. A switch in the base changes the path of the

RF signal.

3. As indicated in this layout of the surface-mount
contacts, the large ground contacts permit the solder to

forcefully grip the jack and hold it to the PCB.

High Performance DC -
1.1GHz Amplifiers

bandwidth

wider
IS better...

For additional information

(MHz@Vpg)

(2Vgp, 20MHz)

KH103

KH200

80@20 -48/-48 6000 +11,200 | CLC103
G =20VNV
25@20 -52/-58 4000 12,100 | CLC200
G = 20VV
-68 2400 *12, 50 CLC205

Product

2nd/3rd HD

Key
Features (1Vpp, 100MHz)
KH104 Fixed 14dB Gain 1100 ~47/-53 CLC104
500 Input/Output
KHB00* Differential 1500 -55/-55 N/A
Input/Output**

visit us at www.kotamicro.com

or call us at 970-667-7373
or call toll free at 1-877-667-7373

KOTA

Microcircuits, Inc.

2

* Preliminary data

** Ground referanced inputsioutputs, DC coupled.

Product | Full Power 2nd/3rd HD Output | Directly
(MHz@Vpp) (Vpp@MHz) {v,mA) | Replaces

KH560* 120@10 | -60/-62 | -54/-44 | -46/-38 | -33/-26 | 210,210 | CLC560
G=20VV | 2@20 | 2@100 | 10@20 | 10@50

KH561* 150@10 | -50/-62 | -35/-49 | -50/-41 | -40/-30 | +10,210 | CLCS61
G=20VV | 2@20 | 2@100 | 10@20 | 10@100

* Offers

shown for Ry = 500

output
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National Motorcycle Museum
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A specialist trade show
and conference

for short range radio devices,
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DESIGN FEATURE

Coaxial Connector

dering operations typical of
surface-mount manufactur-
ing. The plastic’s mechanical
stability aid the jack in meet-
ing surface-mount coplanari-
ty requirements.

The central signal pin of the
jack runs coaxially through
the PEEK dielectric and
makes contact with the
switeh in the base. The pin
can move axially within the
dielectric to effect the switch-
ing action. The end of the pin

Coaxial cahle

Cradle housin

o

L
SESSN

R

hl |
‘)'I

is convex.

The jack must be posi-
tioned with a pick-and-place
machine with a precision of
+0.05 mm. The jack’s PCB
layout offers four points of
electrical contact (Fig. 3).
The two ground contacts are large

mitting the solder to grip the jack
forcefully. The other two contacts

within the jack. :

PLUG DESIGN

plug has a right-angle design (Fig. 4).
Its materials are typical of those used
in RF connectors.

dates significant
misalignment of
the jack and plug.
Placing the hand-
set into the cradle
kit essentially con-
stitutes blind mat-
ing of the antenna
jack and plug. The

4. The plug floats in the cradle housing,
compensating for gross misalignment of the
phone and cradle. The plug’s spring provides
the force to deflect the jack’s pin, affecting
switching action and maintaining connector
contact.

© misalignment. The plug has a built-i
relative to the jack’s small size, per- :

spring that provides the force t

. deflect the jack’s pin and to maintai
¢ connector contact.
connect to each side of the switch :

The RG-174 coaxial cable connect

© to the plug. The stripped center co
- ductor of the cable slides into a slot
: the back end of the plug’s pin, and

The RF plug attaches to the plastic :
housing of a cellular telephone’s cra- :
dle kit, held in place by a C-clip. The

then soldered into place. The cab
braid is positioned over a knurle
tube, and a ferrule is slid over th

- braid. This is attached by erimpin,
. These attachment methods provic
¢ the ground connection and strai
The mated-pair design accommo- :

THE MATED-PAIR
DESIGN ACCOMMODATES
SIGNIFICANT
MISALIGNIMENT OF

relief.

When a drive
places the handse
in the cradle ki
the plug’s sign:
pin makes a sha
low entrance int
the jack (Fig. 5
pushing agains
the jack’s pin. Th

Please send me a Radio Solutions 99 brochure

Compan
Address

Yo eeeeese e
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plug floats freely
in the plastic cra-
dle housing, per-
mitting effective
engagement with
the jack despite
gross misalign-
ment. In addition,
narrow slots cut
into the plug’s bar-
rel permit slight
movements of the
resulting splines,
further facilitating
compensation for

THE JACK AND PLUG,
INCLUDING A BUILT-IN
SPRING IN THE

PLUG THAT
PROVIDES THE
FORCE TO DEFLECT
THE JACK'S PIN
AND MAINTAIN
CONNECTOR CONTACT.

action deflects tl
jack’s pin slightl.
mechanically oy
ening the switc
contacts in th
base, and isolatin
the phone’s inte
nal antenna. Tk
RF signal tran
mits at a right a
gle through th
jack’s pin to th
plug. The plug o
fers a signal pat
to the car’s exte
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Coaxial Connector

nal antenna.

plating. The spring of the plug exerts

pin, which has a concave end to accept

tion by the spring. The spring con-

regardless of vehicle vibration.
Comprehensive testing has been

telephone jack and plug coaxial-con-

and electrical-per-

. signal reflections resulting from dis-

The design of the plug and jack af-
fords smooth engagement, minimiz- :
ing contact forces and wear of the Au :

continuities in the signal path.
The tests indicated excellent
VSWR performance for mated and

i unmated configurations of the new
a force of 1 to 3 N on the jack’s center :

RF connector system (see table). The

- values were 1.15:1 at 1 GHz and less
the jack’s convex pin end. The center
contacts of the jack and plug simply :
butt against each other, held in posi- :
. a connector, insertion loss has three
stant was selected to maintain contact :

than 1.20:1 at 2 GHz.
Another basic electrical perfor-
mance parameter is insertion loss. In

major components—losses through

: contacts, losses through dielectric,
. and losses due to reflections. As the
performed by AMP on the mobile- :

table also indicates, the total mated

. insertion loss for the new connector
nector system. Tests included evalua- :
tion of mechanical-, environmental-, :

system is below 0.30 dB at 1 GHz and
below 0.45 dB at 2 GHz. This repre-
sents excellent

formance levels.
Mechanical tests
examined connec-
tor durability (cy-

i

RF performance

for a mobile-tele-

phone connector.
The production

cle life) and resis-
tance to shock and
vibration. One me-
chanical test mea- |
sured the amount | =~
of lateral applied |
force necessary to |

make the surface- |
mount jack break |
away from the
PCB. The lateral |
force required to |
tearaway fromthe |
PCB was found to
be 30 N.

methods used for
making the new
connector are un-
| usual for coaxial
| systems, but rela-
| tively common oth-
erwise. The outer
brass shell of the
jack is deep drawn
in multiple stages.
| The stainless-steel
switch contacts are
stamped and then
embedded in the
PEEK molded

Environmental
performance tests
checked the con-
nector’s ability to
resist extreme

base of the jack.

and rapidly changing temperatures,
humidity, artificial perspiration, and

industrial atmospheres.

rameter is voltage standing-wave

5. When mated, the plug makes a
shallow entrance into the jack,
deflecting the switch contacts in the

part. The central
coaxial pin is screw
machined. These
production meth-
ods provide ex-
tremely low manufacturing costs.
Production of the jack is fully mech-

: anized with little human intervention.
A key RF connector electrical pa- :

Automatic machines and controls as-

: semble the jack and package it in
ratio (VSWR). This measurement :
indicates the efficiency of signal trans- :
mission through the connector at
selected frequencies. The frequencies :
of interest are 1.770 to 1.990 GHz for :
Digital Communications System
(DCS) and personal-communications-
services (PCS) bands and 0.824 to :
0.960 GHz for Global System for
Mobile Communications (GSM) and
cellular bands. Generally, degradation :
in RF signal transmission is caused by

tape-and-reel format for surface-
mount PCB assembly. Currently, the
primary site for manufacturing is
Switzerland. Production capacity for
these new connectors is expected to
ramp up to 40 million pieces by the
end of 1999.

In short, the new mobile-tele-
phone-connector system offers a low-
cost and effective solution to passive
switching between an internal and
external phone antenna. When imple-
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1 Watt Linear Power LMDS Base Station Transmitter

LOIN RF OUT
F=*135- 155 GH BPF BP ‘ w w b» h" hﬁ» Detector fmm F="26 - 31.5 GHz
+10 to +15 dBm P1dB = +30 dBm

Driver Power

* = Any 300 MHz Bandwidth

Variable
Attentuater

45 days delivery for small quantities (5-10 PCS)
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Coaxial Connector

mented in a cradle kit, the connector :
helps to make possible hands-free op- :
eration of the mobile phone within a :
vehicle, enhancing safety and permit- :
ting compliance with a growing body '
of legislation. Connection to the
external antenna also enhances signal

gain and clarity.

The connector design accommo-
dates gross misalignment between a

cellular telephone and its cradle,

which is extremely important when :
blind mating is necessary. The new :
switching coaxial connector system :

meets all performance objectives, in-

cluding 30,000 connect/disconnect :

and switching cycles over the life of

A sampling of connector performance

PRODUCTION CAPACITY
FOR THESE NEW
CONNECTORS IS

EXPECTED TO RAMIP
UP TO 40 MILLION
PIECES BY THE
END OF 1999.

¢ the connector.

mm flexible test cables were used.

- ating life for the cradle set and the cel-

. lular telephone, since both are subject
. to abuse during normal operation in a
- moving vehicle. Although the envi-
. ronment within the passenger area is
i not as hostile as that underneath the

. hood, the connector is also built to
- withstand the extremes of tempera-
© ture and humidity that are common to
- the inside of a vehicle. The fact that
. the RF plug is designed with a float
- mounting approach allows cellular-
. telephone operators to be less than
- precise with their replacement of the
- handset to the cradle, allowing good
- Designing the connector for this :
¢ type of durability ensures along oper-

electrical connections under less-
than-ideal conditions. ®®

5

Hewlett-Packard Co. (Santa Rosa, CA), using an
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* Surface Mount Packages
* Frequencies up fo 18 GHz .
* Wide Bandwidths

e +7,+10, +13& +17
LO Drive Levels 1

* Exceptional Value
* Performance Engineered

* Exceptional Reliability

Pulsar
Microwave

Corporation
48 Industrial West, Clifton, NJ 07012
(973) 779-6262, Fax: (973) 779-2727
E-Mail: sales@pulsarmicrowave.com

VISIT OUR WEB SITE!
www.pulsarmicrowave.com
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FEEDFORWARD LINEAR POWER AMPLIFIERS

Nick Pothecary

ence on the subject of PA technology

this book is linear amplification for
radio frequency transmitters.” Not

forward Linear Power Amplifiers

that relates to linear amplifier
design.

and the various classes of amplifier

the different power transistors used

from the definitions of dB, dBm, and

for combining or dividing the output
power of a feedforward amplifier.

tral thesis and reason for writing the

can be designed to be very linear.

terest. On the other hand, their high

: which might well be the most-effi-

RF power-amplifier (PA) design- :
ers looking for a good general refer-:
 that seek to optimize capacity. Anoth-
in general, and feedforward types in :
particular, will find this relatively -
short (204 pages) text a welcome and |
handy addition to their bookshelves.
As author Nick Pothecary states in !
the preface, “The general subject of :
: 1920s by the late Harold Black, one of
i the true pioneers of the electronic
only that, but each chapter of Feed-
- ed the feedforward technique in 1928
begins with a review of basic theory

cient modulation method for
WCDMA-based wireless networks

er advantage of feedforward tech-
niques is that they support ultra-lin-
ear operation over a wide bandwidth.

Linearization techniques, as cov-
ered in Chapter 4, begin with feed-
back theory which was created in the

age. Interestingly, Black also invent-

and received a US patent for his dis-

. covery. Linearization techniques
:were developed to eliminate or

Chapter 3, for example, Power Am-
plifiers and System Design, opens :
with short discussions of amplifier :
efficiency, gain-bandwidth product, :

reduce the amount of distortion
added by an inherently nonlinear PA.
Negative feedback, as originally
described by Black, is commonly

- used for correcting distortion, but it
operation (classes A, B, AB, etc.) and

is inherently bandwidth limited and

‘unsuitable for wideband wireless
in amplifier designs. And Chapter 1, :
titled Overview, recaps all of the basic :
RF theory involved in PA design, .

applications such as WCDMA, as
Pothecary points out. The class AB
amplifier with feedforward lineariza-

' tion is gaining favor as the wideband
dBe to the use of directional couplers

amplifier architecture that offers the

- best compromise between linearity
i and power consumption for future

In Chapter 5, Feedforward Analy- :
sis, the author gets down to the cen-

wireless communications systems.
The chapter treats linearization

. techniques from a bandwidth point of
book. That is the growing importance -
of feedforward techniques in wireless
communications as new digital air-:
interface standards such as wideband :
code-division multiple access:
(WCDMA) get ready to play a major :
role in the next-generation-Interna- :
tional Mobile Telecommunications :
2000 (IMT2000). These wireless sys- :
tems will be capable of handling voice :
and data, now made possible by prac-
tical and cost-effective RF PAs that :

view—amplifiers are either wide-
band or narrowband. Predistortion
and feedforward are used for wide-
band systems while feedback, RF
synthesis, and envelope elimination
and restoration are illustrative of
narrowband techniques.

The chapter on feedforward analy-
sis—like the other chapters—starts
with a basic level by showing how to
derive the gain, followed by the
importantance of impedance match-

‘ing (input and output) to minimize

Linear amplifiers are extremely -
flexible. They can amplify single- or :
multicarrier signals, analog or digital, |
and constant-envelope or non-con-
stant-envelope signals. They have not :
been popular up to now due to their
very-low efficiency and need for pre- :
cise definition of circuit characteris- :
tics over the frequency band of in- :

power losses. The chapter concludes
with various methods of loop control

to compensate for changes in device |

characteristics with time, tempera-
ture, voltage, and signal level. (1999,
204 pp., hardcover, ISBN: 0-1-58053-
022-2, $75.00.) Artech House Pub-
lishers, 685 Canton St., Nor-
wood, MA 02062; (800) 225-9977

i (Continental US only), FAX:
linearity is a necessary ingredient for :
modulation formats such as quadra- :
ture phase-shift keying (QPSK),:

(781) 769-6334, e-mail: artech
@artech-house.com, Internet:
http://www.artech-house.com.
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The wireless market changes so
fast, you can never be too smart.
To succeed, you can’t rely on
today’s know-how: you need a
firm grasp of what's going to
happen tomorrow. Educate
yourself at the one industry event
that's always ahead in wireless:
PCS "99.

Renowned experts will update
you on the latest directions
wireless is taking through 70
information-packed sessions
covering:

= Wireless Voice (Cellular/PCS)
Paging/Advanced Messaging
Fixed Broadband

Mobile Computing

Next Generation of Emerging
Technologies

Sales & Marketing
Tower & Site Management
Public Policy

Wireless Abroad—Europe
and Asia

= Mobile Satellite
: Wireless Internet, plus
PCS Latin America

E B E N

-]

=

You’'ll select from a variety of
learning formats—workshops,
case studies, roundtables and
SuperSessions—all scheduled to
allow you time to visit more than
650 exhibiting suppliers.

NICATIONS SHOWCASE

<
| hE
The Neville Brothers

SEPTEMBER 21-24, 1999
CONFERENCE OPENS SEPTEMBER 21
Exrisirs OPEN SEPTEMBER 22

ErnesT N. Moriar ConvenTiON CENTER ! N
New ORLEANS, LouisianAa usa ANMERICA

Personal Comnunications Showcase

To exhibit or attend, contact PCIA at 1-800-759-0300 (U.S. and Canada) +1-703-739-0300 (International) T s,

Fax on demand: 1-888-PCS-PCIA (U.S. and Canada) +1-415-278-3925 (International) Or visit
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Millimeter-Wave MMICs

Perform Production Testing
On Millimeter-Wave
M M I c This test system demonstrates how
s speed and accuracy can be combined
for bigh-volume measurvements even
at millimetev-wave frequencies.

David Whitefield ILLIMETER-WAVE frequency bands offer effective solutions for
Engineering Manager : many wireless communications applications. In order to develop
Alpha Industries, 20 Sylvan Rd., 1 practical millimeter-wave products, however, testing must be per-
Woburn, MA 01801; (508) 894-5154 formed accurately and efficiently. For this reason, a special test
ext. 500, FAX: (617) 824-4579, e-mail: . station was developed at Alpha Industries (Woburn, MA) for production
dwhitefield@alphaind.com or - on-wafer evaluation of monolithic microwave integrated circuits (MMICs)
sales@alphaind.com, Internet: ~ for millimeter-wave systems. The test system is unique in that it can per-
http://www.alphaind.com. form high-volume production testing on 13 different MMICs, including

. active and passive two- and three-port MMICs ranging in frequency from L-
- band through Ka-band. In the development of the test system, particular
~ attention was given to accuracy, repeatability, throughput, ease of use, and
- data traceability.

The flexibility of the high-volume,
Noise-figure meter @ Network analyzer | | | millimeter-wave test system repre-

- sents a strong contrast to traditional
- production-test platforms dedicated
- to one, or a limited number of high-
. volume RF chips.! The test system is

Lowpass

Spectrum

analyzer - designed to perform 100-percent on-

- wafer testing of 13 different circuits.

Low- - Figure 1 is a simplified block diagram

ﬁﬂsesr - of the test station. All switches,
Power - sources, and measuring devices are
meter i fully automated, enabling single
- touchdown measurements of DC

i characteristics, S-parameters, noise

[ Load | - figure (NF), power response, and fre-

1 - quency conversion. The system’s
Computer Mechanical : probe station also features a thermal
control RF switches . chuck, enabling measurements over a

{ temperature range from +25° to
DC parametric ¢ +125°C. Figure 2 shows in detail the
analyzer : physical arrangements and specific
‘—[:G :_<]._— - types of equipment used in this sys-

. tem. The table offers a summary of
: the 13 GaAs MMICs, which currently
- have been tested on this station.
. These chips span five types of produc-
1. The high-volume-production millimeter-wave MMIC test = tion processes fabricated at Alpha
system employs mechanical switches for signal routing. © Industries. Also indicated in the table

Semi-automatic probe station with hot chuck

MICROWAVES & RF = AUGUST 1999

98




HP34401A |

e 3 IN

Dual-trace oscilloscope
DC to 50 MHz
Tek2215

Dual power meter
10 MHz to 40 GHz
Gigatronics 8542

Dual power meter
10 MHz to 40 GHz
Gigatronics 8542

A H<

vl

Millimeter-Wave MMICs

Noise-figure meter 10 MHz to 1.6 GHz

Gunn

Probe-
station
monitor

Computer
monitor

HP8970B

Noise-figure meter

Network analyzer

Synthesized sweeper
10 MHz to 40 GHz

Lowpass

HP83640A

filter

Network-analyzer
display unit
HP8510C

HP8346A

Power amplifier
26.5 to 40 GHz

Power amplifier
210 26.5 GHz
HP8348A

Noise

Network analyzer
10 MHz to 40 GHz
HP8510C

Spectrum analyzer
DC to 40 GHz
HP8564E

Blank

Custom RF switch-network tray

Electroglas 2001 semi-automatic probe station

Network-analyzer test set
10 MHz to 40 GHz
HP8517B

'486

running

Synthesized sweeper for network
PC analyzer, 10 MHz to 50 GHz
HP83650A

RF power

Spectrum

Amplifier analyzer

Amplifier \ MIXer

Low-

pass

filter
Power

Power i

melers

Load

Mechanical
RF switches

visual
hasic
(HPIB

DC parametric analyzer
HP4142B

analyzer

DC parametric

control)

Switch
driver
HP11713A

Dual fixed DC supply
HP6253A

Semi-automatic probe station with hot chuck

2. The production MMIC test system includes network
analyzers, synthesizers, and power meters.

is the average monthly volume of :

chips during two years of operation.

During the first year, testing was per-
formed on a single eight-hour-ghift :

basis. During the last year, testing

was performed in two shifts. The :
average test times indicated do not :

include setup and calibration times,

which vary widely due to the com- :
plexity of the MMIC, the number of :
frequencies evaluated, and number of
different test types required for each :
frequency. The setup times vary from :

zero to two hours.

SYSTEM DESCRIPTION

Accuracy is extremely important :
in this test system. Due to the com- :
plexity of the test system, many
issues have been addressed in order
to attain accurate calibrations. To :

minimize system loss, for example,

all RF equipment is positioned so
that interconnections are as short as :
possible—where all cables between
RF components are 12 in. (30.48 ¢m) °

possible.

or less (Fig. 3). The test cables are
short, semirigid sections of K- or 2.4- !
mm cables, except those leading to '
the RF probes which are 12-in.
© (30.48-cm) flexible K-type cables.
Figure 4 is a view of the switching

3. The physical layout of the millimeter-wave test system
shows how interconnections were kept as short as

matrix located directly behind the
probe station where multiple short
interconnects are used. In general, a
minimum number of cables and

- adapters are used to minimize reflec-

tions. Standard commercial calibra-

Water chuck

DC probes with 26-PIN
sockel connectors

HP41428 DC

w cables (25-PIN diode to 26-PIN socket)

analyzer

"DC key"
m junction
boxes
mra

NN

GND CH2 CH4 5 6

N

AFU

-

Custom BNC to

25-PIN-diode
connector
assembly

4. A custom DC cable configuration was used to reduce test-system and DUT

setup times.
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Millimeter-Wave MMICs

13.5

tion substrates and high-accuracy et

commercial frequency synthesizers :

428 432 436
Noise figure at +25°C—dBm

and signal analyzers are part of the
millimeter-wave system. i
Repeatability of measurements is
equally important and has been ad-
dressed over short and long periods of
time. During the testing of a single :
wafer, multiple types of tests require : ; s T o
exercising the mechanical switches : Galn al +85°C—d8

+2.4 +2.8 +3.2 +3.6
Noise figure at +85°C—dBm

Combline Filters

Designed to your specifications.

Foreign
Distributors
Sought.

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

e-mail: mfcsales@microwavefilter.com

CIRCLE NO. 429

5. These histograms reveal the gain
and noise-figure performance of a
low-noise Ka-band amplifier at +25
and +85°C.

directly in the calibration path. The
use of precision 40-GHz electro-
mechanical switches from Hewlett-
Packard Co. (Santa Rosa, CA)in these
critical paths provides extremely re-
peatable and stable connections and
signal routing. Network-analyzer and
noise calibrations are performed near-
ly every 4 h and power calibrations
approximately every 48 h. Long-term
repeatability is confirmed for several
sensitive circuits by the use of produc-
tion wafers permanently held at the
station as “golden standards.”

Throughput is also a concern, and
was a major motivation for the devel-
opment of the millimeter-wave test
system. In general, this single test
station replaces three single-function
test stands, in turn, eliminating the
extra setup times, wafer-handling,
and data screening associated with
multiple test stations. The specific
high-speed features of the millime-
ter-wave test system include quick
diode-based power sensors and a
high-throughput Electroglas semi-
automatic probe station. An addition-
al feature that reduces setup times is
the custom DC cable system (F'ig. 5).
With this cable system, a 25-pin junc-
tion box is wired once for each type of
MMIC to be tested. A technician sim-
ply selects the junction box for the
current MMIC being tested along
with its associated DC probe card,
and a consistent, quick, and error-
proof DC setup is provided.

Ease of use is an important issue
that directly effects throughput by
reducing setup, calibration, and data
analysis times. Several personal-com-
puter (PC) Windows™-based pro-
grams have been written using Visual




DESIGN FEATURE 3

Millimeter-Wave MMICs

Basic™ programming code to aid in :
the automatic operation of the milli MMICs currently tested on

meter-wave test system. A semi- themi“imeter'wa"e SyStekm

automatic setup and calibration pro- : |
gram steps the user through the : |
configuration and calibration specific :
to the type of MMIC being tested. : |
Advanced calibration types include :
mixer and three-port S-parameter :
configurations. Dated calibration files : |
are created and stored for use with :
the production-test software. Test- : |
equipment debugging and individual : |
control of mechanical switches is also : |
provided in the setup program. The :
production-test software reads in text : |
files containing a test-plan sequence :
for a specific IC as well as wafer-map-
ping information. Tests are per- : |
formed automatically across the wa- :
fer with the ability for intelligent :
conditional testing based on real-time : &
measurement results. Finally, raw : [
data are screened to the test specifi- :
cations and a summary of passing |
chips is generated along with a graph- : |
ical wafer map. One- to two-page flow : 2T

CIRCLE NO. 412
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415 18 17 18 18 W 2 2. A
Gain at +25°C—dB

+19 +20 +21 +22 423
Salurated power at +25°C—dBm

48 h 16 1 g 4 0
Gain at +90°C—dB

2 .0
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Saturated power at +90°C—dBm

6. These histograms reveal the gain and saturated output-power performance
of a Ka-band driver amplifier evaluated at +25 and +90°C.

documents describe all that is needed

for a technician to receive a wafer and
produce a summary of good MMICs.

On these data summaries, trace- |
ability is provided back to each
MMIC. Imprinted on every chip is a
unique set of numbers that identifies :

cally over the history of each chip. °

- Figures 5 and 6 are examples of data
- collected with the millimeter-wave
. test system. Figure 5 shows gain and
: NF distributions in histogram form
¢ for a Ka-band low-noise amplifier
- (LNA) evaluated at +25 and +85°C.
. Figure 6 shows the gain and saturat-
- ed output-power distributions for a
- Ka-band driver amplifier at +25 and
- +90°C.

In summary, the automated milli-

_ meter-wave test system provides
. measurements of DC, noise, power,
. and S-parameter results with a single
. pass across a wafer. The system pro-
¢ vides high accuracy and repeatability
¢ while maintaining good throughput,
¢ ease of use, and data traceability. The
. results provided by the test system
¢ have helped make system integration
. of the evaluated MMICs more efficient
the type of circuit and its exact loca-
. tion on each wafer. A significant data
. base of on-wafer DC and RF data are :
accumulating fOI‘ all 13 types Of and mamtammgthe test station.
MMICs. The data are summarized :
wafer by wafer and analyzed periodi- :

and cost-effective. ®®
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by LPKF ProtoMat® C60

* Fabricate Your Prototypes in Your Lab
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e Input Data from DXF, Gerber or HP-GL
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Building blocks
of the past.

Ltm
o b

Building blocks of
the wireless future.
y

I\ XEMOD

Now there’s a cost-cutting, time-saving
alternative to building Power Amps from scratch.

Still designing high-power RF amplifiers the Want more design flexibility? QuikPACs let
old-fashioned way? Design with QuikPAC you choose how much integration you want
amplifier components instead. Their consis- while retaining total control over the stages
tent quality, outstanding performance and that make your designs unique. Replace one
low unit price make switching to QuikPACs stage with one QuikPAC or many stages with
easy and cost-effective. many QuikPACs. It's up to you.

Using QuikPACs instead of ordinary transis-
tors shortens design cycles and allows you
to dedicate more time to innovation. Or sim- high-power RF amplifier components—the
ply be more productive. And because we've
done some of the integration for you, your
RF amplifiers will actually be easier and less more information, call 1-408-733-7229 or

expensive to manufacture. visit WWW.Xxemod.com.

See how easy it is to switch to Xemod QuikPAC

building blocks of the wireless future. For

Xemod, Inc. * 333 Soquel Way ¢ Sunnyvale, CA 94086 < 408-733-7229
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The Company whose products have

been in existance for over ten years and has
been providing the U.S. industry

leaders with the German engineered

MAFIA Simulation Software, announces:
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for 3D EM Simulation

B ANEW product usinga NEW technique
“Perfect Boundary Approximation” combined

with a powerful optimization tool.
Discover the applications and the new
technologies now available and reserve a
seat at one of CST’s free training seminars
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San Francisco
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DESIGN FEATURE

Fractional-N Synthesizers

Fractional-N Synthesizers
Meet HSCSD And GPRS

Good phase noise and fast switching
speeds make fractional-N frequency

synthesizers suitable for wiveless
high-speed-data applications.

Christian Wuensch

Applications Engineer

Philips Semiconductors, TCMC
Transceiver Technology,
Stromerstrasse 5-7, 90443 Nuernberg,
Germany; (49) 911 2001 182, FAX:
(49) 911 2001 102, e-mail:

christian.wuensch@nbg.sc.philips.com

RACTIONAL-N frequency synthesizers loom large as solutions for
emerging fast switching Global System for Mobile Communications
(GSM) multislot standards, including high-speed circuit switched
data (HSCSD) and general-packet-radio service (GPRS). Fractional-

. and fast switching times were not

i vital. Often it was phase error that °

- N synthesizers can provide the frequency agility that is necessary for these
- new standards while maintaining low spurious levels and good close-in
. phase-noise characteristics.
Three performance parameters are :
- eritical for synthesizers that are used :
. in GSM terminal radios—phase noise
- close to the carrier, spurious levels, :
. and switching speed. The close-in :
. phase noise specifies the noise contri- i
. butions of the GSM frequency syn-
- thesizer, which is part of the system’s -
. overall phase errors. This must be
less than 5-deg. root-mean square
~ (RMS). Prior to the introduction of :
. HSCSD and GPRS, low phase error :
: parameter because the receiver in a

was improved. Now the new multislot
classes require faster switching times

¢ while keeping up with other perfor-

mance demands. Meanwhile, much
progress has been made in fractional-
N technology, leading to improved

: performance on close-in noise and
. spurious levels. The use of high com-

parison frequencies in fractional-N
synthesizers contributes to the fast
frequency-switching speeds.

Power consumption is also a critical

mobile phone has to listen to the pag-
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1. The SSB noise of the SA8026 fractional-N frequency

synthesizer IC was measured at 1360 MHz.

2. The output spectrum of the SA8026 fractional-N
synthesizer was evaluated with a fractional divider.
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Fractional-N Synthesizers

ing and synchro-
nization channels
continuously even
in the idle mode.
This leads to peri-
odically on and off
switching of the
receiver, which in-

Charge
pump

L

<

VCo

- i

cludes the fre-
quency synthesiz-
er for channel
selection. Thus, the synthesizer has a

the phone. In the future, the trend
toward lower-supply voltages will

signal-to-noise ratio (SNR). Power
this article because the demand is

long as other performance criteria are

(IC) targeting the wireless telecom-

munication terminal market.
Following a brief discussion of syn-

cle will explore the demands for

tems as they relate to switching time.

tions will be demonstrated by a series
of measurements.

PHASE NOISE

Phase noise is a key parameter in
systems that use complex digital-

Table 1: GSM spurious-level

requirements

(GSM 05.05 version 7.0.0, ref. 6)

3. This is an extended PLL filter structure for enhanced
performance with the SA8026.

¢ modulation schemes. An evaluation of
major impact on the standby time of °

phase-noise performance is based

. upon the type of modulation used. For
. example, either error vector magni-
eventually be limited by the required :

tude (EVM) or phase error can be

- used. The Gaussian minimum-shift-
consumption will not be discussed in :

keying (GMSK) modulation scheme

- used for GSM requires a phase error
very simple—the lower the better, as :

of less than 5-deg. RMS and 20-deg.

- peak of the transmitted signal."® The
fulfilled. Nevertheless, power con-
sumption is one of the most important
parameters for any integrated circuit :

phase noise of a phase-locked-loop
(PLL) frequency synthesizer can be
described by the RMS phase error of

. the synthesizer, ®py,, where ®p;  is
. only one of the contributors to the
- phase error in a GSM terminal.

thesizer noise performance, this arti- :

The total RMS phase error, ®,.;,

. can be calculated by taking into ac-
emerging HCSCD and GPRS sys- ' count the four main contributors as
- follows:

The applicability of a new line of frac-
tional-N synthesizers from Philips
Semiconductors (Sunnyvale, CA) for -
these GSM multislot terminal applica- -

i where:

2 2
Dioar = (Pprr + Pippoa +

Dir_moa + P4 ) (RMS) (1)

®py,1, = the phase error of the fre-

quency synthesizer,

D), moa = the phase error generat-
ed in the baseband modulation,

DR p moa = the phase error generat-
ed in the RF modulator,
and

@p4 =the phase error
which occurs in the
power amplifier (PA)
[saturation, amplitude-
modulation-to-phase-
modulation (AM-to-
PM) conversion].

To enable some im-
— plementation margin
for all of these contribu-

ious level
SM (dBc)

tors, the RMS phase
error of the synthesizer
should not exceed 2 deg.
This value can be higher
if the performance of
the other contributors
is low. The loop band-
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Step-by-step Filter Design
At LARK we make it easy!

Go to LARK's web site,
www.larkengineering.com

Input specifications of your
filter requirements

Instant gratification. That’s what it's all about when you
place your order using Lark’s unique software and
internet access. Just get on line with Lark. Click the
GO! Interactive Design icon, just like the one shown
below, and you will be guided one step at a time through
the design process. Once the part number comes up
you can select additional information such as
performance plots, specification sheets, and outline
drawings.

Select from one of the most extensive product lines in
the filter industry. Lark provides RF/Microwave
spectrum filters from 100 kHz to 18 GHz utilizing
structures such as lumped constant, tubular, ceramic,
interdigital, combline and cavity. Lark’s mechanical
packaging includes leadless surface mount and

Lark Engineering Co."”

Div. Baier & Baier, Inc.
SN 27282 Calle Arroyo * San Juan Capistrano, CA 92675
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connectorized units with solder pins to Type N
Connectors.

Lark Engineering is ISO 9001 certified. We pride
ourselves on being the leader in supplying RF and
Microwave filters. We have coined the term
IMMEDIATE FILTER DESIGN to describe how easy it is
for you to get the optimum filter for your application.

It's fast too! That’s one good reason why major wireless
communication systems worldwide use Lark filters.

Find out how easy it is. Link up with Lark at
www.larkengineering.com and we’ll do the rest. Your
design, your specs, your exact filter, EASY! ORDER
NOW... quantity, price, and delivery will be E-mailed or
Faxed to you within 24 hours.




width exhibits a
simple relation-

Rx cell 18

ship between

phase error and | Rxcell 2]

switching time— |
Rxcell 3

as the loop band-
width is increased, e
the switching time Sl
is decreased, but gl

the phase error is B
. . Tx
increased. The lim- W‘_‘ !

- =4.62ms Rx-_

iting factor is the
close-in noise-floor
density of the syn-
thesizer. The

' Hrameaatime slats ;

-

Tima

Tx m

close-in noise is
the residual phase
modulation within

the PLL bandwidth caused by differ- :
ent noise sources of the loop compo- :
nents. The modulating signal arises :
from the voltage noise that is present
at the loop filter introducing AC devi- :
ation at the control input of the volt- :
i and apart from the shaping effect of
a VCO output signal phase modulated :
¢ ment for GSM of 2-deg. RMS, it is pos-
. sible to find the matching power-car-
© rier spectrum.

age-controlled oscillator (VCO). Thus,

with a peak phase excursion Ad can be
described as follows:

Svco(f) = ACOS(COCt +

Apsinpyt) (2) * gion, the sum of the energy of all the

. PM signals must result in an integra-
: tion above the considered frequency
. range. If only the single-sideband
: (SSB) phase noise is used, then half of
. the RMS phase error (jitter) becomes:

Sycolt) = Alcosm, t X
cos(AQsinw,,t) —
sin(Asinw,,1)] (3)

sin@.t X

where:

A® can also be considered as the

modulation index.

If A® is small, narrowband fre-
quency-modulation (FM) theory ap-
plies, which simplifies the analysis

considerably.

For A® = 2-deg. RMS or approxi-
mately 34.9 mrad, sin (A®) = 0.033489 :

(Ad} and cos (Ad}) = 0.99939 (1. Thus,
the approximation of eq. 4 is valid.)

Syco = A{cosw t——z-—[cos(m +

According to eq. 4, the output-noise '
spectrum can be regarded as the sum :
of a large number of offset frequen-
cies on both sides of the carrier due to
the PM caused by a large number of :

sinusoidal signals at low levels. The
level of the noise sidebands on each

4, This represents the timing of traditional GSM without
frequency hopping.

side with respect to the carrier is:

Liw) = zmogm[“—;’] (5)

The noise spectrum is often uni-
formly distributed about the carrier

the loop filter. Looking at the require-

To find the complete phase excur-

I 0.5
J 2L(w)do (6)
fi

Ppy /2=

where:

L(w) = the SSB noise spectral
power density,

f; and f; = the lower and upper

. boundaries, respectively, of the con-
. sidered frequency range, and

®p 1, = the peak phase excursion of

the synthesizer.

By a uniform distribution of the

: noise spectrum over a known band-

W )1 = cos(@, — @y, )J} (4) width (BW), eq. 6 can be simplified to:

Lo = (Ppyy ) / BW (7)

where:

(I)PLL RMS = the RMS phase excur-
sion of the synthesizer.

Expressing eq. 7 as a power ratio,

- the lefthand side can be interpreted as
i the phase-noise-to-carrier ratio, L (w)

SURFGOIL
Inductors &
Transformers

SMT TUNABLE RF COILS:
« Inductance from 14 nH to 680 puH
«Tuning range up to +7.5%

«Five terminal pad layout allows for
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For example,

the previously

mentioned 2-deg.

RMS (35 mrad

considered for a

TUE

30-kHz loop band-

Frequency
e

width requires a
close-in noise-floor

L | T T T 1T

[T [ ] |

density of -80 dB¢/

~4.62 ms

Hz. The 30-kHz
> loop bandwidth is

1 frame = 8 time slots

chosen to achieve
the switching-
| speed require-

ments. The syn-
thesizer IC and

crystal oscillator

| used as the refer-

Frequency

L1 T T ]

=4.62 ms

ence source deter-
mine the close-in
noise-floor densi-
ty. The design of
the loop-transfer

1frame = 8 time slots

funetion influences
the distribution of

5. These two examples show the GPRS multislot allocation

for multislot class 12, with RX =4, TX = 4,

in dB¢/Hz, with the formula now
becoming:

L(w) = 20logo(Ppry gass 7 2) -
10log;y(BW) [dBc / Hz ] (8)

The bandwidth that is being con-
sidered in eq. 8 is the 3-dB bandwidth
of the closed loop. In principle, by
finding the necessary value for L(w),
the occupied bandwidth of the modu- :
lation scheme must be considered.
GSM uses a symbol rate of 270 kb/s.
The occupied bandwidth is reduced
by pulse shaping (GMSK = 0.3) to :

the noise. Thus,
sometimes the in-
tegral of eq. 6 can-
not be solved as
easily as before. However, eq. 8 pro-
vides a good estimation of what is fea-
sible with the selected synthesizer IC.

and sum = 5.

- Due to the close-in noise-floor density,
. either the phase error or the switch-
© ing time can be optimized.

The model SAR026 fractional-N

- synthesizer from Philips Semicon-
- ductors provides a typical close-in

noise-floor density of -85 dBe/Hz for

- the 900-MHz band. For a 30-kHz loop
. bandwidth, this results in an RMS

phase error of approximately 19.5
mrad or 1.1 deg. This value is well

approximately 200
kHz. But by using ST,

higher-order | /

loops, the contri- @
bution of the resid-
ual phase-noise | BS |

spectral density to
the RMS phase

4@5}5@7!"

error beyond the

3-dB cutoff fre-
quency of the loop
can be negligible

-

due to the nega-

A SMITHS INDU
P.O. Box 9000, Minden + NV 89423-9000 USA
Tel (800) 325-7170 (775) 782-2511
Fax (775) 782-4476 + www.polyphaser.com

IS0 9001 CERTIFIED

tive slope of the

6. This is the required timing advance of the transmit burst

VCO noise skirt of
more than 20
dB/decade. for the mobile unit.
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design software.
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Fractional-N Synthesizers

within the specification and leaves : for an application
some implementation margin for - with the SA8026 L_—P;L [ TT1
other components. The estimated = at 1360 MHz. The | : T
phase-error value for the GSM-1800 = 3-dB cutoff fre- |
band of the SA8026 is 2-deg. RMS, | quency of the loop
coming from a typical close-in noise- | is 30 kHz and the
floor density of -80 dBe/Hz for the : phase margin is 65 "

1800-MHz band. ¢ deg. ~577 us - idle frame

Figure 1 shows the phase-noise . Inherent in the 1frame =8 time slots | 4
skirt and the integrated residual PM © fractional-N prin-

7. This is the possible timing of
synchronization for a HSCSD mobile
unit.

ciple is the generation of spurious sig-
nals. The level is determined by the
accuracy of the phase-interpolation
hardware. There are two kinds of spu-
rious signals that are generated by a
fractional-N synthesizer—the leak-
age of the comparison frequency and
fractional spurious if the fractional
divider is used. In order to obtain the
200-kHz channel raster for GSM with
the SA8026, a 1-MHz comparison fre-
quency and a fractional-N modulus of
5 are used. This results in the gener-
ated spurious at integer multiples of
200 kHz. Table 1 shows the require-
ments of the GSM standard.

The measurement shows that a
fractional divider ratio generates
more spurious signals than an inte-
ger synthesizer. Nevertheless, the
spurious suppression provided by
the phase interpolation hardware of
the SA8026 is sufficient for the GSM
transmitter application. The spec-
trum-analyzer plot is shown in Fig, 2,
The loop filter used for this measure-
ment is the same as the one used for
the phase-noise measurement.

The dependency of the fractional
spurs on the output frequency could
pose a small problem. For wide fre-
quency ranges, the optimal value of
the FDAC may need to be slightly
adjusted. The measurements imply
that it is feasible to obtain sufficient
performance. During this measure-
ment, FDAC = 120 was found to be
optimal. The worst-case conditions
for 200 kHz can be seen. The best
case was 7 dB lower.

When using wide-loop bandwidths,
special care should be taken with re-
spect to comparison frequency leak-
age and its harmonics. The widest
bandwidths may result in the most
problems. For these cases, it becomes

See the full line of Focus products at www.focus-microwaves.com

970 Montee-de-Liesse, Suite 308, Ville St-Laurent, Quebec, HAT 1W7
Tel: (514) 335-6227 e Fax (514) 335-6287

Email: info@focus-microwaves.com
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more difficult to find an adequate loop

filter, because the desired loop band- :

width and the comparison frequency

become closer to each other. There- :
fore, it is desirable to have the highest
possible comparison frequency. It is
recommended that the filter strue-
ture shown in Fig. 3 be used. The last !
pole is introduced specifically to sup-

press the comparison frequency.

GSM is a frequency-division-multi-
ple-access (FDMA)/time-division-
multiple-access (TDMA)-based sys-
tem where the physical channels are
orthogonal in frequency and time.
Potentially, up to eight users can
share one frequency (the RF channel).
Thus, the receiver and transmitter
are active approximately one-eighth
of the time but never at the same time.
Unfortunately, the receiver has to do
more in the cellular-band GSM net-
work. It has to monitor the signal
strength of the neighboring cells to
provide information for handover and
cell re-selection. Thus, the receiver is
more active. Usually, the time for
measuring the signal strength of a
neighboring cell is only a part of one
time slot depending on the capabilities
of the digital signal processor (DSP)
and software used. To make a han-
dover to a neighboring cell, it is neces-
sary to synchronize the surrounding
cells from time to time. During this
synchronization, the frequency-cor-
rection channel (FCH) and the syn-
chronization channel (SCH) of the
neighboring broadcast-control chan-
nel (BCCH) are read. For this activi-
ty, the idle frame in connected mode,
which occurs every 26th frame (120
ms), can be used.

The intention of HSCSD and GPRS
for GSM is to deliver higher data rates.
The specification for traditional GSM
supports a maximum data rate of 14.4
kb/s. It is possible to change the coding
and puncturing to increase the data
rates, however, this comes with a
penalty of lower robustness against
the propagation conditions and, there-
fore, there is a decrease in system per-
formance, especially in terms of capac-
ity. As long as the modulation scheme
remains unchanged, the best way to
increase the dataratesis to break with
the convention of receiving and trans-
mitting in only one time slot per frame
and allocating several time slots per

Fractional-N Synthesizers

. frame for one connection. The GSM !
frame is approximately 4.6 ms long,
- consisting of eight time slots each with :
: . frequencies, this frequency step range

The switching time that is consid-
ered is the time that the synthesizer :
needs to switch from frequency f; to !
frequency f,. For GSM-900, the fre- :
- quency step is 45 MHz and for GSM- :
: 1800, the step size is 95 MHz with a :

approximately 577-ps duration.

frequency accuracy of 90 and 180 Hz,
respectively (GSM 05.05 version
7.0.0,%). Considering the monitoring

up to twice as much. This would be the
case in the scenario where the trans-
mission occurs at the low edge of the
transmit band (i.e., 890 MHz) while
the monitoring frequency is at the
high edge of the receive band (i.e., 960

we nave ALL THE FREQUENCIES YOU
EVER NEED (around 3.2 siion trom 100 ke up
5.3 it vou canacinss i s 200 20pS

ana they e VERY CLEAN WITH LOW
PHASE NOISE/JITTER,; tere .. MANY
DIFFERENT MODELS TO SUIT YOUR
APPLICATION wien reatures 1xe PHASE
ROTATION, DUAL CHANNEL UNITS

AND MORE....

FREQUENCY SYNTHESIZERS

PROGRAMMED TEST SOURCES, INC.
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Fractional-N Synthesizers

MHz) as a worst-case sce-
nario for GSM-900. Fortu-
nately, the required accuracy
for signal-strength measure-
ments is more relaxed. The
time for settling on a fre-
quency from power-down
mode to active mode is also
important for making termi-
nals with long standby times
but is not considered here.
The previously mentioned
frequency steps must be
achieved in less than 850 ps.
This requirement comes
from the need to synchronize

Frequency error—kHz

M| | | |s2|

have been introduced for the

T
~ Reference level = —

'Y new HSCSD and GPRS ser-

-12.6 dBm

vices (GSM 05.02 version

TRG | 7.0.0, Annex B,"). If the sum

of all time slots becomes

eight or higher, a full-duplex

transceiver architecture
becomes necessary. Full-

duplex operation appears
necessary before the sum of

time slots is allowed to reach

eight because the time for

switching the synthesizer is

Settling time—ms

not zero. Owing to this, type
1 1 and type 2 can be distin-
guished between each other

to one of the surrounding 8. These measurements show the frequency settling when
switching from 1360 to 1290 MHz (with 16-Hz frequency

cells. To successfully syn-
chronize and read the FCH
and SCH in one attempt, a

error).

gap of nine time slots is necessary for = vide the allocation of a specific num-
unsynchronized neighboring base sta-

tions. Monitoring can be skipped in

the pre-idle frame, so a gap of 12 time
slots is available for this task.

Reduced by the necessary nine time
slots, only 1.5 time slots (850 ws on
each side of the idle frame are left for

switching the synthesizer.

For HSCSD and GPRS, the timings

ting. Now, a lot of new, multislot class-

ber of time slots for forward and
reverse link. Every new class, using

. more than one time slot for either link

decreases the available time for the
synthesizer to switch frequency.
Most GSM terminals currently use

ceiving and transmitting is never
performed at the same time. Figure 4

Currently, 29 multislot classes

Table 2: First 12 multislot classes

of slots
iTr'a T

as follows: type 1 mobile
units are not required to
transmit and receive at the
same time while type 2
mobile units must provide si-

: multaneous transmission and recep-
i tion. For the following, only type 1
. will be considered, as type 2 classes
: would have a major impact on the
- transceiver architecture. This will
. increase cost and possibly limit the
a transceiver structure where they
share the channel synthesizer be- :
. tween receiver and transmitter (half :
become different. Both achieve higher @ duplex). They can do this because re- -
data rates by using more than one
time slot for receiving and transmit- :
. shows the timing of traditional GSM.
es for mobiles are specified which pro-

market potential of these mobiles.
For these new services, fractional-

N synthesizers are especially inter-

esting due to their fast frequency-

: switching capabilities resulting from

the higher comparison frequency. In
the following paragraphs, the new
demands on switching time will be

. derived. Table 2 shows the specifica-
. tion of the first 12 multislot classes. It
. is very likely that these classes will
¢ be implemented first and very soon.

The explanations used in Table 2 re-

i quire some explanation (for more
- detail, please see GSM 05.02 version
. 7.0.0, Annex B,%). The terms Rx and
. Tx refer to the maximum number of
i receiver or transmit time slots that a
. mobile unit can use per frame. The
: mobile station (MS) must be able to
- support all integer values from 0 to Rx
. or Tx. The time slots need not be con-
. tiguous. For type 1 mobile units, the
¢ time slots should be allocated within
. the window of size Rx and Tx, and no
i transmit or receive time slot should
© occur between the receive or transmit
. time slots within a TDMA frame. The
. term “sum” refers to the total number
¢ of forward- and reverse-link time slots
- that can actually be used by the mobile
© unit per frame. The mobile unit must
~ be able to support all combinations of
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. local oscillator drive level and exceed +30 dBm of input third
order intercept point. Higher L.O. drive level models with higher .+’
third order intercept points are also available. v

Don't compromise performance...
specify Synergy's HIGH IP3 MIXERS.
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MAURY MICROWAVE can prowde the necessary eqmpment
for making s-parameter, load pull, fixture characterization,
device characterization, or any other measurement you require.

Our complete line of test port cables, connectors, test fixtures, tuners,
and software includes all the tools you need for accurate measurements.

ks
Orh £8 You uniw Help

Manual Tuners to 50 GHz

r- Delauh

Label: fixture measurement

St MT956D S Parameter/ Fixture
Measurement Software runs 8045N High Matching Range
under Windows® 95/98/NT and Manual Tuner, used for device
works with most Hewlett-Packard characterization, is specifically
and Anritsu network analyzers. designed for PCS and Cellular

Applications.

t:b 7 ﬁj ’A
H¥e -
O 7 1

MT950G with MT982A Automated Tuners

¥ @S
Z #
0“’ 4 ©

8944B VNA Test Port Cable and Adapter Kit

eW
" MT950G Transistor ~ 8944/8946 VNA Test Port Cables
Test Fixture is ideal and Adapters are perfect for making
& for testing short lead precise phase and amplitude stable
S - transistors packages.* measurements up to 50 GHz.

e —— For more inforn

ther fine Maury products,
call or fax ot

at the numbers below.

MAUFIY MICROWAVE Visit us on the World Wide Web at

CORPORATION http://lwww.maurymw.com

‘.,)4}“)}.3_

2900 Inland Empire Blvd. « Ontario, California 91764, USA + Tel: 909-987-4715 « Fax: 909-987-1112
Email: maury@maurymw.com
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Fractional-N Synthesizers

integer values of Rx and Tx [~
time slots where 1< Rx + Tx |
< Sum. The term T}, refers to
the time needed for the mo- |
bile unit to perform adjacent-
cell signal-level measure-
ments and to get ready to
transmit. Parameter Ty, re-
fers to the time needed for |
the mobile unit to prepare to |
transmit. This minimum
requirement will only be used |
- when adjacent-cell power |
measurements are not
required by the service |
 selected. Term T, is the time
needed for the MS to perform
adjacent-cell signal-level
measurement and to get
ready to receive. As with
parameter Ty, this minimum re-

error).

not required by the service selected.
Term T, relates to the necessary time
for the MS to get ready to receive.

The data in Table 2 indicate the | time for switching the synthesizer is
. the time needed to perform the adja- :
- cent-cell signal-level measurement.
For type 1 mobile units, it is the mini- :
mum number of time slots that are al-

total time in terms of the time slots
(each time slot represents 577 ps).

lowed between the end of the previous
active time slot and the beginning of

the next active time slot when a mea- :
surement is to be made in between.
Note that for HSCSD, a symmetrical :
or forward-biased allocation with a :
minimum of one reverse-link time slot, :
is necessary. This does not apply to : |
GPRS. Figure 5 shows two different : |
time-slot allocations for a GPRS mo- : |
bile unit. The most stringent, class 12, |

is considered in this article.

To arrive at the available time for :
switching the synthesizer, two factors | |
must be considered. It should be : |
noted that, in practice, if the next : |
active time slot is a transmit slot, the : |
minimum time allowed may be re- :
duced by the amount of timing ad- : |
vance. The timing advance is the time : |
the mobile has to transmit earlier to : |
the base station in order to be in the
timing schedule of the base station. :
This value depends on the distance be- |
tween a mobile unit and the base sta- : |
tion. In GSM, this time is coded by 6 b : &
and the time unit is 1 b (3.69 us). : [
Therefore, the maximum timing ad- :
vance (T,gvance) that the base station : |

9. These measurements show the frequency settling when
switching from 1290 to 1360 MHz (with 19-Hz frequency

j can request is 233 ps. This is related to
quirement will only be used when ad- :
Jjacent-cell power measurements are :

the maximum distance to the base sta-

The second factor that reduces the

According to GSM 05.02, version

: ther assumption
¢ monitoring time slot is initially cen-
. tered in the middle of the gap between

more, the flexibility of the
| timing-control unit for the
_ | positioning of the monitor
' | burst has a major impact on
| the available time for switch-

| ing the synthesizer. The
| best-case scenario is to locate
| the monitor burst exactly in
| the middle of the available
time gap. In a case where this
is not possible, the time gap
becomes smaller. Table 3
shows the times available (in
microseconds) for switching
| the synthesizer, assuming
1 the highest timing advance
and 300-ps time to perform
the adjacent-cell signal-level
measurement (T, nicor). This
provides the shortest possi-

. ble time gaps for the synthesizer, but
i leaves some margin for implementa-
tion of 35 km (Fig. 6). For this exam- : tion difficulties owing to limited flexi-
- ple, the time provided in Table 2 must :

- be reduced by the timing advance.

bility of the time-control unit. A fur-
is that the

Rx (Tx) and Tx slots by taking the

- timing advance into consideration.
: Table 3 is closely related to Table 2.
7.0.07, this only applies to Ty, and T,,.
i Feasible times that depend on the ca-
- pabilities of the signal-processing unit :
are between 150 and 300 ps. Further- :

. The simple equations that follow were
¢ used to calculate the available times
. for switching the synthesizer as

shown in Table 3, whereby the values

Table 3: Available time for switching the

synthesizer depending on the multislot class

(ns)
T
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Low-Band Series
10kHz-100MHz

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

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

Fi ik

KM Serles—Microwave
Power Amplifiers

1-8GHz, Up to 1000W

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

particularly as solid-state (GaASFET) octave-

band replacements for TWT amplifiers.

Thermo Voltek

€ 0 R PORATI ON

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

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

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

our Web site (www.kalmus.com). And if no 7050LC 50 Watls
standard product meets your 7200LC 200 Watts
i i ’ 7500LC 500 Watts

precise requirements, let's

talk about our extensive SERIES moc womas
80-1000MH

custom capabilities. Four new mdeband load tolerant, highly linear amplifiers with the industry’s

best 1dB compression figures and very low harmonics. The perfect choice
for radiated RF immunity and comparable broadband test applications.

The RF Amplifier Company

11807 North Creek Parkway South, Suite 109, Bothell, WA 98011 « Phone: (800) 344-3341 # (425) 485-9000 * Fax: (425) 486-9657 » E-mail: kalmus@kalmus.com * Web: www.kalmus.com
Kalmus is a division of Thermo Voltek, a Thermo Electron Company
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of Table 2 must multiplied by 577 ps:

tta = (Tta ¥ Tadvance - Tmonitor)/ 2

tp = Ttb T Tadvance
tra = Tra bl (tTmonitor)/ 2
tp —trb = Trb

where:

Tadvance =the tlmmg advance of the i of Per Rosdahl, as well as application engineers Mike Won,

: 1Flr:mcizs I;l]gu en, and Bob Broadway. The author also would :

3 N : like to than

t,, = the time needed for the mobile : ] ) 1 :

. 5 . : Schwarz (Munich, Germany) for important hints on per- :
station to perform adjacent-cell sig- :

MS transmit burst,

nal-level measurements and prepare
to transmit,

ty, = the time needed for the MS to
prepare to transmit,

t,s = the time needed for the MS to
perform adjacent-cell signal-level
measurements and prepare to re-
ceive, and

t,, = the time needed for the MS to
prepare to receive.

Table 3 indicates that the synthe-
sizer should switch from f; to f; with-
in at most 310 ps. Unfortunately,
there is a more stringent require-
ment for HSCSD as seen in Table 3.
To make a handover to a neighboring
cell possible, it is not only sufficient
to perform adjacent-cell signal-level
measurements. A periodic synchro-
nization to the strongest neighboring
cells must be performed. As was pre-
viously explained, nine time slots are
needed for this task. Figure 7 shows
this activity. Fortunately, adjacent-
cell signal-level measurement (moni-
toring) is not necessary. This leaves a
gap for changing the frequency of

| half a time slot which is 288 ps. In

GPRS, a complete frame is kept free
before synchronization to one of the
neighboring cells. Thus, after includ-
ing some implementation margin, a
synthesizer capable of making the
necessary frequency change in 200
ws, with the required accuracy, is
well-suited for GSM HSCSD and
GSM GPRS.

Figures 8 and 9 show SA8026
switching-time measurements using
the same loop parameters as de-
scribed in the phase-noise section.

The SA8026 fractional-N synthesiz-
er meets the three key criteria for a
GSM mobile telephone. The integrat-
ed residual phase error at 1300 MHz,
which is in the middle of the GSM-900
and GSM-1800/1900 band, was mea-
sured as 1.1-deg. RMS. Spurious levels
were 10 dB below the specification. A
switching time of 180 ps was achieved

Fractional-N Synthesizers

- making the realization of multislot :
: GSM HSCSD and GPRS mobile :
- phones feasible. Thus, the SA8026 pro- :
. vides approximately 100-ps margin :
. for system implementation. ®®
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Belllar Basestation Driver
(BH-9076

fotal I

PidB +31 dBm min

Third OIP

+49 dBm min

Group Delay 1.4 +0.2nS

DC Power 15 Vdc - 460 mA max

Temperature -40 to +70°C

Mikz
800 200 1000 1100

Choose REMEC 0-bit as part of
/

licrowave Solution

Y

Frequency 800-960 MHz

Gain 21.35 % 1.0 dB

Gain Flatness 0.5 dB p-p max

Noise Figure 3.0 dB max

VSWH In & Out 1.5:1 max
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Parameter

Frequency (MHz.)

Gain Flatness (dB.)

Pout @ 1 dB. comp.
(dBm.)

1P3 (dBm.)
Noise Figure (dB.)

Vecl/le (vimA.)

Inaroducing High Power
Linear Power Amplifier Modules

PA1162

800-960

+36.2

+10/1350

2

PA1163

1810-1870

+36.5

+10/1350

PA1151 PA1157 PA1159

1930-1990  2000-2200  2300-2400

+36.8 +36.0

+54.0 +50.0

+10/1350  +10/1350  +10/1350

1:1 2.0:1 2.0:1 2.0:1
t data available upon request

* CDMA and TDMA tes

In today’s competitive wireless environment “Time to Market
very crucial factor for the success of a new product.

For Cellular, PCS, and WLL cell sites, Phoenix Microwave
Corporation offers the largest selection of linear amplifier modules
accelerate your multi-carrier power amplifier designs.

With our unmatched performance and delivery you not only re
your design time but also enhance your system’s capability.

In addition, our application’ staff is ready to develop new cos
effective linear amplifier modules customized to your requireme

So from your initial design concept to high volume producti
make Phoenix Microwave your linear amplifier module partner.

Call today: 215-723-6011 or
e-mail us at info@phnixmw.com

Phoenix Microwave Corp., 100 Emlen Way, Telford, PA 18969 * Visit our Website at http://www.phni
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CAE Design

Synthesis + Simulation =
Enhanced Design
Prn c ess The combination of civcuit synthesis

and simulation functions within a
common CAE design tool can greatly
improve the RE/microwave-design process.

Dale D. Henkes
President

IRCUITS can be created in several different ways with computer-
aided-engineering (CAE) techniques. With a circuit-synthesis pro-
Applied Computational Sciences, i gram, a designer starts by entering a list of specifications or design
1061 Dragt PL., Escondido, CA 92029; goals and pushing the “synthesize” button. Another approach might
(760) 612-6988, e-mail: . be to borrow a circuit topology from an existing design and then start a
compsci@funtv.com, Internet: . simulation program optimizing the circuit against a set of design goals.
http:/fusers.funtv.com/~compsci. . Perhaps the best approach, however, is to combine synthesis and simula-

tion within the same CAE tool.

©  The synthesis approach to circuit !
- design is more direct, but it may or -
: may not provide the user enough
, : choice of circuit topology, or both.
- However, a well-designed synthesis :
. program will attempt to provide the :
- user with as much control over the :
. performance according to the engi-

- flexibility in influencing the outcome.

Input Plane

Max Gain & ST Min Noise

Output Plane

Freq (MHz): 8155.00 Analysis: Noise & Ga Noise = 2.1242 db. Ga = 12.0195 db.
R of Ga circle = 0.1632, Center of Ga circle = 0.8375 at angle 155.47°.

= 0.6743 at angle 155.4°, GammafLoad] = 0.6369 at angle 111.12".

0] = 10.1689 + | 10.472. ZLoad[Z0-50.0] = 15.9354 + | 31.8627.
Input Stability: Stable Outside Circle. Output Stability: 5iable Oulside Circle.

1. The MicroLINC CAE program combines synthesis and simulation, providing
users with a great deal of analysis power through pull-down menus.

final design as possible (or practical).
This may include accepting a wide
variety of input from the user, a

After the design has been synthe-
sized, it can then be analyzed in a cir-
cuit-simulation program to verify

neer’s requirements. Optimization or
tuning can be used at this stage to

. tweak the design. Therefore, a com-
i plete set of design tools would
. include synthesis and simulation.

The design-by-simulation/opti-

mization method is often a trial-and-
: error approach with no guarantee of
- success. An impedance-matching

problem, for example, may not be

. solvable with the circuit topology
. presented to the optimizer. Worse
. than that is the fact that, because it
- cannot change the circuit topology
. (only the component values), the
- optimizer might get close to meeting
. an impossible goal by adjusting some
. circuit component’s value to a very
- large or extremely small value that
- would not be practical or obtainable.

The MicroLINC® program from

Applied Computational Sciences
¢ (Escondido, CA) combines RF and
. microwave-circuit analysis (simula-
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DESIGN FEATURE

CAE Design

tion) with a set of synthesis
tools. One of the most com-
prehensive circuit-synthesis
tools in the package is the
“Circles Utility.” Primarily
a small-signal amplifier or
low-noise-amplifier (LNA)
design tool, this module is
aimed at synthesizing input
and output matching net-
works for the active device.
The active device is usually a
transistor [bipolar or field-
effect-transistor (FET)]
that is characterized by a set
of S-parameters.

The philosophy behind this
utility is to give the user as
much or as little input into
the synthesis processes as

offs can be viewed instantly
by sliding the control toward
Max Gain or Min Noise. As
this is performed the gain
and noise circles stay locked
together, intersecting at the
source reflection coefficient
(I'y) as it moves along an op-
timum path between mini-
mum noise and maximum
gain. The gain and noise data
are updated at the bottom of

the screen so the user can
determine when the appro-
priate trade-off has been
made. As soon as a suitable
trade-off between noise and
gain is found, the program
has all the data it needs to

design the circuit. The next

desired. In keeping with that
philosophy, a substantial
amount of analyses and data i
are available to assist the

= 83011 +

Stable Outside Circle, Output S Stable Dutside Cicle.

Noise » 2.2671 db, Ga = 12.0889 db.
17.61°%

at :
AR
= 191051 + | 55.3499.

step is to select a set of
matching networks from a
list of various lumped and

distributed topologies.

designer (F'ig. 1). Thus, a de-
signer experienced in the use
of noise, gain, and stability
circles can take advantage of

the highly automated, yet interactive,
nature of these tools as a guide to de- -

veloping the best design that meets

matching network from the “Match”
menu. The result is the creation of the

ysis and performance verification. All
“Analyze Circuit” button for generat-

ing simulation results.
This is not to imply that a novice

2. Stabilizing a high-frequency transistor for use in a
microwave amplifier is a simple matter when using the
“Stabilize Device” menu selection.

tive nature of the tool encourages
experimentation. For example, a tool

i that proves as useful to the novice as
the requirements. On the other hand,
a novice might simply input a gain
specification and then select a default- !

a common impedance point repre-

- senting a typical compromise be-
that remains to be done is to push the

the right.

Clicking on one of the items
in the list automatically com-
pletes the circuit and gener-
ates the component values.

. It is possible to learn an effective

design methodology simply by using.

- this feature of MicroLINC.
it is to an experienced designer is the
“Noise and Gain Trade-offs” tool :
shown in Fig. 1. When this is select-
. ed, gain and noise circles appear on
- the Smith Chart in the input plane.
entire circuit, seamlessly integrated |
into the simulator for immediate anal- :

DESIGN EXAMPLE

To further illustrate the design pro-

. cess using CAE techniques, the fol-
. lowing design example is proposed:

The circles automatically intersect at
¢ an amplifier with 12-dB gain at 6.365
- GHz using an NEC NE76038 low-
tween maximum gain and minimum
. noise figure. A slider control below
. the Smith Chart points toward “Max
i Gain” on the left or “Min Noise” on :
designer could not benefit from the :
circle utilities. Indeed, the interac- :

1. The task involves the design of

noise GaAs metal-semiconductor

- FET (MESFET) from NEC/Califor-

nia Eastern Laboratories (Santa
Clara, CA) biased at a drain-source |

© voltage of Vg = +3 VDC and a drain-
Gain and noise-figure (NF) trade-

source current of I;)g = 10 mA.

TRL1
Z2=750
L=1a87"

{ Circuit

S8T 10 Z0-75.0 Len=18.871425 F-6365.0

TRL 12 Zo=75.0 Len=4.607356 F=6365.0

TWO 2 3 § 0=5P Z0=50 Filename=N76038A.310
INDSOL=125

TRL 3 4 Z0o=50.0 Len=27.622135 F-6365.0

S8T 40 Zo=50.0 Len=25 993092 F=6365.0
DEF2P: 1 4 MATCH

Output
MATCH(75.0, 50.0)

FREQ
SWP 5865 6865 201

3. This circuit contains the matching input and output
networks needed to meet the 75- and 50-() input and

output conditions, respectively.

4. This circuit file represents the schematic diagram of Fig.
3. It is automatically generated and placed in MicroLINC’s

Text Editor for viewing and analysis.
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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.
Call for(') L
L
r'!IE-\;EJG.)-76'4-664'4-’

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.

PErFormante iviatiix:
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10.2

.o

6365.00
Frequency [MHz)

Fae5.00 965,00

Frequency (MHz)

5. The simulated performance of the example amplifier is
shown here for gain (M,,) and return-loss (M,,)
characteristics centered at the design frequency.

2. The transistor must be stabilized
ports simultaneously matched [de-

(MAG) after stabilization].
3. The input port must be matched

to an impedance of 75() while the out-

put port is matched to 504).
been matched for maximum gain.
5. The amplifier circuit should be

mission-line) matching networks.
6. Simulation should be used to veri-

fy the gain and impedance-matching -

conditions.
Determine the amplifier’'s NF
when matched for maximum gain.

take only a few minutes to accomplish.

MHz is selected from the “Fre-
quency” menu. Selecting “Maximum

Gain...MAG” from the view menu

reveals that it is unavailable. Attemp-

ing “View Stability” and noting that
the stability circles cut into the upper

tionally, the stability factor reported
is less than 1 (k = 0.799).

The Circles Utility provides sever- :
al ways to stabilize a potentially un- '

amplifier.

. stable device. The method used here
within the operating band with both !

will be to place a small amount of in-

¢ ductance in the common (source) lead
signed for maximum available gain

Noise” is checked, then the noise

inductor.

MAG” from the view menu now dis-

maximum gain (~12.09 dB). The
result is a single point (impedance

ing problem at both ports simultane-

6. The plot above shows the quality of the input as well as
output impedance-matching networks for the example

Fig. 2. The program now has all the

. information it needs to complete the
. circuit. Selecting “Transmission
of the transistor. (Reference 1 points :
: out some of the advantages of using :
. this method). Selecting “Common :
Lead Inductance” from the “Stabilize :
- Device” menu (Fig. 2) and clicking the

4. The amplifier’s NF must then be
determined when the amplifier has :

Line...Stub and TRL Cascade” from
the “Match” menu produces the cir-
cuit shown in Fig. 8. Then, the circuit

: file is automatically constructed and
. placed in the Text Editor (Fig. 4) for
“Optimize” button automatically in- :
serts the minimum amount of induc-
- tance needed to stabilize the device at :
- the design frequency. If “Include :
synthesized using distributed (trans-

viewing and subsequent analysis.

SIMPLE SIMULATION

“Analyze Circuit” starts the simula-

. tion, producing the results shown in
. parameters of the device will be ad- :
- justed to include the effects of the : the gain specification has been met,
- while Fig. 6 shows the quality of the
. The next step is to change the input :
- impedance from the 50-Q default to :
: 750 via the “Options... Target Zg;,” '
With the MicroLINC Cireles Utili- | menu. Selecting “Maximum Gain...

ty, these six apparently complex steps :

Figs. 5 and 6. Figure 5 indicates that

input and output match. The marker

© at 6365 MHz indicates that the input

has been matched to 75Q with a

- VSWR of 1.01:1 and the output is
i . matched to 50Q) with approximately
i plays the optimum match points for
First, the NE76038 transistor’s S- :
parameter file is opened and 6365 :

the same VSWR. An excellent match

. at both ports was expected (and ob-
- tained) because that is what was re-
: match)in each of the input and output :
- planes. This is referred to as a bilat-
eral simultaneous conjugate match.?
i It is considered a bilateral match be-
ting to match both ports to obtain the :
MAG fails because the device by itself
is potentially unstable at this frequen- :
cy. This is quickly verified by select-

quested of the synthesizer when it was
invoked to perform a MAG design.
Figure 7 shows that the additional

. goal of in-band transistor stabilization
cause the program solves the match-
- lett Stability factor (k) is greater than
ously, taking into account the fact
that S,, is a nonzero value (the output '
- match affects the input match and
. vice versa).

left part of the Smith Chart. Addi-

has been met. As indicated, the Rol-

1 while the absolute value of the
determinant of the S-parameter ma-

- trix, |Al, is substantially less than 1
- over the 1-GHz band around the op-
i The selection “View...Noise and
- Ga” displays the noise circle that in- :
. tersects the MAG point in the input
plane. The NF is reported as ~2.27
dB at a gain of 12.09 dB as shown in :

erating frequency. This ensures that
the transistor is unconditionally sta-

- ble at the operating frequency. Of

course, additional steps will need to be
taken to ensure that the amplifier will
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CAE Design

be stable at all frequencies.
Components can be built into
the DC bias feeds in such a
way as to enhance stability
above and below the operat-
ing frequency.

This completes the initial
RF portion of the design. The
MicroLINC “Transmission
Lines” tool can be used to
generate the physical di-
mensions for printed-circuit-
board (PCB) microstrip or
stripline designs from the

electrical parameters shown | o5
5865.00

in Fig. 3.

and-error approach. There-
fore, when selecting an RF
CAE program, it is a good
idea to consider a package
that provides synthesis and
analysis capabilities.

In comparison, a design

6365.00
Frequency (MHz)

engineer can spend a great
deal of time (and cost) on a
combination of separate pro-
grams, such as impedance-
matching tools, linear cireuit
simulators, and synthesis

software, hoping that the

05 tools mesh and can seamless-
ly share files. A more practi-

In closing, it should be

noted that simulation pro-
vides much more than just
verification of the synthe-
sized design. Simulation pro-

vides more performance analysis .
(and insight into circuit behavior)
than could be known at the time of

circuit synthesis. For example, the
return loss (M;;) in Fig. 5 gives an

7. This plot illustrates the effectiveness of matching the
transistor for high gain while maintaining good in-band
operating stability.

of the input match. Additionally, -
Monte Carlo analysis (from the
MieroLINC statistics module) can
i indicate the amplifier’s sensitivity to
: component tolerances. However,
indication of the narrowband nature :

cal approach is to select a
single tool with multiple
functions, so that design files
are not lost or outdated
when an independent soft-
ware tool is upgraded. ®®
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Gain: 60 dB
+ Compact
¢ Cost Effective
+ Low Power Consumption

21010 Superior Street
Chatsworth, CA 91311

In-Building PCS-CDMA Repeater

Cost Effective Solution for Indoor Coverage Problems
Input Level: -100 ~ -50 dBm

¢ Light Weight

+ Easy Installation

€3 Ace TecHNoLOGY

Tel: (818) 718-1534 Fax: (818) 718-2842
e-mail: aceusa@aceantenna.com
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Today, there are only ‘ :
The Model 4500A RF Peak Power Meter/AnnIyzer is |deul fur evuluuimg
spread-spectrum signals like COMA, W-COMA, UMT, HDTV, and numerous
other complex communications waveforms. The unit can perform not

only time-domain measurements, but also statistical measurements of
asynchronous signals. The Model 44004 operates in synchronous mode
and is ideal for radar applications, Both units offer unprecedented

speed, from 1MHz to 40 GHz with 60 dB dynamic range.

Boonton. Leading the industry in RF power measurement for more
than 50 years. To find out more, call us at (973) 386-9696, or visit
our Website at www.boontan.com
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Special Report/Show Previews

New Orleans To Host

_.u\cx BROWNE pmn'smmcx
. Publisher/Editor Managing Ediror ™

d ‘gumbo and?;tt)ol:ja‘zz are two of the reason
millions flock to New Orleans each year. But this
year, the home of Mardi Gras is also the site of the
g East Coast Wireless Symposium/Portable By Design Show.
" Schieduled for September 21 to 24 in the Ernest N. Morial
Convention Center along with PCS'99, the Wireless/Portable
event promises to be a major educational forum for new wire-
less and portable desigh strategies and technologies. With
more than 22,000 attending industry professionals, 650 exhib-
iting vendors, and 70 technology sessions, PCS'99 is the
world’s leading wireless évent. The most recent wireless tech-
' nologies, infrastucture solutions, and support services in wire-
less voice, pagmg/advanced messaging, enhanced special- =
ized mobile radio SMR, fixed wireless, satellite, and |
mobile computing will be covered during ti‘zéconference '
On Septembet 21, the first day of the conference, two
mini-tutorials will'highlight RE integrated-circuit (RF IC)
fundamentals. These particular tutorials will focus on
the art of RF IC design and the numerous variables ’
which can have an unwieldyeffect on the circuit under i
development. Another tutorial, “Tuning Bandpass Fil-
ters in the Time'Domain” presents a new idea of tuning
the filter based on the time-domain response of
turn loss. Themini-tutorial, “Designing for Wireless Ap
phcatlom With Green Tape LTCC Ceramic Technolo

gy,” also taking place during the afternoon, covers the
(continued on page 133

Photography by Ron Calamia, courtesy of New Orleans Convention & Visuogs“s:sijpequ
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r the frequency range of 1000 to
optimized signal

st switching speeds and low spurious
‘erence sidebands are other important

201 McLean Boulevard, Paterson, NJ 07504

Phone: (973) 881

_ Fax: (973) 881-8361

E-mail: sales@synergymwave.com

World Wide Web._-

ynergymwave.com
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High Performance and Low Cost Electromagnetic
Simulation and Optimization Tools

From: Zeland Software, Inc., 39120 Argonaut Way, Suite 499, Fremont, CA 94538, U.S.A.,
Phone: 510-797-8109, Fax: 510-797-8241, E-mail: zeland@zeland.com, Web: http://www.zeland.com

Products:

IE3D pianar and 3D Electromagnetic Simulation and Optimization Package

FIDELITY Time-Domain FDTD Full 3D Electromagnetic Simulation Package
Applications:

Microstrip, CPW, striplines, suspended-strip lines, coaxial Lines, rectangular waveguides, high speed
digital transmission lines, 3D interconnects, PCB, MCM, HTS circuits and filters, EMC/EMI, wire antennas,
microstrip antennas, conical and cylindrical helix antennas, inverted-F antennas, antennas on finite
ground planes, and other RF antennas.

Features:
e MS-Windows graphic interface for interactive construction of geometry
e High efficiency and flexibility MOM and FDTD simulation engines
e Non-uniform automatic meshing and de-embedding
¢ Modeling 3D metallic and dielectric structures
¢ Built-in robust and efficient electromagnetic optimization
e Accurate modeling of metallic thickness, thin substrate and lossy dielectric materials
e Mixed electromagnetic simulation and nodal analysis for large scale simulation
s Cartesian and Smith Chart display of S-, Y- and Z-parameters, VSWR
e RLC parameter extraction compatible with SPICE
e 2D and 3D display of current distribution, radiation patterns and near field
e Calculation of antenna and scattering parameters including directivity, efficiency and RCS
e Current and near field animation
IE3D Simulation Examples and Display FIDELITY Examples
The current distribution on an AMKOR SuperBGA The current distribution and radiation pattern of The near field and Poynting vector display on a
model at IGHz created by the IE3D simulator a handset antenna modeled on IE3D packaged PCB structure with vias and connectors

IE3D modeling of a circular spiral inductor with 1E3D modeling of an IC Packaging with Leads and FIDELITY modeling of a cylindrical dielectric
thick traces and vias Wire Bonds resonator and the Poynting vector display

Poynting vector
and E-field distribuion
on a dielectnic resonator,

Zeland Software, Inc. provides excellent technical support and services.
Zeland Software, Inc. is also the north American exclusive representative for the LINMIC product from Jansen Microwave GmbH
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development of 943 Green Tape. On

Thursday, the penultimate day of the

Conference, the mini-tutorial, “3G :
Market Overview and Technology
Basies of WCDMA and edma2000”
. sign magazine, will chair two presen- :
. tations on the first day—“CPUs &

will take place.
In addition to the mini-tutorials,

A

Show Previews

paper presentations of approximate-
- ly one hour will be given. Each pre-
sentation is managed by a chairper- :
son. Chair Dave Bursky, West Coast :
i processing units (CPUs), digital-sig-

Executive Editor of Electronic De-

~ WIRELESS AT WEMBLEY

ean flavor can be found at

 on its easy-to-navigate exhibit floor,

~ shops and invited one-hour presen-

ess technology witha Eu- -
: . less issues of interest to European
| this year’s Microwaves + RF
99 Conference & Exhibition. Lo- -
cated in northwest London at the
 Wembley Conference Centre, Mi- -
~ crowaves + RF 99 has tradltmnally
offered a mix of commercial and mil-
‘; -_nary-'hlgh«frequency technologies :
. contact the show’s sponsor, Nexus
n gmg' with a strong technical pro- | Media Ltd., Nexus House, Swanley,
am consisting of full-day work- | Kent BR8 8HU, United Kingdom;
2} ! (44) 13322-660070, FAX: (44) 1322-
 tations. Technical discussions in
~ years passed have taken on a more :

commercial tone, highlighting wire-

designers, including third-genera-
tion (3G) wireless systems, advanced
Global System for Mobile Communi-
cations (GSM) formats, and line-of-
sight millimeter-wave links at 38 and
42 GHz. For more information on the
conference and/or exhibition, please

661257, e-mail: M+ RF@nexusme-
dia.co.uk.

DSPs For Portable Devices, Parts 1
and 2.” Both presentations will exam-
ine some of the latest architectural
developments in embedded central-

nal-processor (DSP) engines, and
merged controller/DSP architectures

. that suit the processors for low-
. power systems. During the same day,
. Don Brown, Director of the Interna-
¢ tional Wireless Packaging Consor-
- tium will chair “Advanced Packaging
i Techniques” which will focus on pack-
. aging for wireless products.

Chair David Osika, High-Power

- Design Manager of Strategic Tech-
i nologies at ANADIGICS, will chair
- the “High-Power Design” presenta-
¢ tion the following day. This presenta-
. tion will discuss the integration of
i GaAs and silicon (Si) technologies for
. power amplifiers (PAs). Highly linear
i amplifiers for wireless applications
: will also be covered. Tom Brinkoetter,
¢ Marketing Manager of Tektronix, will
- chair “Wireless Data & LAN Design”
¢ which will focus on the popular Blue-

CIRCLE NO. 401

ER AMPLIFIERS
'.*;FOR WIRELESS

Y/

CTT is delivering!

B 900 MHz -~ 80W
M 1.9 GHz - 80W
W 2.5-2.7 GHz - 40W
B Designs For:

o AMPS « TDMA
o CDMA * GSM

Visit our web site: www.cttinc.com
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SPECIAL REPORT

Show Previews

tooth system and on a 2.4-GHz radio
solution for Bluetooth and wireless

presentation and will provide infor-
mation on measurement challenges

for third-generation (3G) mobile sys- -

tems, wireless code-division-multiple-

access (WCDMA) ARIB signals, as

- well as measuring and troubleshoot-
- ing jitter in wireless devices.

home networking. Darryl Schick,
President of Linear Lightwave, Inc., -
will chair the “Test & Measurement”

Huret, President of Huret Associ-

ates, will target lithium-ion (Li-ion) ‘

batteries, battery options, and sys-
tems design considerations, as well
as cost-effective battery electronics

for communications products. Rob

You now have within your reach

high quality high performance

capacitors for all your engineering

prototype requirements. Dielectric has

designed 3 new Engineering Kits that are

compact, light weight and easy to handle boxes that can
be placed anywhere for accessibility. Kits of 24, 30 and
36 values include individual vials of 20 pieces each.

CapCadv? is also included.

Call The Solutions Experts At Dielectric Labs

(»]B] DIELECTRIC

Quality System ISO 9001 Approved

| LABORATORIES

» A2 DOVER ) TECHNOLOBIES COMPANY

2777 Route 20 East,
Cazenovia, NY 13035
Ph:315-655-8710
Fax:315-655-8179
www.dilabs.com

[:] Accepted
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McMorrow, Cellular, Cordless, &

. PCS Design Engineering Manager of
Furthermore, “Batteries & Power
Management” chaired by Barry

Alpha Industries, will be chairing
“Cellular/PCS Design” with a focus
on raising the wireless quality stan-
dards, software-centric multimode
handset solution, and a monolithic di-
rectional detector for handset wire-
less applications. Jeff Durec, IC De-
sign Engineer, for Motorola SPS, will
chair “Modulation Techniques.” In
this presentation, RF IC fundamen-
tals, design techniques, and simpli-
fied filter tuning using time domain
will be covered.

WORKSHOPS

The Fall Wireless Symposium/
Portable by Design PCS’99 Exhibi-
tion also offers a series of full- and
two-day workshops. On the first day,
there will be a workshop that will tar-
get “Phase-Locked Loops and Fre-
quency Synthesis for Wireless Design
Engineers.” This particular workshop
will cover the use of PLL synthesiz-
ers and how they have increased in
use over the last decade. Another full-
day workshop that same day titled
“Digital Modulation” looks at modula-
tion methods that are presently used
with the required filtering with an
emphasis on the underlying principles
of modulation and filtering. And the
workshop “Fundamentals of CDMA
Technology for PCS” will look care-
fully at CDMA wireless technology
and how it is implemented in the
TIA/ETA/IS-95 wireless communica-
tion standard.

On Wednesday, the second day of
the conference, there will be a work-
shop on antenna properties, antenna-
design considerations, and EF propa-
gation. Titled “Antennas and Prop-
agation for Wireless Communication,”
the workshop will begin with the con-
cepts and definitions that are used in
the antenna and propagation industry.
Also, the workshop “3G Wideband
CDMA Technology and Standards”
will take place on the same day. This
particular seminar will build upon the
previous day’s “Fundamentals of
CDMA Technology for PCS” work-
shop. For those who are not familiar
with CDMA fundamentals and IS-95,
it is recommended that they attend
Tuesday’s workshop in preparation
for Wednesday’s 3G WCDMA session.
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1.7 - 2.0 GHz coupler51
at half the size.

Our Xinger® 1.7 - 2.0 GHz surface mount couplers measure up at a
mere 0.56” x 0.20” x 0.075" — yet they offer big performance:
> DS, GSM, and PCS bands, LNA and PA applications
> Low .20 dB max insertion loss; 2 degree phase balance; +/- .2 dB
amplitude balance; 23 dB min isolation; and a max VSWR of 1.17:1
> Performance is backed by our exclusive 100% OnSpec” guarantee
> Cost-competitive
> And our B-There® service commitment ensures on-time delivery
— plus free samples in 24 hrs. for qualified prototype work
Xinger® surface mounts. What'll we think of nexi?

In Europe, call 44-1705.232592,
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-4 GHz ISM-band coupler for

wireless LAN lovers.
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If you design wireless LANS, you've got to try this 0.56” x
0.20" x 0.075” Xinger" surface mount on for size:
>1ISM and WLL bands, LNA and PA applications
> Low .20 dB max insertion loss; 2 degree phase balance; +/- .2 dB
amplitude balance; 22 dB min isolation; and a max VSWR of 1.18:1
> Performance is backed by our exclusive 100% OnSpec” guarantee
> A great price
> Plus, our B-There” service commitment ensures on-time delivery
— plus free samples in 24 hrs. for qualified prototype work
Xinger" surface mounts. What'll we think of next?
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High-power handling. In a
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Major power handling, Major physical-integrity. That’s the Xinger*
high-power coupler, measuring in at a minuscule 0.65" x
0.48" x 0.14™
> GSM, D-AMPS, NMT, PCS, UMTS, IMT 2000, and IS95 applications
> Up to 200 watt power handling
> Low .2 dB max insertion loss; +/- .3 dB amplitude balance
> Performance is backed by our exclusive 100% OnSpec’ guarantee
> A surprisingly tow price, in volume
> Plus, our B-There" service commitment ensures on-time delivery
— and free samples in 24 hrs. for qualified prototype work
Xinger' surface mounts. What'll we think of next?
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The last of the full-day workshops

will be on Friday. The “Oscillators -
for Wireless” full-day workshop will
explain a unified approach to the de-
sign of oscillators with inductive-ca-

pacitive (L-C), transmission-line,

surface-acoustic-wave (SAW), and

B pean Microwave Week is back
- again this year, this time it is sched-

in Munich, Germany. In what is ac-
tually a week-long collection of
events, including a conference on
GaAs monolithic microwave inte-
_grated circuits (MMICs), a confer-
ence on general wireless and mi-
crowave technologies, along with a

than 165 exhibitors from 15 coun-

n Amsterdam last year, Euro-
: major educational event for 1999.
: For more information on the confer-
uled from October 4-8, 1999 in the | ence or exhibition, contact either
ICM International Congress Center
iat (44) 171-861-6385,
. david.roberts@unmf. com or Nicola
i Jedrej, Event Coordinator, at (44)
: 171-861-6391, e-mail: nicola. je-
- drej@unmf.com. For information in
¢ the US, contact: KCS International,
: 94 Newport Rd., Leola, PA 17540-
large exhibition area (with more :
| 4643,

. crystal resonators.
In addition to the full-day work- :

shops, there are also workshops span-

tries already committed), European
Microwave Week promises to be a

David Roberts, the Event Manager,
e-mail:

1821; (717) 656-4330, FAX: (717) 656-

- this will be on Thursday and the sec-

ond part of it will be held on Friday.

¢ Additional two-day workshops in-
ning two days. One of them, the “DSP
Made Simple” workshop, Parts I and
- II, will provide a comprehensive in- :
troduction to DSP. The first part of :

MICROWAVES IN MUNICH

Fllowmg the success of its event !
i

clude “Wireless Made Simple”—a
two-part workshop that is suitable for

i technical managers and marketing
. professionals who want to know about
. RF wireless systems at a block-dia-
. gram level while providing insights
© into different modulation techniques,
. system functions, and wireless mar-
© kets. The third two-day workshop ti-
* tled “RF Fundamentals,” Parts 1 and
- I1, will feature an introduction to pas-
- sive and active RF circuit design with
¢ minimal mathematics. Real-life com-
. ponents, circuits, and design proce-

dures will be discussed. The signifi-

- cance of impedance matching will be
. explained, and simple methods will be
- introduced to eliminate mismatch.

For more information on the Wire-

. less Symposium/Portable by Design
- at PCS’99, visit the website at http://
- www.WirelessPortable.com or re-
- ceive immediate fax-back show infor-

mation at (800) 561-SHOW. ee

Wiy

“ﬂlTﬂEE VARIABLE ATTENUATORS

FREQUENCY DIE 81z ISOLATION Pia
(GHz) (mm) idsk (dBm) NONBER
18-50 WA | 1.40X2.00 25 40 -4 AVB50M1-00
18-50 WA 1.05 X 1.50 25 35 10 AVB50M2-00
il .
FREQUENCY TYPE DIE SIZE IL ISOLATION P, PART
(GHz) {mm) dB) - (dBm) NUMBER
f I 18-40 SPST 123X067 | 10 42 33 AP640R1-00
i ] 24-40 SPDT 110X 2.19 0.8 36 3 AP640R5-00
E:
‘ on-Reflective e
: FREQUENCY | DESCRIPTION | INSERTION | ISOLATION| 1 dB COMP. PACKAGE |  PART
(GHa) Loss (a8) NUMBER
(dB)
SPST 8 Leaded
DC-6.0 High Isolation| 10-25 62-48 2 “Chip on Board" AS006M1-93
- SPDT . R 8 Leaded X
DC-6.0 High leoiion 0820 | 5835 24 “Chip on Board” | ASI0EM2:83

CALL OR SURF TODAY

# 508-894-1904

* www.alphaind.com

20 Sylvan Road * Woburn, MA 01801 USA
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Tbousand\‘ more to choose from... ..‘ o
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; Alpha

Jrom concept to solution..your wireless source
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In a modern era one company has been

at the forefront of advanced electronics
systems for the defense, aerospace,

and communications industries: Zeta. i M
Doing business for over 30 years!

When your system calls for a level of
performance that’s beyond prevailing
standards you need more than a product,

you need a solution.

At Zeta we provide solutions that inciude . ‘
a full range of microwave products and oo nener
subsystems specifically designed for use

in missile guidance, ground support

equipment, radar, satellite communica-

tions, data links and other demanding

applications. Our customers include

United States government agencies,

foreign governments, as well as major e 4
LONNer: P

military and commercial contractors.

So, when you are called on to perform,
place your trust in a name you know . . .
Zeta.

ZETA

a division of Sierra Networks, Inc.
2811 Orchard Parkway, San Jose, CA 95134 Tel 408.434.3600 Fax 408.433.0205 e-mail zeta@zeta-sni.com
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FAR WEE R \] MIC
5 ROWA‘IE FOR ALL YOUR RF INTERCONNECT NEEL

Frequency Impedance  Cable Type Coupling ao:Iy .&IContact Finish
ateria

BMZ Subminiature Blindmate RF Coaxial Connectors
DC to 18 Ghz 50 Ohms Semi-Rigid Blindmate/ Stainless Steel Pass/Gold
Flexible Slide-on Beryllium Copper Gold

Also available: Panel mount receptacles, PC board receptacles, hermetic seal jacks, in and between series adapters.

BZ Miniature Blindmate RF Coaxial Connectors
DC to 12.4 Ghz 50 Ohms Semi-Rigid Blindmate/ Stainless Steel Pass/Gold
Flexible Slide-on Beryllium Copper Gold

Also available: Panel mount receptacles, PC board receptacles, in and between series adapters.

BMA Miniature Blindmate RF Coaxial Connectors
DC to 18 Ghz 50 Ohms Semi-Rigid Blindmate/ Stainless Steel Pass/Gold
Flexible Slide-on Beryllium Copper Gold

Also available: In series jack to plug adapters

SSMA Screw-on Subminiature RF Coaxial Connectors
DC to 26 Ghz 50 Ohms Semi-Rigid Blindmate/ Stainless Steel Pass/Gold
Flexible Slide-on Beryllium Gold

Also available: Panel mount jacks and plugs (hermetic), bulkhead mount Jacks (hermetic), surface launch plugs and jacks, in and betwi
series adapters.

HFSSMA Screw-on Subminiature RF Coaxial Connectors
DC to 40 Ghz 50 Ohms Semi-Rigid Screw-on Stainless Steel Pass/Gold
Beryllium Gold

Also available: Panel mount plugs and jacks, in and between series adapters.

SMA Screw-on Miniature RF Coaxial Connectors
DC to 18 Ghz 50 Ohms Semi-Rigid Screw-on Stainless Steel Pass/Gold
Flexible Beryllium Copper Gold

Also available: Panel mount jacks and plugs (hermetic and field replaceable), M.1.C. launcher jacks and plugs, bulkhead jacks (hermet

surface launcher jacks and plugs, end launcher jacks, in and between series adapters, dust caps, flange mount cable receptacles, g
seals, 27 GHz versions,

TNC Small-size Screw-on RF Coaxial Connectors
DC to 11 Ghz 50 Ohms Flexible Screw-on Brass Silver or Nicke
Beryllium Copper Gold

Also available: Panel mount jacks and plugs (hermetically sealed), bulkhead jacks and plugs (hermetically sealed), surface launcher jac
and plugs, end launcher jacks and plugs, in and between series adapters, dust caps.

——

PTNC Precision Small-size Screw-on RF Coaxial Connectors
DC to 15 Ghz 50 Ohms Flexible Screw-on Stainless Steel Pass/Gold
Semi-Rigid Beryllium Copper Gold

Also available: Panel mount jacks, bulkhead mount jacks, in and between series adapters, dust caps, hermetics.

TYPE N Large-size RF Coaxial Connectors
DC to 11 Ghz 50 Ohms Flexible Screw-on Brass Silver or Nicke
Beryllium Copper Gold

Also available: Panel mount jacks, surface end launch jacks and plugs, dust caps.

PN Precision Large-size RF Coaxial Connectors
DC to 12.4 Ghz 50 Ohms Flexible Screw-on Stainless Steel Pass/Gold
Semi-Rigid Beryllium Copper Gold

Also available: In and between series adapters and 18 Ghz versions.

Also Available: Cable Assemblies, Attenuators, Terminations and special products.

MI IE VISIT OUR NEW WEB SITE - www.svmicro.com
CIRCLE NO. 235 SV CROWA

3301 Electronics Way, West Palm Beach, Florida 33407
RF Connectors ¢ Cable Assemblies « Resistive Products Tel: 561-840-1800  Fax: 561-844-8551 + E-Mail; Sa’es@svmicro.com




APPLICATION NOTES

terested in the future of very-small-aperture-terminal (VSAT) satellite-com-
ystems can learn the thoughts of a major player in the market. An appli-
from Hughes Electronics Corp. (El Segundo, CA), “The Global VSAT Land-
r the Millennium,” reports on where the VSAT industry stands today and where
be heading in the years to come.
esentation made by Jack Shaw, chairman and chief executive officer of
es Network Systems at the Global VSAT Summit (London, England, March 30,
ote is also available on the “Speeches” section of the company’s website. It
. more than 386,000 VSAT worldwide sites currently in use, a number ex-
double in the next three years, and the number of opportunities created by de-
VSAT services, such as high-speed Internet access. In the US alone, Daimler
Corp. has approximately 5000 sites to interconnect dealers, factories, and sup-
ugh satellite. -
aw points out the opportunities for VSAT growth in rural telephony and educa-
applications, such as remote classrooms transmitted via satellite. He details the
state of VSAT markets in the US, Europe, Asia, The Pacific, Latin America, Africa, and
‘in The Middle East, describing VSAT as a “workhorse” technology for global telecom-
nic . For a copy of the note, contact: Hughes Electronics Corp., Corporate
tions, Building 001, M/S A123, P.O. Box 956, El Segundo, CA
956; (310) 364-6000, Internet: http/www.hughes.com.
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* Superheterodyne receiver architectures dominate modern communications systems.
The basic technique involves translation of high carrier frequencies to lower frequencies
t can be converted to digital form for further processing. Frequency translation is usu-
performed by means of one or more mixers and local oscillators (LOs), subtracting
~ and adding two signals in order to achieve a desired increase or decrease in final fre-
quency. An application note from Analog Devices (Norwood, MA), “Designing a Super-
heterodyne Receiver Using an IF Sampling Diversity Chipset,” describes how a few in-
tegrated circuits (ICs) can be used to simplify the design of a superheterodyne receiver.
en by Analog Devices’ Brad Brannon, the application note offers an introduction
rheterodyne receivers, then explores the concept of intermediate-frequency (IF)
» to convert analog IF signals to the digital realm. The firm’s model AD6600 IF
lata converter is presented as a solution. The integrated circuit (IC) consists of input at-
tenuators (with 1-GHz bandwidth) 11-b analog-to-digital converter (ADC), additional
 12-b ADC, peak detector, receive-signal-strength-indicator (RSSI) control, gain block,
- and atiming control. The input attenuator (which is controlled by the RSSI) controls two
 independent channels, such as diversity channels, with 30-dB total attenuation in 6-dB
~ steps. Matching between the stages is better than 0.5 dB, while the phase match be-
tween the two attenuation channels is better than 0.2 deg. to 200 MHz.
 The RSSI follows the input IF envelope one clock cycle before the envelope is digi-
~ tized. During this period, the RSSI watches for signal peaks and sets the attenuation to
the appropriate level for conversion of the IF signals to data. This prevents the data-
conversion ADC from over-ranging on the following clock cycle.
~ The AD6600 is designed to work with another IC, the AD6620 digital preprocessor.
 The AD6620 provides a variety of functions, including quadrature demodulation and dig-
ital filtering. The two ICs together execute numerous [F sampling and processing op-
erations, such as automatic gain control (AGC), digitizing, data-rate reduction, and
channel filtering. The application note explains how these two ICs can be used in a ba-
 sic superheterodyne receiver. The receiver block diagram (with the majority of gain to
~ be found in the IF stages) is presented, along with an analysis on component choices
 [such as which types of surface-acoustic-wave (SAW) filters should be used] and signal-
~ processing options. The sample design is applied to Global System for Mobile Commu-
nications (GSM) use, with a full evaluation of expected performance results under dif-
 ferent operating conditions. For a copy of the application note, contact: Analog
~ Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062;
~ (781) 329-4700, Internet: hitps//www.analog.com.
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Low-Cost GAE Suite
Adds Power And Speed

The latest version of a PC-based CAE package

combines electromagnetic and civcuit co-simulation

with additional speed and ease of use.
Todd Cutler

President
Eagleware Corp., 4772 Stone Dr., Tucker, GA 30084; (770) 939-0156, FAX: ( 770) 939-0157,
e-mail: eagleware@eagleware.com, Internet: http://www.eagleware.com.

FFORDABLE software has long been the trademark of Eagleware Corp.

(Tucker, GA). The firm has just concluded an extensive development project

culminating in the release of GENESYS Version 7. This high-speed and easy-

to-use computer-aided-engineering (CAE) suite represents the firm’s most
significant release in more than six years, with new multilevel electromagnetic
(EM)/circuit co-simulation capabilities, processing speed that is many times
faster than earlier versions, a new multisimulator design environment, and a rich
set of synthesis tools.

Extending the proven Method of Lines technique

that was first commercialized in the company’s :
=EMPOWER= EM simulation tool, =EMPOWER= : bridges on another, and solid vias are used to con-

- nect the two layers.

ML is being introduced as part of GENESYS 7.0.

Building on a reputation of speed, ease, and afford- :

ability, the simulator has been extended in three

areas: multilevel EM simulation; multilevel, multi-
mode decomposition; and EM-circuit co-simulation. :
For the first time, powerful features such as these :
are available in an EM simulator for less than $5000. |

Based on technology developed at Eagleware,' |
=EMPOWER= ML can analyze signals traveling on '
an unlimited number of layers, using an arbitrary |
set of dielectric layers. Simulations assume a circuit :
design that is placed within a box with a cover. The
simulator can calculate generalized S-parameters :
for arbitrary patterns of planar metal. Typical mul-
tilevel applications are designs that include air
bridges. For example, Fig. 1 shows the simulation
results of a structure similar to structures devel- :
oped, built, and measured by the authors.” In their
paper, the authors showed that it was possible to :
achieve an extremely broad bandwidth in combina- °

tion with DC blocking.

Using a single-level EM simulator, it is not possi-
ble to characterize the air bridges that connect the ! S
- 1. This novel millimeter-wave coupler was
. designed with Version 7.0 of GENESYS.

center conductors of the coplanar waveguide,
although these elements are essential to the broad-

- band nature of the design. In =EMPOWER= ML,

the main design is created on one layer, the air

Multimode decomposition in =EMPOWER= ML

- makes it possible to break down large circuits into
smaller segments which are connected by transmis-
sion-line sections. This sectioning enables accurate
simulations in much less time. The principle bene-
fits resulting from decomposition are:

o v —w
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2. This 3-dB broadside coupler features narrowly and
widely spaced line sections as well as capacitive pads
for the input and output ports.

¢ Real-time tuning of transmis-

sion-line sections inside a circuit is

meander line can be adjusted without
re-running the simulation.
® Most circuits require far fewer

sis. Since quarter-wave resonant
lines are broken down into much
smaller lines that do not resonate,

a seventh-order interdigital filter -

with only five points, while 100 points

COVER FEATURE

the output sweep.

are too large to
run in a single pass
can be analyzed in
sections.

The multimode
decomposition ca-

to design a broad-
side-line 3-dB cou-
pler (Fig. 2). Designed for 40-mil alu-

- mina with a 1.15-mil intermetal layer,
available. For example, the size of a

sired performance. Patches of metal

First, the transitions between each

are displayed in :
: nect each of the transitions (Fig. 3).
* Designs that !

pled transmission lines to intercon-

The propagation constants of each

: mode per line were set equal to the
- multimode (two in this example) prop-
. agation constants calculated in the
© transition analysis. Next, the compa-
- ny’s =SuperStar= linear S-parameter
: simulator was used to simulate the
pability of GENE- | performance of the complete coupler.

SYS 7.0 was used ; This simulation recomposes the sec-

tions in mode space. The lengths of the

i interconnecting line segments were
. tuned in real time to obtain perfor-
i mance close to specification, and then
the coupler was specified to operate :
- from 1.5 to 2.2 GHz. Narrowly and :
* widely spaced sections of offset-cou-
i pled lines were used to achieve the de-
frequency points for accurate analy- :

the optimizer was used for final
adjustment of the lines (Fig. 4).
The benefits of multimode decom-

. position in this example were the
. real-time tuning and the optimization
. were added to the ends of each side of
¢ the coupler to add capacitance for im-
. proved balance.
interpolation is possible. For exam-
ple, =EMPOWER= ML can simulate : section of line were simulated using :
=EMPOWER= ML. Then, aschemat- : remained manageable because the

: ic was created using two-mode cou- :

to determine coupled line lengths. In
addition, high accuracy of the simula-

- tion was possible. Many subsections
¢ were used to model the transitions

and the impedance, but the problem

analysis was broken into parts.
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The GENESYS 7.0 pro-
gram enables multilayer cir-
cuits with embedded lumped
components to be verified
without cumbersome data
transfer. A typical applica-
tion of this co-simulation is
microwave circuits contain-
ing transistors, lumped ca-
pacitors, and distributed

components such as Lange [ g

couplers and spiral indue- |
tors. In the past, engineers |
would have to split the de-
sign into multiple parts. EM |
simulation would be run on |
the distributed portions,
data stored in intermediate
files, the files transferred to
a circuit simulator, then the
data plus lumped elements

analyzed using a circuit simulator.

This process was cumbersome and it
wasted time.

Using GENESYS 7.0, EM and cir- -
cuit verification are nearly transpar-

ent. After synthesis and schematic-

level design, the circuit is laid out. EM
ports are added to the layout and the

simulation is run. In the background,

cluded in a circuit theory simulation.
Once the initial design is complete, the
lumped components can be interac-
tively tuned or automatically _
optimized at high speed. :
A practical example® of
the benefit of co-simulation
can be seen in the design of a
900-MHz oscillator built on
FR4 circuit-board material
(Fig. 5). The oscillator has a
high tolerance to FR4 mate-
rial and —100-dB¢/Hz sin-

d the layout in place, EM-cir-
cuit co-simulation was used
M to analyze the entire circuit.

The designer merely placed
output and loop ports on the
layout, designed the cover
height and box size, and spec-
ified the grid size. When the
simulation was invoked, the
circuit was automatically
partitioned, forming a 21-
port metal section for =EM-
POWER= analysis and an-
other section of lumped
components for =SuperStar=
circuit analysis. Transpar-
ently to the designer, both

3. The recomposition of the broadside coupler sections
includes the use of two-mode lines to connect the
sections of the coupler.

pacitor was but one of the 10 lumped

: components in the oscillator. _
: Various modules within GENESYS |

7.0 were used in the design of the oscil-

simulated using =SuperStar=, and the
(Fig. 6). As is typical in RF design,
avoid undesired coupling and ex-

cessive size. However, the secondary

nects were impractical to model with

sections were simulated. The
combined simulation results
showed that parasitic ele-
ments in the design caused
the frequency to be 980 MHz instead of

- the design goal of 900 MHz. The engi-

neer was then able to lower the load-

 ing capacitor to adjust for the parasitic
i lator. The circuit was synthesized
¢ using GENESYS 7.0's =0SCILLA-
TOR= module. S-parameters were

elements. When built, the oscillation
frequency was 887 MHz, well within
the tolerances of the parts used in the

- design.
- layout was created using =LAYOUT= :
GENESYS 7.0 automatically recog-
nizes the lumped components, re-
moves them, adds internal ports, and
runs the EM simulation. Then, the
multiport data are transparently in- -

With the complexity of RF and mi-

. crowave circuits continuing to grow,
components were placed with care to :

speed of simulation must also im-
prove to keep an interactive design

- environment that emulates the test
- couplings between transmission lines, :
. lumped component pads, and intercon-

bench. Unfortunately, as the soft-

: ware itself grows in complexity, per-
i formance typically suffers, leading to
the circuit simulator. As a result, with

sluggish behavior. However, even
_ though GENESYS 7.0 in-
I cludes many more features
and greater capability, new
9| simulation technology makes

gle-sideband (SSB) phase-

simulation faster than ever
before. The company’s soft-
ware has long been known
for nearly instantaneous tun-
ing of small circuits. The new
simulator dramatically im-

noise offset 10 kHz from the
carrier. The circuit uses a
microstrip line as a res-
onator. Shortening the res-
onator to less than quarter-
wavelength and achieving
resonance by loading with a
lumped capacitor minimized
the effects of the poorly con-

the FR4 material. This ca-

4. These plots reveal the

1780.0000

e S0

19200000
2080.0000

proves the simulation and
tuning performance of large
circuits and of optimization.
Object-oriented techniques
were used to improve the
simulation and optimization
speed by a factor ranging up
1 to 10 or more. Based on dia-

22000000

response of the broadside
coupler after tuning and optimization. The upper graphs
trolled dielectric constant of show the desired 3-dB coupling while the lower graph
shows input match and isolation.

koptic techniques,* a tree
structure of caching stores
and re-uses results without
re-calculation. In addition,
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node elimination during the initial :
parsing of the schematic reduces the
problem size. For example, for a nine- :
pole lowpass elliptic filter, the simu- :
lation was 12 times faster than in !
previous GENESYS versions. The :
improvement in speed for GENESYS
7.0 is even more apparent when simu- :

lating larger, more-complex circuits.

As engineers squeeze more and :
more information into a particular :
bandwidth, the design environment :
must develop to support more so-
phisticated design. While previous :
versions of the software coupled :
together various synthesis and simu-
lation engines, the GENESYS 7.0 ar- :
chitecture was designed from the :
bottom up to support multiple simu- :
lators. Using object-oriented tech-

niques, each element of the environ-
ment operates independently.

From tool bars to tips-of-the-day,
GENESYS 7.0 includes graphical-
user-interface (GUI) standards that
follow the latest Microsoft standards.
Built on Microsoft Foundation Class-

es, standard capabilities found in .
other Windows products are included
in the release. Some examples include: '

e Re-locatable toolbars to manage

screen space.
¢ Right-mouse-button-controlled
pop-up menus for quick local changes.

e Undo and redo to help experi-
ment with different topologies and
formats.

e Kasy copy and paste to
and from office-automation
tools.

* Printing using standard
printer drivers and configu-
ration dialog boxes.

* Design file manager that

is similar to that in e-mail [

programs.

e Built-in links to the web
and e-mail.

By employing standard
GUI conventions, GENE-
SYS 7.0 is relatively easy to
learn and use.

To facilitate new ways of lu

‘R FEATURE

5. Using EM and circuit co-
simulation, this compact 900-MHz
voltage-controlled oscillator (VCO)
was developed.

processing flow control.
Once the equations are entered and
results displayed on graphs or tables,

. parameter values can be adjusted

© using the tuning keys. Data update on
i the graphs in real time as the key- -
. board is tapped and the data are !
 updated. GENESYS 7.0 can be !

. equipped with seven different synthe-
: sis modules that automatically create
. first-pass designs of oscillators, fil-
: ters, matching networks, and equal-
. ization networks. Synthesis is used
. very early in the design process. An
. engineer enters the performance
: specifications for a circuit, and the
¢ synthesis engine produces a design.
. For example, =M/FILTER= is used
. to design distributed filters realized
© with microstrip-, stripline-, slabline-,
¢ or coaxial-manufacturing processes.

GENESYS 7.0 is available with

© up to seven different software mod-
¢ ules. These include to M/FILTER=,
simulation, circuit simulation, and :
measurements, can be compared and |
operated on, or new parameters can |
. be calculated from a single source of -
. data. For example, Leeson’s equa-
. tion can be used to display phase
* noise for oscillators. In addition, rela- :
. tive gain, the difference between the :
. maximum gain and the gain at any !
. frequency, can be calculated and dis- :
. played. Conditional statements, such :
. as IF-THEN and GOTO, support :

=0SCILLATOR= ,=MATCH=
(which automatically creates LC and
distributed impedance-matching net-
works for single and multistage ampli-
fiers with arbitrary terminations),
=PLL= [which synthesizes and simu-
lates phase-locked loops (PLLs)],
=A/FILTER= (which synthesizes
active filters with capacitors, resis-
tors, and operational amplifiers),
=EQUALIZE= (which designs
group-delay equalizers, using the op-

© timal number of all-pass networks to-
. compensate for group-delay varia-
! tions of target networks), and
. =T/LINE= (which computes trans-

mission-line parameters from physi-
cal dimensions or synthesizes dimen-
sions from a defined line impedance).
Version 7 is available for personal
computers (PCs) running
with Windows 95, 98, and

NT. P&A: stock; $9850 (com-
plete GENESYS 7.0 suite)
and $1000 and up (modules).

Eagleware Corp., 4772
Stone Dr., Tucker, GA
30084; (770) 939-0156,

{
a}
—u’l_!r.

= | i

FAX: (770) 939-0157, e-
mail: eagleware@eagle
ware.com, Internet:
| http://www.eagleware.

com.
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CDMA/AMPS Chips

CDMA/AMPS Chips Enable
Dual-Band Transceivers

These four low-voltage ICs and a pair of power
amplifievs meet most of the front-end needs
for multiple-mode vadio telephones.

JACK BROWNE
Publisher/Editor

band processor. The MAX2264 cellu-
lar band power amplifier (PA) and the
MAX2294 PCS-band PA complete

the lineup. Few additional compo- :
nents are needed to complete a triple- :

mode, dual-band cellular-radio front
end.

erates from 40 to 300 MHz with a

dB). The input third-order-intermod-
ulation (TOI) performance is =31

cillators (VCOs) for cellular and PCS

cuitry (with a programmable charge
pump capable of 150 to 425 pA), and a

simple three-wire control bus. The :
MAX2310 features a phase noise of
better than -115 dBe/Hz measured

achieves 12-dB gain with 17-mA cur-

+12 dBm, depending on the dynamie-

¢ range needs of a particular applica-
. tion. The MAX2320 can work with ex- :
i cations as models MAX23862 and
of -10 dBm. The IC, which runs on :
: voltages as low as +2.7 VDC, is sup- :

ternal local oscillators (LOs) at a level

- plied in a TSSOP-20 package.

The MAX2360 quadrature trans-

mitter IC incorporates a quadrature
NTEGRATED circuits (ICs) that are suitable for cellular-telephone
handsets are available from a variety of manufacturers. But complete

chip sets—providing all of the front-end radio functions—are usually . S }
assembled from several suppliers. The MAX23XX family of code-divi- = duency synthesizers (Fig. 2). It sup-

sion-multiple-access (CDMA) ICs from Maxim Integrated Products .
(Sunnyvale, CA) enables designers to fill many of their cellular or per- . CDMA and AMPS for the cellular

1 . PCS) handset f d functi ds | band. The MAX2360 does not require
sonal-communications-services (PCS) handset front-end function needs ;i;,1a1 band-switching hardware,

from a single supplier. The chip set, which serves CDMA applications in | g .c it includes two IF VCOs, two IF

cellular and PCS bands, as well as Advanced Mobile Phone Service : jnput and output ports, two RF LO in-
(AMPS), includes a transmitter, RF and intermediate-frequency (IF) re- -
ceiver ICs, and a baseband processor.

The four front-end ICs are the .
MAX2310 IF receive IC, the MAX-
2320 RF receive IC, the MAX2360 :

transmit IC, and the MAX2384 base- |

modulator, variable-gain IF and RF
amplifiers, image-reject upconversion
mixer, as well as dual IF and RF fre-

ports CDMA for the PCS band and

put ports, and three PA driver ports.

. The transmitter IC has an IF range of

120 kHz from the carrier. It runs on :
voltages of +2.7 to +5.5 VDC, draw-
ing only 24-mA current in CDMA
mode and less than 1-pA currentina
. shut-down (sleep) mode. The MAX- : tures a power-control range of better
: 2310 is housed in a 28-lead quarter-
| sized outline package (QSOP). ‘
The MAX2320 RF receiver IC :
downconverts incoming cellular and
. PCS signals to [Fs usable by the :
i MAX2310 (Fig. 1). The MAX2320 :
The MAX2310 IF receiver IC op- | works across a cellular range of 800 to
© 1000 MHz and a PCS range of 1400 to :
minimum variable-gain-amplifier :
(VGA) range of 105 dB (-49 to +56

120 to 300 MHz, a cellular RF range of
800 to 1000 MHz, and a PCS range of
1400 to 1980 MHz. It operates on volt-
ages from +2.7 to +5.5 VDC and fea-

than 90 dB. The MAX2360 achieves

 an adjacent-channel power ratio

(ACPR) of =52 dBc at +10-dBm out-
put power. The transmitter draws 130
mA at +10 dBm out in CDMA mode
and 75-mA current at 0 dBm out in

 CDMA mode. In shut-down mode, the
. current draw is less than 1 pA.

2000 MHz. In a low-gain state, it
. than -140 dBm/Hz, low-cost three-
- rent consumption. In a high-gain
: state, the gain is 26 dB with 20-mA
dBm at a gain setting of 35 dB and 6 : current consumption. The input third-
dBm at —35-dB gain. The chip con-
tains separate voltage-controlled os-

Since the receive-band noise is less

pole filters can be used with the

- MAX2360. The IF VCO phase noise
. is less than ~124-dBc¢/Hz offset 120
order intercept point (IP3) of the :
. MAX2320’s onboard low-noise ampli-
. fier (LNA) can be adjusted from +5 to :
bands, frequency-synthesizer cir-

kHz from the carrier. Similar to the
MAX2310, the MAX2360 transmit
IC operates under three-wire (data,

: enable, clock) bus control. Single-
. band versions of the MAX2360 are

available for PCS and cellular appli-

MAZXZ2364, respectively.
The MAX2380 is a baseband pro-
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CDMA/AMPS Chips

cessor densely populated with signal- !
processing components. It features :
dual receive and transmit CDMA fil- |
ters, dual receiver and transmit FM :
filters; 4-b CDMA and 8-b FM analog-
to-digital converters (ADCs); 8-b
CDMA/frequency-modulation (FM) :
digital-to-analog converters (DACs); -
and an 8-b, four-channel auxiliary !
ADC. The filtering achieves CDMA
single-tone rejection of typically 63 :
dB at 900 kHz, with an FM single-
tone rejection of typically 68 dB at 45
kHz. The MAX2380 exhibits less than
25-us peak-to-peak group-delay devi-
ation. It delivers peak-to-peak CDMA
transmit output levels of 600 mV and
an FM peak-to-peak output level of
555 mV. The MAX2380 operates on |
supplies from +2.7 to +3.6 VDC with :
multiple power-saving modes.

Finally, the MAX2264 PA is rated :
for typical output power of +28 dBm
with 3-dB ACPR margin from 824 to :
849 MHz. The amplifier achieves 25- :
dB typical power gain, and can oper- :
ate on +2.7- to +5.0-VDC supplies.

Engineering samples and evalua- :
tion kits for the individual ICs are cur- :
rently available. Also, a complete ref-

2

1. The MAX2320 RF receiver IC downconverts cellular signals from 800 to
1000 MHz and PCS signals from 1400 to 2000 MHz to the IF range of the

MAX2310.

¢ erence design will be available from
Maxim later this year. Maxim
| www.maxim-ic.com.
Gabriel Dr., M/S 165, Sunnyvale, :

Integrated Products, 120 San

CA 94086; (408) 737-7600, FAX:
(408) 732-8159, Internet: http:/
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2. The MAX2360 quadrature transmitter IC offers an IF range of 120 to 300 MHz, a cellular RF range of 800 to 1000
MHz, and a PCS range of 1400 to 1980 MHz.
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Splittev/Combiner Networks

Splitters/Combiners Bond
High-Power Amplifiers

These compact stripline power-splittev/combiner
networks support the design of flexible, modular
power-amplifier avchitectures.

JACK BROWNE
Publisher/Editor

TRIPLINE power splitters and combiners can be considered the
glue of high-power wireless amplifiers. Since many individual tran-
sistors and amplifier modules must be combined to attain cellular
base-station power levels, splitters/combiners are essential to am-
plifier designers. The AdrenaLine® series of splitters/combiners from
Anaren Microwave (East Syracuse, NY) consists of modular circuit-board
components that not only combine and divide signal power, but include DC
power distribution and decoupling capacitors for each power module in an

amplifier.

The Adrenaline splitters/combin-
ers are currently available for cellu-
lar frequencies from 800 to 1000 MHz
and for personal-communications-
services (PCS) frequencies from 1800
to 2200 MHz (see table). The stripline
power splitters/combiners feature a
high length-to-width ratio for mini-

mizing the length of interconnections
between the splitters/combiners and
active modules in an amplifier. With
low insertion loss per unit, the strip-
line networks have been used to
build high-power PCS amplifiers ca-
pable of 500-W peak-to-peak output
power at 2 GHz (see Microwaves &

The Adrenaline
splitters/combiners at a glance

RF, July 1999, p. 80).

The power splitters/combiners can
be specified with any number of out-
put ports from three to eight. The
peak-to-peak amplitude unbalance
ranges from =0.25 dB for three-port
units to £0.6 dB for eight-port units.
The input/output (I/0) return loss is
20.8 dB or better for all units. The
minimum isolation between ports is
25dB.

AdrenaLine power splitters/com-
biners are formed of bonded layers of
R0O3003® circuit-board material from
Rogers Corp. (Chandler, AZ) and
FRA4. The FRA4 top layer provides DC
power distribution for connected am-
plifier modules as well as decoupling
capacitors. Additional active func-
tions (such as power detection and
temperature sensing) can be included,
depending upon a customer’s require-
ments. The bonded circuit-board lay-
ers and integral power terminations
are attached to a copper (Cu) base
plate to facilitate cooling. Each split-
ter/combiner provides a termination
power rating of 10 W average.

The power splitters/combiners can
be supplied with SMA connectors or
mounting tabs for use with solder
straps. The networks include mount-
ing holes for attachment to amplifier
housings or subassemblies. They are
suitable for single and multichannel
high-power amplifiers. Anaren Mi-
crowave, Inc., 6635 Kirkville
Rd., East Syracuse, NY 13057;
(315) 432-8909, FAX: (315) 432-
8970, Internet: http://www.ana
ren.com.
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EM Simulator

EM Simulator
Is Free 0f Charge

Even the tightest budget is no longer an excuse for
those wishing to add powerful planar EM
simulation capabilities to their PC.

JACK BROWNE
Publisher/Editor

mensional (3D) EM simulators, which analyze the fields and current

flowing through 3D structures, are still expensive. But the cost of planar
EM simulators, which examine the fields around and the current through

mainly planar structures, such as transmission lines, sell for less than | rocessed by emvu. whi
. ) _ , which supports
$20,000. And now, for the price of a telephone call, a planar EM simulator sisualization};f current densiti££ The

can be obtained free of charge (excluding shipping). The software is called

Sonnet Lite and the supplier is Sonnet Software (Liverpool, NY). Simply use qualitative views of the EM interac-

one of the numbers at the end of this article to request a free copy.

The full version of Sonnet software,
the Sonnet EM Suite, of course, is a

curacy than standard linear circuit

learn and use. The personal-computer

(PC)-based suite of programs allows
users to create a planar circuit or
structure; modify the design; analyze :

the current flow and EM fields around
the structure; plot simulated re-

programs, such as frequency-domain

circuit simulators and time-domain :

SPICE simulators.

Certainly there must be a catch

when a known supplier suddenly of-

catch is some diminished features
and capabilities in the free Sonnet

Sonnet suite of programs. Nonethe-

less, Sonnet Lite is a powerful analy-
sis tool on its own, equivalent to some

range of RF and microwave circuits.

ROM). It loads automatically in ap-

emvu, and emgraph. Xgeom is the

. software suite. The em program is an
. EM-analysis engine that is based on a
. modified method of moments. It uses
LECTROMAGNETIC (EM) simulators have become well-established
recently as useful stand-alone analysis tools and as invaluable com- :

panion tools for linear and nonlinear circuit simulators. Three-di- mp
i S-, Y-, or Z-parameters; transmission-

Maxwell’s equations to perform 3D
current analysis on mainly planar
structures. The program can compute

line parameters; and SPICE equiva-

lent lumped-element networks. Files
that are created by em can be further

emvu program is useful for quick

¢ tions within a design. Finally, the em-
of the best planar EM-analysis tools
- of just a few years ago, and capable of
well-established planar EM simulator :
used at thousands of sites around the
world. It offers better simulation ac- :

graph program allows users to plot

. their response data from em (and
performing useful analyses on a wide :

other simulation tools) using standard

. engineering formats, such as Smith
: Sonnet Lite is supplied on a com- |
. pact-disc read-only memory (CD-
simulators, and is relatively easy to

charts or Cartesian graphs.
What are the limitations of Sonnet

. Lite? First of all, it will not load or run
- proximately five minutes, including
time to copy files for Adobe Acrobat :
Version 3.0 (to read the files for soft-

ware manuals and other literature). :
- The CD-ROM includes a full bibliog-
. raphy of published work by Sonnet
sponses; and generate S-, Y-, and Z- -
parameters for use by other analysis

on a computer that already contains
the full version. Sonnet Lite is limited
to two metallization layers in a circuit,
and three dielectric layers (in contrast
to an unlimited number of metalliza-

- tion and dielectric layers in the full
engineers and about Sonnet software, :
. with an approximate 700-page biogra-
¢ phy of James C. Maxwell, written by :
Lewis Campbell and William Garnett.
. Published in 1882, it was digitally re-
stored by Sonnet founder and presi- :
- dent Jim Rautio in 1997.
fers free software. In this case, the :

version). The full version of Sonnet
supports unlimited memory space for
a design. The CD-ROM for Sonnet
Lite includes a tutorial on the pro-
gram, along with full operating manu-
als and a collection of application

. notes. For the price, who could ask for
Similar to its full-fledged counter- :
. part, Sonnet Lite consists of a suite of
- software tools, including xgeom, em,
Lite compared to the purchased full

more? Sonnet Software, Inc., 1020
Seventh North St., Suite 210,

. Liverpool, NY 13088; (315) 453-
i 3096, FAX: (815) 451-1694, e-mail:
- user-friendly graphical user interface
(GUI) that guides operators through
many functions and capabilities of the :

info@sonnetusa.com, Internet:
http://www.sonnetusa.com.
CIRCLE NO. 54
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Schottky Mixers

Schottky Mixers Feature
High Dynamic Range

These lumped-element mixers provide
the distovtion-free dynamic range for
cellular and PCS wiveless applications.

Byron Galderon
Engineering Product Manager
TRAK Microwave Corp., 4726 Eisenhower Blvd., Tampa, FL 33634;
(813) 884-1411, FAX: (813) 886-2794, e-mail: sales@trak.com,
Internet: http://www.trak.com.

diode mixers for use in cellular and personal-communications-services
(PCS) bands with third-order intercept points (IP3s) up to +38 dBm.

The new mixers serve cellular and :

PCS designs. For cellular systems,
the RF range is 820 to 850 MHz while
the local-oscillator (LO) range is 735

to 765 MHz. For PCS use, the RF
ranges are 1710 to 1785 MHz, 1850 to
1910 MHz, and 1820 to 1920 MHz and :

as low as 70 MHz and up to 1010 MHz.
They are designed to work with LO
power levels from +17 to +23 dBm,

with conversion loss of typically 7 dB

for most models.
In TRAK’s high-dynamic-range

dBm.
For example, model MXR/6EE-

RF range of 820 to 850 MHz and LO

- range of 735 to 765 MHz. It operates :
- with a fixed IF of 70 MHz and re-

. quires +17-dBm LO power to attain
conversion loss of 8 dB. The mixer
- housings.

The HDMs at a glance

=-02HD-1

-02HD-1

=-02HD-1

-02HD-1

features minimum input IP3 of +35
dBm and typical input IP3 of +38

- dBm. As with the other mixers in the

line, the LO-to-IF isolation is typi-

- cally 40 dB.

The HDMs feature tightly matched

IXERS provide the frequency-translation function essential for = Schottky-diode quads and broadband

wireless communications. High dynamic range is especially impor- - RI" balun transformers. Earlier de-
tant for communications systems based on digital modulation, | S80S (approximately 1994) achieved

since limited range can result in signal distortion, lost data, and - ;Efnu]gnlfjl fgﬁofﬁiﬁs r?lfﬁ (3)1 diligvrz
dropped calls. In response to the need for low-cost, high-dynamic-range mix- . when mixin ¢ RF signals from 1805 to

ers, TRAK Microwave Corp. (Tampa, FL) has developed a line of Schottky- 1880 MHz and LO signals from 1665 to
: 1743 MHz to achieve a 140-MHz IF.
: By improving these designs, and opti-
. mizing the mixers for narrow IFs (as
: © typically used in wireless communica-
- mixers (HDMs), the LO drive and IF : tions designs), the input IP3 perfor-
- bandwidths have been optimized for :
maximum input IP3 performance.
The typical input IP3 performance of
i the mixers ranges from +35 to +38
the LO ranges are 1210 to 1285 MHz
and 1700 to 1800 MHz (see table). De-
pending on the model, the mixers pro- :
vide intermediate frequencies (IFs) !

mance has been quite dramatically
improved.
The new HDMs are housed in the

- company’s standard -02 style low-

cost surface-mount package (SMP),

¢ which measures 0.50 X 0.38 X 0.19 in.
02HD-1 is a cellular-band mixer with :

(1.27 % 0.9652 X 0.4826 ¢m). Models

: that have slightly reduced input IP3
. performance can be supplied in

smaller packages, while mixers with
better input IP3 performance are
available in more expensive hermetic

The passive HDMs require no DC

© bias. They achieve their rated perfor-
: mance levels over an operating tem-
. perature range of -55 to +105°C.
: TRAK Microwave Corp., 4726
. Eisenhower Blvd., Tampa, FL
: 33634; (813) 884-1411, FAX: (813)
- 886-2794, e-mail: sales@trak.

com, Internet: http://www.trak.

¢ com.
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W[R@L[ESS SYSTEMS SOLUTIONS
Hzgh Dynamzc Range

M zxers

Typical Performance
MXR/6 Series

F= 1930-1990MHz ﬁ n
O= 1789-1849MHz “ H
[F= 141MHz I 1
O= +17dBm f ) 11 \
| \
/
\ |/
N || [ S
ITP3= +35 dBm
¢+ Frequency Bands............... PCS, WLL, PHS, GSM, AMPS
+ Reflow Temperature.......... Up to +240 °C
+ Solder Mask........cc.coeuunene. For Improved Solderability
¢ Operational Temperature...-55 to +105 °C
¢ Robust Designs.................. For High Reliability
SIIP3.s +35 to 37 dBm typical with +17 dBm LO Power
*IIP3.. e +38 dBm typical with +21 dBm LO Power

Environmental Data Available Upon Request

Phone: 813-901-7200

TRAK. MICROWAVE CORPORATION 00& FAX:  813-901-7492

A TRAK Communications Company d,,a
% 4726 Eisenhower Blvd. 190" E-mail:  sales@trak.com
Tampa, FL 33634-6391 R0 Web Site: www.trak.com
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Signal Generators

Signal Generators Offer
Enhanced Spectral Purity

These signal genevators featuve improved
spectrval purity, and some can change
personality to suit a specific standard.

DON KELLER

Senior Editor

MPROVEMENTS to a family of RF/microwave signal generators include

eight new models with low phase noise and options for testing according

to wireless standards. The ESG family of signal generators from Hew-

lett-Packard Co. (Santa Rosa, CA) has doubled from eight to 16 gener-
ators. The new line consists of four ESG-AP (analog) models and four ESG-
DP (analog/digital) models (see table).

The eight new signal generators
have much in common with their older
siblings. They offer a choice of fre-
quency coverage from 0.25 GHz to 1.0,
2.0, 3.0, or 4.0 GHz. All models have
0.01-Hz frequency resolution. Output
levels can be set as low as =136 dBm,
with available power levels of +13
dBm to 1 GHz, +10 dBm to 3 GHz, and
+7 dBm to 4 GHz. Qutput levels can
be set in 0.02-dB increments. Level
accuracy is better than +0.5 dB to 2
GHz without modulation and still bet-
ter than +0.6 dB with digital modula-
tion. Harmonics are better than -30
dBec for carrier levels of +4 dBm or
less. Spurious non-harmonic levels
are better than —65 dBc for carrier
frequencies to 1 GHz, better than -59
dBe for carriers from 1 to 2 GHz, and
better than —53 dBc for carriers from
2to4 GHz.

The performance improvement
shared by the new AP and DP models
is increased spectral purity, which in-
dicates how closely the output-fre-
quency spectrum represents that of
an ideal signal. A key measure of spec-
tral purity is phase noise. The follow-
ing single-sideband (SSB) phase-
noise measurements for a 1-GHz
carrier compare the spectral purity of

the new models with that of their pre-
decessors. At offsets to 100 Hz from
the carrier, the phase noise is the
same for all of the models, new and
old. However, at 1 kHz from the car-
rier, the AP and DP models offer
-110-dB¢/Hz phase noise compared to
approximately -98 dBe/Hz for the
standard models. And at 10 kHz from
the carrier, the AP and DP models
provide better than -130-dBe/Hz
phase noise compared to -110 dBe/Hz
for the standard models. This im-

provement in phase noise is necessary
for testing next-generation advanced
phase-modulation-based cellular sys-
tems such as wideband code-division
multiple access (WCDMA).

The analog/digital members of the
ESG family—the old D models and
new DP models—are available with
“personality” options. Without any
programming on the part of the user,
these personalities enable the gener-
ator to produce signals that conform
to specific telecommunication stan-
dards such as WCDMA, cdma2000,
and enhanced data rates for global
evolution (EDGE). These standard-
specific options are often called “per-
sonalities” because they are imple-
mented in the generator’s firmware
(depending on the modulation capa-
bilities of a particular generator).
The firmware options are themselves
dependent on hardware options.

The newest ESG generators at a glance

Isé, le, burst

/Q, burst

‘§é, l_/Q, burst

se, 'i/Q, burst
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Signal Generators

The previously mentioned WCDMA
and edma2000 personality options (re-
ferred to as Option 100 and Option
101, respectively) are dependent on
Option UND, an arbitrary waveform
generator that produces complex,
digitally modulated waveforms. Op-
tion UND offers flexibility to test de-
vices under varying signal conditions
outside the boundaries of current and

proposed air-interface standards. Op-
tion 100 generates multichannel, for-
ward- and reverse-link partially
coded signals according to the devel-
oping WCDMA international stan-
dards. Option 101 generates similar
signals according to developing
cdma2000 standards. The signals can
be used for base-station, mobile, com-
ponent, and subsystem tests.

OUR MICROWAVE
AND RF CIRCUIT
PROCESSING
EXPERIENCE
SHOWS.

YOU CAN SEE THE

DIFFERENCE.

POLYFLON Company is the
recognized leader in pure PTFE
microwave substrates, and now
offers the industry an extended
line of critical materials and
processes. Our high performance
fabricating techniques are applied
to virtually any size circuit that
can be processed....from the
smallest millimeter wave design
to the largest antenna array.

Ask us about other POLYFLON
materials and services...

< Microwave Substrates

< Gircuit Processing

+ Electroplated PTFE

< HV/RF Capacitors

= and much more!

POLYFLON

CRANEe

WE SOLVE MATERIAL PROBLEMS —
PROBLEM:

Where can we find a low
loss microwave laminate
and still meet aggressive
cost targets?

SOLUTIONI:

4§ "]

..2.95 Dielectric Constant,
with 0.0011 Dissipation
Factor (L-Band) and 1.1
Specific Gravity. Made
from an Engineering
Thermoplastic (PPO) with a
Volume Resistivity of
10"MQ-cm. All at a cost
well below the competition.
Only POLYFLON has it!

Polyflon Company,

One Willard Road, Norwalk, CT 06851

Tel: (203) 840-7555, Fax: (203) 840-7565

Modem: (203) 840-7564, Email: info@polyflon.com
Internet: http://www.polyflon.com

POLYFLON and NorCLAD are registered trademarks of Polyflon Company

CIRCLE NO. 421

MICROWAVES & RF « AUGUST 1999
158

The EDGE personality option (re-
ferred to as Option 202) is dependent
on Option UNS, a real-time in-phase/
quadrature (I/Q) baseband generator
that builds digitally modulated sig-
nals by mixing and matching modula-
tion types, symbol rates, and filters.
Option 202 offers continuous or
framed data for component and re-
ceiver testing. Individual time slots
can be activated, and data can be as-
signed to each time slot’s “encoded”
data field independently. The data
framing in each time slot matches that
of a “normal” EDGE time slot. The
user can edit the tail, steal-training
sequence, and guard fields to keep
pace with format changes or experi-
ment with new formats. In addition,
“custom” time slots enable the user to
create other time slot types with
downloaded data.

The improvements in spectral pu-
rity make these new signal genera-
tors ideal for applications that require
a clean signal, such as local-oscillator
(LO) substitution and next-genera-
tion system design. And the availabil-
ity of standard-specific personalities
makes testing easier and more fool-
proof, especially when performing
production-line testing according to a
wireless standard. The architecture of
the AP and DP series is modular and
expandable, and the programmable
hardware of the DP series enables de-
signers to completely modify existing
standards or to create new formats.
For license-key purchasers or owners
of existing digital options, updated
firmware can be downloaded from the
HP ESG website to obtain future lev-
els of measurement performance and
personalities. Hewlett-Packard
Co., Test & Measurement Orga-
nization, 5301 Stevens Creek
Blvd., MS 54LAK, Santa Clara,
CA 95052-8059; (800) 452-4844
ext. 65639, Internet: http:/www.
hp.com,

CIRCLE NO. 59

For more information

on this topic,

visit us at
www.microwavesrf.com




Spectrum Analyzers

Spectrum Analyzers
Geared To Production Testing

A thvee-instrument family pevforms high-speed test
and measuvement in wiveless, RF, and TV
applications on the production line.

GENE HEFTMAN

Senior Editor

STING products rolling off a manufacturing line requires a different
breed of test equipment than that found in an engineering lab. The pro-
duction instrument must make measurements faster, be simpler to oper-
ate, have good data-collection capability, perform automated measure-

ments, and be easily interfaced to a test bus that can handle high-speed data
transfers. To meet these production-test requirements, Tektronix (Beaver-
ton, OR) joined with Advantest of Japan to develop a three-instrument family
of spectrum analyzers—the R3132/R3132N and the R3162 (see figure). Ap-
plications are in the rapidly expanding wireless, RF, and television (TV) man-
ufacturing environments. Advantest designed and developed the instruments
and Tektronix will market and support them in North America.

The spectrum analyzers are de-
signed with two basic features in
mind—testing speed or throughput
and a user interface that is familiar to
production-test operators. High-
speed testing is made possible by the
analyzers’ wide resolution bandwidth
filters and improved synthesized local
oscillator (LO) that enables sweeping
at 50 s to support time-domain mea-
surements such as burst-
transmission rise and fall
times (available as an option).
The screen-update rate is 20
traces/s to provide test oper-
ators with a “live” feel when
making manual adjustments
on RF components while ap-
proaching real-time wave-
form measurement.

Many production tests @
used for communications |
products are automated, in-

cluding adjacent-channel The R3132 spectrum analyzer from Tektronix, Inc.
power (ACP), channel power, shown here is one of three similar instruments

and occupied bandwidth. An optimized for high-throughput production testing in
ACP measurement, for ex- wireless, RF, and TV manufacturing environments.

ample, can be made in one-sixth of a
second. The front panel conforms to a
three-button format of frequency,
span, and level that is familiar to pro-
duction operators in communications.
A front-panel lockout protects the in-
struments against unauthorized pro-
gramming changes, and the user in-
terface uses a menu for easy access to
key measurements.

Features that are optional in spec-
trum analyzers of this performance
level are standard in the R3132/3132N
and R3162 because they are neces-
sary for fast testing and the data log-
ging needed in production testing.
They are a general-purpose interface
bus (GPIB, or IEEE Std 488.2), an
RS-232 port, parallel printer inter-
faces, a built-in 3.5-in. floppy-disk
drive, and a high-definition color dis-
play with a video-graphics-array
(VGA) output connector for sending
the screen image to external displays.

The three analyzers each have a
different operating frequency range.
The R3132 spans 9 kHz to 3 GHz
while the R3162 offers a range of 9
kHz to 8 GHz. The R3132N is a 75-(2
instrument intended for applications
in cable TV (CATV), broadcast TV,
and broadband local-area-network
(LAN) applications, with a frequency
range of 9.0 kHz to 2.2 GHz.

Total measurement accuracy level
is =1.5 dB while phase noise
is specified at -100 dBe, at
10-kHz offset from the car-
. rier, 1-GHz center fre-
. quency, for all models. P&A:
- R3132 and R3132N start
at $12,750; R3162 starts
at $17,950 (8 wks.). ARO.
. Tektronix Measurement
Business Division, P.O.
Box 3960, Portland, OR
97208-3960; (800) 426-
2200 (code 1158), FAX:
(503) 222-1542, Internet:
http:/www.tek.com/
Measurement.
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IR Software

Software Simplifies
IR Communications

Thss software suite coordinates IR data communications
between PCs and portable devices such as PDAs,
digital cameras, and cell phones.

DON KELLER

Senior Editor

NFRARED (IR) links have recently grown in popularity as a connectiv-

ity method. An IR link allows a personal computer (PC) to communi-

cate with other electronic devices such as scanners, cellular phones,

pagers, personal digital assistants (PDAs), video projectors, and digi-
tal cameras. But getting an IR-capable desktop or laptop PC to recognize
these devices and exchange data with them is another story. Obstacles to
IR data links include disabled IR ports, interrupt-request (IRQ)/direct-
memory-access (DMA) conflicts, and incompatible applications. Fortu-
nately, the IrDirector software package from Calibre, Inc. (San Jose, CA)
makes it easier to negotiate these obstacles.

IrDirector manages all of the con- | Of IrDirector’s five utilities, the
nection, handshaking, and data-trans- = two that perform the most-essential
fer functions that are required for IR = IR-link functions are known as Con-
communications. It configures a com- = figuration and JetConnect IrDA pro-
puter’s IR port and solves driver, in- | tocol stack. The Configuration utility
terrupt, and memory issues. It
also allows a computer to sense ™
the type of device it is linking to

begins the installation procedure by
presenting a user with a familiar Mi-
crosoft Windows-style “shield” shell
and installation window. This utility
also configures the PC’s IR port. The
JetConnect IrDA Protocol Stack util-
ity contains a stack of IR-communica-
tion protocols—the core software
that allows the PC and the linked de-
vice to communicate. These protocols
conform to standards that are set up
by the Infrared Data Association
(IrDA). Upon installation, the utility
inserts the IrDA-compliant protocols
into the PC.

The third utility that is included
with IrDirector and controlled by the
GUI is known as Place and Play Enu-
meration. This utility identifies IrDA-
compliant devices and installs the
required drivers. Based on the
device identification obtained in

and automatically launches an ap-
plication. For example, a PDA
can be placed near a laptop com-
puter for wireless transfer of e-
mail from the computer to the
PDA. In the presence of a digital
camera, [rDirector can auto- | = commecsn
launch an application that uploads
images to the laptop computer.
IrDirector performs these
feats through its utilities and op-
tional applications that are avail-

the discovery phase of the IrDA
protocol, it provides addresses to
IrDirector’s phone book. The
phone book lists the supported
devices, applications, and device
drivers. It is available to the user
through IrDirector’s GUI. The
Place and Play Enumeration util-
ity also allows the user to launch
applications automatically.
IrDirector’s optional utility is
known as SnoopIR. It audits con-

able from Calibre and other soft-
ware providers. The program
offers a maximum of five utili-
ties—four of them controlled by a
graphical-user-interface (GUT)

nected devices to ensure that the
appropriate protocol stack is in
place. If it finds a device that uses
non-IrDA protocols or a propri-

utility. Of the four GUI-con- IrDirector’s monitor and control GUI shows link

trolled utilities, three are stan- status, available devices, and available
dard and one is optional. applications.

etary implementation of the
IrDA protocols, it automatically
switches to the required stack.
This utility allows IrDirector to
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RE oM

Devices

Presents

=2_Great Moments in
Communication

Wireless

% )

1861 A.D. — St Joe to Sacramenio...
vistory’s greatest relay.
A cloud of dust trails across
be plain as man and pony race
o deliver the mail. Pounding
1ooves send echoes bouncing off
anyon walls.

Abead, the Sierra Madres and
reacherous territory...bebind, a
oose lock and an open flap.
Fnvelopes go flying.
Airmail...1861-style.

1998 A.D. —1t's all up to you.
There’s no time to backtrack — you
sither deliver this design today or
you're history.

You need help to reach the finish,
so hand off your specs to RFMD.
We're waiting and ready to supply

you with a full line of highly inte-
grated components.
Components like our RF2510 and
RF2917, a fully functional transmitter
and receiver pair. These monolithic ICs
are low-cost, silicon-based and ideal for

IMMEDIATE
DELIVERY

RFE0

MICRO-DEVICES

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

CIRCLE NO. 307

North Ameri-
can and Euro-
pean ISM band
FM/FSK
applications. Both components require
only the addition of an external crystal
to provide complete phase-locked
oscillators. Best of all, they’re ready-
to-ship.

When you're racing against time, call
RFMD...we deliver.

7625 Thorndike Road

Greensboro, NC 27409-9421

Phone 336.664.1233

FAX 336.664.0454

Online: http://www.rfmd.com
Mention NSG#5 when conlacting us.
©1998, RF Micro Devices, Inc.
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ANNOUNCING DUCOMMUN TECHNOLOGIES'

DMT WWIRELESSE racuas:

* DC to 40 GH:z
o ATE Switch Matrix

* Base Station Applications
(High Power, Multi Channel, Backup)

* 5PAT (MM5) &
4P3T (MM4) Switches

R st on) 8
. SPST (RA) Switches

ATE Switch Matrix

1 999 150th Annwersary of
1 DUCOMMUN mcekremmn

SPST Switch

DUCOAMAIUN
TeCHNOLOGIES, INC.

For more information, please call (310) 513-7215
23301 Wilmington Avenue * Carson, CA 90745 « Fax: 310-522-8994 « www.ductech.com * e-mail:sales@ductech.com
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IR Software

support a very wide selection of de-
vices, including so-called “legacy” de-
vices that were manufactured before
the established IrDA standards.

IrDirector’s GUI utility (see fig-
ure), known as Monitor and Control,
shows the user a window that con-
tains the status of the link, the de-
vices that are currently available,
and the available application pro-
grams. It also allows the user to set
an application as the default for a
particular device and launch it auto-
matically. This feature is very conve-
nient when using a single-function
device such as a digital camera, or for
activating applications that are fre-
quently used with a device.

The manufacturers of IrDirector
offer four Calibre Connect applica-
tions that can be used with IrDirector
to perform device-specific tasks. File-
Connect lets users transfer files of all
types among portable appliances and
PCs. PhotoConnect allows users to
send and receive digital pictures be-
tween digital cameras, photo printers,
scanners, and PCs. MobileConnect al-
lows users to exchange electronic bus-
iness cards, schedule information, and
short messages between pagers and
mobile handsets. And PrintConnect
enables printing to an IR-capable
printer.

For portable-device original-
equipment manufacturers (OEMs)
who would like to add IR capability
to their hardware, Calibre manufac-
tures a small, self-contained inte-
grated-cireuit (IC) transceiver that
OEMs can build into their products.
The CHX2000 employs two IR light-
emitting diodes (LEDs)—one for
transmission and one for reception.
The entire package measures 9.8 X
4.0 X 4.84 mm. The transceiver is
IrDA compatible and supports trans-
mission rates to 4 Mb/s. It can be
powered at voltages ranging from
+2.7to +5.25 VDC and draws only
2.5-mA current in the receive mode.
In the transmit mode and depending
on the distance of the link, its current
requirement varies from 10 to 500
mA. Calibre, Inc., 1762 Technol-
ogy Dr., San Jose, CA 95110-
1308; (408) 573-3890, FAX: (408)
573-3899, Internet: http:/www.
calibre-inc.com.

CIRCLE NO. 61

PLX 8000 SERIES

Low Noise, Coherent, Phase Locked Multiplier

50 MHz to 1 GHz

THE SOURCE SOURCE

Techtrol Cyclonetics Inc.
815 Market Street

itrol@paonline.com
Websi vw.tci-ant.com

CIRCLE NO. 471

Sonoma Scientific

Isolators and Circulators

Slngle Junction
TETRA/EGSM/PCN/PCS/WCDMA Designs

Isolation: 23 dB TYP, Some Designs>28 dB
Insertion Loss: 0.3 dB TYP, Some Designs<0.15 dB
Power: 100 Watts TYP, Some Designs>200 Watts
Dual Junction Units Also Available
 Surface Mount & Connectorized Units
* 150 MHz to 40 GHz
* High Performance
* Low Cost
* High Volume

Sonoma Scientific
3589 Westwind Blvd., Santa Rosa, CA 95403
Ph. (707) 522-0181 Fax (707) 522-0184
Email: isolators@sonomascientific.com
Visit us at: http://www.sonomascientific.com
CIRCLE NO. 455
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YIG-Tuned Oscillators

Doublers Drive YIG
Sources To 44 GHz

This series of low-phase-noise oscillators
provides the spectral purvity needed
for bigh-capacity digital radios.

DON KELLER

Senior Editor

Lambda, Inc. (Freemont, CA) achieves low phase noise with virtual

MLPX-2836 is a doubled YIG that operates from 28 to 36 GHz.

Most of the reduction in phase |
noise in these oscillators can be cred-

ited to the use of silicon (Si) bipolar

that of GaAs FET circuits. And al-
though frequency doubling adds ap-
proximately 6 dB of phase noise, the

MLPX models still enjoy 2 to 6 dB .
less phase noise than comparable

fundamental GaAs FET oscillators.

The oscillators’ extremely low sus- :
ceptibility to microphonics and FM
effects is due to the structure of the

magnetic circuit and the materials
used in it. A YIG-based oscillator is

essentially a small YIG sphere placed :

in the air gap of a variable magnetic
field. Any change in the gap size,
which can be caused by vibration or
temperature changes, can disrupt the

stability of the magnetic field and cre- :
ate microphonics, phase hits, and FM :
. effects. To overcome these effects,
transistors instead of gallium-ar-

senide field-effect transistors (GaAs
FETs). Typical bipolar phase noise is :
approximately 8 to 12 dB lower than

i the MLPW and MLPX oscillators use
. proprietary magnetic materials in a

tic structure that is miniatur-
TTRIUM-IRON-GARNET (YIG)-TUNED oscillators can be suscepti- : JAgIe e SIS b 18 M

ble to Inicroph()llics alld residual frequency modlllaﬁon (FM) from addition’ surface-mount Components

shock and vibration. But a line of YIG-tuned oscillators from Micro : are used in the oscillators to minimize
- the effects of vibration and tempera-
immunity to microphonics and residual FM effects. By adding frequency
doublers to these oscillators, the company has created an additional line of
oscillators that covers frequencies to 44 GHz (see figure). The fundamen-
tal-frequency MLPW oscillators and the frequency-doubled MLPX oscilla-

tors are ideal for digital microwave radios using high-capacity modulation -

formats such as phase-shift keying (PSK), quadrature PSK (QPSK), and = ClLators provide substantial output-

- power levels that remain relatively

quadrature amplitude modulation (QAM). The MLPX line is also ideal for flat over their respective frequency

higher-frequency applications such as local multichannel distribution sys- -
tem (LMDS). In both product lines, the frequency range covered by each

ized, ridged, and shock mounted. In

ture changes.

The advantages of the design inno-
vations employed in these oscillators
are borne out in their specifications.
In addition to low phase noise, the os-

ranges. As expected, specifications

. for phase noise, power output, and
model is incorporated into its part number (see table). For example, model power flatness are best for oscillators
. operating at lower frequency ranges.
Minimum spurious noise is -70 dBe
for all models, and minimum third-

harmonic distortion is —20 dBe for all
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if someone invented

a really small

splitter/combiner set —

that was free of Somebody has.

Wouldn't it be neat

binary split restrictions,

space-wasting cables,

and high losses?

Introducing AdrenaLine’. A splitter/combiner technology so revolutionary — it'll change the way
amplifiers are designed forever. The magic lies in Adrenaline’s unique, tiny multilayer-stripline
packaging — an innovation that will make a huge impact on your design and manufacturing process.

Tts compact footprint frees up board space for other amplifier functionality, increased capacity, or
even reduced cabinet size. Adrenaline is so versatile — you can launch a connector or go connector-less
altogether. Non-binary splits are a snap. You can even test or replace your amplifier modules individually
for even more manufacturing and field efficiency.

Plus, AdrenaLine’s novel splitting technique features the lowest loss possible for more power,
better efficiency.

Want to give your amplifier design a boost? Give it a shot of Adrenaline!

Anaren

What'll we think of next?™

800-544-2414 > www.anaren.com > In Europe, call 44-2392-232392 > Visa/Mastercard accepted (except in Europe)
CIRCLE NO. 207



WIRELESS

OPENING DOORS
TO CHINA

B SARLE TS
.‘ i %ﬁ f/% X 1f§§£§fi‘$ s

A @ oW e it N o kA

China has become an important market for wireless technology. The IMF estimates that China will need to
import $750 billion in US goods and services during the upcoming years to safisfy infrastructure demands. The
editors and staff of Wireless Systems Design magazine have responded fo this demand. They have created Wire-
less Systems Design China on behalf of China’s systems design engineers.

What is... Wireless Systems Design China?
Wireless Systems Design China will be published four times in 1999. The first issue lounched in March. The
15,000 circulation is mostly made up of design engineers working in China.

What will Wireless Systems Design China’s Editorial be?

Wireless Systems Design China will be produced under the supervision of Chief Editor Ron Scheiderman and
two editors working in Penton Media’s Beijing offices. The ediforial will cover the latest innovations in wireless
technology in the US and China.

Why advertise in Wireless Systems Design China?

Wireless Systems Design China will help provide your company with name recognition and the branding credibili
ty needed to succeed in the competitive Chinese market. If you are already established in the Chinese market, adver
fising in Wireless Systems Design China will keep you one step ahead of your competition and further increase your
company’s product awareness.

For mare information on this outstanding sales and marketing opportunity, please contact your regional sales manager.
For editorial information, please contact Ron Schneiderman at 1-{201)-393-6292

Wireless Systems Design China 1999 Editorial Calendar

DECEMBER © Wireless Networks ® Mobile Computing/

1/0 Close: 10/25/99 ® Internet Communications Wireless Dato

Materials: 11/15/99 © The Use of GaAs in
Wireless Systems
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PRODUCT TECHNOLOGY
YIG-Tuned Oscillators

The MLPX models consist of a
fundamental oscillator and a
frequency doubler.

models. Minimum second-harmonic
distortion is -12 dBe for all MLPW
models and -20 dBe for all MLPX
models. The tuning response (sensi-
tivity) of the main coil is 14 MHz/mA
for all MLPW models and 28
MHz/mA for all MLPX models. All of
the models operate from a +12-VDC
power supply at 100 mA, and all of
them operate over a temperature
range of -20 to +70°C. The MLPW
models measure 1.25 X 1.25 X 0.75 in.
(3.75 X 3.75 X 1.905 cm) while those
with frequency doublers measure
2.84 X 1.25 X 1.0 in. (7.2136 X 3.75 X
2.54 em).

The low-phase-noise characteris-
tics of these oscillators makes them
ideal for applications involving mod-
ern phase-based modulation formats,
such as PSK and QPSK. And the inte-
gral frequency doubler used in the
MLPX models is especially helpful to
designers of high-frequency systems
such as LMDS who might otherwise
have to endure the rigors of matching
a frequency doubler to a YIG oscilla-
tor. Micro Lambda, Inc., 48041
Fremont Blvd., Fremont, CA
94538; (510) 770-9221, FAX: (510)
770-9213, Internet: http://www.
micro-lambda.com.

CIRCLE NO. 62

For more information
on this topic,

visit us at
www.microwavesrf.com




COMBINATION

A WINNING COMBINATION FOR ALL YOUR DIGITAL COMMUNICATIONS DESIGNS.

OUR PRODUCTS INCLUDE: Stanford Telecom offers a broad selection of ASIC
DIRECT DIGITAL SYNTHESIS (DDS) . S
- Numerically Controlled Oscillator (NCO) ASICs for FM, and board-level assemblies for applications

I Oc e pnon including PSK, QAM or CDMA modulation and

+ CMOS and GaAs technologies - up to 800 MHz clock rates
 Separate or selectable sine and/or cosine outputs demodulation, digital down conversion, data
+ Up to 48-bit frequency resolution (STEL-1173) transceivers, forward error correction, adaptive
+ Single chip NCO + DAC

equalization and direct digital frequency synthesis.

PSK, QAM OR CDMA MODULATOR/DEMODULATOR

» Burst or continuous applications Product highlights are shown at the left.

+ Data rates from 19.2 Kbps up to 8 Mbps

- Performance at less than 2 dB from theory Contact us for more information, including a copy

» CDMA transceiver for telemetry, wireless Internet

access, vehicle positioning of our Short Form catalog.

+ Single ASIC transceiver for MCNS cable modems

FORWARD ERROR CORRECTION (FEC) ASICS

- Convolutional encoding / Viterbi decoding

+ Data rates to 45 Mbps

« Selectable coding rates of ¥z through 7

+ Scrambling and descrambling based on industry
standard polynomials

+ New 2 Mbps decoder starting at $20 flat pricing

480 Java Drive, Sunnyvale, CA 94089 Tel: (408)745-2660 Fax: (408)541-9030 e-mail: tpg.marketing@stelhg.com www.stanfordtelecom.com
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TO ADVERTISE

CALL

JOANNE

The dlfferen_ceyuﬁrystal clear.

Oscillator type
1L, HCMOS, DUAL, TRI-STATE, & ¥CX0

Frequency Tolerance
10,25, 50 & 100ppm

e

Cal Cryst
Operating temp. range

Commerdial, Industrial, & Custom
Size / Style

Full-size (14 pin), Holf size (8 pin)

Gull-wing (14 /8 pin), & Surface mount

1156 Notth Gilbert Street

CAL CRYSTAL LABS

Anaheim, CA 92801 « 800 333. 9825 @ Fax 714. 491 9825  w

Holder styles

Through hole, Surface mount

Calibration tolerance
0,25, 50& 100ppm

Operating temp. range
Commercial, Industrial, & Custom

Options
Gull-wing & Ground wire

colcrystal com

CIRCLE 573

REPPAS

(201) 666-6698

MICROWAVES & RF DIRECT CONNECTION ADS
e R T I SE_CALL JOANNE REPPAS (201) 666-66098 |

Ecli"se 5 for Windows 95/%

CIRCUIT-LEVEL DESIGN

* Lightning-fast
32-bit performance

+ Comprehensive
element library

= Optimization

* Monte Carlo/Yield
analysis

* Multiple design
versions within a
single project

« Stability/constant-
gain circles

* User-defined
variables/equations

* Flexible sweep

capabilities

E l?il|l\(; Price

Arden Technologies, Inc.
PO Box 286 © Forest, VA 24551
Sales: 804/525-6837 or 888/535-6837 (US only)
Fax: 804/525-5376 * E-mail: sules@ardentech.com
FREE fully functional demos at hitp:/ iwww.ardentech.com
ARDEN TECHNOLOGIES CIRCLE 557

RF Signal 'Gme'néfé'to‘r?

* 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.

DDS BASED SYNTHESIZERS

DDSPLO-150-01

Frequency Range: 75-150 MHz

Step Size: 1Hz

Reference: 5To 20 MHz

Output Power Upto 12dBm

Harmonics: -15dBc Typical

Spurious: <-60dBc Typical

Phase Noise: -95 dBc/Hz @ 10 KHz
-120 dBc/Hz @ 100 KHz

DC Power: +12V @ 250mA Typical

‘Temperature: -30To+70 C

Size: 3.5 x2.5"x.60”

Multilayer Ferrite
Chip Beads

@ Ideal for noise suppression
at high frequencies
® Monolithic structure offers closed
magnetic path and high reliability
e Standard EIA sizes 0603, 0805,

1206 and 1806 available
Bolivar Drive, PO. Box 547

793 Canning Pkwy Victor, NY 14564 EM RESEARCH, INC, ' Bm PA 16701
Tel: 716-924-4560 Fax: 716-924-4886 .__ﬁ, 2465 HIGHWAY 40, PO BOX 1247, A

email: RFtest@Ramseyelecironics.com ="} | o 175206 ‘\‘lel-,kl[)_ln NlV/l\ll)(/J\“Nt)?\\\:) I .mm F awsmm
www.RamseyElectronics.com - D 3 ' T - R ; ‘.‘ﬂ‘“
RAMSEY ELECTRONICS CIRCLE 571 | EM RESEARCH, INC. CIRCLE 550 KOA SPEER ELECTRONICS

CIRCLE 556

Coupled Line
Filter Design Software

Windows =~ 95/98/NT
NEW Flat Group Delay Designs
: N
]
Delay
Data
Demo
AVECONSo 0
W] WAVECON

P.O. Box 2697, Escondido, CA 92033
Tel: (760) 747-6922 Fax: (760) 747-5270

WAVECON CIRCLE 581

100 MHz TO 2.0 GHz
10-BIT DIGITAL CONTROL
60/70dB ABSORPTIVE ATTENUATOR

® ABSORFTIVE
® 100 MHz TO 2.0 GHz
* 60/70 dB DYNAMIC RANGE

# 10-BIT DIGITAL CONTROL

® 10 dB/VOLT VOLTAGE CONTROL

AMC MODEL Nos:
AGT-2000-70D & AGT-2000-70DD
SPECIFICATIONS:

«  FREQUENCY RANGE e,

INSERTION LOSS
®  ATTENUATION RANGE
*  FREQUENCY FLATNESS 0 T0 30 4B £0.5 4B MAX.
3070 50 dB £1.5 dB MAX.
5070 65 dB £2.5 dB MAX.
*  ATTENUATION ACCURACY a8 v

T SWICHING SrERD
L —

CoNTROL

POWER SUPPLY
CONNECTORS: DIGITAL D)

ANALOG ()

sIzE : 200 X 181* X 0380 Version
207 X 1817 X 0.50° Stimline Version
*  WHGHT <Son.

"l Pursuit of Rccellance Through Eaginearing”
AMERICAN MICROWAVE CORPORATION
7311-G GROVE ROAD
FREDERICK, MD 21704

\\ TEL: 301-662-4700, FAX: 301-662-4938

AMERICAN MICROWAVE CORP. CIRCLE 564
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Personal
Prabe
Station

Very Low Cost
High Function

A compact full featured, modestly priced, manually operated probe station
developed for engineers and scientists.
Measure Mi , RF and DC of
Packages and Assemblies with NIST traceability .

 BenchtopSize(<1f)) ® Vacuum chuck e X-Y-g stage »

* X-Y-Z probe positioners ® Top Plate Z-lift Vacuum Accessory Manifolde
 7X-40X Stereo Zoom Microscope ® Adjustable Halogen llluminator «
#Vacuum Accessories » Compatible with 40GHz+ probes
© Accessories for Thermal Chucks and Probe Cards e

* Test wafers, microstrip packages and surface mount components e
(503) 531-9325 [FAX]

m www jmicrotechnology.com.

A Probe Station On Every Bench

Devices,

J microTechnology
3744 NW Bluegrass Pl
Portland, OR 97229
(503) 614-9509

J MICROTECHNOLOGY CIRCLE 551
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Aviel Electronics can supply blindmate connectors in
series from miniature to SG and HN. |deal for space
saving and special assembly applications, blindmate
connectors offer a quick way to mate and un-mate
your components either in production or testing
modes. PCB mounting is available, as well as
screw-in and flange mounts. Flexible and semi-rigid
cables can be accommodated. ARINC #1 and #5
adapters are also available.

Designs can conform to MIL-PRF-39012 and
MIL-STD-348 specifications. Standard, non-standard
and polarized interfaces can be supplied. Typically, no
non-recurring charges are involved.

AVIEL ELECTRONICS
5530 S. Valley View Blvd. Suite #103
Las Vegas, NV. 89118
(702) 739-8155 « FAX: (702) 739-8161
E-mail:avielconn@aol.com
Visit Aviel Electronics at
http://www.avielelectronics.com

AVIEL ELECTRONICS CIRCLE 552

C AL
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Pure Maxwell

The Finite Difference Time
Domain method is the most
direct solution of Maxwell's
equations possible. Remcom
produces the finest electro-

magnetic analysis software
based on FDTD, XFDTD 5.0,
now available for Windows
95/98/NT and many UNIX
platforms. Contact us today
for a free demo.

Remcom Inc.

www.remcom.com
xfdtd(@remcom.com
1-814-353-2986
[-814-353-1420 fax

REMCOM, INC. CIRCLE 580

REPPAS

L1 GONNEG 110N ALY

(201)

666 -6698

PRECISE MEASUREMENT
AVCOM's MSA-90A

Microwave Spectrum Analyzer

AVCOM's newest addition to its impressive line of afford-
able Microwave Spectrum Analyzers, model MSA-90A,
covers a frequency range of 50 KHz to over 1 GHz in one
sweep with a sensitivity greater than -110 dBm at narrow
spans and uses state-of-the-art direct frequency synthe-
sis to assure accurate center frequency measurements
down to 1 KHz accuracy, for the amazing price of $ 3875.

500 SOUTHLAKE BLVD
RICHMOND, VA 23236 USA
804-794-2500
OF VIRGINIA INCORPORATED FAX: 804-794-8284
Web site: www.AVCOMofVA.com

SINGLE LAYER CHIP CAPACITORS
Only TECDIA has it alll

Type A Type B Type C
Type| Metallization Attributes

A [ Top:  TW/Au Saft n
Bottom: TIW /Pt/Au | Top Electrodes

B | Top: TW/Au Safety Margin around
Bottom: TiW / Au Both Electrodes

C |[Top: TW/Pt/Au Solderable with
Bottom: TiW / Pt/ Au Sn60, 62, 63

High Quality Applications Commercial Applications
Perfect for Pick and Place Machines

TECDIA

2672 Bayshore Parkway, Ste. 702, Min. View, CA 94043
Tel: 650-967-2828 Fax: 650-967-8428
1-800-TECDIA-1
e-mail: tecdia@mindspring.com
www.tecdia.com

AVCOM OF VIRGINIA CIRCLE 558

TECDIA, INC. CIRCLE 560

HIGN A
PERFORMANL,
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RF FOWER AMPLIFIERS
7KW

IMHz - 2 6H: = 1W -

Small, Ultra High Efficiency Modules

Low Cost Amplifier Systems
T/R Subsystems

Lc F ENTERPRISES

RF POWER

651 Via Alondra, Bldg. 712
Camarillo, CA 93012 USA
805-388-8454 = Fax B03-389-5393
www.Icfamps.com ® E-mail: info@lcfamps.com

AMPLIFIERS

LCF ENTERPRISES CIRCLE 568

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/C).

6-12 GHZ Voltage Controlled Attenuator

Aftenuation L slopes (positive/negative),

offered as an option. Unit is equipped with dual supply regulators and temperature
compensation circuitry to guarantee performance independent from supply voltage
noisaivariation o any temperature extremes. Opfion with D/A converter is available for
complete digital controlling interface. Unit measures 16" x 2.0" x 0.5" in size

2.2dB (0 dB Reference)
80dBc from Reference
1.5:1 Max

*Insertion Loss:
~Attenuation Range:

31-50dB @ =+1.60 dB Max
50-60dB @ 22.00 dB Max
«Transfer Function (Monotonically Increasing): 10 dB AVolt, 0-8 Volts
»Transfer Function Accuracy:
0-09dB @ 0.1 dB Max
1-30 dB @ 205 dB Max
«Switching Speed (Rise/Fall 0dB ) 60dB):
«Operating RF Power:
«Power Supply:

31-50d8 @ +1.0dB Max
51-60dB @ 21.5dB Max
150 nS Max (100nS Typ)
100 mW CW/Peak

+1210 +15 VDG @ 100 mA
<12 t0-15 VDC @ 50 mA

Universal Microwave Components Corp.

E-Mail: UMCC111@ AOL.Com l|] [ [

Web Site: http://members.aol.com/UMCC111
UNIVERSAL MICROWAVE CIRCLE 575
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Alexandria, Virginia 22312
Tel: (703) 642-6332
Pax: (703) 642-2568

3 reasons to buy BOMAR
Oscillators and VCXO

® Quality Crystals
H Custom Designs

M Quick Turnaround e

Bomar has been a leading manufacturer of
high reliability precision quartz crystals for
over 35 years. We provide engineering and
custom design capabilities to meet your most
exacting demands for oscillators and VCXO’s.
Tight Tolerances
Extended Temperature Ranges
Standard Lead Time = 10 Days

ROMAR.,
- ydtat {/ Jompary

201 Blackford Ave., Middlesex, NJ 08846
Ph: 800-526-3935 Fax: 800-777-2197
www.bomarcrystal.com
e-mail: sales@bomarcrystal.com

BOMAR CRYSTAL CORP. CIRCLE 572
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REPPAS (201) 666-6629 8

Like what
you see?

RETURN LOSS BRIDGES

TYPES: Fixed and Variable Bridges

TREQUENCY RANGES: " Circuit Board Component

odels available from . - v = =

DIRECTVITY:  s0dBminmum| | Shielding and RF Cans eed more
WBE Bridges are Broadband RF transformer type RF * Hundreds of standard * Superior shock &

In-RF Out Impedance Bridges. Insertion loss of the sizes & configurations  vibration resistance

bridge is read directly as return loss (VSWR).a * Removable covers . Rugged design
Options include impedance conversion (i.e. for

H - ?
taking 75 ohm measurements on a 50 ohm * No tooling or * Leader Tech In orm utlo n
system), DC blocking, Test Data, and connectors. artwork charges quality & service &

WIDE BAND ENGINEERING CO. INC.

; LERADERA 14100 McCormick Dr.
P.O. Box 21652, Phoenix, Az 85036 f
Ph%xne & Fax 602-2:4-1570 TE CI-I"K‘ Tampa, FL 33626
www.wbecoinc.com (813) 855-6921
- ' FAX (813) 855-3291

_WIDE BAND ENGINEERING CIRCLE 570 LEADER -TECH CIRCLE 561

i ?
ASSEMBLED IN MEXICO HIGH POWER I' now g
With over 20 years experience manufacturing in
Mexico, N.A.F.TA. Inc. is one of the most experi- 2 PORT SPL"TER AND COMBINEH
enced cable, harness and assembly suppliers on the FM BAND 88-1 08 MHz

www.microwavesrf.com

border. We offer the following advantages:

® Competitive labor rates

@ The security of working directly with a US corporation
and a fully bilingual staff

® Products assembled to your high quality standards

 Turnkey as well as consignment material support

@ Rapid response, same day turn-around and overnight
shipping are possible due to our location 5 miles from

the US border ® 50 0hm inlerfacﬁai:de}lil ports
@ Short run as well as large volume capabilities ® 600 watt power Ing capaplllty
® Complete electrical ana mechanical testing ® VSWR guaranteed less than 2:1

N.A.-F.TA. Inc. currently supplies RF and DC ca- ALSO AVAILABLE:
bles to the telecommunications, computer and © POWER SPLITTERS & COMBINERS 2-30 MHz

commercial electronics industries. © RFTRANSFORMERS UP TO 300 MHz
Flease inquire to: For more information contact: RF POWER SYSTEMS
N.A.FTA. Inc. 17827 N. 26th Street
PO Box 1523 Phoenix, AZ 85032
Del Rio, TX 78841-1523 TEL: (602)867-0389
Phone: 830-775-4131 o Fax: 830-775-1350 FAX: (602)971-9295
e-mail: fred@naftainc.com http://iwww.rfpowersystems.com
NAFTA,INC. ~ CIRCLES54 | RFPOWERSYSTEMS _ CIRCLE 565 Visit the
Pulsed I(V) Measurement System S pectrumAna |yz ers Microwaves & RF
.ANll(e:. l:)l[t;or circuit designers and device engineers THE BESTANALYZER VALUES . WebS|te at
large-signal 10V) Compare these fe;tures - www.microwavesif.com and
haracteristi - Fully Synthesized RF, > 1 GHz BW : : : :
devices wil follow " Low Noise Floor. Stable operation click the instant inquiry button to
in microwave or - Windows(tm) Interface i i i i
th circuits, and de - Powerful marker functions req uest qurma’non seen in this
¢ aracrem;g; - Lightweight and portable Issue or visit the manufacturers
¢ Measures FETs, - Expandable with options ; :
BEnTLs, HBTs, (Track Gen, Freq. Extend, others) links for direct access to all

- Low, low prices Microwaves & RF advertisers.

e PC-controlled
desktop instrument

Applications:

® non-linear circuit design

developing non-linear device models
device process monitoring i
device structure optimization ‘iﬁ
production testing. .

LPT-2250 Spectrum Analyzer | LPT-1250 Spectrum Adapter
! /i
Distributors and licensing agreements sought in USA and Canada, Less than $2700! LE Liad S0

. . . 0
GaAs Code Ltd Check our web site for other high performance instruments!
The Old Station, Station Road,

LP Technologies, Inc.
Linton, Cambridge CB1 6NW, UK 1919 N. Amidon, Ste. 216 Wichita, KS 67203 EREUIDH
Tel: +44 (0)1223 894900 - Fax: +44 (0)1223 894888 Call 316-831-9696 for info, Fax 316-831-9692
E-mail: gaascode@aol.com - http: //www.gaascode.com sales@lptech.com http:/f'www.Iptech.com 611 Rte. 46 West,

GaAs CODE LTD. CIRCLE 555 | L P TECHNOLOGIES CIRCLE 553 Hasbrouck Heights, NJ 07604
MICROWAVES & RF - AUGUST 1999
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Semuinard

Not-

to-be-missed tutorials given
by proven indusiry experis.

September 21-22 at the Westin Hotel, Santa Clara, CA

¥ 1999 ANALOG WORKSHOPS

Choose from 8 workshops

to suil your design needs.

- Special Guest,
eynote Speaker

'ROBERT DOBKIN

Join us at the Luncheon and hear
“one of the world’s leading

‘ xperts on analog desxgn from
Linear Technology set the tone

for this extraordinary workshop.

| Tuesday, Sept. 21, 12:30 p.m.

Analog Workshop Sponsors

BURR - BROWNP®

FAIRCHILD

SEMICONDUCTORT™

Wl /| NEC

RF, Wireless & Optoelectronic Semiconductors

mm UNITRODE

lectronic Design Continuing Education

(EDCE) has instituted an ongoing educa-
tional program for design engineers and engineer-
ing managers. EDCE’s 1999 Analog Workshop is
the first in a series of events to help designers
stay in tune with state-of-the-art and emerging
technology approaches to problem solving.

This is your opportunity to meet, mix, and mingle
with your peers and proven analog experts from
your industry. Explore the inside track and hear
why and how the experts make their design
solution decisions. See for yourself how emerging
technologies help deliver better products to
market faster. Experience the excitement of
learning from those who have found solutions to
new and more complicated
analog design technical
problems. This is a not-to-be-

missed workshop experience.

Ashok Bindra
(left) will chair
this important
two-day
Analog
Workshop
program.
Ashok is
Electronic
Design’s Analog, Power
Supplies & DSP Editor, and has
gained considerable experi-
ence organizing numerous
technical conferences, work-
shops, panel discussions, and
forums. His latest
accomplisment was co-
chairing the World Spring
Design Conference in 1998.

Turn page for l]g

workshop information,
schedules, and

For workshop information, call Fred Skienar at 201

.393.6082

registration forms.
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L Workshops
e’ at a glance

Tuesday, Sept. 21, 8:30 a.m. - 12:30 p.m.;

Room: Stevens Creek

1. Applying High-Speed Operational Amplifiers
in Communication Systems

Instructor: Michael Steffes, Senior Strategic Engineer, Burr-
Brown Corp.

Topics to be covered:

I. Relative merits of voltage-feedback and current-feedback type
amplifiers: a.) Frequency response; b.) Noise and distortion; c.)
External techniques to improve performance.

Il. Amplifiers in wireless systems: a.) Receiver channel applica-
tions; b.) Transmit channel applications.

1. Amplifiers in wired systems: a.) DSL line interface options: b.)
Cable modem requirements.

Tuesaay, Sept. 21, 8:30 a.m. -12:30 p.m.; Room: Winchester
2. Designing Class D Amplifiers for Audio
Systems

Instructor: Pat Begley, Senior Manager of Audio Programs,
Harris Semiconductor

The workshop agenda includes an introduction and overview of am-
plifier techniques, switching amplifier approaches versus Class D,
benefits of Class D in terms of efficiency, size and weight, future
directions for audio, and demonstration of hi-fidelity Class D ampli-
fier solutions.

Tuesday, Sept. 21, 1:30 p.m. - 5:00 p.m.;
Room: Stevens Creek

3. Understanding the Concepts of Electro-
Magnetic Compatibility (EMC) and PCB

Suppression Techniques

Instructor: Mark Montrose, Consultant, Montrose Compliance
Services

Besides learning EMC fundamental and implementation techniques,
this course will provide an overview of European EMC directives. It
will discuss in a simplified manner how and why electro-magnetic
interference (EMI) exists within a printed-circuit board (PCB) with-
outthe use of sophisticated math. It will disclose proper design and
layout techniques to attain first-time compliance with International
EMC requirements.

Tuesday, Sept. 21, 1:30 p.m. - 5:00 p.m.; Room: Winchester
4. Designing With High-Speed Data Converters
Instructor: Paul Hendriks, Senior Applications Engineer,
High-Speed Data Converter Group, Analog Devices Inc.

Starting with an overview of analog-to-digital and digital-to-analog
(ADC and DACG) architectures, this workshop will show how to drive
high-speed high-resolution ADCs for direct IF sampling in a variety
of applications, including digital receivers. Understanding DAC speci-
fications also will be covered, as it simplifies the workings of direct
digital synthesis. Optimizing DAC performance also will be dis-
cussed. Finally, this workshop will demonstrate the use of ADCs
and DACs in high-speed communications systems.

Analog

Wednesday, Sept. 22, 8:30 a.m. - 12:30 p.m.;
Room: Stevens Creek

5. Performance Verification For High-Resolu-
tion Data Converters: Getting All The Bits You
Paid For

Instructor: Jim Williams, Staff Scientist, Linear Technology
Instrumentation, waveform generation, data acquisition, feedback
control systems and other applications are utilizing high-resolution
ADCs and DACs. 16-,18-, and even 20-bit resolution measurements
are becoming increasingly common. This lecture describes hard-
ware-based methods for verifying high-resolution converter perfor-
mance. In particular, settling time measurements of 16-bit DACs is
covered. Additionally, techniques for testing ADG linearity beyond
20 bits are also presented.

Wednesday, Sept. 22, 8:30 a.m. - 12:30 p.m.;

Room: Winchester

6. Designing Switching Power Supplies
Instructor: Robert A. Mammano,

Vice President of Advanced Technologies, Unitrode Corp.

This workshop will start with an introduction to switching techniques
and topologies, and then go directly into practical topologies for off-
line applications, DC/DC converters, and AC/DC converters. This
discussion will also describe specialized topologies such as com-
pound converter, resonant, and softswitching topologies. Addition-
ally, it will focus on component considerations in the design of switch-
mode power supplies, as well as magnetic fundamentals including
inductor and transformer designs. Finally, the workshop will address
myriad control issues and solutions, as it presents design examples
to highlight the control methodology.

Wednesday, Sept. 22, 1:30 p.m. - 5:00 p.m.;
Room: Stevens Creek
7. Design Of AC/DC Motor Control Circuits

Instructor: Dal Y. Ohm, Principal Consuitant, Drivetech Research
The pupose of this workshop is to provide basic concepts and tech-
nical skills necessary to design various types of AC and DC motor
drives. Types of motors to be discussed will include brushed and
brushless DC, stepper, reluctance, and induction motors, with spe-
cial emphasis on low to medium power drives. Practical and useful
procedures in selecting components and control methods, design
rules, and performance versus cost tradeoffs will be discussed.

Wednesday, Sept. 22, 1:30 p.m. - 5:00 p.m.; Room:
Winchester

8. Building the RF Front-End for a Software
Radio

Instructor: Clive Winkler, Vice President, Engineering, Cubic
Communications
There are powerful reasons for providing an analog RF
downconverter prior to digitizing the signal for a software radio.
Amongst them, dynamic range and the signal environment are a
couple of the most important. We start with the need for dynamic
range, phase noise and aperture jitter and derive the theoretical equa-
tions that relate them. Then we develop a clear perspective of the
physical processes and requirements that need to be met for a mod-
ern software radio which is also able to cope with the high accuracy
(amplitude and phase response) necessary for more advanced digital
modualtions (high order m-ary PSK and QAM).

The newer evolving architecures for both the receive and transmit
RF elements are considered along with ways of correcting for the
amplitude and phase errors encountered in practical components.



Register Today and Save!

Advanced registration with payment must be postmarked or faxed by September 13, 1999. After September 13, please register on site.

STEP 1. STEP 2.

Name Workshop Selection(s):

Company Tues., Sept. 21 Wed., Sept. 22

Tile (1 8:30 a.m. Workshop 1 (] 8:30 a.m. Workshop 5
[ 8:30 a.m. Workshop2 (] 8:30 a.m. Workshop 6

Addtoss () 1:30 p.m. Workshop 3 (1 1:30 p.m. Workshop 7

Mailstop/Suite City State Zip (11:30 p.m. Workshop 4 (1 1:30 p.m. Workshop 8

Phone Fax [ Yes, | will attend the Keynote Luncheon on Tuesday,

E-mail September 21. (Complimentary for Workshop attendees.)

STEP 3.

Payment:

One Workshop Fee: Two Workshops Fee: Three Workshops Fee:  Four Workshops Fee:

Advanced Registration: $250
On-site Registration:

Q Check enclosed (Please make payable to “Penton - EDGE”)

Account Name

$300

Advanced Registration: $400
On-site Registration:

$500

Advanced Registration: $500
On-site Registration: ~ $650

{Please Print)

Card Number

Refund Policy:

Expiration Date

Advanced Registration: $600
On-site Registration:  $800

TOTAL: $

O MasterCard O VISA [ American Express

For full refund, written request must be postmarked by

September 13, and mailed to EDCE Analog Workshops,

Member’s Signature

611 Route 46 West, Hasbrouck Heights, NJ 07604.
Please allow 6-8 weeks for refund to be processed.

Analog Workshop Schedule

TUESDAY, SEPTEMBER 21, 1999

TIME WORKSHOP DESCRIPTION LOCATION
REGISTRATION 7:30 am. - 8:30 a.m.  Continental Breakfast QOutside Stevens Creek
WORKSHOP 1 8:30a.m. - 10:15a.m. Applying High-Speed Amplifiers in Communication Systems _ Stevens Creek
WORKSHOP 2 8:30a.m. - 10:15am. Designing Class D Amplifiers for Audio Systems Winchester
BREAK 10:15 a.m. - 10:30 a.m. Refreshments In rooms
WORKSHOP 1 10:30 a.m. - 12:30 p.m. (Continued) Stevens Creek
WORKSHOP 2~ 10:30 a.m. - 12:30 p.m. (Continued) Winchester
LUNCHEON 12:30 p.m. - 1:30 p.m. Keynote Speaker, Bob Dobkin
WORKSHOP 3 1:30 p.m. - 3:15 p.m. Understanding concepts of EMC and Suppression Techniques  Stevens Creek
WORKSHOP 4 1:30 p.m. - 3:15p.m. Designing with High-Speed Data Converters Winchester
BREAK 3:15p.m. - 3:30 p.m. Refreshments In rooms
WORKSHOP 3 3:30 p.m. - 5:00 p.m. (Continued) Stevens Creek
WORKSHOP 4 3:30 p.m. - 5:00 p.m. _(Continued) Winchester

WEDNESDAY, SEPTEMBER 22, 1999

TIME WORKSHOP DESCRIPTION LOCATION
REGISTRATION 7:30 a.m.-8:30 a.m.  Continental Breakfast Outside Stevens Creek
WORKSHOP 5 8:30am. - 10:15am. Performance Verification for High-Resolution Data Converters _Stevens Creek
WORKSHOP 6 8:30 a.m. - 10:15a.m. Designing Efficient Switching Power Stations Winchester
BREAK 10:15a.m. - 10:30 a.m. Refreshments In rooms
WORKSHOP 5 10:30 a.m. - 12:30 p.m. (Continued) Stevens Creek
WORKSHOP 6  10:30 a.m. - 12:30 p.m. (Continued) Winchester
LUNCH 12:30 p.m. - 1:30 p.m. Mezzanine
WORKSHOP 7 1:30 p.m. - 3:15p.m.  Design of AC/DC Motor Control Circuits Stevens Creek
WORKSHOP 8 1:30 p.m. - 3:15 p.m. _ Building the RF Front-End for a Software Radio Winchester
BREAK 3:15p.m. - 3:30 p.m. _ Refreshments In rooms
WORKSHOP 7 3:30 p.m. - 5:00 p.m.  (Continued) Stevens Creek
WORKSHOP 8 3:30 p.m. - 5:00 p.m.  (Continued) Winchester




Fixed attenuator
operates to 3 GHz

attenuator for use from DC to 3000

MHz. Tts maximum power rating is -

200 mW, and it operates at tempera-

tures from -55 to +100°C. The attenu-
ator offers a 15-dB 0.2 nominal :

attenuation value with 0.8-dB maxi-
mum flatness through midband.
VSWR is 1.2:1 maximum throughout

improvement. It is housed in a coaxial
metal case with N-type male/female

connectors. Mini-Circuits, P.O.
Box 350166, Brooklyn, NY 11235-
0033; (718) 934-4500, FAX: (718)

332-4661, e-mail: sales@minicir-

cuits.com, Internet: http://www.

minicircuits.com.

Radiation badge
covers 1 to 40 GHz

Model 60A RF/microwave radia- |
tion monitor is designed to be worn as
a badge by personnel who may be :

exposed to potentially hazardous lev-

range of 1 to 18 GHz, with optional
coverage to 40 GHz, and provides
real-time power-density information

(mW/em®) via its liquid-crystal dis- |

play (LCD). The device has two mea-

surement modes, instantaneous and :
six-minute averaging, and provides a :
user-adjustable alarm-level setting :
from 0.2 to 20 mW/em®. The LCD con-

tains a bar graph that displays the
current power-density level as a per-

centage of the alarm-level setting. :

The badge contains an audio alarm
that activates in conjunction with the
visual alarm when the alarm level is

ments.
Corp., 5500 New Horizons Blvd.,
Amityville, NY 11701; (516) 226-
8900, Internet: http:/www.gen-
eralmicrowave.com.

CIRCLE NO.68

. Surface-mount oscillators
. span 70 to 125 MHz
Model NAT-15-30 is a fixed 15-dB

*25, 50, or =100 PPM, and a duty-
cycle tolerance of =10 or =5 percent.
They are also available in one of two

- operating-temperature ranges—0°C |
- to +70°C, or ~40°C to +85°C. The
plastic package measures 10.2 x 13.2
X 6.7 mm, which is comparable to the
. plastic SG-615 package. Ecliptek
- Corp., 3545 Cadillac Ave., Costa :
. Mesa, CA 92626; (714) 433-1200,
i FAX: (714) 433-1234, e-mail:
CIRCLE NO. 67
http://www.ecliptek.com.

sales@eciptek.com, Internet:
CIRCLE NO. 69

Quadrature coupler blends
high-power transmitters

high-power transmitters up to an

ular construction enables users to
cascade them to form four-way and

High-power terminations
handle 60 W

series half-flanged 50-() terminations

- series of terminations is constructed
. using a proprietary thick-film sub-
Models EC1700 and EC1800 plas- :
© tic, surface-mount oscillators operate
from 70 to 125 MHz and are designed
- for applications such as Gigabit Eth- ‘
ernet and Fiber Channel. The |
- EC1700 is a +5-VDC device and the :
- EC1800 is a +3.3-VDC version for .
- low-voltage applications. The oscilla-
. tors are available with a stability of -
its frequency range. The component '
can be used in 50-Q2 systems for power
leveling and impedance-match

strate with welded leads for solder-

© ing directly to a printed-circuit board

(PCB). The leads measure 0.05 in.
(0.127 ¢m) wide and at least 0.15 in.
(0.381 em) long. In the TP model, the
leads are oriented from the left; in
the TPC model, bottom; and in the
TPR model, right. RF Power Com-
ponents, Inc., 125 Wilbur PI.,

- Bohemia, NY 11716-2482; (877)
- RFPCINC, (516) 563-5050, FAX:
: (516)
- http//www.rf-power.com.

563-4747, Internet:

CIRCLE NO. 71

ADC converts
at 1 GSamples/s

The MAX104 is an 8-b, monolithic,
bipolar, analog-to-digital converter
(ADC) with a digitizing rate of 1

- GSamples/s. It achieves a signal-to-
. noise ratio after distortion (SINAD)
. of 47 dB and a spurious-free dynamic
. range (SFDR) of 52 dB at 500 MHz. It
~ maintains these levels within 1 dB to
- 1 GHz. The ADC’s fully differential
- The model 12A2ND-3N quadra-
. ture coupler can be used for coherent
els of non-ionizing RF and microwave -
radiation. Tt monitors the frequency

input track/hold (T/H) typically

- achieves integral nonlinearity (INL)
or non-coherent combining of two

and differential nonlinearity (DNL) of

- less than +0.25 least-significant bit
- average power level of 100 W from
- 890 to 960 MHz. The coupler exacts a | GHz, and less than 0.5 ps aperture jit-
- loss of less than 0.2 dB and provides
more than 25 dB of isolation. Its mod- :
- CA 94086; (800) 998-8800, Inter-
. net: http//www.maxim-ic.com.

eight-way combiners, and its bi-
directional design allows it to be used
as a high-power divider. Renais- |
. sance Electronics Corp., 1300
- Mass Ave., Boxborough, MA
01719; (978) 263-4994, FAX: (978) :
- 263-4944, e-mail: rec-info@rec-
- usa.com, Internet: http://www.
. rec-usa.com.
exceeded, and the frequency of the -
alarms increase with increasing expo- :
sure levels. The badge measures 3.7
X275 X 1.1in. (9.398 X 6.985 X 2.794
cm) and weighs 5 oz. Standard acces- |
sories include a carrying case and an
earphone for high-noise environ- |
General Microwave

(LSB), a full-power bandwidth of 2.2

ter. Maxim Integrated Products,
120 San Gabriel Dr., Sunnyvale,

CIRCLE NO. 72

Frequency synthesizer
generates 13.2 GHz

Model NXPLOS-1001-01 frequency
synthesizer uses a reference frequen-

¢ ¢y of 100 MHz to generate an output

frequency of 13.2 GHz. At a reference

- power of +13 dBm *3 dB, the synthe-
CIRCLE NO.70
- +15dBm *1dB at temperatures from
- —20to +65°C. It suppresses harmonics
.~ to better than —20 dBc and spurious
The RFP-60-50 TP/TPC/TPR |
- Phase noise is -95 dBe/Hz at 1-kHz
operate from DC to 6 GHz at power °
levels to 60 W. These terminations :
- provide a VSWR of 1.1:1 from DC to | Nexyn Corp., 678 Bend Dr., Sun-
- 2 GHz, 1.2:1 from 2 to 4 GHz, and -
- 1.25:1 from 4 to 6 GHz. Designed to 3
- meet or exceed applicable portions of ;
MIL-E-5400 and MIL-R-55342, this °

sizer maintains output power at +12to

emanations to better than —60 dBe.

offset, -110 dBe/Hz at 10-kHz offset,
and -115 dBe/Hz at 100-kHz offset.

nyvale, CA 94087; (408) 732-0793,
FAX: (408) 730-0378, Internet:
http://www.nexyn.com.

CIRCLE NO. 73
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MICROWAVE OFFICE

Open your mind to the next
generation of RF & Microwave
" Design Software

Microwave Office is the
easy-to-use, accurate, and
integrated  solution for
desktop PC’s.
More than just a viable
S T, alternative, Microwave
Office is a completely new way of thinking in high
frequency design tools. Its advanced object-oriented
architecture is intuitive and efficient, so engineers can
achieve high levels of productivity quickly.
Integration of electromagnetic
(EM) simulation, Volterra
series, harmonic balance
analysis and linear simulation

in a single environment

provides unparalleled power to

designers, enabling design verification across multiple

simulators, while removing the barriers that limit
innovation.
Microwave Office, available
in networked and local

configurations, significantly

reduces the cost of

| R el ownership for software
while providing every engineer with access to the tools.

-'—-35. B - )perience Microwave Office for yourself by downloading

:‘ a fully functional 30-day evaluation copy from

www.appwave.com or by contacting your local AWR Sales

AWR

Applied Wave Research Inc
1960 E. Grand Avenue Suite 530, El Sugundo, CA 90245
Tel: (310) 726-3000 Fax: (310) 726-3005
www.appwave.com
CIRCLE NO. 280

Representative.

Microwave Office for Windows NT,

Windows 95 and Windows 98.



Innovation

JFW has designed and manufactures over 1200 different
programmable attenuators. Features include wide attenuation
ranges, optional step sizes, various package styles and
connector options to provide system designers the flexibility
required in today's global market.

CIRCLE NO. 310

* New DC-2500 MHz Low Cost/High Performance series
* Solid-State, wide band models

¢ Models with frequency ranges up to 5Ghz

* GPIB controlled models available

* 50 and 75 ohm impedances available

JFW Industries, Inc.

5134 Commerce Square Drive * Indianapolis, Indiana 4623
Tele. (317) 887-1340 Fax (317) 881-6790

Internet- http://www.jfwindustries.com
E-mail- sales@)jfwindustries.com
ISO 9001 Certified




RF amps feature
small package

ure of 3.3 dB at 900 MHz. It features

Eastern Laboratories, 4590

988-0279, Internet:
www.cel.com.

Direct 1/Q modulator
operates to 2.5 GHz

scientific-medical (ISM) bands. For

transmitter designers, the modulator :
eliminates the need for a separate in- :
- gain of 25 dB. It is suitable for those
thereby saving design time, cost, and -
board area. It operates over a tem-
perature range of —40 to +85°C,and a :
power-supply voltage range of +2.7 :
to +5.5 VDC. Analog Devices,

termediate-frequency (IF) stage,

Inc., One Technology Way, P.O.

log.com.

Power amps support
C-band applications
Models ITT6401FM, ITT8401FM,

i (PAs) operate at C-band frequencies,
- and are suited for very small-aper-
- The models UPC2747TB, UPC-:

2748TB, and UPC2749TB are +3-:
VDC RF amplifiers housed in pack-
ages measuring just 2 X 1.25 X 0.9
mm. The UPC2747TB amplifier
delivers 12-dB gain with a noise fig- |

ture terminal (VSAT) and industrial-
scientific-medical (ISM) applications.
The ITT6401FM operates from 4.5 to
7.1 GHz and has typical linear output
power of +33 dBm at 1-dB compres-
sion. It has linear gain of 18 dB and a

. power-added efficiency (PAE) of 40
low current (5 mA) and low power (15 :
mW) consumption to help conserve :
battery power in portable receivers.
The UPC2748TB amplifier has a gain :
of 19 dB and a noise figure of 2.8 dB !
at 900 MHz. It also features low cur- :
rent (6 mA) and low power (18 mW) :
consumption. The UPC2749TB fea- :
tures wideband (900-to-1900-MHz) |
operation, delivering 16 dB of gain :
with a noise figure of 4 dB at 1900 |
MHz. Like its brethren, it has low :
current and power consumption for
portable applications. California :
i (540) 563-8616, Internet: http://
Patrick Henry Dr., P.O. Box
54964, Santa Clara, CA 95054-
1817; (408) 988-3500, FAX: (408) :
http://:
. millimeter-wave applications

CIRCLE NO.74 :
- amplifiers are GaAs field-effect-tran-
. sistor (FET), monolithic microwave
. integrated circuits (MMICs) covering
Model AD8346 direct quadrature :
modulator performs direct RF in-:
phase/quadrature (I/Q) modulation :
from 800 to 2500 MHz. It is intended !
for use in digital transmitters cover- :
ing the major cellular and industrial- :

percent. The ITT8401FM operates
from 6.0 to 9.0 GHz and has typical
linear output power of +35 dBm at 1-
dB compression. Its linear gain is 20
dB and its PAE is 25 percent. The
ITT8402FM operates from 6.0 to 7.6
GHz and has typical linear output
power of +36.5 dBm at 1-dB com-
pression. Its linear gain is 20 dB and
its PAE is 25 percent. All three of the
devices are supplied in flange-mount
ceramic packages. GaAsTEK, 5310
Valley Park Dr., Roanoke, VA
24019; (540) 563-8665, FAX:

www.gaastek.com.
CIRCLE NO. 76

Power amps serve

The TGA1073-series three-stage

19 to 41 GHz. Model TGA1073A oper-
ates from 26 to 34 GHz, making it suit-
able for both terrestrial digital radio
and Ka-band satellite-communication
(satcom) applications. It provides 300-
mW output power and 19-dB small-
signal gain. Model TGA1073B oper-
ates from 27 to 32 GHz with output
power of 700 mW and small-signal

terrestrial and satcom applications
requiring higher power than that
available from the TGA1073A. The
TGA1073C amplifier addresses a
higher frequency range (37 to 41

i GHz), and is particularly appropriate
Box 9106, Norwood, MA 02062; :
(781) 329-4700, FAX: (781) 326-:
8703, Internet: http://www.ana- :

for both point-to-point and point-to-
multipoint wireless data systems at 38
GHz. It delivers 400-mW output

- power while offering 16-dB small-sig-
CIRCLENO.75 |
: tor, 13510 North Central Ex-
. pressway, Dallas, TX 75243; (972)
 994-8575, FAX: (972) 994-8504,
‘ Internet: http:/www.triquint.
and ITT8402FM GaAs field-effect-
transistor (FET) power amplifiers :

nal gain. TriQuint Semiconduc-

com.
CIRCLE NO. 77

ANTENNAS! |

Slant 45° Polarized
5.4 -5.9 GHz
16-Element
Microstrip Antenna

DEVELOPMENT
& MANUFACTURING

Seavey Engineering
Offers:

e Wide Standard Product Line
Catalog

¢ Design/Development
* Antenna Testing Services

e Manufacturing

Products Available For:
*LAN * PCN/PCS
» Mobile Satellite e Satellite Audio

e Cellular * Military Satcom

e Surveillance e Inmarsat

» Satellite Uplinks ® Navigation
SEAVEY
ENGINEERING’S
NEW 1999 STANDARD
PRODUCT CATALOG
IS NOW AVAILABLE

X
Seavey Engineering Associates, Inc.
>,_

28 Riverside Drive
Pembroke, MA 02359
Phone (781) 829-4740

Fax (781) 829-4590

E-Mail: info@seaveyantenna.com

Web Site: http://www.seaveyantenna.com
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We have All the pieces

for your
perform

PHEMT MMICs

Filtronic now has a full offering of
low noise and medium power
MMICs for your mmW Short Haul
Radio, Ka Band SATCOM, and
LMDS applications. These MMICs

are offered in die or package form.

Consult the factory for options.
W ag-]

Applications:

* LMDS/LMCS

* 18, 23, 26, and 38GHz
Short Haul Radio

* Ka Band Satellite/Hi-Rel

* VSAT

PHEMT FETs
Filtronic has completed the puzzle
with a full offering of FETs includ-
ing low noise, general gain block,
high linearity and power (5W)
devices. Low cost PHEMTs can
now be purchased in die or
package form to meet your high
performance requirements.

Applications:

* PNC/PCS

* LMDS/LMCS

* MMDS

* SATCOM

* mmW Short Haul Radio

* Ka Band Satellite/Hi-Rel
* VSAT

TRANSCEIVERS

At the other end of the spectrum,
Litton offers the complete solution

in microwave and millimeter wave
transceivers for Short and Medium
Haul Radios. PHEMT MMIC technol-
ogy offers the best performance at
an affordable price.

Applications:

* PNC/PCS

* LMDS/LMCS
* MMDS

* SATCOM

* mmW Short Haul Radio

« Ka Band Satellite/Hi-Rel
* VSAT

Visit our website, http://www.FiltronicSolidState.com

{FA\ FILTRONIC
SOLID STATE

3251 Olcott St., Santa Clara, CA 95054-3095 / Phone (408) 988-1845 / FAX (408) 970-9950
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DO YOU NEED TO KNOW

IF YOUR RF POWER AMPLIFIER
WILL INCREASE THE SYSTEM BIT ERROR RATE

?

ANSOFT

Let’s get started.

Symphony brings powerful RF and DSP system simulation to your computer. Quickly construct complete wired or wireless communication sysytems
using Symphony’s libraries of RF, analog and digital signal processing components. A complete nonlinear analysis yields key performance measures
including adjacent channel power, bit error rate and signal-to-noise ratio. Integration in Ansoft’s Serenade Design Environment allows you to
include a high level of design complexity to complement your circuit or electromagnetic analysis. Symphony from Ansoft. Do more with less hassle.

412.261.3200

www.ansoft.com
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QUINSTAR

TECHNOLOGY, INC.

Your Reliable Source

For Millimeter-Wave
Products and GaAs
FET & MMIC Amplifiers

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

Narrowband Low-Noise Amplifiers

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

Broadband High Power Amplifiers

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

Narrowband Power Amplifiers

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

Active/Passive Frequency Multipliers

0.5-110 GHz
Multiplication factors up to x12

Injection-Locked Amplifiers

30-100 GHz
High millimeter wave power output

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

Millimeter-Wave Receiver Products

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

Antenna Products

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

Ferrite and Waveguide Components

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

Subsystems and Instruments

We always do the right things
at the right price.

Call us today
for a quotation’

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

put of 3 W at 1-dB compression, and a

co.uk, Internet: http://www.
vectawave.com.

Crystal supports
portable application

net:
valpeyfisher.com.

GaAs FET power amps
cover 6 to 18 GHz

+2.5 dB. The amplifiers have maxi-

3640 has power output of 4 W, mini-
- mum output power of +36 dBm at 1-

The model VTL5400 RF/microwave
amplifier operates over an extremely -
wide frequency range of 10 to 2500
MHz. It has gain of 38 dB, power out-

dB compression, and typically draws
7.6 A from a +12-VDC power supply.
Model AMP/180-3840 offers a power
output of 8 W, minimum output power

- of +38 dBm at 1-dB compression, and
noise figure of 6 dB across its entire
bandwidth. The amplifier offers har-:
monic performance of -30 dBc at its:
rated power, and a third-order inter-:
cept point (IP3) of +48 dBm. The:
VLT5400 operates from a +12-VDC:
power supply, but will operate down :
to +7 VDC with reduced performance. :
It can be applied to portable, multi-:
band communications systems or as a
high-level driver for high-speed ana-:
log or digital signals. Vectawave:
Technologies Ltd., 2 Winston:
Close, Ryde, Isle of Wight PO33
3QF, United Kingdom; +44 (0):
1983 616804, FAX: +44 (0) 1983
812963, e-mail: sales@vectawave. :

typically draws 12 A from a +12-VDC
power supply. CTT, Inc., 3005
Democracy Way, Santa Clara,
CA 95054; (408) 988-8521, FAX:
(408) 986-9097, Internet: http:/
www.cttinc.com.
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Amp serves noninvasive
physiologic EPRI

The model 1000W1000A is a high-
power RF amplifier for use in nonin-
vasive, physiologic, electron param-
agnetic-resonance imaging (EPRI).
The amplifier offers class-A operation
and 1000-W minimum power over a
frequency range of 80 to 1000 MHz. It

- can achieve any pulse width and duty
: cycle to 100 percent. Other W-series
CIRCLE NO. 78
- smaller or larger objects. Amplifier
. Research, 160 School House Rd.,
. Souderton, PA 18964-2400; (800)
The model VFC232 ultra-miniature :
ceramic crystal measures only 6 X 3.5
X 1 mm and is targeted for ap-
plications in PCMCIA cards, portable :
electronics, personal communications :
services (PCS), and wireless commu- :
nications. The crystal can be supplied -
for frequencies from 11 to 150 MHz:
with stability of 50 PPM. Its fre-:
quency tolerance is =10 PPM at 25°C,
and it ages at a rate of +5 PPM per
vear. The crystal is designed for oper-:
ating temperatures from-10to +60°C. :
ValpeyFisher Corp., 75 South St., :
Hopkinton, MA 01748; (508) 435-:
6831, FAX: (508) 497-6377, Inter-:
http://www.:
- Its package size is 0.75 X 0.75 X 0.25

CIRCLE NO. 79

- 0270IAD operates from 2.5 t0 2.9 GHz
- and provides 22-dB isolation. It oper-
: ates from -20 to +85°C, and can be
The AMP/180-series GaAs field-
effect-transistor (FET) power ampli--
fiers (PAs) cover the 6-to-18-GHz fre-
quency range with minimum gain of 40 -
dB and a maximum gain flatness of:

amplifiers are available for testing

933-8181, (215) 723-8181, FAX:
(215) 723-5688, e-mail: info@ar-
amps.com, Internet: http//www.
ar-amps.com,

CIRCLE NO. 81

Drop-in isolators provide
low insertion loss

Models 0380IED and 0270IAD
drop-in isolators exhibit insertion loss
of 0.5 dB and VSWR of 1.25:1 over
their respective bandwidths. Model
0380IED operates from 3.4 to 4.2 GHz
and provides 20-dB isolation. It han-
dles operating temperatures from -20
to +85°C, and can be stored at tem-
peratures between -50 and +125°C.

in. (1.905 X 1.905 X 0.635 em). Model

stored between -50 and +115°C.
Nova Microwave, 380 Tennant
Ave., Morgan Hill, CA 95037;
(408) 778-2746, FAX: (408) 779-
5967, e-mail: novamic@ msn.

~com, Internet: http://www.
mum noise figure of 8 dB and maxi-
mum VSWR of 2:1. Model AMP/180-:

novamicro.com.
CIRCLE NO. 82
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Sonnet® Lite is based on the industry standard Sonnet em® Suite which is
providing EM analysis to hundreds of companies around the globe. Sonnet
is a proven EM software solution, with over 16 years of industry use.

And you can download the lite version, right now, for free.

Sonnet Lite analyzes: To obtain your FREE copy
e 3D Planar circuits such as Microstrip filters, of the software, visit:

Coupled Lines, Spiral Inductors and many

more! WWWwW.sonnetusa.com
. Up to 2 Metal Layers Download the software or
. Up to 4-port circuits ‘

b Solutions requiring up to 16 MB of RAM order a CD-ROM.
Available for Windows 95/98/NT. | CD-ROM Bonus!

The complete 1882 biography
“The Life of James Clerk Maxwell”

Sonnet Software, Inc. ¢ 1020 Seventh North Street e Suite 210 e Liverpool NY e 13088
(315) 453-3096 e fax: (315) 451-1694 e info@sonnetusa.com e www.sonnetusa.com

Sonnet and em are registered trademarks of Sonnet Software, Inc. CIRCLE NO. 389 © Copyright 1999 Sonnet Software, Inc.



Power dividers
channel Ku-band

The A8338-series power dividers :
operate from 10.7 to 14.56 GHz, there- :
by covering the uplink and downlink :

frequencies of Ku-band communica-

balance of 3 deg. per split. The
dividers provide isolation typically

greater than 20 dB and can handle a
maximum of 30-W input power. They

can also be used as signal combiners.

peratures from -55 to +100°C and rel-

ative humidity to 95 percent. Each of

the three models has stainless-steel
SMA connectors and is housed in an
aluminum (Al)-alloy package. The

crowave.co.uk, Internet: http:/
www.atlanticmicrowave.com.
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Software aids
wireless site planning

The Site Planner software package :
is a computer-aided RF planning tool

for all phases of in-building or cam-

pus-wide wireless site design. It han-
dles all wireless standards and all :

modulation frameworks, including

tions-services (PCS), wireless pri-
vate-branch-exchange (PBX), and
wireless local-area-network (WLAN)

systems. The software aids in relocat-
ing antennas and distributed/leaky
. lar (PDC), and Personal HandyPhone
. System (PHS). The diplexers, avail- :
able in a carrier-frequency range of
800 to 2000 MHz, separate frequency
bands downstream of the antenna for
© optimal flexibility in dual-band RF |
as optimized coverage models, equip- :

feedline systems, analyzing the im-
pact of directional antennas, deter-

mining channel sets, determining
noise figures, and performing link- :
budget calculations. It presents all

measured and predicted data, as well

ment lists, and bill-of-material pricing
tables in an open-spreadsheet format.

computer (PC) running Windows 95,

Windows 98, or Windows NT. Wire-

. less Valley Communications,
- Inc., 104 Hubbard St., P.O. Box
10727, Blacksburg, VA 24062;

(540) 552-8300, FAX: (540) 552-

CIRCLE NO. 84
- link wireless systems

Software models
packaging costs

complexities such as different manu-

alter operation sequences and add or
delete inspection steps to determine

and it ranks significant cost drivers to
help identify potential savings. The

puter (PC) running Windows 95, Win-

Internet:
CIRCLE NO. 85

Diplexers serve

. mobile communications
The LTF38216D-F series diplexers : present less than 1.2-dB insertion
are ceramic-chip, dual-band frequen- :
- ¢y separators for mobile-communica- :

digital cellular, personal-communica-

tion systems such as Advanced Mobile

systems (DCS), personal digital cellu-

cellular design. They have insertion

¢ Dr., Mt. Prospect, IL 60056; (847)

297-0070, FAX: (847) 699-1194, e-
mail: info@tokoam.com, Inter-

. net: http://www.tokoam.com.
8324, Internet: http:/www.wv-
. comm.com. :
tion satellites. The series consists of :
three dividers—a two-way, a four- :
way, and an eight-way version. All :
three versions have VSWR of 1.25:1, !
amplitude balance of 0.2 dB, and phase

CIRCLE NO. 86
Indoor antennas

The I-800M3G-series indoor anten-

. nas operates across the 0.8-t0-3.0-
The EPCostModel software is a
- cost-modeling tool specifically tai- :
- lored to the electronics-packaging :
community. The program helps man-
ufacturing engineers and operations :
© managers consider packaging-cost
They are designed for operating tem-

GHz frequency range and can be used

- in single or multiband wireless-com-

munication systems such as Advanced
Mobile Phone Service (AMPS), Global
System for Mobile Communications

. (GSM), personal communications ser-
: vices (PCS), ete. The antennas can
- facturing facilities, varying delivery
rates, labor inflation, learning curves, :
. reworks, equipment and floor-space
. requirements, and building- and land- :
. investment costs. It allows the userto
two-way is 1 X 1in. (2.54 X 2.54 cm) :
and the eight-wayis 4 X 3in. (10.16 x
7.62 cm). All three are 0.5 in. (1.27 em) | their effects on manufacturing costs,
thick. Atlantic Microwave Ltd., :
40A Springwood Dr., Braintree, :
Essex CM7 2YN, United King- | program works on any personal com- °
dom; 01376 550220, FAX: 01376

552145, e-mail: sales@atlanticmi-

handle multiple systems simultane-
ously, and their broad instantaneous
bandwidth prevents them from
becoming detuned by mounting struc-
tures or other interfering objects.

. Models are available with circular or
- linear polarization, as well as with
: omnidirectional or unidirectional pat-
. tern coverage. Wang Electro-Opto
. Corp., 1335 Capital Circle, Mari-

etta, GA 30067; (770) 955-9311,

- FAX: (770) 984-9045, Internet:
dows 98, or Windows NT. Relative ;
: Metrics, Inc., 5908 Westslope |
. Dr., Austin, TX 78731; (512) 458-
- 5560, FAX: (512) 458-5560, e-mail:
- info@relmet.com,
- http://www.relmet.com.

httpJ//www.weo.com.
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Low-IMD diplexers

- screen PCS and DCS signals

Models W1805D and 1856D minia-

- ture diplexers boast very low inter-
- modulation distortion (IMD). Two
. standard +40-dBm signals yield IMD
- of less than —130 dBm. The diplexers

loss, return loss of better than —16
dB, and can handle more than 50-W

. input power. Model W1805D covers
. Phone Service (AMPS), personal com-
- munications services (PCS), Global
- System for Mobile Communication '
(GSM), distributed communications :
£ 2X2X9in. (5.08 X 5.08 X 22.86 cm).

the personal-communications-ser-

. vices (PCS) band and provides re-

ceive/transmit isolation of more than
90 dB. The model W1805D measures

Model W1856 covers the Global Sys-
tem for Mobile Communications
(GSM) band and provides re-
ceive/transmit (Rx/Tx) isolation of
more than 95 dB. It measures 2 X 2 X
10 in. (5.08 X 5.08 X 25.4 ecm). Wire-

. less Technologies Corp., 4000
- loss of less than 0.5 dB and average :
: minimum attenuation of 20 dB in
The program works on any personal :

Haile Lane, Springdale, AR

: 72762; (501) 750-1046, FAX: (501)
- either the high or low band. The chips
: measure 3.2 X 1.6 X 1.0 mm. Toko
America, Inc., 1250 Feehanville

750-4657, Internet: http:/www.
diplexers.com.
CIRCLE NO. 88
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Redesigned for Higher Performance and Higher Reliability

ﬂ@ﬁ“ B
EISRE

Your Complete Switching
Solution from KMW

Our new 6P7T switch is the first of its kind in the world. Like all our switches, KMW
has designed it for performance and reliability you can count on.

Product Code No. KSW12012S000 KSW670421L000 KSW45042L000

Actuating Voltage 12Vdc / 240mA 12Vdc / 160mA 12Vdc / 160mA
/Current (normal) @12Vdc & 25 °C @12Vdc & 25 °C @12Vdc & 25 °C
SMACF) / SMA(F) SMACF) / SMA(F) SMACF) / SMA(F)
RF Power Handling 100W CW (@ 1GHz) 250W CW (@ 1GHz) 250W CW (@ 1GHz)
Dimension (inch)  1.339%1.575%0.528 2.441%2.177*2.165 1.626*1.874*1.626
Higher Frequency available, up to 18GHz
Power Handling Capability, up to 250W CW& 4KW Peak @1CGHz

Available Options

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

W

\

CIRCILNG. 232 RF & Microwave Products

13131 East 166th Street, Cerritos, CA 90703-2202 * |-800-8320-KMW * www.kmwinc.com ¢ tel: 562-926-2033 * fax: 562-926-6133




Inductors offer 11
inductance values
Available in 11 inductance values

ratings ranging up to 6 A, root-mean-
square (RMS) current ratings can

reach 1.6 A. The series is in a ceramic
case that measures 1.8 mm in height

with a 0.35 X 0.40-in. (8.9 X 10.2-mm)
footprint. P&A: $0.50 to $0.93 (10,000
qty.); stock. Coileraft, 1102 Silver

Lake Rd., Cary, IL 60013; (847)
639-6400, FAX: (847) 639-1469, e-

mail: info@coilcraft.com., Inter-
net: http://www.coilcraft.com.
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DROs span
12 to 16 GHz

dielectric resonator oscillators
(DROs) offers 100-to-200-MHz exter-
nal reference, a frequency range of 12
to 16 GHz, and a power output of +13

ics. They also provide +12 VDC at

160-mA current. Nexyn Corp., 678
Bend Dr., Sunnyvale, CA 94087;
(408) 732-0793, FAX: (408) 730- :
0378, Internet: http://www.

nexyn.com.

Tuner covers fundamental
and harmonic bands

The model CCMT-5010-2H pro- '

grammable combo tuner covers a
fundamental frequency band from 10
to 50 GHz and a harmonic band from
20 to 60 GHz. Proprietary software

thereby accelerating the process to
between one and three minutes per

frequency. In load-pull measure-

ments, Ty and Tog can be tuned inde-
pendently and optimized for measur-

ing power, efficiency, etc. Focus :

Microwaves, Inc., 970 Montee
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- engineering software
Octave and Rainflow are two new
- add-on modules for the DADiSP digi- :
tal-signal-processing (DSP) engineer-
. ing spreadsheet. The DADiSP/Octave
: module performs octave and 1/3-oc- :
- tave analysis, which is widely used in
. military and commercial applications
enables both parts of the tuner to be |
calibrated independently, measuring
N; + N, points instead of N; X Ny, | mie, and other signals. It contains a
. variety of octave algorithms, includ-
. ing octave filter-bank implementa- :
tion, 1/3-octave filter-bank implemen- :
- tation, A and C filter weighting and
- design, and extended octave ranges.
The DADiSP/Rainflow module per-
- forms rainflow and eycle-counting
de Liesse, Suite 308, Quebec, | analysis, which is widely used in the :
Canada H4T-1W7; (514) 335- | automotive and aerospace industries
6227, FAX: (514) 335-6287, e- :

- mail: focusmw@compuserve,
. com, Internet: http://www.
. focus-microwaves.com.

from 1 to 47 wH, the LPT3305 series
of power-wafer inductors is designed
for handheld electronic devices, type
1 personal-computer (PC) cards, disk :
drives, and other low-profile power
applications. With saturation current

CIRCLE NO. 91

Data generator
reaches 1.1 Gb/s

speed data or clock stimulus for
designing, characterizing, as well as

edge-control feature that modulates

and an easy-to-use graphical user

www.tek.com.

CIRCLE NO.92 -
. screens LMDS

Modules supplement

to measure and analyze the frequency
spectra of sonar, audio, vibration, seis-

: tains a number of cycle-counting pro-

cedures, including level crossing,
- peak, simple range, and rainflow.
. DSP Development Corp., One
- Kendall Square, Cambridge, MA
: 02139; (617) 577-1133, FAX: (617)
- 577-8211, e-mail: dspdev@world.

The model DG2040 is a high-speed, :
dual-channel, 1.1 Gb/s data generator :
 that is suitable for serial signal simu- :
- lation. This logic source supplies high-
. Dual four-stage filter
: targets 0.5 to 18 GHz
. verifying high-speed semiconductors
- and digital logic circuits. It offers an
’ - filter covers 0.5 to 18 GHz with typical
all or specific pattern edges, simulat- :
ing the jitter and wander that is likely
. to occur in real operating conditions.
- At the system level, edge control can -
¢ be used to evaluate the amount of
© margin in the circuit under test. The
. generator tests precise timing mar-
- gins to 500 MHz and jitter to +100 ps. |

A line of local-multichannel-distri- :
bution-system (LMDS) phase-locked :
¢ interface (GUI). The DG2040 includes
- DG-Link, a PC-based software trans- :
- lator that simplifies ASCII-format
. vector imported from other instru-
dBm. The DROs also span the 10 to | ments or logic-simulation software.
+65°C range with -20-dBc harmon- | Tektronix Measurement Group,
- P.O. Box 3960, Portland OR
97208-3960; (800) 426-2200, FAX: omniyig.com.
(503) 222-1542, Internet: http:/ :

std.com, Internet: http:/www.
dadisp.com.
CIRCLE NO. 93

The model M1851 yttrium-iron-gar-
net (YIG) dual four-stage bandpass

insertion loss of 3.5 dB. The 3-dB
bandwidth varies from 25 to 35 MHz,

. and each channel offers a rejection

bandwidth of =70 MHz at -90 dBe.

- The filter can be integrated with an
. analog driver (0 to 10 VDC) or a 12-b
. digital driver to tune it from 8 to 12
. GHz. Its tuning sensitivity is typical-
It features a 256-kb pattern memory :

ly 18 MHz/mA. The filter's operating

- temperature ranges from -55°C to
© +85°C, and it measures 1.7 X 1.7 X 1.7

in. (4.38 x 4.38 X 4.38 cm).
OMNIYIG, Inc., 3350 Scott Blvd.,

. Bldg. #66, Santa Clara, CA 95054-
i 3125; (408) 988-0843, FAX: (408)
: 727-1373, e-mail: omniyig@ix.net

com.com, Internet: http://www.
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Bandpass filter

The model CEC-1676 28.265-GHz

- bandpass filter is designed to be used

in systems serving the local-multi-
channel-distribution-system
(LMDS) band. The filter passes fre-
quencies from 28.160 to 28.370 GHz
and provides 50-dB rejection at

: *1.350 GHz from the passband. It
. features an insertion loss of less than
: 1.5 dB (1 dB typical), and offers a
- return loss that is greater than 20 dB.

The filter can handle power levels to

F2BW (peak), and comes with CPR28

ETA flange connectors. Optional
notches can be added in order to
enhance band-edge rejection. Com-
munications & Energy Corp.,
7935 Taft Park Dr., East Syra-

* cuse, NY 13057; (800) 882-1587,

(315) 452-0760, FAX: (315) 452-

© 0732,
to perform fatigue analysis. It con- :

CIRCLE NO. 95
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HP’s Second Generation
PHEMT process FETs and
amplifiers are so consistent,
you'd think we cloned them!

Introducing the first products in HP's
Second Generation PHEMT process —

a process designed specifically for
repeatability and high performance.
These new parts allow predictable
designs, better yields and fewer surprises
in your base station, handset or other
wireless application.

In fact, we're so confident of their
performance that we include distribution
charts of key specifications right on the
data sheets. Anindustry first.

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

Add it all up and you'd have a hard time
finding a more consistent bunch of parts
anywhere.

Typical performance @ 2 GHz
Part Bias NF Gain IP3
Number (dB) (dB) (dBm)

MGA-72543" 3V,5-60 mA 15 14.4 35-14.8 (inpub

ATF-34143  4V,60mA 05 175 315 (output
ATF-35143  2V,15mA 0.4 180 210 (outpud
ATF-38143  2V,10mA 05 16.0 22.0 (outpud
coming soon

“as a switch (amp bypassed):

insertion loss = 2.5 dB, [IP3 =35 dBm

Our idea of GaAs PHEMT

consistency.

CIRCLE NO. 290

For more
product information,
technical literature,
samples, demo boards § . -,
and participating g
distributors, please |
visit our website

HEWLETT®
PACKARD

| Expanding Possibilities |

()

www.hp.com/go/consistent

PL47-8/99



Phase Locked Sources
Operational, Deployed, Field Proven

FEATURES:
¢ DRO Compatible Size

o Excellent Phase Noise
¢ Ruggedized for Microphonics
¢ .20 GHz Frequency Coverage

Micro Lambda, Inc. a leader in the
development of next-generation YIG
devices now offer YIG-Based Phase
Locked Sources covering the 2-20 GHz
frequency range. Designed specifically
for harsh commercial environments,
these oscillators offer 3 to 10 dB better
phase noise performance than DROS.
Applications include LMDS, MVDS,
VSAT, Tele-Comm and a multitude of
general applications.

Tele-Comim

MLPE-SERIES PHASE LOCKED
OSCILLATORS:

Utilize external reference oscillators
from 50-200 MHz to generate fixed
frequencies covering 2-20 GHz.

MLPI-SERIES PHASE LOCKED
OSCILLATORS:

Utilize internal reference oscillators
to generate fixed frequencies covering

2-20 GHz.

MLTP-SERIES TUNEABLE
PHASE LOCKED OSCILLATORS:
Utilize external reference oscillators
with the capability of course tuning the
output frequency via the oscillators
main coil or with integrated digital
interface in step sizes equal to the
external reference frequency.

CIRCLE NO. 269

§ = M ICRO

f&. LAMBDA, INC.
48041 Fremont Blvd.

Fremont, CA 94538

Phone (510)770-9221

Fax (510) 770-9213

Email: mcrolambda@aol.com
Internet: www.micro-lambda.com




Film resistors
A line of foil and film resistors is

than 35 power and precision resistors

thick-film elements. The products in-

2000 W. Riedon, Inc.; (626) 28-

9901, FAX: (626) 284-1704, Internet:
hitp:/fwww.riedon.com.

CIRCLE NO. 96 :

Crystal oscillators

and warm-up time. Outline drawings

(978) 465-6637, Internet: hitp:/www.
miti-milliren.com.

SDH networks

ments, performance limits, and pro-

tection techniques are featured. The
application note suits engineers and

technicians working for network op-

GmbH & Co.; +49 7121 86-1616, +49

Internet: http:/fwww.wg.com.

High-power amplifiers

A four-page brochure features a
series of microprocessor-controlled
high-power amplifiers. The amplifiers
cover the frequency range of 500 kHz

to 2.6 GHz in discrete bands and are
available in 10-, 100-, 500-, 1000, and

drive, spurious output, efficiency, and

CIRCLE NO.97 | ure measurement devices, noise gen- :
¢ erators, and components. A tutorial :
: on noise basics is offered. Specifica-

An application note describes
ITU-T recommendations and their
practical applications in piesiochro-
nous-digital-hierarchy (PDH)/syn- '
chronous-digital-hierarchy (SDH)
networks. SDH equipment functional :
blocks, jitter and wander require- -
. Amplifiers/analyzers
Amplifiers, analyzers, calibration :

- provided. Communication Power '
- Corp.; (516) 434-7306, FAX: (516) 43}-
described in a 12-page catalog. More

7026, e-mail: commpower@erols.com,

. Internet: hitp:/www.cpcamps.com.
and networks are featured that use
advanced metal-foil, metal-film, and
. Surface-mount devices
clude low-ohm foil resistors for cur-
rent sensing and shunt applications, |
as well as high-power foil and film re- :
sistors with dissipation ratings to

CIRCLE NO. 99

Crystals, quartz-crystal oscillators,

mance complementary metal-oxide

and chip inductors are highlighted.
Frequency-range information and

01460 57777, 07000 4 QUARTZ, e-

. mail: sales@frequencyproducts.com.
are provided. MTI-Milliren Tech-
nologies, Inc.; (978) 465-606}, FAX:
- Broadband noise

CIRCLE NO. 100

A 50-page catalog covers noise-fig-
tions and application notes are in-

cluded. Noise Com, Inc.; (201) 261-

WWW.NOLSECOM.COM.,

equipment, component testers, data-

- acquisition (DAQ) equipment, and
erators and network equipment man-
ufacturers. Wandel & Goltermann

electronic counters are listed in a 16-
page catalog. Meters, oscilloscopes,

. power supplies, plotters, printers,
7121 86-1333, e-mail: info@wago.de, :

RF/microwave equipment, and sig-

- nal generators are provided. Pacific
CIRCLE NO. 98 :

Magnetic shielding

needs to know for building a proto-
type shield is offered. Shape of the

. shield, flux density, saturation, atten-
AC input. Application information is

: sented. Magnetic Shield Corp.;

(630) 766-7800, FAX: (630) 766-2813,

© e-mail: admin@magnetic-shield.com,
i Internet: hitp:/lwww.magnetic-shield.
: com.

CIRCLE NO. 103

: Millimeter-wave mixer
temperature-compensated crystal
oscillators (TCXOs) with high-perfor- | are presented in a 64-page catalog.
. Double-sideband and sampling mix-
: semiconductor (HCMOS) and sine-
. wave outputs, monolithic erystal fil-
. ters, helical filters, and surface-acous-
tic-wave (SAW) filters are outlined in :
: an eight-page short-form catalog.
i Voltage-controlled oscillators (VCOs)
A 20-page catalog describes oven-
controlled crystal oscillators (OCXOs), :
temperature-controlled crystal oscilla-
tors (TCXOs), and voltage-controlled
crystal oscillators (VCXO0s). Specifica-
tions include frequency range, output, :

Millimeter-wave mixer products

. ers, as well as low-noise-amplifier
: (LNA)/image-rejection downeon-
i verter and block-converter assem-
. blies are detailed. Data sheets pro-
- vide electrical characteristics, typical
. data, outline drawings, and a ques-
. tion-and-answer section. A product
- index is also included. MITEQ, Inc.;
mechanical specifications are provid-
ed. Frequency Products Ltd.;
01460 57166, 07000 QUARTZ, FAX:
. RF solutions

(516) 436-7400, FAX: (516) 436-7430.
CIRCLE NO. 104

A short-form catalog offers prod-

- ucts intended to provide solutions for
: RF, automotive, and satellite commu-
- nications. The catalog includes appli-
i cations and product information for
- cellular, corded, and cordless phones,

wireless communications, broadecast

- media, automotive, wireless and in-
. dustrial control, aerospace, and appli-
. cation-specific integrated circuits
8797, FAX: (201) 261-8339, e-mail: :
info@noisecom.com, Internet: hitp:// :

i Internet: hitp:/fwww.temic-semi.de.
CIRCLE NO. 101

(ASICs). TEMIC Semiconductors;
(908) 630-9200, FAX: (908) 630-9202,

CIRCLE NO. 105

Test instruments

A 52-page catalog covers analyzers,

: coaxial connectors, electromagnetic-
¢ interference (EMI) diagnostics, fre-
: quency counters, and generators.
¢ Lightwave instruments, oscilloscopes,
. and data-acquisition (DAQ) equip-
: ment are also specified. Descriptions
. are provided. Tucker Electronics;
Test Equipment Corp.; (408) 441- :
L 7841, FAX: (408) 441-8049, Internet:
L http:/fwww.pacifictest.com.

CIRCLE NO. 102 !

(800) 527-4642, (214) 348-8800, FAX:

© (214) 348-0367, Internet: hitp://www.
¢ tucker.com.

CIRCLE NO. 106

- Plugs and jacks
A brochure focuses on magnetic :
. shielding. Information on lab kits,
: magnetic pickup probe, and what one
10,000-W power-output levels. Specifi- :
cations include RF input, input over- :

Connectors, series adapters, and

: cable assemblies are highlighted in a

12-page short-form catalog. Specifi-

- cations are provided. Tru-Connec-
. tor Corp.; (800) 262-9878, (508) 532-
- 0775, FAX: (508) 531-6993.

uation, and RF shielding are also pre-

CIRCLE NO. 107
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Coaxial connectors

A 12-page, short-form catalog con- -

tains information on cable-type con-

are included. Complete specifications

sdahdul@sabritec.com, Internet:
hitp:/fwww.sabritec.com.
CIRCLE NO. 108

Inductors/transformers

Application information, features,
specifications, outline drawings, ap-

mail: info@spraguegoodman.com.
CIRCLE NO. 109

montrose-cdt.com, Internet: http://
www.montrose-cdt.com.

CIRCLE NO. 110 :
- in a 32-page catalog. The catalog con-
! tains application information, specifi- :
- cations, definitions, and information -
¢ on the company’s crystal units, mono-
crystal oscillators (TCXOs), voltage-

Frequency control

Crystals and resonators, clock os-

cillators, temperature-compensated

controlled crystal oscillators
(VCXO0s), oven-controlled crystal

- Electronics Ltd.; +44 1,60 256100,
FAX: +}} 1460 256101, e-mail: sales@
. golledge.co.uk, Internet: hitp:/fwww.
nectors, bulkhead connectors, print-
ed-circuit-board (PCB) connectors, :
surface-mount connectors, and adapt- :
ers/blind-mate connectors. Applica- :
tion notes and cable-assembly data :

golledge.co.uk.
CIRCLE NO. 111

Millimeter-wave amplifiers

plifiers (PAs), and active multipliers
are listed in a six-page brochure. Spec-

3249, e-mail: spacek@silcom.com.
CIRCLE NO. 112

LC filters

cial and military applications. The
brochure offers a fax-back order
form to indicate one’s specifications.
Piezo Technology, Inc.; (407) 298-

Frequency control

. Information on a line of quartz fre-
i quency-control products for the orig-
- inal-equipment-manufacturers

(OEM) electronics market is included

hitp:/hwww.tekmarkusa.com.

Adapters and connectors

circulators, coaxial-cable assemblies,

CIRCLE NO. 113
- Chip resistors

: a 138-page catalog. Coaxial switches,

DC blocks, detectors, directional cou-

. plers, patch cords, phase trimmers,
¢ and terminations are also specified. A
. connector identifier and coaxial-cable
. assembly selection list are included
. along with outline drawings. Paster-
Low-noise amplifiers (LNAs), gen- :
- eral-purpose amplifiers, power am-
are provided. Sabritec; (949) 250- :
1244, FAX: (949) 250-1009, e-mail:

nack Enterprises; (949) 261-1920,
FAX: (949) 261-7451, e-mail: sales@

i pasternack.com, Internet: hitp:/fwww.
- pasternack.com.
: ifications include output frequency, :
. output power, input frequency, and |
i DC current. Outline drawings and fea-
- tures are presented. Spacek Labs, :
' Inc.; (805) 564-4404, FAX: (805) 966-
A 20-page bulletin describes a line
of surface-mount-technology (SMT)
inductors and transformers. Fixed
and variable surface-mount inductors, :
coils, and transformers are listed. :

CIRCLE NO. 115

- Signal generators

A company’s news publication high-

. lights the latest product innovations.
: Microwave signal generators SMR
. and a family of electromagnetic-inter-
. ference (EMI) test receivers are pre-
¢ sented. Middle class spectrum analyz-
A brochure specifies a line of
. inductive-capacitive (LC) filters. The
. LC filters are available for commer-
plication notes, as well as an applica- :
tion guide are included. Sprague-
Goodman Electronics, Inc.; (516) :
334-8700, FAX: (516) 334-8771, e-
{2000, FAX: (407) 293-2979, e-mail:
- sales@piezotech.com, Internet: hitp:
- lwww.piezotech.com. :
Telecommunications cables |

A 50-page catalog features central-
office cables, specialized configura-
tions to increase cable density, flexi-
bility, or corrosion resistance.
Fiber-optic cables in a variety of sizes
and styles are also covered. Construe-
tion details, electrical characteristics,
and features are included along with
application recommendations and
ordering information. Montrose/
CDT; (800) 346-6626, (508) 791-3161,
FAX: (508) 793-9862, e-mail: sales@ '

ers, Digital European Cordless

i Telecommunications (DECT) proto-
- col test systems, and case studies con-
¢ cerning measurement and radiocom-
: munication applications are included.
: Rohde & Schwarz GmbH & Co.
KG; +4989/4,129-1765, FAX: +4989/
¢ 4129-3208, Internet: http:/fwww.rsd.

de.
CIRCLE NO. 116

A 44-page catalog overviews thick-

¢ film chip resistors, low-ohm thick-film
: chip resistors, high-ohm thick-film
. chips, thin-film chip resistors, fusible
. chip resistors, and chip-resistor
. arrays. Precision resistor arrays,
- chip-resistor networks, trimmable
i chip resistors, chip attenuators, and
- chip thermistors are specified. Carbon
. film resistors, metal-film resistors,
. metal-oxide film resistors, and fusing
! resistors are also covered. Kamaya
- Electric Co. Ltd.; (219) 489-1533,
- FAX: (219) 489-2261, Internet: hitp://
- www.kamaya.com.

CIRCLE NO. 117

- Thin-film resistors
: lithic erystal filters, and crystal oscil-
i lators. Tekmark, Inc.; (770) 346-
© 9102, FAX: (770) 346-9106, Internet:
oscillators (OCXO0s), and filters are :
covered in a 122-page catalog. Specifi- :
cations include frequency range, fre- :
quency stability, operating tempera- :
ture range, and supply voltage. A |
subject index is provided along with a :
section on accessories. Golledge :

A short-form catalog highlights

© thick-film flat-chip resistors, thin-

film MELF resistors, thin-film flat

. chip resistors, thin-film leaded resis-
CIRCLE NO. 114
: cations include tolerance percentage,
. resistance range, and metric size.
Adapters, attenuators, bias tees,
L +49-481-95-209.
and coaxial connectors are covered in

tors, and laboratory samples. Specifi-

Beyschlag; +49-4,81-95-0, FAX:

CIRCLE NO. 118
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XA-289 High Linearity

Power Ampllfler

\ /
YOy

\35 &

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

. TION
call f°" EVALUA products.

DEVELOPMENT KIT
1-800-764-6642

v [~
! r 7
&Y
~—
N/ -
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The SXA-289 is a high efficiency GaAs
Heterojunction Bipolar Transistor power
amplifier, housed in a low cost surface-
mountable plastic package and uses
Darlington pair technology for broadband
performance from 50-2000 MHz. It's fabri-
cated using molecular beam epitaxial
growth technology which produces reliable
and consistent performance from wafer to
wafer and lot to lot. The SXA-289 amplifiers
were specifically designed for use as driver
stages for infrastructure equipment in the
50-2000 MHz cellular, ISM and narrow band
PCS bands. Its high linearity makes it an
ideal choice for multi-carrier as well as
digital applications.

q.  Gain{d8) 511 S22 PidE TOH
Typ Typ. Typ. (dBm) (dBm

i 800-900 200 151 21 40 405 50 15

CIRCLE NO. 284

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

ALSO COMING SOON!
SXLISXT CELLULAR & PCS BAND
POWER AMPLIFIERS.

= Stanford

Microdevices

1-800-764-6642
g Dept. MRFX2

Visit our web site at
http://www.stanfordmicro.com

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




GOT A TOUGH RF JOB TO TACKLE?

i s

Commercial Signal Processing

OUR Voltage Controlled Oscillators | Double Balanced Mixers | Power Dividers/Combiners| 1Q Modulators/Demodulat
303.371.1560 PRODUCTS —
fax 303.371.0845 (LIWRE I PLL Synthesizer Modules | Wideband RF Transformers m Special Integrated Assemblies

e-mail: sales @ varil.com Contact the Varil Sales Department for your special microwave and RF component assembly needs.

PROUDLY MADE IN THE

: N
VARIL Company, Inc. www.varil.com




Cable assemblies

on cable types and armoring options.

Reynolds Industries Ltd.; (44)

1635 31137, FAX: (}4) 1635 30920.
CIRCLE NO. 119

Sensor discretes
Part number and product-series

semblies, hybrid assemblies, as well as

hall-effect dicretes and assemblies are :
covered in a brochure. Discrete infra- :
red light-emitting diodes (LEDs), op- :

tical sensors, hall-effect sensors, and

(972) 323-2200, FAX: (972) 323-2396,

net: http:/fiwww.optekine.com.

. MBE growth

A four-page brochure highlights
low-loss cable assemblies, test-cable
assemblies, custom cable assemblies,
and semirigid products. Descriptions
are included along with information :

lithography, molecular-beam-epitaxial

CIRCLE NO. 121

space-approved, flexible/twistable, as
well as hybrid and seamless flexible,

670711, FAX: +44 (0) 1243 672907, e-

. mail: sales@credowan.co.uk.
CIRCLE NO. 120

- Mixers and VCOs

A brochure covers optoelectronic
devices, bioelectronics, electron-beam
- circulators and isolators, power split-
(MBE) growth, millimeter-wave de- : ters, and directional couplers. Quad-
: vice prototyping, as well as millimeter-
. wave testing and modeling. Features
- are provided, along with information
i on the company’s capabilities. Kelvin :
- Nanotechnology; +44 (0) 141 330
4869, FAX: +44 (0) 141 330 3726, ¢-
- mail: s.hicks@elec.gla.ac.uk, Internet:
- httpdfwww.elec.gla.acuklknt/.
characteristics for emitter and sensor :
discretes, optoelectronic slotted as- :
. Couplers/attenuators ;

A 12-page short-form catalog over-
views microwave devices, including
couplers, attenuators, filters, transis-
. tors/adapters, and subsystems. Rigid,
hybrid packaging of encoder arrays
and integrated circuits (ICs) are also :
featured. Optek Technology, Inc.; :

An 88-page catalog covers mixers,
voltage-controlled oscillators (VCOs),

rature and junction hybrids, in-phase/
quadrature (I/Q) circuits, variable
phase shifters, variable and fixed
attenuators, lowpass and highpass fil-

- ters, matching transformers, and

stripline components are specified.
TRAK Microwave Corp.; (813)

| 884-1411, FAX: (813) 884-2941, e-mail:
. sales@trak.com, Internet: http://
- www.trak.com.

CIRCLE NO. 123

Resistors/terminations
High-frequency resistors, termina-

- tions, attenuators, and cable assem-
- blies are described in a six-page bro-
- chure. Specifications include voltage,
waveguide assemblies are also fea-
- tured. Credowan Ltd.; +4 (0) 1243
e-mail: optek1@optekinc.com, Inter-

size, and frequency range. Florida
RF Labs; (800) 544-5594, FAX: (561)

- 283-5286, e-mail: rflabs@rflabs.com,
. Internet: hitp:/fwww.rflabs.com.
CIRCLE NO. 122 :

CIRCLE NO. 124

Directional Couplers

v
A

g move, Krytar components!

Microwave Components DC-50 GHz

MLDD Power Dividers

Double Arrow
3 dB 180° Hybrids

y

Planar Doped Ba;riar Detectors
an
Zero Bias Schottky Detectors

© 90° Hybrid
Couplers

Visit our website, www.krytar.com

KRYTAR

1292 Anvilwood Court, Sunnyvale.CA 94089
Tel.(408) 734-5999 Fax(408)734-3017
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THE ULTIMATE RESOURCE FOR

The 1999 Proceedings of The Wireless/Portable Spring Conference are now available.
information in these proceedings will help you stay on the cutting edge of today’s innovative
technology. The Wireless/Portable Proceedings contains over 700 pages providing engineers
with the information they need fo produce the next generation of wireless products and
systems and includes a CD-ROM copy which is fully searchable. These valuable fools can be

yours for $145, plus shipping and handling.

The following is a sample of topics:

WIRELESS SYMPOSIUM:

CELLULAR DESIGN e DESIGN TECHNIQUES FOR PCS
WLANs AND WIRELESS DATA e SATELLITE
COMMUNICATIONS e WIRELESS MEASUREMENT
STRATEGIES e INTEGRATED-CIRCUIT SOLUTIONS *
RFID TAG DESIGN

PORTABLE BY DESIGN:

RECHARGEABLE BATTERIES: TODAY AND TOMORROW e

CPUs AND DSPs FOR PORTABLE DEVICES ¢ MOBILE
SYSTEM PACKAGING CONCERNS e THE BATTERY
SUBSYSTEM e PORTABLE-SYSTEM SOFTWARE ISSUES
INFRARED DATA: A TECHNOLOGY FOR UNIVERSAL
CONNECTIVITY

Wireless/Portable Proceedings Order Form

O Please send me:

1999 Wireless/Portable Spring Proceedings and CD ROM...§145

These Proceedings are available from previous conferences...585 each
Portable by Design: Wireless Symposium:

(3 Ist Annual 1994 Proceedings P2361-PM O3 Ist Annual 1993 Proceedings P38A-PM

__TECHNOLOGY __

The

Please Add $10.00 shipping for first book
and $3.00 for each additional book.

Subtotal $
Add State Sales Tax §$

Shipping & Handling §

Item #:
/ /

/ /

Check/MoneyOrder (U.S. Currency
made payable to Penton Media, Inc.)

@ 2nd Annual 1995 Proceedings P2363-PM O 2nd Annual 1994 Proceedings P38B-PM TOTAL $ Payment must accompany order
Q2 3rd Annual 1996 Proceedings (sold out) O 8rd Annual 1995 Proceedings P38C-PM
Q 4th Annual 1997 Proceedings P2365-PM O 4th Annual 1996 Proceedings P38-PM
(3 5th Annual 1998 Proceedings O bth Annual 1997 Proceedings P43-PM

PY014-PM O 6th Annual 1998 Wireless P9015-PM

(1 Wireless/Portable Fall 1998 )

Name: Title: E mail:
Company: Telephone: ( ) Fax: ( )
Company Address (no P.0. Boxes): City: State/Prov.:
Postal Code: Country:
Account No.: Expiration Date:
Cardholder Signature: Circle type of Charge: MC VISA AMEX DISC

PHONE: 1-888-947-3734 * FAX: 1-516-568-0560




NEW LITERATURE i

RF rotary joints

ed. Kevlin Corp.; (978) 657-3900, FAX: (978) 658-5170.

Signal recovery

(0)118 977 3493, e-mail: info_sigrecovery@egginc.com.

CIRCLE NO. 126 -

Microwave capacitors

FAX: (843) 448-1943, Internet: http:/hwww.avrcorp.com.

Signal generators
A 30-page short-form catalog provides information on
signal generators, safety testers, oscilloscopes, jitter
meters, and DC power supplies. Specifications are provid-
ed, along with descriptions and options. KIKUSUI Elec-
tronics Corp.; (800) 835-2352, e-mail: info@ifrinterna-
tional.com, Internet: hitp:/www.ifrinternational.com.
CIRCLE NO. 128

Free-running oscillators
A series of free-running and phase-locked oscillators is
featured in a 40-page catalog. Coaxial resonator; voltage-
controlled; cavity-tuned, erystal, single-, and dual-loop de-
signs are offered. Complete specifications are included.
MITEQ, Inc.; (516) 436-7400, FAX: (516) 436-9219, Inter-
net: http:/fwww.miteq.com.
CIRCLE NO. 129

Microwave components
Microwave components and subassemblies are exam-
ined in a 138-page catalog. Specifications and descriptions
on more than 100 products are contained within the cata-
log. Attenuators, couplers, dividers, phase shifters, switch-
es, and resistors are presented. A section of application
notes is included. KDI/triangle Corp.; (973) 887-8100
ext. 500, FAX: (973) 884-0445, Internet: http:/fwww.kditri-
angle.com.
CIRCLE NO. 130

Optical instruments

Apertures, high-power-laser apertures, bandpass fil-
ters, circular polarizers, circular variable filters, and a fi-
ber-optics kit are listed in a 270-page catalog. Infrared

. (IR) bandpass filters, laser bandpass filters, and silicon
A 384-page guidebook examines RF rotary joint de- !
signs. Single-channel-coaxial, single-channel-waveguide, :
single-channel hollow-shaft, dual-channel-coaxial, dual- :
channel-waveguide, dual-waveguide-coaxial, three-chan- :
nel, four-channel, and multichannel designs are present- :
ed. Line drawings are provided for most of the designs. :
Information on the company’s capabilities is also includ- :
. struments, including oscilloscopes, meters, frequency
CIRCLE NO. 125
- supplies, spectrum analyzers, and logic analyzers. Recon-

- ditioned digital meters and waveform synthesizers are also

Preamplifiers, lock-in amplifiers, digital delay genera- .
tors, voltmeters, and fiber-optic light sources are detailed
in a 68-page catalog. Application information is included.
EG&G Signal Recovery; +4} (0)118 977 3003, FAX: +}4

(Si) detectors are also specified. Edmund Scientific

Co.; (609) 573-6250, FAX: (609) 573-6295, e-mail: indus-

trialsales@edsci.com, Internet: hittp:/fwww.edsci.com.
CIRCLE NO. 131

Oscilloscopes and meters
A 200-page catalog focuses on new and reconditioned in-

counters, function generators, signal generators, power

described. An index is provided. Tucker Electronics;
(800) 527-4642, (214) 348-8800, FAX: (214) 3,8-0367, Inter-
net: hitp:/hwww.tucker.com.

CIRCLE NO. 132

Power meters
Modern and traditional applications of power meters

- are introduced in a 16-page brochure. High-speed, dy-

A selection of microwave capacitor products is avail-
able in a catalog. Directional couplers, thin-film inductors, -
multi/single-layer capacitors, and maxi single-layer ca-
pacitors are presented. AVX Corp.; (843) 946-0414,
- Div.; (408) 778-2000, FAX: (408) 778-0239, Internet:
CIRCLE NO. 127

namic-range, and sensor electrically erasable programma-
ble read-only memories (EEPROMs) that resolve prob-
lems associated with traditional power meters are
discussed. Anritsu Co., Microwave Measurement

hitp:/fwww.global.anritsu.com.
CIRCLE NO. 133

DC to 18 GHz! One Week Delivery!*

« Stainless Steel
e Made-To-Order Between Series & Within Series
¢ Accommodates Any Combination Of Connector Types

¢ General Purpose

“One week delivery on popular interfaces which
include SMA, TNC, N, SC and 7MM. Configurations
available in right angle, 2 and 4-hole panel mounts,

and bulkhead feed through.

All materials comply to MIL-C-39012,
MIL-C-87104 & IEC 457-2. where applicable.

N

INSULATED WIRE INCORPORATED

MICROWAVE PRODUCT DIVISION:

20 East Franklin Street » Danbury, CT 06810
Telephone: 203-791-1999 « Fax: 203-748-5217
www.insulatedwire.com
e-mail: iwconn@insulatedwire.com
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Ad material to:
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Attn: Chet Zielinski,Account Manager
1100 Superior Ave.

Cleveland, OH 44114

SALES STAFF

Classified Account Manager
Chet Zielinski

800-659-1710 ext. 9589

(216) 931-9589

Fax: (216) 696-8206
Email:czielinski@penton.com

Get on the road
to high-tech excitement at
NOKIA Mobile Phones! With
headquarters in Finland and
a state-of-the-art R&D Center
in SAN DIEGO, we are the

#1 wireless company globally.
Through innovative and break-

through thinking, and a style
all our own, we are driving
the digital revolution forward
with products like the NOKIA
6100 series, operable on both
analog and digital (DMA
networks, and the NOKIA
9000iL, the first all-in-one
wireless communicator offering
voice, data and electronic
organizer capabilities. Join us
now through the following
opportunities and be part of
the lifestyle and adventure in
our beautiful seaside location!

* Audio DSP Engineers

* CAD/CAE System
Administrators

¢ Cellular Software
Engineers

* Communication
Systems Engineers

* Digital ASIC Design
Engineers

* DSP Software
Engineers

* DSP/Multimedia
System Engineers

* Field Test Engineers
* Hardware Engineers

. Bmior RF/Analog IC
esign Engineers

* Mechanical Design
Engineers

* Operations Project
Engineers

* Quality Engineers

* RF/Analog IC Design
Engineers

* RF Engineers

* RF Frequency/
Synthesizer Design
Engineers

* RF Test Engineers

* Software PC Tools
Engineers

* Software Test
Engineers

* Speech/Audio Coding
Engineers

* Systems Software
Engineers

* System Test Engineers

* Test Systems
Engineers

* User Interface
Software Engineers

Make the most of your time
and talents by joining a
growing industry leader!

We offer competitive compen-
sation, excellent benefits and
a supportive, state-of-the-art
environment. Send your
resume to: NOKIA Mobile
Phones R&D, Dept. MRE,

9605 Scranton Rd., Ste. 150,
San Diego, CA 92121;

Fax: (858) 558-6390; E-mail:
sandiego.resumes @ nmp.nokia.
com See us on the web at
www.nokia.com Principals
Only, Please. An Equal
Opportunity Employer.

NOKIA

CONNECTING PEOPLE

SR. Prosect DesicN ENGINEER

A small rapidly growing hi-tech company in NE
NJ seeks a highly motivated experienced
Microwave & RF design engineer. The job
involves designing state of the art RF &
Microwave modules, trouble shooting and inter-
action with customers. We offer: medical insur-
ance, 401K plan, stock options. Salary based on
experience. If you like a challenge this is a won-
derful opportunity to grow with us. Please fax
your resume to:

201.767.6266

CAREER OPPORTUNITIES NATIONWIDE

Engineers & Tech's

Systems and Components, RF, PCS, Microwave.
Antenna, Network, Software, Sales, Dig, & Analog.
Mixed Signals, many more. Resume to: Peter Ansara,
c/o ABF, P.O. Box 6037, 50 Resnik Road, Suite 104,
Plymouth, MA 02360. Tel:(508)830-0079, Fax: (508)
830-1424 or email pa@ansara.com.

See our website: http//www.ansara.com

A World of Possibilities
A Window of Opportunity

N2

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’
best opportunities (not yesterday's), then you should be talking to us

National Engineering Search «
is the leading search firm placing
Engineers nationwide. Our clients

emerging technology companies.
Contact us today for tomorrow's

range from the Fortune 500 to new

IMMEDIATE OPPORTUNITIES
Communications (Data, PCS,
Cellular, Networks, Satcom,
GPS), Digital Imaging, CATV,
Medical, Computers, Defense,
Consumer Electronics

best opportunities!
800.248.7020
Fax: 800.838.8789
mrf@nesnet.com

See many of our opportunities on-line;

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,
nesnet.com Antennas, Embedded Softwar

What are you Worth?
See our On-Line Salary Survey!

In most cases, advertisements contained in Microwaves & RF employ-
ment section indicate that the companies are equal opportunity
employers. The Federal Civil Rights Act of 1964, and other laws, pro-
hibit discrimination in employment based on race, color, religion,
national origin, sex or for any reason other than lack of professional
qualification for the position being offered. It should be noted that
employment advertisements in Microwaves & RF are published for the
readers convenience and in no way, to the best of our knowledge, pro-
mote unlawful discrimination,
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A Special Report in August 1983 detailed
the use of single-sideband (SSB) technologies to
conserve valuable land-mobile communications
spectrum. Using amplitude companded sideband
(ACSB), the 150-to-174-MHz Pioneer 1000 radios

from Sideband Technology occupied about one-fifth
the bandwidth of conventional FM radios.

Microwaves & RF

September Editorial Preview
Issue Theme: Dual-Use Technology

News
Many commercial applications owe
much to the military. For example,

hind the emerging wireless local-
area-network (WLAN) market.

continue to leverage military re-

military business? For an insightful
update on the military side of high-

Special Report.
Design Features

explore an extremely low-cost micro-
using an
electromagnetic (KM) simulation.

ability of frequency synthesizers

- based on embedded microprocessors
- and show how to design a 40-W push-
- pull amplifier for personal-communi-
spread-spectrum techniques are be-

cations-services (PCS) code-division-

- multiple-access (CDMA) base-station
- applications. In addition, an author
But can commercial applications

from China will reveal a design ap-

. proach for a high-Q Gunn oscillator
search? And how well are military :
system designers adapting to the use :
of commercial-off-the-shelf (COTS) :
electronics? Are high-frequency
manufacturers still interested in :

with good stability at 36.8 GHz.
Product Technology
Power measurements are critical
to many systems, including code-di-
vision-multiple-access (CDMA) com-

. munications networks. To aid in
. these measurements, a major inte-
frequency electronics, don’t miss this :

grated-circuit (IC) manufacturer has

. developed a logarithmic amplifier 1C
* capable of making true-root-mean-
The lead article in September will

- over a wide instantaneous dynamic
- range. Additional Product Technolo-
- gy stories will evaluate a free sample
Other articles highlight a self-calibra- -
tion technique for improving the reli- -

square (RMS) power measurements

kit of shielding materials and a high-
power transistor that is based on
silicon carbide (SiC).
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When it comes to attenuators,
nobody- but nobody- can fill our shoes

ARRY.

After all, who knows more about variable

attenuators than ARRA? We’ve got them all
. . . and then some!

High Power 500 watts average, 10 KW peak
Miniature bands 1.0 to 18.0 GHz

Direct Reading to 120 dB attenuation
Absorptive Pin Diode extremely broadband
Remote Control broadband, direct reading

Computer Programmable-TTL compatible
decimal, binary or BCD

Visit our website at www.arra.com

For complete info, write for NEW CATALOG...
For instant info, see the PRODUCT DATA DIRECTORY

Write today for New Catalog No. 90. Or call (516)
231-8400 with your special requirements. Cus-
tomer specials have been our way of life for over
30 years.

. the last word in variable attenuators

ARRA INC.
| ANTENNA & RADOME RESEARCH ASSOCIATES I

15 Harold Court, Bay Shore, N.Y. 11706 ¢ 516-231-8400
FAX 516-434-1116

CIRCLE NO. 254
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rf-power.com

< Components, inc.

Surface Mount 90°
Hybrid Couplers

MBurr-free manufacturing
EFull edge wrap
M Via holes for optimum connectivity

Terminations
B Non-Nichrome resistor for low IMD

Surface Mount .
Terminations

° Rybrid Couplers
Attenuators
Combiners/Dividers
nlreclmnal Couplers

- )O

10-800 Wan‘s, DC - 6 Ghz, SMD, ﬂanged coaxial

_Attenuators )\-)

8-150 Watts, DC - 4 Ghz, SMD, flanged, coaxial

90° Hybrid Couplers )O

100-2000 Watts, 50 - 4200 Mhz, SMD, caseless, coaxial

__Directional Couplers )=

100-2000 Watts, 4 - 6000 Mhz, SMD, caseless, coaxial

B

Combiners/Dividers )\-)

50-1500 Watts , 25 - 2000 Mhz, SMD, caseless, resistive, coaxial
Gustom Devices )@

Custom devices and assemblies

Call toll free 877-RFPC-INC (877-737-2462) for nearest representative.

Power

Catalog
request

8o

125 Wilbur Place « Bohemia, NY 11716 U.S.A. « TEL: 516-563-5050 * FAX: 516-563-4747 » www.rf-power.com

* ISO 9002 registered

* 48 Hour shipment for most
standard products

* Comprehensive
technical support

90° HYBRID COUPLERS

Number

Model Fre? Ra’nge Fow(eév%ans Amp. Bal Phase Bal. Isolation VSWR

SO3B700W1  400-1000Mhz
S03AB8ENT 815-960Mhz__

S038888N2_
S03A1870NT 17
$03B1870N2 1750-1980Mhz

200w

+/-0.6508

100W  +/0

200W
100W
200W
100W

SO3A1960NT  1930-1990Mhz

S03A2250NT 2000
SO3AZ500NT
S03D3500NRS

TERMINATIONS (CASE STYLE Z)
Reference

RFP-100200-4Z50-2

RFP-250375-4750-2
RFP-375375-6Z50-2

\_

VSWR

~~ Components, Inc.

CIRCLE NO. 270

Frequency

20dB

0dB
20dB
20dB
20dB

¢ Professional service and
competitive pricing
* Complete value added and
custom design capabilities

Insertion
Loss Max.

0.2508
0.2508
0.20dB
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