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Enabling you to build
competitive REICSs,
HP RFIC Designer

is powered by

the tnnovative

HP Advanced Design
System software
technology from

HFP EFEsof

EDA WINNER

L
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\ 4

Circuit Envelope Simulator

 OU’VE WAITED 8 WEEKS

FOR YOUR RFIC PROTOTYPE
YOU CAN HOPE 1T WILL WORK,

OR YOU CAN KNOW 1T WILL WORK.

Goodbye heart palpitations. Goodbye queasy feelings. Goodbye guesswork and failed
prototypes. Hello HP RFIC Designer—the only RFIC design software that offers a
complete range of high-performance simulation technologies for communication
product design. This powerful software expands existing SPICE technology to include four more
simulation technologies: S-parameters, Convolution, Circuit Envelope, and new Harmonic
Balance. These advanced capabilities help ensure your designs will meet stringent digital wireless
standards, like ACPR for CDMA. Use HP RFIC Designer with HP DSP Designer to uniquely
co-simulate RF and DSP interactions and avoid potential integration problems. Ana HP RFIC
Designer links into major EDA frameworks from Cadence and Mentor,® so it fits into your
existing design process. This unsurpassed range of capabilities gives your designers the freedom
to create their best RFIC design ever.

HP RFIC Designer is just one of the many EDA solutions from HP EEsof for your communi-
cations product design. To learn more about HP RFIC Designer, or the rest of HP EEsof’s product
family, call 1-800-452-4844;" Ext. 5387. www hp.cominforrfic *m Canada call 1-800-387-3154, program number TMU345

Available for PC and UNIX systems.

ANOTHER WAY HP EESOF HELPS BRING YOUR BEST IDEAS INTO REALITTY.

©1997 Hewlett-Packard Co. TMEESG46B.3/MREF  Mentor Graphics is a registered trademark of Mentor Graphics Corp. Cadoer trademark of Cadenee Design Syste

w/~8 HEWLETT®
/5 PACKARD
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RF/LO CONVERSION
MODEL NUMBER (GHz) (GHz) LOSS (dB, Typ.)

DB0130LA2

DB0218LW2 DC to .75
DB0218LA1 DC to .75
DB0226L A1 DCto .5
DB0426LWH1 DCto 2

DB0440LW1 DCto 2

TB0218LW2 05t0 8

TB0218LA1 05t08

TB0226LW2 05t08

TBO440LW1 0.5 to 20

Hi’GH IgﬁLATION IV"XER@

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

DMO0052LA2
DMO104LA1

DMO0208LW2
DM0408LW2
DMO0412LW2
DMO0812LW2
DMO0520LWH1

RF LO IF
MODEL NUMBER (GHz) (GHz2) (GHz)

SBE0440LWA1 4 to 40 21020 DCto1.5

Contact MITEQ for any new additions to our stock inventory!l!

For addltlonal mformatlon, please contact
Mary Becker at (51 6) 439—9423 or send e-mall to mbecker@miteq com f
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AMPLIFIERS
10 MHz to 18 GHz Ultra- Broadband

for ﬁberoptlc and
Telecommumcatlons

g-2U 01-8.0 |
8-202 [01-80 U
g-20 u1-8.0 U
8-301 01-8.0 |
8-302  01-80 )
..‘}h. '. : '.: . .' : : o |deal for Fiberoptic, Telecommunications,
ADIO-202 01-100 0 1 20 and Test Equipment
e e : 48 o Drop-in Style Packages
A010-302 01-10 . e MMulti-0ctave Operation
AD10-303 01100 30 ' ' uem e Compact Size
e & o Competitively Priced
AU Us U U 20 U l U |
LD 11120 00w DELIVEHY IN 2-4 WEEKS ABO
AQD s 8 U 3l | U U U ?5
B A . SIEA
o — . TECHNOLOGY
Al118-30 8.0 | ol : i
AD118-303 .1-18.0 ! ' 4000 Via Pescador, Camarillo, CA 93012
R (805) 445-9888 Fax: (805) 987-6990

email: jca@jcatech.com e www.jcatech.com -
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Our Low Noise Surface
Mount Amplifiers Are

Making A lot Of Noise.

Super Low Noise °*

pical performance @ +25° C

Parameter PA1172 PA1167 PA1173
Frequency (MHz.)

Small Signal Gain (dB.)

Gain Flatness (dB.)

Noise Figure Max.(dB.)

Reverse Isolation (dB.)

Pout @ 1 dB. compression (dBm.)

VSWR Input/Output

DC Current @ +12 81mA

Phoenix Microwave

l‘ligh Dynamic Rangc .

Low Cost

From the company that offers the largest selection of linear amplifier mod-
ules for wireless applications comes a new breed of ultra low noise surface
mount amplifiers.

These modules, targeted for the popular Cellular, PCS and WLL
frequency bands, are complete amplifiers including DC biasing and 50 ohm
input and output matching. They achieve extremely low noise figure perfor-
mance with bigh dynamic range and unconditional stability at economical prices.

These convenient amplifier building blocks with their unmatched
performance and delivery not only will reduce your design time but also
enhance your system performance.

So, from your initial design concept through high volume production

make Stellex Phoenix Microwave your Low Noise Amplifier partner.

Call today: 215-723-6011

or e-mail us at ‘?_,IJII_ 0.{{7‘///(

MICROWAVE

Stellex

info@phnixmw.com
P , _”

100 Emlen Way Telford, PA 18969 Website: www.phnixmw.com
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New NEC Bipolar Transistors

Higher f;s, Lower 1/t

NEW

Packages

0.55mm

ey

¢ Flat Lead design reduces parasitics and
improves electrical performance

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

New, Smaller Packages

Oscillators & Buffer Amps

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

Part Number Corner Freq* Vee le Package
NE856M03 3KHz 3V 30mA Mo3
NE685M03 5KHz 3y 5mA Mo03
*Review Application Note AN1026 on our website for more information
on 1/f noise characteristics and corner frequency calculation. New M03

Half the footprint area of a SOT-323

LNAs

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

Part Number Description NF Gain Freq Package
 NE687MO3  11GHzfrLNA  1.2dB 13dB  1GHz  Mo3
NE661MO04 25 GHz fr LNA 1.2dB 22dB 2 GHz Mo4
NE662M04 23 GHz fr LNA 1.1dB 20dB 2 GHz Mo4

. . . New M04

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

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

an NEC exclusive — let you optimize oscillator performance while achieving

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

SEEE T Part Number Description Q1 Spec Q2 Spec
’_ﬁ UPA8B10TC Matched Die/Cascade LNA NE856 NE856
N UPA8B14TC Matched Die/Cascade LNA NE688  NE688
et Part Number Description Q1 Spec Q2 Spec N
L% UPA826TC  Matched Die/Osc-Buffer Amp NE685  NE685 New TC Twin Transistors
-y | UPA840TC Mixed Die/Osc-Buffer Amp NE685 NE681 Half the footprint area of a SOT-363

Data Sheets and Application Notes are available at WwWw.ce l .Lom

I3 california Eastern Laboratories NEC

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

Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (CANADA)
CIRCLE NO. 331
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Widehand Choke Biases Amplifier
Circuits To 8 GHz 0 5|"" mA

131

This broadband RF choke can save e
valuable gain and output power OmA
when supplying power to monolithic
microwave amplifiers.
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Now in Production
Packaged pHEMTs!

Product Features: .
Noise Figure: 0.5dB @ 1800 MHz* |
Gain: 15dB @ 1800 MHz |
P 29 dBm @ 1800 MHz |
IP3: 46 dBm

Filtronic Solid State is now in production with Low Noise and High Dynamic Range
low-cost SOT-89 packaged pHEMTSs. Filtronic Solid State is offering Millennium-leading
technology for the year 2000 and beyond for Base Station, Wireless Local Loop, and
W-CDMA applications from 500 MHz to 4 GHz.

If this isn’t surprising enough, call (800) 737-6937 and ask about our volume pricing
available through Richardson Electronics Distribution, in quantities up to 10,000 each.

Model Number | Noise Figure Gain P.se IP3

LP750S0T89 0.7 dB* 14 dB 24 dBm 40 dBm
LP1500S0OT89 0.5 dB* 16 dB 27 dBm 44 dBm
LP3000SOT89 0.5 dB* 15dB 29 dBm 46 dBm

*with optimum Noise Figure biasing
Base Stations

Wireless Local Loop

W-CDMA/IMT 2000

FILTRONIC
SOLID STATE

>

3251 Olcott Street, Santa Clara, CA 95054-3095 / (408) 988-1845 / FAX (408) 970-9950

AAIlmSIPFE AIAS "™ a




noise...
To make

your products
quict!
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Noise Com is the global pra

Noise Generators, Noise Sources,
Noise Power Ratio Test Sets, Noise
Diodes and specialized Noise Test
Solutions.

For more information about our
products, applications or how we
may solve your testing needs,
contact us:

Noise Com

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

NOISEC
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design

optimized
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digital signal
processing

)

G

low-power/low=
oltage technolog

)

.

attery manageme

Portable power/
nt

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

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



a capability that has made us a world leader in wireless communications 1Cs.
With solutions covering the major mobile standards - digital cellular and cordless,
paging, wireless data/LANs and GPS - Philips Semiconductors frees you to create

the communications products for tomorrow’s generation. To find out more, visit
ips veammms! 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 “MREF”.
CIRCLE NO. 369




«m;* :
Quality Electronic Components Superior 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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The basic idea behind our new

™ @

low profile Power Water  inductors

We squeezed high pgrformance magnetics |\ poasoeis 140 mmhigh
into a package as thin as 1.19 mm! ~ 47-1000pH Upto19A
These remarkable new Power Wafer . LP025060B eh :m'rﬁ.hiéh_:-'-

inductors have everything you’ve been 47-1000 yH Upto 1.9 KT
WAFER looking for: low profile, high current, Sl
NEFSEES tiny footprint and minimal EML . LPT3305 138 mm hi:Qh .
Each series measures 2 mm or less. The thinnest -~ 1-47uH Upto60A
uses Coilcraft’s new In-Board Technology™ to keep e
overall height to just 1.19 mm above your board. - LPT1606 2mmhigh

And custom versions can lower that to 0.9 mm! o ' 1 2"Zl-“" Up t°30A - .
For specifications and free evaluation samples - : — 50
of these low profile, high performance inductors = PDOTeee fomhgs a

roll on over to www.coilcraft.com/powerwafers. ‘ 1000pH - U?_tq 25 A

ovERNIGHT DELVERY! CALLBY Cary IL 60013 800/322-2645 Fax 847/639-1469
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New KEL-com

Commercial Filters;*'

and Selection Software

K&L Microwave, the manufacturer that brought
you KeL-fil®*, now infroduces its latest cost-effective
filter product line and selection software... KeL-com.
When size, cost, performance and delivery are at a
premium (when arent they?), KeL-com commercial
fiters 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 if fast? The KeL-com line
is standardized for high volume and short delivery.

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

Name
Company
Address i

City
Country
Zip/Country Code
Phone () R
FAX( ) o

\Email o )

State/Province

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

USA EUROPE
Phone: 44-(0)-1262 605500
44-(0)-1262 605504

kletirone@kaond! demon co il

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

KeL-com Commercial Filters

10 to 3000MHz &
Chebyshev Ba
2106

5 to 20%

High Volume

Quick Turnaround
Standardized Surface Mount Packaging
Commercial Grade Components

KeL-com Selection Software

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

CIRCLE NO. 277 MICROWAVE INCORPORATED

®
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READER CLARIFICATION
To the editor:

We have revised material pertain-
ing to my article, “Fractional-N Syn-
thesizers Meet HSCSD And GPRS
Demands” which appeared in the Au-
gust issue (p. 105). We would like the
following information to be added for
reader clarification:

1. Equation 7, which appears in the
second column on page 109, is incom-
plete. The correct equation should
read:

L(@)= (@, pus 2)° | BW
with
Dy rus = D, ! 2

Please note that the brackets for o
were missing and that the divide-by-
2 was also written incorrectly.

2. Next, in the first column of page
119, the incomplete paragraph that
was continued from the previous

page includes sentences that are out !

of order. The second-to-last sen-
tence, “As with parameter Ty, this
minimum requirement will only be
used when adjacent-cell power mea-
surements are not required by the
service selected,” should be moved to
the end of the paragraph as it is an
explanation of, “Term Ty, related to
the necessary time to the MS to get
ready to receive.”

3. The last change involves the
third and fourth equations, which ap-
pear in the first column on page 121.
The equations should be revised to:

t =(T,=T,..)02

ra monitor
trh - T;‘b .

Thank you for addressing these
points.

Christian Wuensch

RF System Engineer

Philips Semiconductors

DSL TECHNOLOGY

To the editor:

Last month, one of your readers |

FEEDBACK

! wrote to ask about Microwaves &

RF’s plans to write articles on up and
coming 21st century technologies
such as high-definition television
(HDTV). Well, here is another sub-
ject that could have an impact on the
way we communicate in the coming
years—digital subscriber line (DSL).
This technology has many variations
such as asymmetric DSL (ADSL),
G.Lite (a subset of ADSL), high-
speed DSL (HDSL), and splitterless
ADSL, known as UDSL. As these
technologies proliferate and become
complex technically and economical-
ly, it becomes difficult for those of us
who are not directly involved to keep
abreast of developments in the in-
dustry. For example, ADSL has had
only limited success in terms of home
installations, yet it seems to have sig-
nificant potential for high-speed In-
ternet access, something many home
users desire.
Hal L. Cassidy
TEXCOM
Fort Worth, TX

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

(e

Stock Bandpass

Jandpass Filters

Stock 1270

Inductors

www.tte.com
B800-776-7614

CIRCLE NO. 411 or visit www.mwrf.com
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As low

as 35¢

in quantity

Silicon Germanium (SiGe), Stanford PRODUCT SELECTION GUIDE

Microdevices latest RF semiconductor General Purpose Amp|ifiers
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) 1 GHz 2 GHz 50 Ohm
lower noise figures, lower power SGA-2186 22 20 DC5.0 +7.0  +200 105 102 4.1
consumption, high output power at high SGA-2286 2.2 20 DC-35 470 200 150 140 32
efficiency, and high integration level. SGA-2386 2.7 20 DC28 +7.0 4200 174 164 2.9
As part of a series of Stanford SCA-2486 2.7 20 DC-20  +7.0  +20.0 19.6  18.0 2.5
Microdevices' initiatives to apply silicon SGA-3286 2.7 35 DC-3.6 +12.0 +26.0 14.8 13.4 3.5
germanium technology to a broad SGA-3386 2.5 35 DC-3.6 +12.0 +25.0 17.4 16.2 3.0
spectrum of communications applications, ~ sGA-3486 2.9 35 DC2.0 4120 4250 215 194 246
we are now offering the wireless market SGA-4186 3.2 45 DC-6.0 +150 +29.0 104 102 46

devices built using a patented silicon SGA-4286 32 45 DC35  +150 4290 138 126 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

germanium manufacturing process. As
these devices enter the marketplace,
consumers will benefit from cellular
phones, pagers, and other wireless

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

communications devices that have

extended battery life, carry out multiple
functions, and are smaller, lighter, and SGA-6286 42 75 DC-3.5 +200 +340 138 124 3.9

less expensive. SGA-6386 5.0 80 DC-3.0 +20.0 4345 154 138 38
SCA-6486 52 75  DC-1.8  +20.0  +340 197 167 2.9

SGA-5486 3.5 60 DC-2.4 +17.0 +31.0 19.7 18.0 2.8

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



POWER GAIN vs. FREQUENCY

Gain - dB
i
N

[Tl

tSGA-5386

SGA-6386
[ —
BB

SGA-5286
F——
SGA-6286

35

OUTPUT 3RD ORDER INTERCEPT POINT

4

SGA-2186

SGA-2386

Call for Ev.aluation Kit
1-800-764-6642

SGA-2486
SGA-3286
SGA-4286
SGA-5286
SGA-5386

Typical performance at 900MHz

SGA-6286

FEATURES

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

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

[=2 Stanford

=] Microdevices
1-800-764-6642
Dept. SGMRF1

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

DISTRIBUTED BY:

AVYNET

=== electranics marketing

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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K.LS.S.

q(eep It Simple Sweetheart)

TAS communication
test solutions
simplify unwieldy
test requirements.

From IEEE to ITU. From EIA/TIA to CDG. Telecom Analysis
Systems deciphers the latest test specs, so you don't have to.
TAS is actively involved with standards bodies and the

development of emerging test requirements. Our participation

Telecom Analysis Systems allows us to stay abreast of the ever-changing specifications.

We continuously evolve our automatic, pre-defined test suites

and our comprehensive test systems to model the most
advanced test conditions. Making it simple to test to the latest

standards and evaluate your product's compliance.

For over 15 years TAS has been developing complete test

solutions to evaluate a broad range of communication
products. TAS test systems enable our customers to evaluate
the transmission performance of their products over a wide
range of network conditions. We provide solutions for
technologies such as PCS, cellular, ISDN, modem, fax, xDSL,

SATCOM and many more. To find out

more about TAS and our products, visit
@ our web site or give us a call.
34 Industrial Way East = Eatontown, NJ 07724-3319 = Phone: (732) 544-8700 = FAX: (732) 544-8347 = Email: sales@taskit.com

A B R B e e L o Al
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EDITORIAL

BLUETOOTH MAY BE
NEXT BIG IC CONSUMER

Internet access was the big buzz at
last month’s PCS ‘99 show in New Or-
leans, LA. Almost every major service
provider and equipment supplier—in-
cluding AT&T Wireless Services, Nortel
Networks, Sprint PCS, Ericsson, Nokia,
Lucent Technologies, and Qualcomm—
heralded the availability of wireless In-
ternet access and the continued displace-
ment of wired communications by its
wireless counterparts. Yet, for all the
loud cheering surrounding wireless In-
ternet connections, a quiet but steadily
increasing roar could also be heard for
Bluetooth.

Admittedly, wireless Internet access (and wireless data in general) was the
major single focus of many booth displays and technical presentations last
month (September 22-24) at the Ernest N. Morial Convention Center. For ex-
ample, Ted Leonsis, President of the America-On-Line (AOL) Interactive
Properties Group, appeared as a keynote speaker at PCS ‘99. He referred to
wireless as a “sleeping giant” of the Internet and that the combination of wire-
less technology with the Internet may be one of the biggest opportunities in
this or any lifetime.

While the technical session rooms were awash in projections of millions of
subscribers and billion-dollar wireless Internet markets, the exhibit floor at
PCS ‘99 was alive with demonstrations of software that would enable cellular
telephones to reach directly into the World Wide Web. PIXO (Cupertino, CA)
provided a convincing display of software that converts a cellular telephone
into a mobile Internet device. Using clever display strategies to limit graph-
ics content and selectively organize text from a website, the software repre-
sents a good first step toward wireless Internet access. The true mobile In-
ternet-access solution, however, will not be a cellular telephone that has been
adapted to the application but one that has been specifically designed for it.

To that end, the wireless Internet may offer a huge opportunity for some
integrated-circuit (IC) manufacturers, such as makers of digital and baseband
1Cs, but not for others, such as RF ICs, since these are devices that would
have been needed for the cellular-communications portion of the telephone
anyway.

Bluetooth may just be that one new application area that drives RF semi-
conductor manufacturers for the next few years. Designed for personal-area
connectivity and short-range communications in the home, office, and home
office, Bluetooth (http://www.bluetooth.com) is meant to replace wire be-
tween electronic devices. Given that the specification’s founding members
Eriesson, IBM, Intel, Nokia, and Toshiba are now joined by over 1000 com-
panies interested in manufacturing or supporting Bluetooth products, it may
be difficult for the market not to succeed. And the potential for RF (and oth-
er) ICs in Bluetooth products is staggering. For a rough estimate, just think
of how many electronic devices might one day connect to a home’s main per-
sonal computer (PC) and multiply by the number of global households. ee

Grecme
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Ultra-Broad Ban
AMPLIFIERS

VSWR infout max: 2.0:1

Features/Options:

Remavable SMA Connectors
Competitive Pricing

Compact Size

Quick Delivery

Alternate Gain/Noise/Power/VSWR
levels if required

JCA

 TECHNOLOGY

DELIVERY IN 2-4 WEEKS AR

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

CIRCLE NO. 433




Microwaves
&@RF

Group Publisher Marc Spector—(201) 393-6225
Publisher/Editor Jack Browne—(201) 393-6293
Managing Editor Peter Stavenick—(201) 393-6028
Senior Editor Gene Heftman—(201) 393-6251
Senior Editor Don Keller—(201) 393-6295
Special Projects Editor Alan (‘Pete”) Conrad
Copy Editor John Curley
Editorial Assistant Dawn Prior
Contributing Editors Andrew Laundrie = Allen Podell
Group Art Director Peter K. Jeziorski
Associate Group Art Director Tony Vitolo
Senior Artist Cheryl Gloss
. Staff Artists Linda Gravell = James Miller
Cost Effective Solution for Indoor Coverage Problems Production Coordinator Wayne M. Morris

In-Building PCS-CDMA Repwter

A Penton Publication

Gain: 60 dB Input Level: -100 ~ -50 dBm Manufacturing Group (201) 393-6243 or FAX: (201) 393-6200
¢ Compact ¢ Light Weight Production Director Mike McCabe
¢ Cost Effective . ¢ Easy Instaliation Customer Service Manager Janet Connors
¢ Low Power Consumption . .
Customer Service Representatives
ACE TECHNOLOGY Doris Carter, Dorothy Sowa, Eileen Slavinsky
21010 Superior Street Components & Assembly Pat Bosell, Lu Hlavaty, Judy Osborn
Chatsworth, CA 91311 Preliminary Components Leilani Locket, Mike Turro
Tel: (818) 718-1534 Fax: (818) 718-2842 Scheduling Robert D. Scofield

e-mail: aceusa@aceantenna.com
Circulation Manager Nancy Graham—(216) 696-7000

[enton

Penton Media, Inc.

CIRCLE NO. 459 or visit www.mwrf.com

Chief Executive Officer Thomas L. Kemp

President/Chief Operating Officer Daniel J. Ramella
Chief Financial Officer Joseph G. NeCastro
Executive Vice President/Group President David B. Nussbaum
Group President James D. Atherton
Group President James W. Zaremba
Vice President/Group Director John G. French
Vice President, Ancillary Products Andrew C. DeSarle

Editorial Office
Penton Media, Inc.
611 Route #46 West, Hasbrouck Heights, NJ 07604
Phone: (201) 393-6286, FAX: (201) 393-6297

International editions are shipped via several entry points, including: Editeur Responsable
(Belgique), Vuurgatstraat 92, 3090 Overijse, Belgique
Microwaves & RF is sent free to individuals actively engaged in high-frequency elec-
tronics engineering. In addition, paid subscriptions are available by writing to: Penton
Media, Microwaves & RF, c/o Bank of America, Subscription Lockbox, P.O. Box 96732,

An Anemate Tg Standard Sem|.R|g|d Cames | Chicago, IL 60893; Tel.: (216) 931-3188, FAX: (216) 696-6413. Prices for non-qualified sub-

scribers are:

IW's unique design features a laminated PTFE Single Copies
dielectric, a dual tin alloy foil shield and a tightly (SllrfY;::e) w" ;;ém Roguinr g:g
woven copper braid. They have the same leakage Us. $ 75.00 - $1000  $100.00
characteristics as semi-rigid, as well as identical Canada $100.00 $135.00 $1200  $125.00
. . . M 120.00 174.00 14.00 .
mechanical dimensions to allow for the use of Al oher counties S3500  Soaoe  S1800 w10
standard commercially available connectors.
Reprints can be ordered from Penton’s Reprint Department by contacting Anne Adams at
. . . (216) 931-9626.
This cable is easily formed by hand and
i i Back i f MicroW. d Micr F icro-
can be reformed without electrical or i it S g vty o P A S
mechanical degl’adatlon. Microfilms, 300 North Zeeb Rd., Ann Arbor, Ml 48106. For immediate information, call
812) 76ngﬁe(r:?ﬁgrn(%g&rqmss'\?rl is granted 1OLUS\?S r?hgiﬁtered Wnth lhiﬁﬁggg%}ht
earance B . (o] [sl(e]efe] any article, wi e exception or
MICROWAVE PRODUCT DIVISION: v;ghich gepar’ate cogynght ownersrﬁ? is md\?:éted)‘loné%e first page of Ihepartic.!de,dprovi‘ded
20 East Franklin Street ¢ Danbury, CT 06810 ihaléoésezzeze;! 1.25 %eéco%fo the alr\ﬁleop')guzss cents per page is paid directly to
. . X (Code 0745-2993/99 $1.25+.60)
Telephone: 203-791-1999 « Fax: 203-748-5217 Copying done for ther tham Heraomel a tomarrol hout th il
www.insulatedwire.com perisSion 0f Penton Media, Inc.. 18 prohibiled, Requests for smecial permiason or bulk

e-mail: iwconn@insulatedwire.com orders should be addressed in writing to the publisher

INSULATED WIRE INCORPORATED ‘ - N
Copyright® 1999 by Penton Media, Inc. All rights reserved. Printed in the U.S. at Penton
Press, Berea, OH

CIRCLE NO. 455 or visit www.mwrf.com

MICROWAVES & RF = OCTOBER

E el




New Phase Stable
Coaxial Cable Assemblies

Flexing

IW has developed a new series of low loss, phase diameters, lighter weight, lower insertion loss and
stable cables (diameters from 0.1" to 0.480") which enhanced electrical stability, come to the tfechnology
exhibit excellent stability under both temperature leader with the broadest line to solve your most
changes and repeated flexing. Now, when you demanding requirements for both military and
need flexible cable assemblies with smaller commercial applications.

Just give us a call or visit us at www.insulatedwire.com

Since 1970 ... Specialists in the mamyfacture of
bigh-performance micr tr i lines.
20 East Franklin Street « Danbury, CT 06810
Tel: 203-791-1999 » Fax: 203-748-5217
e-mail: iwconn @ insulatedwire.com
www.insulatedwire.com
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”Ig/’ ffﬂﬂlﬂﬂl)]/ heck out the PCS Power Amplifiers

designed by Watkins-Johnson, the leader
in commercial RF technology. For 40 years we

B”il[ "I” A/Hf ms have engineered the best RF products. Today, we provide

the Wireless Edge™ with the best performance and lowest

I[IBHI fﬂr Mlﬂf ﬂﬂﬂlls priced products for the wireless OEM.
3”” ﬂBﬂHﬂ{Bf‘ by Ideally suited for microcell and repeater applications,

W]’ expanding line of low cost PCS power amplifiers provide
exceptional linearity for CDMA and TDMA requirements.
Utilizing special non-linear design techniques, these amplifiers
exhibit low spectral regrowth characteristics along with
superior efficiency in a small package design.

Models are available in the 2-10W range
for 1S95 CDMA requirements, and 8W to CDMA

: Model Power Qutput
40W for 15136 TDMA requirements. T o
Call our toll-free number for more details. |_SA1068A 6w

| SA1083 10W

Fax your request to 650-813-2447or
e-mail at wireless.info@wj.com. m
Model

Power Output
SA1070 8w
_ SA1076 25W 27
SA1108 40W

*Per 1S95 requirements
**Per 15136 requirements

The Wireless Edge"

u ; WATKINS-JOHNSON

Visit us on the web at www.wj.com
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THE FRONT END

- CEDAR CITY, UT—The quartz-crystal industry is
mourning the loss of Juergen H. Staudte, a pioneer in
he quartz-crystal industry, who died on May 19,1999 in
- New Mexico. He perished in the crash of a twin-engine
~ plane that he was piloting.

'~ Staudte revolutionized the quartz-crystal industry in
. the late 1960s when he combined the technologies of the
. quartz-crystal and the semiconductor industries to fab-
ate quartz crystals by photolithographic batch pro-
cessing. By inventing this process, Staudte changed the
way crystals were built, supporting production of low-
- cost, miniature tuning—fork crystals. His advances laid
the foundation for the quartz-crystal watch business.
 “The quartz-crystal mdustry—and science 1tse1f—
has suffered a great loss in Mr. Staudte’s passing,” says
E.L. Fox, president of Fox Electronics, a supplier of
frequency-control products. “The processes he devel-
oped revolutionized and advanced the industry.”

, BISMARCK, ND—North Dakota Highway Patrol troopers are speeding toward
- the new millennium with computers on wheels.

~ Sixty-five patrol vehicles have been equipped with high-tech mobile data-commu-
~ nication systems. This system uses a laptop in a wireless environment with the aid of
10 tower sites that are located statewide. The installation of the system is the culmi-
- nation of a detailed, four-year planning process involving leadership from the gover-
nor's office, approval of the Legislative Assembly, and citizen support. The project
was accomplished with the assistance of Motorola as well as an inter-agency steering
committee.

With this system, North Dakota becomes one of the first states in the country to im-
plement a statewide mobile data-communications plan. Motorola has provided a com-
plete data-communications solution for the first phase of the statewide mobile data-
- communications plan including hardware, software, and system installation.

. “The substantial cost of approximately $10,600 per vehicle will be more than offset

~ through the efficiency this system provides,” says Colonel James M. Hughes. “This
system will allow troopers to spend more time on the highway being visible and as-
sisting the motoring public. Increasing the efficiency of service to the citizens of North
- Dakota is extremely important to us. I believe this system does just that.”

. RALEIGH, NC—Microcosm Technologies, Inc. recently announced that it will lead

- the computer-aided-design (CAD) portion of a $14 million, three-year optical micro-
electro-mechanical-systems (MEMS) project. The project, titled “Micro-Opto-Elec-
tro-Mechanical Systems Manufacturing,” has been funded by the US National Insti-
tute for Standards and Technology (NIST). Its goal is to develop and demonstrate
technologies for efficient manufacturing of optical MEMS for telecommunications,
. imaging, medicine, entertainment, and information technology. Microcosm shares the
NIST Advanced Technology Program (ATP) project with Xerox, Maxim Integrated
Products, Optical Micro-Machines, Standard Microsystems Corp., and Microscan Sys-
‘tems, Ine. Xerox is the prime contractor on the project.

In the NIST project, Microcosm will extend its CAD software to include the mod-
eling of optical components which are typically incorporated on optical MEMS devices.
The modeling of optlcal components is inherently different from ray-tracing optical de-
sign at the macroscopic level. In microdevices, the structures that are fabricated are
often not any larger than the wavelength of the light being manipulated. Thus, near-
~ field and diffraction effects are important. Also, due to the high mechanical acce]era—
tions inherent in these devices, optical elements can warp dynamically, and this needs
to be taken into consideration in a combined dynamic optical-electro-mechanical anal-
ysis. Microcosm is among the leaders in the MEMS CAD field in the development of
software which can co-solve electromechanical problems.
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THE FRONT END .

:;Eleclrun:cs
‘Factory Sales
-._neach S244
Billion In First
Half 01 1999

Largest
Nationwide
Internet Survey

Of Wireless

Subscribers Is

i iLaunched

- viee market will grow 10-
. fold by 2005, with the

year, according to a re-

OYSTER BAY, NY—
The millimeter-wave de-

satellite end-user seg-
ment surpassing the lo-
cal-multichannel-distri-
bution-system (LMDS)
customer premise equip-
ment market by that

Shiprileqts—-thansands

port from Allied Business ' i
Intelligence, Inc. (ABI). Total shipments of mﬁhmeter—wave devices are expected to
grow from 314,000 in 1999 to slightly under 3 million in 2004 (see figure), according to
the findings of “Millimeter Wave ‘99—Broadband Wireless and Automotive Radar
Markets, Opportunities and Forecasts.”

Traditional, point-to-point, and back-haul applications are expected to constitute
the majority of the millimeter-wave shipments in 1999 with greater than 90 percent of
the market. Less than 5 percent of the point-to-point millimeter radios sold are ex-

- pected to be used to provide access to end users this year. This ratio will change dra-

matically during network build outs. Despite the connotations of its name, early
LMDS deployments are expected to be primarily point to point.

ARLINGTON, VA—According to data recently released by the Electronic Indus-
tries Alliance (EIA), US factory sales of electronics equipment reached $244 billion,
up 9 percent over the same period last year.

Highlighting the strength of this year’s sales figures to date, EIA President Dave
MecCurdy says, “Virtually all sectors of the US electronics industry are doing well.
Strong, consistent growth in electronics and related goods and services continues to
drive the American economy forward.”

McCurdy adds, “Our impressive growth reflects the fact that the American elec-
tronies industry is robust enough to weather the recent effects of the economic slump
in Asia. The most impressive gains were in telecommunications with an outstanding
18-percent increase in sales over last year, and components, which showed strong in-
creases on already high volume, reaching over $72.5 billion in sales.”

SAN FRANCISCO, CA—Wireless carriers have traditionally used small and ex-
pensive telephone or mail surveys to try to understand wireless subscribers’ changing
expectations, experiences, and the success of carriers’ programs. Telephia has har-
nessed the power of the Internet by partnering with Harris Interactive to provide car-
riers with a far more powerful way to gather critical competitive information.

Telephia and Harris Interactive, an Internet market-research company and the
sponsor of the renowned Harris Poll, have launched the Telephia/Harris Interactive
Wireless E-Trac. This nationwide survey of more than 50,000 wireless subscribers will
measure brand awareness, buying and usage habits, customer satisfaction, interest in
new product offerings, and key factors affecting switching and loyalty for the 10
largest US markets.

“Harris Interactive’s Internet Database, the largest data base of cooperative re-
spondents in the world, and the company’s 40-year history conducting market re-
search, make Harris a valuable partner in helping Telephia deliver unparalled market
research for wireless carriers,” remarks Bill Bondurant, Telephia’s Vice President of
Client Services. “Our joint Internet research will provide multiclient, timely market-
level research never before available.”

Wireless E-Trac provides an all-in-one information solution. Today, carriers com-
mission market research on multiple topics, sometimes only being able to afford sur-
veying their own customers and not their competition. Through offering these prod-
uets, Telephia will now be able to deliver a complete, integrated, cost-effective solution
to all carriers in the market.
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THE FRONT END

~ WARREN, NJ— ANADIGICS recently announced that the company’s top two
customers have accepted and will receive production shipments of key high-volume
products from its newly completed 6-in. (15.24-cm) gallium-arsenide (GaAs) fab.
ANADIGICS announced plans for the world’s first 6-in. (15.24-cm) GaAs analog fab
(Fab 2) for integrated-circuit (IC) production earlier this year. ANADIGICS acceler-
| ated the development of the 6-in. (15.24-cm) fab in order to lower cost structures, im-
 prove efficiency, and increase capacity.
~ “This world-class facility enables ANADIGICS to better serve the needs of our cus-
tomers by delivering high-quality products with shorter time to market,” comments
Dr. Bami Bastani, ANADIGICS’ president and CEO. “Now, in addition to industry-
leading RF IC design expertise, we offer true world-class operations that are ahead
of the competition.”

The new facility is currently being used for GaAs metal-semiconductor-field-effect-
trangistor (MESFET) and pseudomorphic-high-electron-mobility-transistor
(PHEMT) processing. In addition, ANADIGICS is developing in-house heterojunc-
tion-bipolar-transistor (HBT) manufacturing capabilities, which they will implement in
Fab 2. “We brought Fab 2 online in record time and ahead of original plans,” remarks
Bruce Diamond, senior vice president of manufacturing operations. “After passing all
industry-standard reliability qualifications, we are very pleased to begin delivering
praductmn shlpments from our new state-of-the-art 6-in. GaAs fab.”

m Bplﬂ'menl NE’WPORT RI—The competitive-local-exchange-carrier (CLEC) industry in the
US will increase from $4.4 billion in 1998 to $25 billion in 2003, according to a KMI
- Corp. report, CLECs in the United States and Canada: Market Developments and
) Fliberoptic Systems Deployment This represents a 42-percent compound annual
- growth rate (CAGR) in CLEC revenue for the next five years.
 CLECs fall into three broad categories—fiber based, non-fiber based, and wireless.
Fiber-based CLECs—37 in the US at the end of 1998—deploy their own fiber to pro-
vide service. This category includes carriers’ carriers that provide fiber to other
CLECs. Non-fiber based CLECs may use digital-subscriber-line (DSL) technology to
provide service over the incumbent local-exchange carriers’ (ILECs) copper (Cu)
loops, or lease ILEC and CLEC fiber to provide service. The third type of CLEC, the
wireless CLEC, provides local service through wireless technology. Distinctions
aside, all CLECs drive fiber development. Most non-fiber-based carriers must lease
fiber, while those who use DSL technology drive bandwidth demand, increasing fiber
deployment beyond the local loop.

Motorola, AirTouch Communications, and CommNet Cellular, in partnership with
‘the Wireless Foundation CALL TO PROTECT: Wireless Phones for Domestic Safe-
ty program, will donate 500 wireless phones and matching airtime to victims of do-
mestic violence in Colorado. CALL TO PROTECT is a national educational and phi-
lanthropic program aimed at combating domestic violence nationwide...Tellium’s
Aurora 32 optical cross-connect has been chosen to receive the prestigious 1999 Info-
- Vision award from the International Engineering Consortium (IEC). The award rec-
ognizes products and services based on their level of innovation, uniqueness, market
impact, customer benefit, and value to society...Interstate Electronics Corp. (IEC), a
Southern California manufacturer of cutting-edge Global Positioning System (GPS)
- receivers and display systems and an employer of more than 550 Orange County em-
. ployees, recently announced that it will donate over 30 computers to two nonprofit
- schools in Corona, CA. The selected schools, based on recommendations from IEC em-

- ployees, are Susan B. Anthony and Grace Lutheran School. The computers are config-
~ ured to provide the students with easy and fast access to the Internet. Each school will
receive 15 personal computers (PCs) to be delivered and installed at a later date at no
~ cost..AT&T Corp. recently announced a $1.42 million donation to further technology
_education to underserved communities. More than half of the grant amount is allocat-
ed to organizations in Southern California. The contribution from AT&T is part of a
larger program announced by President Clinton in a speech at the National Academy
Foundation in Anaheim, CA.
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Out Here, Field-Proven
Takes On A Certain Significance.

Anrtsy

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

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

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

that’s not only easy to carry, it's extremely rugged. Site Master’s

Linking =T
the Jd

Worid 1/
Uy

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

service providers worldwide.

/nritsu

Site Master

One world. One name. Anritsu.

©1999 Anritsu Company Sales Offices: United States and Canada, 1-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.anritsu.com
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Continuing a 15 year tradition of excellence,

Eagleware announces the new version 7 of its

GENESYS software. A new GUI, new multi-layer

capability in the EM simulator, a faster simulation
L]

engine and much more. Now even faster, even

easier and just as affordable. For more

information call us or visit our website at

www.eagleware.com

BT

fast, easy, affordabl

EAGLEWARE

RF and Microwave Design Software
tel: 770.939.0156 | fax: 770.939.0157
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Leading PLLatinum™PLLs
Now in CSP

Part RF Input Active lcc Pack
Number | (Main & Aux PLLs) | (Typ @ 3V) i

National’s LMX23xx Products

Provide a Superior Combination . bt : i alh e
z t - LMX2316 1260 -~ TSS0P16/CSP16
Of LOW Phase NOISE, LOCk T]me EW > LMX2324 2.06Hz ; ) ISSUP“/(SPm
and Power Consumption 3% | 286
* Lowest Phase Noise Floors Available LW330L | 25GH2& SIOMHE | SOmA | - s0P0/CS
(-169dBc/Hz) LMX2331L | 2.06Hz & S1OMHz et TSSOP20/CSP24
: LMX2332L | 1.2GHz& S10MHz omh | - TSSOP20/(SP24
* Ultra-Low Power Consumption INX2335L | 1.1GHz& 116Hz 7-55V | TSSOPI6/S016/CSPl6
(2mA@1GHz) IMX2336L | 2.06Hz& 1.1GHz Ay TSSOP20/CSP24
m ¢ Low Voltage (Down to 1'.72V) Microwire™ W > LMX2370 9 5GHz & 1.26Hz
Interface (LMX237x Devices) N> MXO371 | 206Hz& 126Kz Omh | 27-55V | TssoPao/csPa4
® Hi-Frequency Performance, up to 2.8GHz NEW> LMX2372 1.26Hz & 1.26Hz 1- T550P20/C5P24
e (SP (Chip Scale Package) Offers 68% LMX1600 |  2.06Hz & S00MH: 7-3. TSSOPI6/CSPI6
Reduction in Board Space LMX1601 1.16Hz & S00MH: 7. TSSOP16/CSP16
® Industry Leading Low Leakage and et S B 0 2 s TSSOP16/CSP16
Balanced Charge Pump Performance

(MX2350 | 25GHz/SsoMHz | TmA | 27-55V | TSSO
LMX2352 | 1.26Hz/S00MHz 27550
> LMX2353 2.56Hz e

e Supply Voltage Versatility (2.3-5.5V for
Singles and 2.7-5.5V for Duals)

® Extensive Portfolio

Ideal for Cellular and Cordless Applications,
WLANSs, IA Devices, GPS, Pagers,

Cable TV Modems and Tuners, and Other LMX2330L
Wireless Systems. L TSSOP

3.5x4.5mm
- -~

For More In'formation on PLLs: e Yy ',‘1 M X23:;6 2.
www.national.com o - XA
1-800-272-9959 Now available T ~

Free CD-ROM Data Catalog in (5P and %

Available at freecd.national.com die forms

* Contact us at 1-877-dial-die or Die@NSC.com for die information

National Semiconductor®
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Canada’s RF Technology

Our neighbors to the north have developed a healthy
and growing RF and microwave industry based on
innovation and intelligent design approaches.

Canada Extends Borders
Of RF Technology

JACK BROWNE
Publisher/Editor

ANADA is often mistaken for a northern extension to the US. But
Canada is a country with its own strong identity, and with proud
people. It is also a country with noteworthy technology from coast

to coast.

Montreal is certainly Canada’s
most culturally diverse city, with res-
idents claiming roots from around the
globe. It is also one of the nation’s
most technologically diverse cities,
with more than a dozen closely locat-
ed firms, including Focus Micro-
waves, in the city’s St.-Laurent
section. The company’s precision
mechanical load-pull and noise-
parameter impedance tuners are the
basis for measurement systems capa-
ble of characterizing devices and com-
ponents through 100 GHz. Founded
in 1987, the firm offers more than 100
product and application notes on
its website (http://www.focus-
microwaves.com).

The firm’s latest products include
the minimum-loss test fixture
(MLTF). It provides a mount for
packaged high-power RF transistors,
and an interface for connection
between impedance tuners and vec-
tor network analyzers (VNAs).
Usable to 5 GHz, the test fixture con-
sists of a main body with coaxial con-
nectors and connector flanges and a
set of through-line-reflect (TRL) cali-
bration standards.

In addition, the PMT line of pre-
matching tuners permit high-VSWR
load-pull testing. They use two inde-

pendent RF probes to generate
VSWRs up to 100.0:1 for load-pull
testing of high-power transistors
without need of quarter-wave trans-
formers. Model PMT-1816-N, for
example, is a PMT unit with type-N
connectors. It is capable of operation
from 1.6 to 18 GHz.

Also, the GPTS general-purpose
RF and DC parameter test software
is a Windows-based program de-
signed for measuring the de-embed-
ding RF and DC parameters of RF
and microwave transistors and com-
ponents under constant or swept
input-power levels, frequencies, and
bias levels. The test software helps
obtain measured results that can be
used in design and optimization com-
puter-aided-engineering (CAE)
packages, such as the Advanced
Design System (ADS) from Hewlett-
Packard Co. (Palo Alto, CA).

Software is also the strong suit of
Infolytica Corp.,located in downtown
Montreal. Infolytica, founded in 1978,
was actually the first company dedi-
cated to the creation of affordable
electromagnetic (EM)-analysis soft-
ware. In contrast to its earliest two-
dimensional modeling tools, the
firm’s latest iteration (Version 6.0) of
the MagNet finite-element program

is a powerful three-dimensional (3D)
modeling tool that operates seamless-
ly within Windows 95/NT environ-
ments. It offers flexible scripting
facilities and powerful parameteriza-
tion capabilities, and enables mechan-
ical as well as electrical-design engi-
neers to visualize and analyze the
most-complex 3D structures and
circuits.

Alsoin St.-Laurent, GHz Technolo-
gies, Inc. offers extensive lines of
coaxial couplers, circulators, isola-
tors, and power dividers from 0.5 to
18 GHz, as well as low-loss waveguide
filters, diplexers, and waveguide-to-
coax adapters through 50 GHz for
commercial and military customers.
Many of the waveguide components
are manufactured from Invar to
achieve good frequency stability with
temperature. Founded in 1985 by
David Geller, the firm now numbers
105 employees with high-frequency
products shipping into many wireless
markets. Having achieved IS09001
certification in 1994, GHz Technolo-
gies specializes in custom designs
developed with quick turnaround
times, due in part to the effectiveness
of proprietary design software as well
as a large bank of networked compu-
ter-numerically-controlled (CNC)
milling and drilling machines for pro-
totype of production fabrication.

TQF Technologies is next door to
GHz Technologies, specializing in
selective and multiplayer plating
with a cumulative mechanical toler-
ance of less than 0.001 in. (0.0025 c¢m).
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The company provides plating ser-
vices for a number of Canadian and
US electronics manufacturers, offer-
ing silver (Ag) plating, copper (Cu)
plating per MIL-C-14550, electroless
nickel (Ni) plating per MIL-C-26074,
cadmium (Cd) plating, passivation,

and baking to +220°C.

Future Electronics in Montreal is a
major global distributor of electronic
components and products, and is
involved in more than 100 major mar-
kets. With 5500 employees world-
wide, the company offers 24-hour ser-

vice on its extensive product lines,
including products from Motorola and
Hewlett-Packard Co.

Montreal is also home to GaGe
Applied Sciences, a company special-
izing in the marriage of computers
and test equipment. Founded in 1987,

Canada’s high-frequency firms at a glance

ADVANTECH Advanced Microwave Technologies, Inc., 657
Orly Ave., Dorval, Quebec HOP 1G1, Canada; (514) 420-0045,
FAX: (514) 420-0073, Internet: hitp://www.advantech.ca.

CIRCLE NO. 94

Apollo Microwaves Ltd., 275 Hymus Blvd., Pointe-Claire,
Quebec H9R 1G6, Canada; (514) 426-5959, FAX: (514) 426-
5788, Internet: http://www.apollomw.com.

CIRCLE NO. 95

Avtech Electrosystems, Box 5120, Station F, Ottawa, Ontario
K2C 3H4, Canada; (613) 226-5772, FAX: (613) 226-2802, e-
mail: info@avtechpulse.com, Internet:
http://www.avtechpulse.com.

CIRCLE NO. 96

CAL Corp., an Electromagnetic Sciences, Inc. Co., 1725
Woodward Dr., Ottawa, Ontario K2C 0P9, Canada; (613) 727-
1771, FAX: (613) 727-1200, Internet: http://www.calcorp.com.

CIRCLE NO. 97

Com Dev Canada, (519) 622-2300, FAX: (519) 622-1691.
CIRCLE NO. 98

Communications & Power Industries (CPI) Canada, Inc., 45
River Dr., Georgetown, Ontario L7G 2J4, Canada; (905) 877-
0161, FAX: (905) 873-7416, e-mail: marketing@cmp.cpii.com,
Internet: http://www.cpii.com/cmp.

CIRCLE NO. 99

EEV Canada Ltd., (905) 678-9811, FAX: (905) 678-7726, e-
mail: info@eevinc.com, Internet: http:/www.eev.com.
CIRCLE NO. 100

Filtran Microcircuits, Inc., 2475 Don Reid Dr., Ottawa,
Ontario K1H 1E2, Canada; (613) 737-0706, FAX: (613) 737-
0495, e-mail: fmi@filtranmicro.com, Internet: http://www.filtranm
icro.com.

CIRCLE NO. 101

Focus Microwaves, Inc., 970 Montee-de-Liesse, Suite 308,
Ville St.-Laurent, Quebec H4T 1W7, Canada; (514) 335-6227,
FAX: (514) 335-6287, e-mail: focusmw @ compuserve.com, Inter-
net: http://www.focus-microwaves.com.

CIRCLE NO. 102

Future Electronics, 237 Hymus Blvd., Pointe-Claire, Quebec,
Canada H9R 5C7; (514) 694-7710, FAX: (514) 695-3707, Inter-
net: http://www.future.ca.

CIRCLE NO. 103

GaGe Applied Sciences, Inc., 2000 32nd Ave. Lachine, Mon-
treal, Quebec H8T 3H7, Canada; (514) 633-7447, FAX: (514)
633-0770, Internet: hitp://www.gage-applied.com.

CIRCLE NO. 104

GHz Technologies, Inc., 6602 Van Den Abeele, St.-Laurent,
Quebec H4S 1Y3, Canada; (514) 335-6090, FAX: (514) 335-

9297,
CIRCLE NO. 105

Infolytica Corp., P.O. Box 1144, Station Place du Parc, 300
Leo Pariseau, Suite 2222, Montreal, Quebec H2W 2P4, Canada;
(514) 849-8752, FAX: (514) 849-4239, e-mail:
info @infolytica.com, Internet: http://wwsw.infolytica.com.

CIRCLE NO. 106

ITS Electronics, Inc., 200 Edgeley Blvd., Units 24-26, Con-
cord, Ontario L4K 3Y8, Canada; (905) 660-0405, FAX: (905)
660-0406, Internet: http://itselectronics.com.

CIRCLE NO. 107

Lap-Tech, Inc., 230 Simpson Ave. South, Bowmanville,
Ontario L1C 2J3, Canada; (905) 623-4101, FAX: (905) 623-3886,
Internet: hitp://www.laptech.com.

CIRCLE NO. 108

Mitec Telecom, Inc., 104 Gun Ave., Pointe-Claire, Quebec
H9R 3X3, Canada; (514) 694-6666, FAX: (514) 694-3933, Inter-
net: http://www.mitectelecom.com.

CIRCLE NO. 109

Optotek Ltd., 62 Steacie Dr., Kanata, Ontario K2K 2A9, Cana-
da; (613) 591-0336, FAX: (613) 591-0584, e-mail:
optotek@opteotek.com, Internet: http://www.optotek.com.

CIRCLE NO. 110

Philsar Electronics, Inc., 146 Colonnade Rd. South, Nepean,
Ontario K2E 7Y1, Canada; (613) 274-0922, FAX: (613) 274-
0915, Internet: http://www.philsar.com

CIRCLE NO. 111

Scientific Microwave Corp., 707 Lajoie Ave., Dorval, Quebec
H9P 1G7, Canada; (514) 828-9212, FAX: (514) 828-9227, e-
mail: Smc@smcg.com, Internet: http://www.smcg.com.

CIRCLE NO. 112

SDP Components, Inc., 222 Brunswick Blvd., Pointe Claire,
Quebec HIR 1A6, Canada; (514) 428-8749, FAX: (514) 428-
8757, e-mail: info@sdp.ca, Internet: http://www.sdp.ca.

CIRCLE NO. 113

SiGe Microsystems, Inc., 1500 Montreal Rd., M50 IPF,
Ottawa, Ontario KIA OR6, Canada; (613) 748-1334, FAX: (613)
748-1635, Internet: http://www.sige.com.

CIRCLE NO. 114

TQF Technologies, Inc., 6640 Van Den Abeele, St.-Laurent,
Quebec H4S 1Y3, Canada; (514) 333-3895, FAX: (514) 333-
8576.

CIRCLE NO. 115

Wavesat Telecom, Inc., 4600 Rue Cousens, St.-Laurent, Que-
bec H4S 1X3, Canada; (514) 956-6300, FAX: (514) 956-8587,
Internet: http://www.wavesat.com.

CIRCLE NO. 116
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MAKE YOUR
R o IS5 TEMS
g

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.

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

CIRCLE NO. 261



Canada’s RF Technology

the firm’s extensive product lines
include deep-memory-oscilloscopes

(DMOs)-analysis instruments capa-
ble of capturing 1 billion samples of
data. With as many as eight channels,
DMOs offer a sample rate of 10
MSamples/s with the capacity to grab
10 s of waveform data at that sam-
pling rate. The DMOs work with 12-b
analog-to-digital converters (ADCs)
capable of 70-dB spurious-free
dynamic range, although 8-b versions
are also available. The instruments
are ideal for hard-to-analyze signal
problems in telecommunications,
medical systems, radar systems, opti-
cal systems, and video equipment.
The DMOs can also operate in a digi-
tal-sampling-oscilloscope (DSO)
mode to make measurements using
sampling rates faster than those
available in the DMO mode. Models
are available with sample rates from
5 to 100 MSamples/s and bandwidths
to 250 MHz.

Apollo Microwaves Ltd., located in
the Montreal suburb of Pointe-Claire,
designs and manufactures standard
and custom components and subsys-
tems for telecommunications, wire-
less, and satellite-communications
applications. The 25,000-sq.-ft.
I1S09001 facility was established in
1981 and now has more than 115
employees. Product lines cover fre-
quencies from S-band through Ku-
band and include filters, duplexers,
multiplexers, circulators, isolators,
terminations, power combiners,
switching networks, as well as moni-
tor and control systems.

Also located in Pointe-Claire, Mitec
Telecom operates two facilities with a
total of 43,000 square feet. The firm,
with more than 215 employees, also
owns facilities in the United Kingdom
and the US and has a controlling
interest in a manufacturing facility in
Thailand. Mitec Telecom’s Canadian
products include amplifiers, diplex-
ers, filter subsystems, flexible wave-
guide, and waveguide components.
Established in 1972, the company
supports applications in terrestrial
microwave-communications systems
to 38 GHz, satellite-communications
applications from C-band through
Ku-band, as well as personal commu-
nications services (PCS) and cellular
communications systems to 2 GHz.

SDP Components was formed in
1994 to provide high-quality coaxial
connectors. The connectors are
designed through CAE tools in the
Pointe-Claire facility and built in
China to minimize manufacturing
costs. With approximately 156 employ-
ees in Quebec and another 55 workers
in China, the firm can quickly make
special custom connector designs on
request. It offers all industry-stan-
dard connectors, such as type-N,
TNC, BNC, and SMA connectors at a
fraction of the cost of most leading
suppliers.

Scientific Microwave Corp., locat-
ed near Dorval Airport on the out-
skirts of Montreal, was founded in
1986 to design and manufacture
microwave and millimeter-wave pas-
sive components. The company
applies innovative design techniques
to various evanescent-mode rigid
waveguide and planar structures, for
narrowband, wideband, low-power,
and high-power applications. Prod-
uct lines include RF-interference
(RFI) filters, lowpass, highpass,
bandpass, and band-reject mi-
crowave filters, equalizers, couplers,
terminations, attenuators, circula-
tors, and isolators.

ADVANTECH Advanced Mi-
crowave Technologies, Inc. (Dorval,
Quebec, Canada) numbered only five
employees less than eight years ago.
Today the firm, which specializes in
high-power solid-state amplifies,
boasts 160 employees in a 60,000-sq.-
ft. facility. The company supports a
variety of fast-growing markets,
including wireless-local-loop (WLL)
and multichannel-multipoint-distri-
bution-system (MMDS) applications.
Digital MMDS is typically used for
television-broadcast (“wireless
cable”) applications. The MMDS
products include solid-state power
amplifiers (SSPAs), frequency upcon-
verters, transmitters, and a frequen-
cy-reference system.

ADVANTECH’s satellite-commu-
nications amplifiers include rack-
mount and hub-mount single and mul-
tiple amplifier systems for L-, S-, C-,
X-, and Ku-band systems. Single-
amplifier systems with power levels
of 250-, 600-, or 700-W output power,

and multiple-amplifier systems with
100-, 2400-, and 2800-W output power

are offered. The firm’s repeater sys-
tems are designed to extend the cov-
erage of a CDMA PCS cell in areas
where the rough terrain otherwise
obstructs the wireless signals.

ONTARIO’S OFFERINGS

One of Ontario’s better known
high-frequency firms has earned a
strong following in the US through
their CAE software. Optotek, in
Kanata, offers the powerful MMI-
CAD suite of software tools for
designing and analyzing high-fre-
quency active and passive circuits.
The low-cost software tools can accu-
rately model passive components
such as filters and couplers, or active
components, such as amplifiers, as
well as a complex assemblies consist-
ing of several components. The firm
recently announced Version 2 of its
MMICAD SCHEMATIC/LAYOUT
software which simplifies the devel-
opment of schematic diagrams and
supports a wide range of layout data
files, including HPGL, GERBER,
and AUTOCAD layout formats. The
company’s LASIMO software is a
parameter-extraction package that
aids in the creation of device modeling
(see p.75).

One of the better (and lesser-
known) success stories in Ontario is
that of EMS Technologies (formerly
CAL Corp.) in Ottawa. Part of the US
firm, Electromagnetic Sciences, CAL
Corp. has a wide range of expertise in
analog, digital, microwave, power,
and shielding design for terrestrial
and satellite-communications appli-
cations. The company recently
announced the 300th installation of its
AMT-50 multichannel Inmarsat
satellite-communications antenna.
The AMT-50 satcom antenna oper-
ates as part of either the Honeywell
MCS 3000/6000/7000 or Rockwell
Collins SAT-906 satellite-communi-
cations avionics system. The antenna
system, which provides 12-dBie gain
from 1525 to 1660.5 MHz, was
installed on board a Falcon 2000 jet
aircraft for Dassault Falcon Jet Corp.
(Little Rock, AK).

Lap-Tech, Inc. of Bowmanville,
Ontario, manufactures precision
quartz resonators and clock oscilla-
tors for military and commercial
applications. Founded in 1972, the
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Three hundred miles north of the Arctic Circle, the life of the Inupiaq still revolves around
whales, seals and polar bears, as it has for centuries. They talk about it all the time. On their cell phones.

A wireless revolution is fast finding its way into the most remote corners of life. And perhaps more
than anyone, the test engineer is feeling the pressure to keep pace. To push product out the
door while at the same time having every confidence nothing is going out that isn’t up to
company standards.

No one is as prepared to help you live up to that responsibility as Hewlett-Packard. To give you
wireless test equipment as flexible, and as capable of higher test throughput while maintaining
accuracy of measurement. To be there with service and technical support when you need it.

For more information, call your local HP sales office at one of the numbers listed below or

visit our Web site at www.hp.com/go/wireless 1998 Hewleit-Packard Co. TMMID&19/INTL
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DuPont 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 embedded indi
capacitors, combined with Nati
Semiconductor’s BiCMOS
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/mcmy/).



11,500-sq.-ft. facility can provide AT-
cut or SC-cut erystal blanks, crystals,
or complete oscillators, depending on
a customer’s needs.

CPI Canada (formerly known as
Varian Canada) has long been associ-
ated with satellite communications
and high-power electron tubes.
Located in Georgetown, Ontario, the
firm's VKA 2400 series of extended
interaction klystrons (EIKs) deliver
power levels to 1 kW at Ka-band, with
instantaneous bandwidths as wide as
1.2 GHz.

Recently, the company developed
an innovative digital tuning system
for its satellite-communications
uplink klystrons. The system incorpo-
rates optical encoders and DC step-
per motors, and is a noncontacting
positioning system without dis-
cernible passband shift for the
klyston during lifetime tests of more
than 100,000 channel changes. The
tuning system can be operated local-
ly, through a high-power amplifier’s
(HPA’s) controls, or remotely, with
RS-232 or RS-422 connections. The
digital tuning system provides 50 pre-
set channels, full backup of settings in
electronically erasable program-
mable read-only memory (EEP-
ROM), and capability for in-field
mechanical tuning as a backup.

Avtech Electrosystems (Ottawa,
Ontario), in business since 1975, is a
leading supplier of high-speed pulse
generators and laser-diode drivers.
The firm offers a line of high-voltage
pulse generators, such as the AVL-2
series generators with output volt-
ages up to 350 V for pulse rise times
as fast as 2 ns and pulse widths from
5 to 100 ns. In addition, the AVRH
series, with 1000-, 2000-, and 3000-V
models provides pulse widths from
0.2to 5 ps.

The model AVP-AV-1-C pulse
source supports 100-ps rise/fall time
and as much as 5-V output into a 50-£)
load. The pulse generator offers repe-
tition rates from 0 to 1 MHz with
pulse widths variable from 0.2 to 4.0
ns. Also, the model AVN-C pulse
source features 100-ps rise/fall times,
with pulse widths variable from 0.2 to
1.0 ns and repetition rates from 50 to
250 MHz.

Filtran Microcircuits, Inec. in
Ottawa brings the precision of semi-

Canada’s RF Technology

conductor processing to the world of
circuit-board manufacturing. The
company’s 20,000-sq.-ft. facility
enables the company to achieve 1-mil
lines and spacings (held to tolerances
of +0.2 mils) on soft-substrate circuit
boards clad with Cu and other metals.
Rather than using chemical etching
for fabricating conductive through
holes in the substrates, the firm
employs a proprietary technique to
form sputtered blind holes with
extremely tight tolerances and very
repeatable electrical characteristies.

The firm, recently acquired by
Merrimac Industries (West Caldwell,
NJ) for its ability to fabricate Merri-
mac’s Multi-Mix multilayer high-fre-
quency circuit technology, supports
its circuit-board fabrication capabili-
ties with a wide range of machining
capabilities. Using combinations of
milling, laser machining, and compu-
ter-numerically-controlled (CNC)
routing machines, the firm can
achieve machined tolerances as tight
as £0.001 in. (£0.0025 cm)

Some of the more established
Canadian companies have already
given birth to several generations of
additional companies. Wavesat Tele-
com, which started in 1993, grew out
of ADVANTECH. Now employing
more than 100 people, Wavesat Tele-
com is on the verge of ISO9001 certi-
fication. In addition to extensive
development of feedforward ampli-
fiers for high-linearity cellular and
PCS applications, including next-gen-
eration cellular systems based on
wideband CDMA (WCDMA) modula-
tion techniques, the company has
made investments in creating an off-
set-frequency-division-multiplex
(OFDM) wireless modem for point-
to-point and point-to-multipoint data-
communications systems. The wire-
less modem is expected to support
data rates to 25 Mb/s.

The company produces large vol-
umes of HPA modules for satellite
communications and point-to-point
communications systems. Available
at frequencies from L-band through
K-band, the modules are supplied
with overvoltage and output VSWR
protection.

Philsar Electronics (Nepean,
Ontario) is an innovative developer of
low-power radio and frequency-syn-

thesizer designs. The firm’s PS-XX00
series of fractional-N frequency syn-
thesizers is the first products of their
kind to provide step resolution of
finer than 100 Hz. The PS-XX00 fam-
ily employs a high internal reference
and delta-sigma technology to
achieve excellent phase-noise perfor-
mance —100 dBe/Hz for carriers to 2.5
GHz) and small step sizes. The PS-
XX00 family is among the most high-
ly integrated devices ever built on
IBM’s silicon germanium (SiGe) BiC-
MOS process (see “SiGe Technology
Makes Practical Advances,” p. 121).

At least one manufacturer in Cana-
da has responded to the growing
interest in wireless Internet access—
ITS Electronics (Concord, Ontario).
Founded in 1987 to design and manu-
facture microwave and millimeter-
wave solid-state amplifiers, frequen-
cy converters, and subsystems in
commercial and military markets, the
company’s Inter Wave 99 lines of
products are aimed at high-speed
Internet and wireless communica-
tions applications. The family of prod-
ucts includes a base-station transmit-
ter unit, an Internet subscriber unit,
and a dual-input base-station receiver
unit. The base-station transmitter
unit is designed to operate in any 200-
MHz segment of the 2100-to-2700-
MHz MMDS band. It provides 40-dB
input-to-output gain with less than
+1.5-dB gain variation and +36-dBm
output power at 1-dB compression.
Harmonices are less than —40 dBe at
the output, while output spurious
products are a miniscule —55 dBec.
Output monitoring and control are
provided with an RS-422 interface.

The Internet subscriber unit is
compatible with DOCSIS cable
modems and is factory set to operate
in any 200-MHz segment of the 2100-
t0-2700-MHz MMDS band. It fea-
tures 50-dB transmitter gain and 40-
dB receiver gain, with a receiver
noise figure of 5 dB.

Regrettably, not all of Canada’s
high-frequency companies could be
covered in this brief report, and
apologies to those who were omitted.
But even this sampling (see “Cana-
da’s high-frequency firms at a
glance”) should provide some indica-
tion of the formidable capabilities
that lie north of the US border. ee
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High-efficiency TWTs power DBS uplinks
wo additions have been made to a new gen-
"|--!.d eration of traveling-wave tubes (TWTs)—
models TH 3976D and TH 3977D. Designed
specifically for uplink applications in direct-broad-
cast-satellite (DBS) systems, the TH 3976D delivers
270-W RF output power while the TH 3977D gener-
ates 500-W RF output power. Both TWTs are de-
signed for use in the 17.3-to0-18.4-GHz satellite band.
The tubes feature dual-collector, conduction-cooled technology, making them well-
suited for rack-mount and hub-mount high-power amplifiers (HPAs). The high-ef-
ficiency dual-stage collector makes it possible to place the tube closer to the an-
tenna in a hub-mount configuration, increasing overall system efficiency and
providing significant operating-cost savings. Models TH 3976D and TH 3977D are
mechanically and electrically compatible with the company’s 400-W, 13.75-to-14.5-
GHz model TH 3976 and 750-W, 13.75-to-14.5-GHz model TH 3977 TWTs. Thom-
son Tubes Electroniques, 18 avenue du Marechal Juin, 92366 Meudon
la Foret Cedex, France; (33) 130703500, FAX: (33) 130703535, Internet:
http//www.tte.thomson-csf.com.
CIRCLE NO. 59 or visit www.mwrf.com

Broadband bias tee covers 50 kHz to 18 GHz
e porting an impressive bandwidth of 50 kHz to 18 GHz (and usable to 15
kHz), model BT-50K 18 is a wideband bias tee that simplifies the connection
of DC power to wideband amplifiers and other active devices. The bias tee,
which exhibits typical VSWR of 1.75:1, suffers an insertion loss of only 0.75 dB
across its full bandw1dth The unit offers 60-dB typical RF-to-DC isolation from 10
3 | MHz to 18 GHz. The bias port has a series resis-
| tance of 2.2 2 and will handle DC voltages up to
15 V and maximum current of 200 mA. The com-
ponent measures only 1.0 X 1.0 X 0.5in. (2.54 X
2.54 x 1.27 em) with SMA connectors, although a
miniature version measuring just 0.80 X 0.62 X
. 0.401n. (2.032 x 1.5748 x 1.016 ¢m) with remov-
| able SMA connectors is also available. American
%2 Microwave Corp., 7311-G Grove Rd., Fred-
(301) 662-4700, FAX: (301) 662-4938, e- mall am-

e

erick, MD 21704;
cpmi@aol.com, Internet: http:/www.amwave.com.
CIRCLE NO. 60 or visit www.mwrf.com

Cable assemblies minimize losses

= = 1 he UFA series of UTiFLEX low-loss cable assemblies has been designed
L_[;"I for low electrical loss in commercial wireless as well as military applica-
tions. The UF A series features a maximum insertion loss of 0.11 dB/ft at 1
GHz to 1.21 dB/ft at 50 GHz, depending on the choice of cable assembly. Phase sta-
bility as low as 2 deg. can be specified at 10 and 18
GHz. The five cable assemblies in the series include
the DC-to-26.5-GHz UFA147B, UFA210A, and
UFAZ210B, the DC-to-40-GHz UFA147A, and the
DC-to-50-GHz UFA125A. The cables are integrated
with a patented connector attachment that provides
high reliability. The connector body, dielectric mate-
rial, and center contact are completely captivated for low VSWR and high reliabil-
ity. MICRO-COAX, 206 Jones Blvd., Pottstown, PA 19464-3465; (610) 495-

0110, FAX: (610) 495-6656, Internet: http:/www.micro-coax.com.
CIRCLE NO. 61 or visit www.mwrf.com

Duplexer/receive filter
screen PCS signals

odel WSDA-00019 is
a full-band duplexer
diversity receive-fil-

ter assembly for personal-com-
munications-services (PCS) ap-
plications. It consists of a
base-transceiver-station (BTS)
fullband duplexer and a BTS
fullband diversity receive filter.
The duplexer has areceive pass-
band of 1850 to 1910 MHz and a
transmit passband of 1930 to
1990 MHz. The maximum inser-
tion loss within the passband is
1dB for the receiver portion and
0.8 dB for the transmit portion,
while the passband return loss
is at least 16 dB. The duplexer
offers minimum passband-to-
passband isolation of at least 65
dB with antenna-to-receive re-

jection of at least 50 dB from DC
to 1790 MHz and at least 65 dB
from 1930 to 1990 MHz and 50
dB from 1990 to 5000 MHz. The
diversity receive filter has a
passband of 1850 to 1910 MHz
with a maximum insertion loss
of 1dB and passband return loss
of at least 16 dB. The second-
harmonic rejection is at least 50
dB from DC to 1790 MHz, 65 dB
minimum from 1930 to 1990
MHz, and 50 dB minimum from
2090 to 5000 MHz. The full-band
duplexer receive filter is rated
for 20-W maximum CW power
and 400-W peak instantaneous
power. K&L Microwave,
Inc., 2250 Northwood Dr.,
Salisbury, MD 21801; (410)
749-2424, FAX: (410) 749-
2788, e-mail: wireless@
klmicrowave.com, Inter-
net: http:/www.klmicro

wave.com.
CIRCLE NO. 62 or visit
www.mwrf.com
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FINANCIAL NEWS

AT&T Gives Ericsson The Boot

lagued by problems that include
Pa network outage, customer dif-

ficulties in completing calls, and
slow equipment deliveries, AT&T
Corp., the largest US cellular com-
pany, has ousted Ericsson AB as one
of its network equipment suppliers.
Stepping in to replace Ericsson will
be Nortel Networks, which together !

with current supplier Lucent Tech-
nologies, will be the two top
providers of the company. This is the
first time that Nortel has sold wire-
less equipment to AT&T. Financial
terms of the contract with Nortel
were not announced.

For Eriesson, currently AT&Ts
major supplier of wireless network

WEINSCHEL QUALITY COMPONENTS & SUBSYSTEMS

Products
That Make
a Werld of
Difference

Whether it’s standard off-the-shelf
coaxial components or custom designs fo
meet your requirements,
contact Weinschel for
high quality produdis
that make a world of
difference in your
wireless applications.

Variable & Step

Attenvators w,

o (ontinuously Variable, dc-4.2

o Manual Step, de-26.5 GHz

e Conneclor Choice: SMA, N, 2.92mm

Programmable Attenvators

 RE. Wireless, & Microwave Models
(de-1,1.2,2, 3, 4,18, 26.5 GHz)

© New Solid-State Designs (PIN & Gahs FET)

75 Q & Phase Compensated Designs

Phase Shifters N

© dc-18 GHz

© Internal Self Locking Mechanism

Power Splitters & Dividers

 Resistive Models to 40 GHz

 Connector Choice: SMA, 2.92m, N

© 2 & 4 Way Designs

Fixed Attenuators

© Models from dc-40 GHz

© High Power Models up to 1,000 W

© MIL & Space Qualified Models

* Low Intermodulation Design Options

 Connector Choice: SMA, 2.4mm, 2.92m, 3.5mm, N, 7/16, BNC

Precision Adapters & Connectors
o Blind-mate Connector Systems

© PLanag CRown® Connector System
Directional Couplers

® de-4 GHz * Octave & Broadband

Weinschel

CORPORATION
An MCE Company
5305 Spectrum Drive, Frederick, Maryland 21703-7362
800-638-2048 o Tel: 301-846-9222 © Fox: 301-846-9116
e-mail: sales@weinschel.com ® Web: www.weinschel.com

ep”
Components
& Subsystems
y ® Plug & Go Programmable
*“Attenuators and Relay Drivers
o |EEE-488 & Standard Serial
Interfaces/Controllers

© Bus Conirolled Programmable
Attenuator Units

® Custom Subsystem Design for
Specialized Applications

Terminations & Loads

© Models from de-40 GHz

* High Power Models up to 1,000 W
* Low Intermodulation Design Options
» Connector Choice: SMA, 2.4mm,
2.92m, 3.5mm, N, 7/16

- Certificate No. 94-288C
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equipment, the loss means that in-
stead of having approximately two-
thirds of AT&T’s business, the com-
pany will retain only one-third—a
loss of 50 percent. AT&T spent ap-
proximately $385 million with Eries-
son on infrastructure equipment in
1998 according to financial sources.
The positive spin for Ericsson on the
turn of events is that the lost busi-
ness makes up only 1 percent of the
company’s total revenue. Not only
that, but company executives in the
network operations group feel that
retaining one-third of AT&T’s over-
all infrastructure spending still rep-
resents a substantial business.

AT&T believes that the new
equipment it will purchase from Nor-
tel and Lucent will increase the ca-
pacity of its network, improve relia-
bility, and lower its costs by $900
million over the next four years. The
equipment will enable AT&T to pro-
vide high-speed data services and
permits customers to use their wire-
less phones while overseas.

AT&T said it will add equipment
manufactured by Lucent in New
York City, parts of Los Angeles, and
in 11 states where Lucent equipment
is installed. The Nortel equipment
will go to Arizona, California,
Nevada, Oregon, and Washington.

The trouble began for AT&T when
its One Rate plan attracted many
more customers than anticipated,
clogging networks with telephone
traffic volume that the networks
were not meant to handle. Wireless
revenues rose 42 percent in the sec-
ond quarter, but the company experi-
enced a major outage and had prob-
lems keeping up with demand.
Apparently, the Ericsson-designed
equipment could not keep up with the
increased load, nor could Ericsson
stay abreast of AT&T’s equipment
demands for expanding its network.

An unusual aspect of the AT&T/
Nortel deal is that it is based on the
amount of capacity added to the net-
work, not the equipment it takes to
add that capacity. Thus, if Nortel is
able to build more-efficient net-
works—greater capacity for a par-
ticular equipment size—it will
increase its profit margin in the
arrangement. ee
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FOUR WIRELESS FORMATS

WCDMA -~ (DMA- DA

NE PERFECT POWER METER

3650

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

Use a single sensor to measure: Maximize modulated measurement speed with random
s WIDEBAND CDMA sguls,  S2mpling rates of 2.5 to 3 MHz.
s The AVERAGE POWER of TDMA, GSM and CDMA Evaluate communications system efﬁciency with time

signals over an 80 dB dynamic range. saving capabilities such as:

» CW POWER over 2 90 dB dynamic range. " Automatic time gating.

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

modulated signal with a risetime as narrow as 100 ns. m Statistical power measurement analysis.
Accelerate production with GPIB speeds over 26,000 rdgsisec  For more information, call 1-800-726-GIGA (4442), or
for CW signals and over 800 rdgs/sec for modulated signals. visit our web site at www.gigatronics.com.

Giga-tronics

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

" call for EVALUATION  Products.

DEVELOPMENT KIT
1-800-764-6642

Offering significant advantages over existing
competitive MESFET technology, the SXH-1 is
a highly efficient GaAs Heterojunction Bipolar
Transistor power amplifier housed in a low-
cost surface-mountable plastic package.

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

freq.  Gain{d8) S11 $22 P1dR TOIP Voltage Current (mA)
MH Ty Typ. Typ. (dBm) (dem) Tvp.

0 390 950

As low as

$4 25

in quantity

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

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

- Stanford

| Microdevices

1-800-764-6642
t Dept. MRFX3

Visit our web site at
http://www.stanfordmicro.com

All company and/or product names are
trademarks and/or registered trademarks of their
respective owners




Contracts

Berkeley Varitronics Systems, Inc.—Has been
awarded a contract by Procelbras of Brazil to produce code-
division-multiple-access (CDMA) test transmitters and
Rhino rubidium frequency sources to help with rapid build
out in Brazil's underground rail system.

Srico, Inc.—Has won a $100,000 contract from the US
Air Force to develop a unique optical chip-based modulator
component that reduces the noise figure of high-frequency
communications systems to approximately 0 dB. The com-
ponent may be used for cable-television (CATV) transmis-
sion, remote antennas, satellite communications, wireless
and cellular communications, as well as other data-trans-
mission systems.

Harris Corp.—Announced the extension of its con-
tract with US Cellular, a wireless telecommunications
provider. The three-year agreement is for the supply and
installation of Harris radio links and is valued at $20 million.

TRW, Inc.—Has agreed to produce a set of indium-
phosphide (InP) chips designed by the Australian govern-
ment-owned Commonwealth Scientific and Industrial Re-
search Organisation (CSIRO).

Decibel Products—Has been awarded a $6.6 million
contract to supply the largest cellular operator in China
with key components to expand their existing Global Sys-
tem for Mobile Communications (GSM) wireless communi-
cations systems. The contract requires Decibel products to
manufacture and deliver more than 5000 base-station an-
tennas, including directional panel antennas; omni anten-
nas; along with state-of-the-art dual-polarized, variable
down-tilt antennas.

SatCom Systems, Inc.—Has been awarded contracts
from the North American Electric Reliability Council
(NERC) and member organizations to provide mobile
satellite equipment and services for a nationwide Y2K
backup communications network.

LCC International, Inc.—Announced that its con-
tract with XM Satellite Radio, Inc. (“XM”) has been ex-
tended to include, among other things, the deployment of
XM'’s terrestrial repeater network that is used to augment
the company’s coast-to-coast satellite signal coverage. The
extension, which may reach $5 million in value, enables
LCC to increase its level of activity from defining the tech-
nical requirements for XM’s satellite terrestrial repeater
network in an initial 30 markets to now include preliminary
services in the remaining 40 markets of XM’s coast-to-coast
network.

Tellabs—Announced that it will provide multiservice
networking solutions for the Indian State Government
through Andhra Pradesh Technology Services Ltd.
(APTS). The contract was awarded to United Telecom Ltd.
(UTL), a Tellabs’ strategic partner in India. Tellabs’ Mar-
tisDXX managed access and transport solution will provide
data, voice, and video-transmission services to the APTS
organizations. These include the Government of Andhra
Pradesh, state public-sector undertakings, local bodies in
Andhra Pradesh, and other organizations for government
interactions.

Wireless, Inc.—Has received an initial order valued at

$2.5 million from Quest Wireless, Inc., a wholly owned sub-
sidiary of Quest Net Corp. for wireless-access equipment.
Quest Net Corp. is using the equipment to initially expand
their network from the South of Miami up to West Palm
Beach, FL.

ADTRAN, Inc.—Announced a contract with Bell At-
lantic to provide the industry’s first NEBS level 3-compli-
ant dual T1, license-free radio—ADTRAN's TRACER®,
Bell Atlantic has chosen ADTRAN for wireless unlicensed
T1 connectivity for voice and data transmission.

Fresh Starts

Technology Futures, Inc. (TFI)—Announced the
opening of an office in Washington, DC. Their services in-
clude consulting, research, and education.

Raytheon Co.—Announced that it will change the
name of its Raytheon Microelectronics business unit to
Raytheon RF components. The name change reflects a
move to better align the business within its market seg-
ment and enhance customer awareness of the business.

Optical Cable Corp.—Announced that it has been in-
formed by the US Army, Communications Electronics
Command, Fort Monmouth, NJ, that it is qualified to sup-
ply the military tactical fiber-optic cable used in the manu-
facture of the Army’s Tactical Fiber Optic Cable Assembly
“TFOCA.”

Cardinal Components, Inc.—Has added Coakley,
Boyd, & Abbett as its newest representative in the New
York/New Jersey metropolitan area.

Reactel, Inc.—Has moved to a new 10,000-sq.-ft.
stand-alone building located at 8031 Cessna Ave., Gaithers-
burg, MD 20879. The facility houses manufacturing, assem-
bly, testing, and offices.

Bowthorpe, ple.—Completed the acquisition of the
xDSL simulator division of Consultronies Ltd. The $25 mil-
lion purchase enhances Bowthorpe's position as a supplier
of advanced test instruments and systems for telecommu-
nications testing applications.

ANADIGICS—Has begun developing internal hetero-
junction-bipolar-transistor (HBT) capabilities while en-
abling immediate capacity through an agreement with
Global Communication Semiconductors, Ine. (GCS). GCS
will provide ANADIGICS with open foundry service for
HBT wafers as part of a non-exclusive long-term agree-
ment between the two companies.

RF Micro Devices, Inc.—Approved plans to build a
second facility to fabricate gallium-arsenide (GaAs) hetero-
junction-bipolar-transistor (HBT) semiconductor wafers.
The new plant will be located near its existing GaAs HBT
facility in Greensboro, NC.

Tektronix, Inc.—Announced a worldwide strategic
program for its customer-service organization in the Mea-
surement Business Division. Named Services 2000, this
program for the new millennium focuses on customer de-
mand for decreased downtime and increased quality of ser-
vice. To manage customer service in the US better, Tek-
tronix has launched a National Call Center with a single,
toll-free number and has consolidated the company’s 12 ser-
vice depots into two automated service centers.
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We Can
Help You

If you need small RF amplifiers,

RF chip and wire assemblies or

custom thin film substrates and
components

FMi

Film Microelectronics Inc.
A major supplier of thin
film products, offers :

Standard and Custom
Thin Film RF Circuits
» Build-to-Print
« Turnkey
* High Frequency
+ High Power
« Commercial or Military

Custom Metallized
Substrates and
Resistor Networks

* Alumina

+ Aluminum Nitride

* Beryllia

* Fused quartz

+ Glass

* Ferrite

Standard Thin Film
High Frequency
Components

» Microwave Resistors

» AIN Power Resistors

» Silicon Capacitors

* Thin Film Inductors

For more information
Contact FMI at :

Tel: (978) 975-3385
Fax:(978) 975-3506
530 Turnpike Street
N. Andover, MA 01845
fmisales@erols.com

FMI is a SatCon Company

PEOPLE

DSP Communications, Inc.—
Davidi Gilo to chief executive officer;
remains chairman of the board.

Abpac, Inc.—Gil Olachea to mar-
keting vice president; formerly
worked in sales and marketing in the
integrated-circuit (IC) packaging
business.

Methode Electronics, Inc.—
Gregory J. Gartner to senior execu-
tive officer of the Methode AEC busi-
ness unit; formerly general manager
with General Electric Co.

WILSON

GARTNER

Uniphase Corp.—David A, Wil-
son to director of administration for
the Broadband Products division;
formerly director of finance and ac-
counting for Harris Corp.'s Electron-
ic Systems Sector (ESS).

Trompeter Electronics, Inc.—
Gayland Fisher to regional sales
manager; formerly national distribu-
tion manager at Power-One.

Narda Microwave—Michael J.
Sanator to vice president of opera-
tions; formerly director of opera-
tions.

Quad Systems Corp.—Jay Di- |

Giovanni to director of software engi-
neering; formerly director of systems
engineering at CFM Technologies,
Inc.

CTS Corp.—Jeannine M. Davis
to executive vice president of admin-
istration, general counsel, and secre-
tary; formerly senior vice president,
general counsel, and secretary.

The Personal Communica-
tions Industry Association
(PCIA)—Harold Salters to director
of government relations; formerly di-
rector of regulatory affairs for AN-
MEX, Inec.

Kepco, Inc.—Martin Kupferberg
to president; remains financial vice
president. Also, Saul Kupferberg to
secretary/treasurer; remains vice

president of sales and marketing.

Microwave Instrumentation
Technologies—Michael W. Mur-
phy to director of customer support;
formerly programs manager for ad-
vanced systems and phantom works
site director at the Boeing Co.'s mili-
tary aireraft and missiles site.

STMicroelectronics—Georges
Auguste to corporate vice president;
formerly director of total quality and
environmental management.

Stanford Microdevices, Inc.—
Robert Van Buskirk to chief execu-
tive officer; formerly executive vice
president for business development
and operations at Multilink Technol-
ogy Corp.

Signal Technology, Olektron
Operation—Arthur Butts to vice
president of sales and marketing; for-
merly sales manager.

Taconic—Dr. Thomas F. Me-
Carthy to product development man-
ager; formerly headed the develop-
ment of new fluoropolymer dis-
persions with Allied Signal.

MYDATA Automation—Ed
Ruppert to northwest regional sales
manager; formerly western regional
sales manager at Sanyo.

National Dispatch Center,
Inc. (NDC)—DMelinda Ann Krup-
cyznski to manager of customer sup-
port; formerly assistant manager of
customer service.

IPC—Holly Evans to vice presi-
dent of government relations.

TriPoint Global Communica-
tions—James Griscavage to vice
president of quality assurance; for-
merly quality assurance director.

GRISCAVAGE

Kanthal Globar—=Sharon A.
Dunn to components sales engineer;
formerly held sales and marketing
positions in the ceramic process
equipment and materials industry.
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=2 Great Moments 1in
Wireless Communication

RE Migcro

Devie¢é s

bistory’s greatest relay.

A cloud of dust trails across
the plain as man and pony race
to deliver the mail Pounding
hooves send echoes bouncing off
canyon walls.

Abead, the Sierra Madres and
treacberous territory..bebind, a
loose lock and an open flap.
Envelopes go flying.

Airmail...1861-style.

1998 A.D. —It’s all up to you.

There’s no time to backtrack - you
either deliver this design today or
you're history.

You need help to reach the finish,
so hand off your specs to REMD.
We're waiting and ready to supply

1861 A.D. — St. Joe to Sacramento...

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

RF

MICRO'DEVICES

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

SIDSIENG 2NTY

Pres ents

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
REMD...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 contacting us.
©1998, RF Micro Devices, Inc.
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Precision

RF-Microwave Components

Immediate Delivery
High Performance
Low Cost

Supermr Selection .

Switches

Power Dividers
Couplers

Switches

Hybrids
Isolators/Circulators

Attenuators
Visit
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Oscillators us at: PCS99
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Se' nlin catalng at:
hitp://www.mcli.com

1-800-333-MCLI (6254)
Fax: (727) 381-6116

Microwave
Communications
Laboratories Inc.

7255 30th Avenue North
St. Petersburg, FL 33710
http://www.mcli.com
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Short Courses

Engineering and Planning
Telecommunicatien Local Loop
Facilities

November 2-5 (Madison, WI)

Department of Engineering Professional
Development

University of Wisconsin-Madison

Madison, WI 53706

Katie Peterson

(800) 462-0876, F AX: (608) 262-3160

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

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

Global Positioning System:
Principles and Applications

November 2-5 (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

Digital Communications—An
Introduction

November 8-9 (University of Oxford,
Oxford, UK)

International Electronics and
Communications Courses 1999

Oxford University

Linda Tonge

+44 (0)1865 288170, FAX: +44 (0) 18656
288163

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

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

Using the IS-136 TDMA Wireless Air
Interface

November 9-12 (Dallas, TX)

Department of Engineering Professional
Development

University of Wisconsin-Madison

Madison, W1 53706

Katie Peterson

(800) 462-0876, FAX: (608) 262-3160

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

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

Low-Power Circuits and Systems for
Digital Wireless Communications

November 11-12 (Redwood City, CA)

Continuing Education in Engineering

UC Berkeley Extension

1995 University Ave.

Berkeley, CA 94720-7010

(510) 642-4151, FAX: (510) 642-6027

e-mail: course@unx.berkeley.edu

Tutorial Colloquium on Design of RF
ICs and MMICs

November 24 (Savoy Place, London,
England)

Claire Ewings

+44 (0) 171 344 5423

Internet: http://www.iee.org.uk/
Events/e24nov99.htm

Short Course on Measurements and
Characterization of Broadband
Access Technologies

November 30-December 1 (Atlanta, GA)

National Institute of Standards and
Technology (NIST)

David K. Walker

(303) 497-5490, F AX: (303) 497-3970

e-mail: dwalker@boulder.nist.gov

Internet: http:/www.arftg.org

Meetings

Wireless I.T. 99 Convention and
Exposition (Mobile Wireless
Solutions)

November 2-4 (Santa Clara Convention
Center, Santa Clara, CA)

Cellular Telecommunications Industry
Association (CTIA)

Registration and Housing

(800) 334-6147, FAX: (415) 979-2250

Internet: http://www.wow-com.com

Low Temperature Co-fired Ceramic
(LTCC) Technology for Wireless,
RF, and Microwave: Measurement
and Testing Issues

November 4-5 (Gaithersburg, MD)

Green Tape Applications Group and the
National Institute of Standards and
Technology (NIST)

Steve Freiman/Carolyn Sladic (NIST)

(301) 975-6119

e-mail: stephen.freiman@nist.gov

1999 Tower Summit & Trade Show

November 8-9 (Paris Hotel, Las
Vegas, NV)

Shorecliff Communications, Inc.

27127 Calle Arroyo, Suite 1909

San Juan Capistrano, CA 92675

(800) 608-9641, FAX: (949) 443-9206

e-mail: registration@scievents.com

Expo Comm Brazil 99

November 9-12 (Centre Norte
Facility, Sao Paulo, Brazil)

E.J. Krause & Associates

6550 Rock Spring Dr.

Bethesda, MD 20817

(301) 493-5500

e-mail: windom@ejkrause.com

7th International Symposium on
Recent Advances in Microwave
Technology

December 13-17 (Malaga, Spain)

University of Malaga/University of Nevada
(Reno, NV)

Professor Banmali Rawat

University of Nevada

(702) 784-6927, FAX: (702) 784-6627

e-mail: rawat@ee.unr.edu

Internet: http://www.isramt99.ic.uma.es

Call For Papers

2000 International Conference on
Gallium-Arsenide Manufacturing
Technology (GaAs MANTECH)

May 1-4, 2000 (Washington, DC)

Bruce Bernhardt

Motorola, MD EL-720

2100 East Elliot Rd.

Tempe, AZ 85284

(480) 413-4427

Internet: http://www.gaasmantech.org

Abstract deadline: November 1, 1999

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

September 11-15, 2000 (Brugge, Belgium)

TI-KVIV, Mrs. R. Peys

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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Internet hitp://www.rsd.de

Chile

Netherlands (30) 6 00 17 00 - New Zealand

Switzerland (31) 9 22 15 22 - Taiwan (2) 23 21 70 70 - Thailand

The new mid-range prodigy
(and the proud parents)

So you know all about specfrum analyzers from
Rohde & Schwarz? Top of the range instruments
for the most demanding requirements, superlative
performance that naturally comes with a match-
ing price tag? Then think again!
And take a good long look at this
box of tricks: small, light,
extremely fast, big colour dis-
play, with a specification to blow
the socks of all the opposition in
the market for mid-range spectrum analyzers.
Features like high-speed zero span? Built-in.
GPIB, RS232 and printer interfaces? Standard.
PC-compatible screenshots At the touch of a but-
ton, no conversion software needed. 10 Hz to 10

MHz bandwidths2 The complete range. Time-
gated analysis? No extra charge. Plus a range of
features not to be found in a rival mid+ange ana-
lyzer for love or money. Such as the RMS detec-

£ tor, or statistic measurement func-
tions like CCDF. Or highly selec-
tive FFT filters and the fast ACP
measurement function. Not bad,
you are thinking, but tell me
about the price for such a
parade of technology. Certainly we'll tell you
about the price: very, very competitive. Just
another feature. By the way our mid-range prodi-
gy is called the FSP. You can find out all about
the FSP on the Infernet. Or give us a call.

Discover more: www.fsp.rsd.de

ROHDE&SCHWARZ

- TEL - Argentina (1) 14 331 1685 . Australia (2) 97 48 01 55 - Austria (1) 6 02 &
(2) 277 50 50 - China (10) 64 67 23 65 - Czech Republic (2) 24 32 20 14 - Denmark (43) 43 66 99 .

Hongkong (2) 5 07 03 33 - Hungary (1) 203-0282 - India (11) 4 61 52 B5 - Indonesia (21) 2 52 47 88 - Iran
4] 2 32 32 33 - Norway (23) 17 22 50 - Pakistan (51] 25 69 53 - Philippi

141 . Belgium (2) 7 21 50 02 - Brazil (11) 55 05 21 77 . Bulgaria (59) 2 65 51 33 - Canada (see USA)
Finland (58) 9 47 88 30 - France (1) 41 36 11 09 - Germany (180) 512 42 42 - Greece (1) 7 22 92 13
[21) 8 73 02 82 - Haly (6] 41 59 81 - Malaysia (3) 7 03 5503 - Mexico (5] 6 66 63 33

nes (2) 8 13 29 31 - 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 (11) 786 3647 Spain (1) 3 34 10 70 - Sweden (8) 6 05 19 00

(2) 6 43 13 309 - Turkey (216) 3 85 19 17 - United Kingdom (1252) 81 13 77 . USA Tektronix

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

Micromachined
resonators offer
high-Q

characteristics

Network
improves
direction-finding
antenna
capability

Hardware and
software team
for better
telecom testing

Finding the best
way to measure
ADC linearity

Diplexers, filters, and other components that run at millimeter-wave (Ka-band) fre-
quencies are often implemented using high-Q structures such as resonant waveguide
cavity filters or dielectric resonator filters. These components must exhibit low inser-
tion loss, high out-of-band rejection, and high channel-to-channel isolation. A micro-
machining technique that suspends microstrip lines on thin dielectric membranes was
found to produce resonators that have quality factors greater than 450, much higher
than is possible with traditional manufacturing techniques. In addition, according to
Andrew R. Brown and Gabriel M. Rebeiz of the Radiation Laboratory, Department of
Electrical Engineering at the University of Michigan (Ann Arbor, MI) and Pierre
Blondy of the University of Limoges (Limoges, France), the resonators support pla-
nar integration in complex filter designs such as millimeter-wave low-loss filters. See
“Microwave And Millimeter-Wave High-Q Micromachined Resonators,” Interna-
tional Journal of RF and Microwave Computer-Aided Engineering, Vol. 9, No. 4, July
1999, p. 326.

Radio direction-finding systems used in mobile communications require accurate
calibration and may be sensitive to noise and external interference. It is possible to
avoid the hardware calibration by implementing an artificial neural network (NN) at
the output of an antenna array’s combining circuit based on research performed by
...Erie Charpentier and Jean Jacques Laurin of the Department of Electrical and Com-
puter Engineering, Ecole Polytechnique de Montreal (Montreal, Canada). The topol-
ogy of system is a hybrid, combining a simple RF beamformer with an NN. The sys-
tem uses a very simple RF architecture including patch antennas, low-noise amplifiers
(LNAs), standard hybrid junctions, and diode detectors. See “An Implementation of
A Direction-Finding Antenna for Mobile Communications Using A Neural Network,”
IEEE Transactions on Antennas and Propagation, Vol. 47, No. 7, July 1999, p. 1152.

Built-in self test (BIST) is a hardware technique incorporated in the integrated cir-
cuits (ICs) of communication systems to detect and diagnose possible device failures.
Traditional diagnostic solutions rely on software to detect and diagnose failures, ig-
noring the hardware capabilities built into modules or components. This approach,
however, delivers less than adequate fault coverage besides requiring a considerable
investment in product-specific software generation. A new approach to telecom sys-
tem design developed by Saman M. I. Adham, Ken Brough, Bruce Ecroyd, Stephen
Foster, and Paul Soong of Nortel Networks (Ottawa, Canada) links diagnostie soft-
ware to hardware BIST. The linking reduces software complexity while increasing di-
agnostic accuracy, and permits subcritical faults to be detected and recorded in non-
volatile memory for subsequent failure analysis. The key to a successful test strategy
is the use of hardware BIST which provides improved flexibility and versatility to the
creation of test, programming, and system-maintenance capability. See “Linking Di-
agnostic Software To Hardware Self-Test In Telecom Systems,” IEEE Communica-
tions Magazine, Vol. 37, No. 6, June 1999, p. 79.

Linearity measurements represent a substantial portion of the production cost of an
analog-to-digital converter (ADC), but a method developed by Peter D. Capofreddi
and Bruce A. Wooley of Integrated Circuits Laboratory (Stanford, CA) claims to cut
this cost by reducing the time required to achieve the necessary level of measurement
accuracy. The method takes the approach of evaluating linearity measurement meth-
ods by comparing the efficiency where they generate linearity estimates from infor-
mation provided by the ADC output. The efficiency of three different methods is com-
pared to the Cramer-Rao Bound—the theoretical limit on the accuracy that can be
achieved in a particular measurement configuration. Two open-loop methods—tally
and weight along with the code density—were compared by the researchers. It was
discovered that the code-density method produced an efficiency close to the theoreti-
cal limit while the tally-and-weight method fell short of the optimum for converters
with noise levels exceeding one-quarter least-significant bit (LSB). See “The Effi-
ciency of Methods For Measuring A/D Converter Linearity,” IEEE Transactions On
Instrumentation And Measurement, Vol. 48, No. 3, June 1999, p. 763.
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Simple Algorithm
Extracts SiGe HBT

Parameters

A new extvaction technique identifies
intvinsic and extrinsic parameters of
SiGe HBT devices with close agreement
to actual measurements.
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Professors

C. Navarro
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new and simple extraction method for determining the parameters
of small-signal 11 topology equivalent circuits of silicon-germanium
(SiGe) heterojunction bipolar transistors (HBTs) has been devel-
oped. Both intrinsic and extrinsic (parasitic) elements can be
extracted with the algorithm. Conventional procedures or methods based
on simple bias measurements work very well if the extrinsic elements of the
HBT have been previously determined. ' This approach may be used
through different procedures—DC, cut-off measurements, or optimization.
However, it is often very difficult to accurately determine the values of par-
asitic elements of the HBT, since the usual DC and cut-off techniques offer

poor performance for SiGe HBT devices.

In order to avoid this drawback, a
new technique has been developed
which does not require any additional
measurements except for the scatter-
ing (S)-parameters at different biases.
Linear models with a I1 topology have
been tested to fit the measured S-
parameters properly. This _
method has been applied to
several devices but, in par-
ticular, to the HBT120Z
devices (one finger 1 X 20
pum) and HBT67 (six fingers
1 X 7 wm), which have been
employed in two amplifier
designs developed by the

. 2
group (Fig. 1).

This method is an exten-
sion to the HBT devices o
Shirakawa’s ° and Ooi’s * g
work on metal semicon- |
ductor field-effect transis- |
tors (MESFETs) and |
high-electron mobility |
transistors (HEMTSs), |
respectively. The main dif-

MESFET/HEMT method uses nine
different biases to evaluate the fre-
quency behavior of the intrinsic ele-
ments to properly compute the set of
parasitic elements. On the other
hand, the method takes the fitting of
some important figures of merit of

ference between the MES- 1. The SiGe HBT67 device manufactured by
FET/HEMT approach and Diamler Chrysler, shown hereina
this new method is that the microphotograph, has six fingers, 1 X 7 um.
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the device into account, such
as maximum stable gain

! 1 Re Le C
(MSG) and Rollet’s factor (K)
as optimization objectives. A I ce I
significant reduction of the c,.]., Cpei

comparative error function I al
a

2 mrmu:xc:

between modeled and mea- E
sured S-parameters is ob-
tained by using the previous-

ly mentioned premises.

2 INTRINSIC HET i
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2. A small-signal 11 equivalent circuit
of an HBT device (a) contains
intrinsic and extrinsic circuit
elements. The intrinsic elements (b)
can be determined from the
admittance parameters of the device
at a number of different bias points.

The proposed circuit topology of
the small-signal model, (Fig. 2a),
shows a dashed box that contains the
intrinsic part of the device (Fig. 2b).
The estimated values of the pad par-
asitic capacitances Cpy; and Cy; do
not exceed hundredths of femto
Farads (fF) for a number of different
devices tested. Thus, these capaci-
tances may be neglected. The
remaining extrinsic parameters (Lb,
Le, Le, Rb, Re, and Re) in Fig. 2a can
be determined easily by an optimiza-
tion process at the same bias point
where intrinsic elements were com-
puted. This will be shown shortly.

INTRINSIC ELEMENTS

After a conventional de-embed-
ding process to take the effect of par-
asitic elements *° into account, it is
possible to obtain the intrinsic ele-
ments from the admittance parame-
ters of the HBT device for each bias
point.7 The relationship between the
current source, I, and the intrinsic
transconductance, g,,, is provided by
the following equation:

[ =G, -V

m m 1

where:
Gi]l = g"l ' 87]m (])

Taking the real and imaginary parts
of these admittance parameters (Yij)
[T=12and]j=12], it is relatively
easy to obtain a set of eight equations
with eight unknowns. This process
supports the computation of Che, Ry,
Rbe! Rbc’ Cbcy gm Ty Rce’ and Cce’ val-
ues by using the following expres-
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= A o T T TS It T e ::: extrinsic parameter—base induc-
5 SR tor Lp—biased at I, = 1.77 mA
o7 A e e I and Vee = 2.25 V. The variation
£ . T A N o || with the access resistor Rpx for
. A weww || Cbe is shown in Fig. 4. The
i B N A wawm || remaining intrinsic and extrinsic
i Sh sz Lm0 parameters show similar behav-

S N \\5:""‘""”‘ : wl o - &l ior. Since the small-signal equiva-
freq [GHz] " I S S S S S S | lent circuit must be Va!ld for the

reap measured frequencies, this

3. Intrinsic elements of an HBT device
such as transconductance (gm) (a)
and base-emitter capacitance (Cpe)
(b) vary with frequency. They also
vary with different values of extrinsic
elements such as base inductance
(Lb) as shown in these curves.
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freq [GH2)

4. These curves are similar to those of Fig. 3b in that they
show how Cpg varies with frequency and the extrinsic

base input resistance Rpy.

implies that all intrinsic parameters
must be frequency independent.
Keeping this assumption in mind, the
intrinsic parameters could be
expressed, for each bias point, as a
function of extrinsic elements and
frequency. In this way, for the intrin-
sic parameters, I, a set of relation-
ships could be established:”

Iy = fi(Ry, R, R, Ly,), also
Ly = fi(Ley Le, Cppis Cpeiy @) (10)

However, extrinsic elements that
are determined in this form often

15¢ 7 : 7 ;
: - B 1 B
1251 - ~B e P S e N W
3157
10 ,. 4—4"* ety - -
A
_2,7.5 : W—E R T |
o T T4 ‘ B-" Bﬁ
5 ; : ¥
25: ' |~ : B’g ‘ r égl
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0 N AP IFIP IPUPIT IPIVOPP PRI BRI S
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Vee V)
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——100 —— 200 =300 @400 4500 —5-800

invalidate the

equivalent circuit
when the bias
point is changed.
To take this varia-
tion of parasitic elements with bias
into account, nine equally spaced bias
were chosen along the whole I-V
characteristic curves. In this form,
the function is redefined as follows:

Ipi = fi*(Rh'Rr’Rth’ Ly)’ also

Iy = f;'*(L(" Copir Cpeir @i, B;) (11)

5. Since parasitic elements vary with bias, they are
calculated at nine equally spaced bias points along the |-V
characteristic of an HBT67 transistor.

where:

i=1,..,8, and

j=1,...,.9 (with j denoting the num-
ber of different bias points used dur-
ing the optimization process).

Assuming that the intrinsic small-
signal model selected is valid over
the whole frequency range, and mak-
ing use of the intrinsic elements for
optimization criteria, it is possible to
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determine appropriate values for
extrinsic elements by iteration with-
out additional measurements for the
nine bias points shown in Fig. 5.

Choosing the variance criteria, the
first elements of the error function
are as follows in equation 12:

Elli(.j(zexr' Bj) =
N-1]

W
yDD

1=0

fi (Zpyo 0, B; )=

(12)

N-1 )
Efk (Zexr!wl’Bj)
=0

where:

W1 k = the weighting factor k =
1,....8, and

j=1,...9.

For convenience, Zgxt = all para-
sitic elements, and

Bj; = the variation with bias.

For stable calculations, the differ-
ence between the computed and mea-
sured S-parameters, the maximum

8iGe HBT Parameters

Smeas — Zmeas CONVErsion
for By...., By, bias points

|

| Initial parasilics for all biases

|

’7 De-embedding parasitics

from measurements

Cumplute intrinsic Update
elements parasitics

for all biases
l No

}

Compute error vector €

o>

Yes

stable gain, and Rollet’s factor K

6. This flowchart is the algorithm for
extracting the extrinsic (parasitic)
elements of a device at many different
bias points (called multibias
extraction). It uses an error function
computed from measured and
modeled S-parameters to obtain more
accurate parasitic data.

must also be checked. The second,
third, and fourth components of the
error function are selected as:

2 2 N-1I1
£2,1(ZeBi)= 2 2 2 Wape

p=lg=1r=1]

Meas 2
|Spq (0, Zey B;)" =

0.5
Spi (@ Zor BT (13)
N1
Ej,j(zeanj) = zws :
r=1

‘MSG Meus(mr, Zm!’ Bj )2 _

MSGM" (@, Z

ext’

0.5
B[ (14

N-1
84,j(Ze,U'Bj) = ZW4 ’
r=1
‘KMeaA (wryzm’ Bj )2 _
0.5
k"0, 2,,, B, )| (I5)
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points. The detailed multibias extrac-
tion for the 102 bias points is not pre-
sented here. As an example, Fig. 7
shows the behavior of the extracted
transconductance, gy, versus Ve, as
a function of the base current Ij,.
The electrical models obtained by
the multibias procedure for the rest
of the 102 bias points achieve a fit as
good as the particular case shown in

Fig. 7 and for S-parameters and Rol-
let’s factor (K). These electrical mod-
els are linear models that are depen-
dent on the bias point. This supports
the availability of an electrical model
valid for a broad range of bias points,
which is more useful for the design of
medium-power and voltage gain-con-
trolled amplifiers using commercial
computer-aided-design (CAD) tools

7. The extracted intrinsic-element
transconductance (gm) plotted
against collector-to-emitter voltage
(Vce) is shown here as a function of
base current Ip.

where:

Meas and Mod = the measured and
modeled S-parameters, and

the different Ws = the weighting
factors (usually fixed at 0.5). The
extended error function for bias j is
then composed as follows:

Elkj(zext’Bj)—
EZ,j(Zext’ Bj)

e.(2,.,.B;)= (16)

J( ext J) 83j(ZeX,,Bj)
_64,j(zexr’ Bj)
where:
k=1,...8 and
j=1 9

The total error function vector for
the nine different bias points is
defined as:

€ (Zext! BI)
€ (Zexr) =
€9 (Zext’ B9)

Figure 6 shows the flowchart of
the algorithm used for the multibias
extraction. The values of parasitic
elements are updated in order to
minimize the error vector e using the
Sequential Quadratic Programming
(SQP) method. The program has
been written using MATLAB.®

When all parasitic elements are
finally determined for the nine
selected bias points, it is possible to
perform the multibias extraction
using the values computed by the
algorithm for those bias points, under
the assumption that they are bias
independent for the rest of the bias

(17)
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such as HP ADS or Libra. For differ-
ent HBTs of the same family, very
good agreement between DC mea-
surements and simulations has been
found. Excellent agreement between
measured and simulated S-parame-
ters over 0.05 to 50 GHz for multi-
bias operation confirms the robust-
ness and validity of the method.

A new extraction technique has
been developed to obtain the extrin-
sic (parasitic), and intrinsic elements
of the Daimler SiGe HBT devices.
Very good agreement for an HBT67
device between the MESFET/
HEMT model and the measurements
has been observed throughout the
entire 0.05-t0-50.05-GHz frequency
range for all bias points studied. Lin-
ear models that are extracted by this
method for other different sized
devices have shown satisfactory
agreement between measured and
simulated data and have permitted
validation of the model with encour-
agement to use these models in new

.9
designs.” ee
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Coupled Resonators

Design A Wideband

VHF Filter With Goupled

Resonators ;... e ..
resonators to clean up noise
and harmonic distorvtion.

N engineer cautiously checking a poorly aligned or mismatched
amplifier with a wideband oscilloscope and a good probe will like-
ly encounter an objectionable amount of harmonic distortion. If the
: offending circuit can be repaired or changed, so be it. But the task
- at hand is often to clean up the existing signals. The author of this article
- was recently faced with the challenge of filtering the output of a harmoni-
~ cally noisy but otherwise functional very-high-frequency (VHF) signal gen-
~ erator. The filter had to cover the very wide frequency range of 10 to 480

Domenico K. Barillari

EigenSystems, Inc., 245 Ruby St.,
Winnipeg, Manitoba R3G 2E4,
Canada; (204) 474-9289, FAX: (204)
474-7622, e-mail:

barilla@ ccu.umanitoba.ca.

But finding information on VHF

- and ultra-high-frequency (UHF) fil-
. ter design techniques, especially
. with regard to passive systems, can
i be difficult. The current literature
- and technical courses seems to focus -
: exclusively on amplifier design. |
© Matching circuits and tuned active |
: circuits are described in many RF
| texts, but the equally crucial filter -
i design gets short shrift. For the engi- :
© neer set to the task of working on an :
© intermediate-frequency (IF) stage at :
- a few hundred megahertz, the task :
- becomes one of extrapolating up- :
- ward from classical engineering :
- texts such as ref. 2, or downward :
- from the extensive microwave litera- : |@
" ture (Matthaei et al.®). ‘

To meet the challenge, the author

- turned to TV/VHF technology and '
- developed a relatively simple electri-
¢ cally tunable coupled-resonator
. design. The design incorporates a
¢ number of ideas that can be of gener-
al use to RF engineers working from |
¢ HF through UHF. :

THEORY AND DESIGN

© A representative sample of the :
. objectionable waveforms observed

- MHz with a minimum of filter sections and stages.

- from the signal generator, recon-

structed with Mathmatica ®°, is
given in Figures la and 1b. What is
needed here is a lowpass—or better

- still—a bandpass filter with a wide

bandpass and steep upper-rejection
skirt. The initial criteria chosen for
such a circuit include:

Vo
N M
AWARWA

L)
: 1. These examples of harmonic and

harmonic distortion are often seen on

- degraded equipment.
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DESIGN FEATURE

Coupled Resonators

e A range of 10 to 480 MHz, (very
likely implemented with overlapping
band sections, each section covering :

some sub-band).

e As few filter sections as possible,
possibly with a single tuning control. :
e A first harmonic rejection of at

least 40 dB at any setting.

¢ As simple a design as possible for .
any section, with as few stages as |

possible.

e Preferably a passive design, but :
" required in the lower-frequency

varactor control is an option.

Much research, including construc-
tion of prototypes, showed that most
. lumped-component, reactive-ladder

networks having both wideband and
sharp roll-off characteristics were
very difficult to construct. Further,
the variable tuning that would be

bands to kill relatively close harmon-
ics would require ganged capacitors
or inductors, matched varactors, or

(a)

€3
0.001 R1
Mv21 045 U1
(b) fc control 1

0.01 L c2 ]—

I
[
|
: chip =
[
I
I
I

Ca

1
|
I
I
I
I
I
: Mv2104 E
|
I
I

fc cu_ntrnl 2

2. These schematics show a basic coupled-resonator filter and a practical circuit.
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other such complications. Helical res-
onators were similarly researched,
and although they are admirably
suited for fixed narrowband use, they
were also difficult to adapt to a con-
tinuously tunable design due to the
rather severe restrictions on relative
component dimensions in such a
resonator.

The answer turned out to be the
venerable old coupled-resonator
design found in most solid-state tele-
vision-set tuners. These are now
quite small and well packed away in
the first few sections of those “tin-
can” assemblies that comprise the
front end of most sets (Fig. 2).

Such coupled resonators operate in
the frequency-transition region
where a simple schematic of the
lumped components does not tell the
whole story. This is most clearly
brought out here in the presence of a
capacitive coupling aperture, which
will be discussed shortly. RF energy
is introduced via the “primary-side”
tapped inductor, which also forms

Coupled Resonators

part of a tank circuit with C1 and any
parasitic capacitances. Actually, at
high frequencies, the situation is
more subtle in that the grounded
compartment where this circuit sits
is also a cavity with resonant proper-
ties. Indeed, with some minor modifi-
cation, a single-cavity structure such
as this could become a helical res-
onator. The key to a relatively broad-
band response, however, is to couple
loosely into the magnetic and electri-
cal excitation of the primary with a
similar secondary-side network. Just
how loosely will be discussed shortly.
The emphasis on loose coupling is
understandable if one is trying to
avoid mutual tuning of each side. One
might even want to have the primary
and secondary sections somewhat off
resonance with respect to the other.
What does this mixed lumped-ele-
ment/distributed-field approach
accomplish? The advantages are sev-
eral and varied. First, the LC tank-
circuit system block is easy to con-
ceptualize—the familiar 1/(1.C)"®°

formula gives an estimate of the
passband center. Further, the circuit
has some characteristics of a lowpass
notch section (Fig. 3) that might pro-
vide strong first-harmonic rejection
immediately for a strategic choice of
pass-function zero. Thirdly, trans-
former action in magnetically cou-
pling the halves of the circuit enables
impedance matching via taps on the
inductors. At lower frequencies,
“broadbanding” is achieved by cou-
pling (via a hole) the relatively strong
E-field that results when any helical
resonator is enclosed in a metal cavi-
ty (Vizmuller®). In the lumped analo-
gy, this coupling acts, ironically, like
the “overcoupling” with which most
RF engineers are familiar in a capac-
itively coupled multistage resonant
filter (sometimes referred to as “dou-
ble-tuned element” coupling) [Fig. 4].
Indeed, this “foldover” of the circuit
resonance curve can be seen in the
simulations discussed below. Finally,
and very important, a varactor is
used as a convenient tuning element.

Like what you see? Need more information?
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DESIGN FEATURE
Coupled Resonators

At higher frequencies, magnetic
. coupling begins to compete with
- capacitive coupling. This is also an
- example of “double-tuned-element”
- coupling (where “double” refers to
~ the mirror symmetry of the circuit®)
- and is fairly easy to understand in
. terms of a standard transformer
- model. The primary side “sees” a
- reflected impedance, which is resis-
. tive at the nominal resonance fre-
- quency fr. When the coupling, k, is so
. that this reflected resistance is equal
~ to the primary’s resistance, critical
- coupling, ke, is attained. The double
- hump results when k < ke. Recall that
- the reflected impedance to the pri-
~ mary is given by (AM)*Z® and that,
“below resonance, the series
: impedance of the secondary eircuit is
- capacitive. Thus, we get a reflected
. inductive value in the primary. This

(b)

o |—j_-
| [ ] ®
500 fe -
e o 1.5 pF
0.80 pF 20 pF
[l |
. it
1pF— <0.434H 043, HS ——
=
0.70 pF o
G
e
9.4 pF 9.4pF <6000
(a) ]:: 1__: s
L1
¢t L2 R1

© then cancels the primary’s capacitive
. effect below fg, producing a shifted
. resonance peak. A similar action
: takes place above fg.

- The question then becomes: Can an
. engineer use a readily modeled
- equivalent circuit to synthesize such
- a filter? It turns out that a rather

3. These schematics show a lumped-component model of the resonantly
coupled filter and the lowpass notch section.

. straightforward model produces an
accurate enough description of the

2
a o FrEn
(a) (Active) transformer coupled
| !

8 k=3kg
2 : k=15k;
& : S Stk

. ar Il / K k{:

- : :

f

Response

1\

RS
(i) L1% (21:[I CZI L2 RL

(b)

Over coupling
Critical coupling
~

C-coupling

c12/

Capacitively coupled

Under coupling

o

4. Two lumped-element, tuned-resonator circuits with overcoupling, along with their response, are shown here.
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DESIGN FEATURE
Coupled Resonators

bandpass characteristic to
enable a very quick con-
struetive synthesis. Below
approximately 200 MHz,
one can take the individual
values of the lumped compo-
nents, a prediction of M (the
magnetic coupling), and a
reasonable estimate of Ca
and the (capacitive) para-
sitic contributions, and solve
the system on a relatively

Vp

|
e

non-ideal transformer

Circuit transformation
| 1
M _'s g b L
Vs
7 Vp lm

model with no

resistive or capacitive losses

gested by theory above are
evident whenever either
coupling is strong enough,
and either may be effective
as the practical situation
g | demands. Further, good
attenuation at the first har-
monic is suggested of the
order of the design require-
= ment, and is largely due to
the beneficial presence of the
band-reject zero near 150

inexpensive program with a
Bode facility such as Elec-
tronics Workbench®”, A
model that reproduces many

5. These schematics show a transformer with “cold-ends”
grounded, and the equivalent T circuit. L, is the “leakage”
inductance and Ly, is the “magnetizing” (mutual)

of the observed features of inductance.

the actual filters is shown in

Fig. 3. The behavior of the center-
tapped inductors/transformer has
been approximated by a network
where pure self-inductances are :
series connected to a non-ideal trans-
former. Further, the electric cou-
pling to the cavity was modeled as
relatively large parasitic-like capaci-
tances added at reasonable points in
the circuit. When a poor choice of val- -
ues resulted in unacceptable band-
pass shapes, the values were
tweaked by examination of the simu-
lation output.

The mutual coupling of two air- :
spaced coils has no simple, closed-
form solution. One way to predict M :
is to use the extremely useful tables :
and formulas of Grover’. Since plen-
ty of iteration would be involved in
converging on a set, of dimensions for -
some M, the author was

- design, the loading or “de-Qing” of :
. the system by resistive loads is an :
extremely important consideration :
and must be set at the start. Given
. the argument on reflected impedance
given above, this is not surprising. In
- this project, 50-Q input and 600-Q

output values were selected. The lat-

ter represents a convenient design !
point for an isolating, untuned, |
metal-semiconductor field-effect
transistor ( MESFET)-follower stage :
- that the author prefers as a utility- :
© output driver. This feature is another :
departure from a strictly passive
design, but one that has historically
. This design has one varactor per cav-

The result for the simulated “75- :
MHz” unit are shown in Fig. 6 for

proved to be quite handy.

various effective capacitive and real

mutual-inductor couplings. Dips sug-

MHz. The latter was pur-
posely emphasized by
tweaking components val-
ues. Finally, there is a long
low-frequency tail, which is
largely harmless due to the
absence of any low-frequency compo-
nents in the final application.

IMPLEMENTATION

The cavities for the lower-frequen-
cy filters were implemented in folded
sheet brass of a conveniently thick
gauge. After soldering, but before
adding other components, a thick
gold (Au) plating was electroplated
directly to the brass. Thereafter, the
feedthrough capacitors and then
other components were soldered
onto spots pre-wet with solder. An
example of the finished 75-MHz unit
discussed later is shown in Figure 7a.

ity to support experimentation with
separate tuning. Figure 7b shows a
partially completed 180-MHz unit,
constructed in a milled-brass cavity

structure more appropriate

motivated to write a small
program to calculate L', L?,
and M directly from the Nue-
mann equation. These values
then became the parameters
for the equivalent-T model of
a transformer with the “cold
ends” grounded, as shown in
Fig. 5.

The reader might be con-
cerned about some of the
assumptions involved, but a
more intricate model adds
little for the purposes of this

Response—dB
%

2

~60 -

20 7

to higher frequencies. The
400-MHz unit was essential-
ly similar, except for the use
of “U-inductors” made from

f—— 75-MHz model

a single fold of thick copper
J (Cu) stock, approximately 5

mm wide and 50 mm total
length.

A number of experimen-
tal sections were construct-
ed, most incorporated into a
single rack-mount instru-
ment that also contained a
manual VHF switch, varac-

study. As discussed later, a

more fundamental EMF 0

approach might be called for
if a more critical analysis if

50 160 1!';0

Frequency—MHz

tor-tuning control, and galli-
um-arsenide FET (GaAs
FET) buffer for 50-Q

output.

L}
200

necessary.

6. This graph shows the simulated response of the 75-MHz

As with any resonator passband unit.

At lower frequencies, the
units were tested by feeding
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SIGN FEATURE

Coupled Resonators

the distorted output of the signal :
generator directly to the filter witha
50-Q) buffer resistor. Both input and
output were monitored with a wide- :
and high :
impedance probes to visually inspect
the waveforms. Numerical data was
taken, however, with calibrated :

band oscilloscope

high-impedance RF voltmeters § iy

shunted with a suitable load (either
50 or 600 ). Visual inspection did |

indeed seem to show very pure spec-
tral output over most of the pass-

band. This was later confirmed witha :
spectrum analyzer. On this basis, no .
further harmonic analysis was per-
formed on the output until well out-
side the passbands, where severe dis-
tortion would, not surprisingly,
appear. The input, however, was gen- :
erally “dirty,” and computer analysis
was used to extract the harmonic fre-
quency of interest from the oscillo-

scope shapes. This was simply a con-
venience measure, since the author
did not want to switch the sole real-
time spectrum analyzer at hand back
and forth between input and output.

The response was reported as the
ratio of the output to input detected
voltages, in dBV, numerically cor- :
rected for harmonic content and | 155-MHz dip seen in the model :
cross-instrument sensitivity. The :
procedure provided, in a very direct :
way, confidence that the filter units :

were actually behaving as desired.

At higher frequencies, where oscil-
loscope monitoring is not practical, :
the response must be measured with :
a calibrated spectrum analyzer, care-
fully using a VHF single-pole, dou-
ble-throw (SPDT) isolation switch :
between input and output. The har- :
monic purity of the input was then
measured in real time by simply :

examining the spectral components.

As shown in Fig. 8, over the space |
of the passband, a number of the
essential features of the model were :
reproduced. Two immediately obvi- :
ous points of divergence are the |

weakened rejection-band effect on

the low-frequency side and the disap-

pointingly low response in the

observed passband. Presumably, the
complex self-coupling effects of the :
cavity cannot be reproduced accu- :
rately by the shunt parasitic capaeci-
tances exactly as used in this model.
Nonetheless, higher harmonics were °

a partially completed 180-MHz filter.

! nessed in excellent real-time wave-

form shapes and spectrum-analyzer
. . . o g 1979,
information. It is difficult to deter- =
: Filters, Impedance-Matching Networks, and Coupling
o Structures,

mine whether the zero producing the

very deeply attenuated signals above

- 90 MHz. Nevertheless, this unit was

considered an engineering success.

. The author is pleased to mention that
i the other high-band units for this
. project worked at least as well.

The results obtained in this project

- has stimulated interest in the more
- theoretical issue of field strengths
- and components in the cavity. There
: exists a vast amount of literature on
- apertures (such as the Bethe iris) and
. cavities for the microwave region,
. but most is inapplicable at wave-
- lengths two orders of magnitude
- larger. The problem still suggests a
- static-field solution, which has been
- used with some success in helical-fil-
- ter work® and for which some EMF
. software ig directly applicable. Prop-

agation along the helix is effectively

! e t : - a hundred times slower than in free
7. These photographs show the inside
. views of a completed 75-MHz unit and

space, and phase reversals are mea-

: surable in linear centimeters rather
¢ than meters. Thus a lumped antenna
: model may prove useful. ee

indeed very well rejected as wit- :
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8. This graph shows the response of the 75-MHz unit.
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INDUSTRY’S FIRST SiGe LNA
ACHIEVES 0.9dB NF -

Maxim’s advanced SiGe process technology brings GaAs-like performance to low-noise
amplifiers. The MAX2640/MAX2641 LNA building-block ICs require minimal off-chip
matching and bias components, saving cost and board space while taking the
complexity out of discrete LNA designs.

; LNA PERFORMANCE TUNED @ 900MH
MAX2640 Low-Noise Amplifier: o ’
400MHz to 1500MHz Operation & sor23-6 MAX2640

; 15 |—tt™ —
— // -—-..___.-
N GaAs-Like ' A GAIN (dB)
Applications: Perlormance _‘ ] .
+ 400/900MHz ISM Radios .ﬁFgf%Mg':sz ZA: NF (d8) _)
+ Cellular/Cordless Phones (500 Matched) | | = /
+ Two-Way Pagers ¢ Gain = 15.1dB '
« Wireless Data : g\? ‘;S;Nn?; 1811 900 1000
. FREQUENCY (MHz)
LNA PERFORMANCE TUNED @ 1900MH
MAX2641 Low-Noise Amplifier: 16— , ’
1400MHz to 2500MHz Operation ¥ so123-6 MAX2641
: 15 b
—
o GaAs-Like | " A
Appllcatlons: Performance 13 GAIN (dB) B
+ GPS Receivers @ 1900MHz 4 1 NF(dB) -~
+ NF=1.3dB ¥

¢ PCS Handsets (509 Matched) | 1

+ WLANs ~ ¢ Gain=14.4dB .~ .

+ 2.4GHz ISM Radios Gy ST 1900 2000
ddare FREQUENCY (MHz)

mus ___ssen p FREE Wireless Design Guide —Sent Within 24 Hours! FREE FULL LINE DATA GATALOG

mRETEE includes: Data Sheets and Cards for Free Samples gyl

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

aﬂlm has RF Wireless openings in: IC & Sys
_ons, Product Management. Email resume h

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

Distributed by Arrow, Bell, CAM RPC, Digi-Key, Elmo, Marshall, Nu Horizons, and Zeus.
Distributed in Canada by Arrow, Bell/Milgray, and Marshall.

/MAXIM s a registered trademark of Maxim Integrated Products. © 1999 Maxim Integrated Products.
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Digital Signal Levels

Measure Digital
Satellite Signals

Accurately

Digital signals from

a downlink

requive specific measurement
techniques to set the propev levels

at the head end.

Paul Matuszak

Formerly of General Instrument
Digital Network Systems

Mark Ryba

Joseph Walirich

General Instrument

Digital Network Systems

101 Tournament Dr., Horsham, PA
19044; (215) 323-1000, e-mail:
mryba@gi.com, jwaltrich@ gi.com

IGITAL signals that are used increasingly in modern satellite down-
links are far more complex than their analog predecessors and more
difficult to measure and set correctly. For this reason, technical and
service personnel must understand the proper use of the spectrum
analyzer to measure the quadrature-phase-shift-keying (QPSK) and
quadrature-amplitude-modulation (QAM) digital signals that appear at a

cable head end.

In a satellite downlink system, L-
band digital signals come through the
antenna, pass through a cable head
end and go out to the subscriber sites.
The basic components of this head end
are the digital satellite receiver
(DSR) and/or integrated receiver
transcoder (IRT), the RF upconvert-

- er, and the out-of-band modulator

The DSR is an integrated QPSK
receiver/decoder that accepts L-band
inputs, and outputs analog video as
well as stereo audio. The input level
ranges from —65 to -25 dBm per carri-
er. An IRT also receives QPSK-mod-
ulated L-band inputs from a satellite
downeconverter and produces
64QAM-modulated intermediate-fre-

. (OM) [see figure]. i quency (IF) signals for cable trans-
-—1 DSR
g Lheud; 0 IF ]
Sacllgig‘iis 10.12.xx.2 ¢ Satellite - Monitor
is| i | EIA -
service 1 EHils1a :E" 1 e
1ﬂ.12.xx.5 1150 § o
10.1.xx.2 8> Satellite i I = ; ‘
3 servicez**i Hitsda % EEA §- P
@
Enet 10,1005 1AL 2E Bl o
HUB $>1service 3/ hije3a | (S| 1 Set top ’
10.1.xx.2 or Hitsda| | 8
4 1390 1M T
10.1.xx.5 — Satellite | p,i 2 RF
4 Ly service 4| Primany 512 v
75.25 MHz ;
10.1.xx.2 > Splitter
1 om Out-of-band signal p\ ﬁ
Data .
104 (oo 0 e[ B P R
[ \ﬂ e e G el Weheaa '

In a cable-television (CATV) head-end system, digital downlink L-band signals from

a satellite are received and processed before being sent out to subscribers. This
type of digital transmission is replacing traditional analog systems.
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WORLD’S SMALLEST GSM
TRIPLE-BAND LNA DRAWS <6mA

MAX2651 GSM Triple-Band LNA Offers
Maximum Features...

¢ 20dB Gain Step Control
P + GSM, DCS/PCS Band Select
¢ Externally Adjustable Gain

...and Highest Performance
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— BAND SELECT ‘/ 18dB Gall'l
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" out + DCS1800/PCS1900 Band
/ 18dB Gain
7/ 1.8dB NF

v 9.7mA/2.2mA (Hi/Lo Gain Mode)
...in the Smallest Package
¢ 10-Pin pMAX (4.9mm x 3.0mm)

10-uMAX 1

ik 2 MAX2653 DCS/PCS-band-only version offers
TR \ similar performance in the 8-pin pMAX package.

v sses p FREE Wireless Design Guide —Sent Within 24 Hours! FREE FULLLME BATA GATHLTE

Worlds Smalleat GEM Triple-Band ON CD-ROM
Reduoes Handsot Size et

i : Includes: Data Sheets and Cards for Free Samples

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
6:00 a.m. — 6:00 p.m. Pacific Daylight Time
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www.maxim-ic.com
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Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, FAX (408) 737-7194.
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Distributed in Canada by Arrow, Bell/Milgray, and Marshall.
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DESIGN FEATURE

Digital Signal Levels

mission in a 6-MHz-wide RF televi- = the 44-MHz output is nominally 30
sion channel. QPSK input levels range | dBmV. The RF upconverter converts
from —65 to 25 dBm per carrier and | IF signals from the IRT to RF, with

Table 1: Digital signal formats and bandwidth
on' ; mbo ent bandwidth

jit rate

Pl

Table 2: Correction factors for 300-kHz RBW

Table 3: Spectrum-analyzer
settings for L-Band measurements

the modulation format dependent on
the input. In a digital transmission
system, the output is 64 or 256QAM.
The IF input range is nominally 30
dBmV and the RF output is
adjustable to 61 dBmV. In a digital
cable-television (CATV) head end,
the OM provides a bridge between the
digital head-end equipment and the
RF distribution system. The OM con-
verts multiple digital input streams to
an RF or IF signal that is transmitted
to subscribers over an out-of-band
cable frequency. The output modula-
tion format is a DQPSK signal that
occupies a 1.5-MHz bandwidth at a
level range of 30 to 50 dBmV.

DIGITAL MEASUREMENTS

A spectrum analyzer is used to
measure QPSK and QAM digital sig-
nals. Measurement of the digital sig-
nal level is conducted using the sig-
nal’s spectral power within its 3-dB
bandwidth—the symbol bandwidth.
Table 1 shows the measurement
bandwidths for various modulation
formats.

Some spectrum analyzers lack the
capability to measure channel power.
To get by this problem, the total spec-
tral power is accounted for by apply-
ing a correction factor to the measure-
ment. The correction factor is:

CF=10 log(Symbol bandwidth/
Resolution bandwidth) + Spectrum
analyzer correction factor, (1)

where:

the resolution bandwidth = 300 kHz
typically.

On analyzers that have a true rms
detection mode, the correction factor
is not needed.

Two factors account for the spec-
trum-analyzer correction factor—log
detected noise (2.5 dB) and 3-
dB/noise-power bandwidths (—0.5
dB). This makes the total correction
factor 2 dB.

The log-detected noise-correction
factor is caused by the spectrum ana-
lyzer averaging its output of the log
scale and computing the average of
the log instead of the log of the aver-
age. This log precessing causes an
under-response to noise and noise-like
signals by 2.51 dB. The equivalent
noise-power bandwidth of the IF fil-
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Digital Signal Levels

ters is actually wider than indicated
by approximately 0.5 dB. For a more
detailed explanation of these correc-
tion factors, see Hewlett-Packard
Application Note 1330."

Table 2 shows the calculated band-
width correction errors for several
symbol rates at a resolution band-
width of 300 kHz.

L-BAND MEASUREMENTS

L-band signals enter either the IRT
or the DSR. Before beginning mea-
surements, the spectrum analyzer
should be powered up for at least a
half-hour and be calibrated. The
instrument’s manual gives the proper
calibration procedure. The informa-
tion in Table 3 provides the analyzer
settings to properly adjust the instru-
ment and measure the digital signals
(note: these settings are for a generic
spectrum analyzer, and actual instru-
ment settings may vary).

When the signal is displayed prop-
erly and the analyzer is adjusted, the
marker should be moved to the center
of the signal and the power level as
displayed on the unit recorded. Table
2 gives the proper bandwidth correc-
tion factor for the signal being mea-
sured. The following formula can be
used to calculate the actual power
level of the signal:

Chammnel Power = Displayed marker

Table 4: Spectrum-analyzer
settings for CATV head-end measurements

SIGN FEATURE

level (dBm) + bandwidth or total cor-
rection factor
Acceptable L-band input levels are
between 265 and 225 dBm.  (2)

At the CATV head end, digital sig-
nal power from the IRT, RF Upcon-
verter, and OM must be measured
within its entire occupied bandwidth.
Unlike analog signals which have
most of their energy concentrated in
the visual carrier, digital signal power
is concentrated uniformly throughout
the occupied bandwidth. Some spec-
trum analyzers have a function that
enables automatic calculation of the
actual power level of the digital sig-
nals. If the instrument does not have
this function, a correction factor can
be added to the observed marker dis-
play level. Table 4 provides the ana-
lyzer settings for CATV head-end
measurements.

Once the signal is displayed and the
analyzer is adjusted, move the marker
to the center of the signal and record
the power as displayed on the unit.
Table 2 contains the bandwidth correc-
tion factors for the signal being mea-
sured. The following formula calculates
the actual power level of the signal:

Channel Power = Displayed marker
level (dBmV) + bandwidth or total
correction factor (3)

P
t 0 t

AIRTRIM® Air Dielectric
Multiturn Trimmers
* Q: > 5000 at 100 MHz
* @ mounting styles including
surface mount
* Operating temp: -65° to +125°C

» Standard cap ranges: 0.35 to 3.5 pF;
0.6to 6 pF, and 1.0to 14.0

Sapphire PISTONGCAP®

* Q fo 4000 at 250 MHz

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

* Operating tfemp: -55° to +125°C

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

Microwave
Tuning Elements

Metallic tuning elements

* 410 33 GHz

Dielectric tuning elements
« Alumina, quartz, sapphire
* 8 1o 100 GHz

Dielectric resonator tuners
* 210 18 GHz

LC tuning elements

* 51011 GHz

Resistive tuning elements
11018 GHz

Silicon Tuning Varactors

Super Hyperabrupt k- i

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

* VHF - Wireless (10V)

Hyperabrupt

* Microwave (20V)

Abrupt (20V)
Economical SOT-23 and High

Performance Surface Mount Packs

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

SPRAGUE
GooomAn

1700 Shames Drive, Westbury, NY 11590
Tel: 516-334-8700 « Fax: 516-334-8771
Website: http://www.spraguegoodman.com
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Sonnet® e Suite

for 3D Planar Analysis

Precise analysis of
-MMICs  -MICs  -modules  -antennas
-PCBs -3D planar interconnects

NEW! Version 6.0 release with
- faster field solver (2x to 10x!)
- shared PC/UNIX network licensing
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- plug-in interface to HP-EESof ADS
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- new solid modeler based on ACIS SAT kernel
- solid model import/export
- parameterized element definition
- integrated macro facility for automation

NOW AVAILABLE: Sonnet Lite, a FREE 3D Planar EM software suite.
Visit our web site (www.sonnetusa.com) for FREE DOWNLOAD.

Accurate analysis means

success on fi/"g[‘ fabrication.

© Copyright 1999 Sonnet Software, Inc.

Sonnet Software, Inc. ¢ 1020 Seventh North Street e Suite 210 e Liverpool NY e 13088

(315) 453-3096 e fax: (315) 451-1694 e
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Digital Signal Levels

Accurate analog measurements
can be achieved using the sync tip of
the signal. Analog signal levels are
defined by the sync tip value while

digital signals ave defined by their| [SNISSSEMEH 0 CEe

average value. In a multiple-signal | S&8 Al i | R i D™ - WIdebund :
environment, the combined average| B EEEEE AT ' : ’ o |=2 GH: 14 w
value of the signals contributes to the e i %, ol :
power loading of active devices in the _ . - . 2 4 G“zl lo w

cable system. The average value of
the analog signal varies with picture
content. A conservative estimate is
that the analog average is 3 dB below
that of the synec tip.

Before making the measurement,
the analyzer must be powered up for
a half-hour and be calibrated, as with
digital signals. The measurement
begins by tracing out the signal with
Trace Max Hold function. Then the
trace fills in. Next, the maximum
value of the signal is recorded to set
the digital signal level to the correct
value relative to the analog carrier.

SIGNAL POWER

To measure the ratio of signal
power between the digital and analog
signals, a reference analog channel
must first be established to which the
digital signals (QAM and QPSK) will
be referenced. Then the analog signal
is measured and its value recorded.
The digital signal is also measured
and its value recorded. The digital
value is subtracted from the analog to
determine how many decibels down
the digital signal is with respect to the
analog. A cautionary note: When bal-
anced correctly, the OM level will not
appear to be the same as the QAM
EIA channel on the analyzer because
the correction factor is 8 dB for the
QPSK signal and approximately 14
dB for the 64 and 256QAM signals.

It should be remembered that dig-
ital signals are far more complex than
their analog counterparts. Under-
standing the difference between the
two--will enable service personnel to
accurately measure digital signals
and ensure that proper levels are
maintained throughout the digital
network. For additional information,
refer to General Instrument Tech
Tip 464960-001-99 available from the
company. ®®
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Wherever The Sun Rises,

plus 7 x 24 technical support worldwide. Just what
you'd expect from the world’s largest, most
experienced and original klystron manufacturer.

For all your klystron needs, come to the right source.
Come to CPI Canada. Today. Call 1-905-877-0161.
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Large-Signal Extraction

Software Simplifies
Large-Signal Transistor

Software for extracting transistor
parvameters is essential to successful

lavge-signal modeling of MESFETs
and HEMTS.

Salam Dindo

David Kennedy

James Wareherg

Optotek, Ltd., 62 Steacie Dr., Kanata,
Ontario K2K 2A9, Canada; (613) 591-
0336, FAX: (613) 591-0584, e-mail:
mmicad@ optotek.com, Internet:
hitp://www.optotek.com.

ODEL generation is an essential part of any computer-aided-engi-

neering (CAE) system. Large-signal models are particularly

important for studying the inherent nonlinear behavior of semi-

conductor devices and semiconductor-based active component
designs. The LASIMO (large-signal-modeling) software developed by
Optotek eases the task of creating and modifying metal-semiconductor-
field-effect-transistor (MESFET) and high-electron-mobility-transistor
(HEMT) models for nonlinear computer simulation.

A designer using LASIMO is pro-
vided with a set of standard transis-
tor models (Curtice, Advanced Cur-
tice, Curtice-Ettenberg, Materka-
Kacpryak, Lehovic-Zuleeg, TOM1)
as well as the ability to incorporate
up to 5 DC and 5 capacitance user-
defined models. > Model parameters
are optimized to match actual tran-
sistors by fitting measured and mod-
eled bias dependence of the device
characteristics. The user-defined
models are implemented as dynamie
link libraries (DLLs) which are cre-

ated and added outside LASIMO,
and linked to the program at run
time. Each of the DLLs is generated
from a set of project files written in
the “C” language which are loaded
into a C compiler. The default DC
model is the Curtice model, and the
default capacitance model is the
Basic Semi-Junction Model. The user
has only to edit a single function that
computes the nonlinear parameters.
This function receives a set of argu-
ments from LASIMO and the func-
tion returns back the required non-
linear parameters.

The wuser can

R (&
s d_ D | define and access

G Lg Rg cg:d l
TR

Rs

up to 13 large-sig-
nal parameter
coefficients to be
optimized for each
DC model and up
to 15 large-signal
parameters for
each capacitance
s | model. These DC

ds

and capacitance
large-signal

1. The small-signal model of a discrete GaAs MESFET
used in the LASIMO modeling shows the configuration of
the DC and capacitance parameters along with the

parasitic resistances and inductances.

parameters can be
selected by the
user to suit vari-
ous nonlinear sim-
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Your Chemical
Milling Experts

Precision Photo-Fab is your
quality solution for high
precision, metal parts and
components produced with
the chemical milling process

+ Cost saving alternative /

to stamping PRECISION

Fast turnaround
_ prototypes/quotes PHOTO-FAB INC

Superior quality g Your Quality Solul

— tolerances to within
+10% metal thickness
Expertise — engineering
and CAD design
assistance
Complete capabilities
— forming, painting,
subassembly, etc.

Call for a free

sample kit

800-875-1093

Fax: (716) 821-9399

Website: precisionphotofab.com

E-mail: ppfi@aol.com

CIRCLE NO. 414 or visit www.mwrf.com

SAVE TIME & MONEY

BUY & SELL USED

Used Industrial Equipment is Less Expensive
and Usually Available Without Delay. Find the
Equipment You Need in the World’s Largest
Database of Used Industrial Equipment -

The Used Equipment Network. UEN Carries
over 70,000 Items, including Metalworking,
Material Handling, Chemical Process,
Electrical, Communications & Transportation
Equipment

www.buyused.com

UEN is operated by Used Equipment Directory
Hasbrouck Heights, NJ

Call 201-393-9558 for more information

CIRCLE NO. 432 or visit www.mwrf.com

.000001 009000336 _[3,500000

2. This LASIMO file form illustrates the way the optimized
TOM3 DC-and capacitance-model parameters given in
Tables 7 and 8 are presented on the computer monitor.

ulators.

The following advanced large-signal models have been
introduced in the latest upgrade to LASIMO: Triquint
Own Model Level 3 (TOM3), TOM3 Modified, and Alpha
Own Model (AOM).

THE TOM3 MODEL

TOMS is a comprehensive model for GaAs MESFETs
which was developed to improve existing MESFET
capacitance models for SPICE using conservation of
charge in the implanted layer.” The capacitance model
calculates the gate charge from the drain current and the
gate capacitances from the drain conductances. Relating
the gate charge to the channel current creates gate capac-
itances dependent on the channel-current derivatives
linking the small-signal model to the large-signal equa-
tions. Drain-dispersion and self-heating effects are mod-
eled by a GD model using a set of device equations and a

80 & \pfmeas]s-1 8

W \plmeas)=-1 2

W Vypneas)e- 9

AVimeast 4

1ds[mA] # \g[meas= 0

< Mplmed)=-1.8

Ovalmedi-1.2

T Mimod)=- 8

A Mgimede 4

< Mlmed}= 0

Vds{V] <LASIMO-00:67 48 AM-Wed 07 Jul 1900>

3. Drain-to-source current (l,) is shown in modeled and
measured form.
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Model-parameter extraction is per- | put DC non-linear v © Wiode 18
formed using the newly introduced | parameters, 14, ol O
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4. These curves show the modeled
versus measured results for G,

fied to pass into them the DC model
parameters so that the output DC
nonlinear parameters are calculated
and applied in the capacitance model
calculations.

The user-defined TOM3 model
returns the nonlinear parameters
listed in Tables 3 and 4 (note: for
SPICE comparison, the output DC
and capacitance parameters must be
multiplied by the transistor areas).
The nonlinear TOM3 DC and capaci-
tance equations are as follows. For
the DC Model, the set of TOM3 DC
equations relating the output param-
eters to Table 3 to the input parame-
ters of Table 1 are:

I, = BETA V,2 KTanh(1 + LAMB

Visi) (1)

Lisgp = BETA V2 KTanh(1 + LAMB

Vdsr‘) (2)
where:
V, = QVy Infexp[V,y — VIO +
(GAMA — DGAM ) V,; /
(QV )]+ 1} (3)
Verr = Q Vy Infexp[(Vy; — VIO
+ GAMA v,s,)/(Q w1 (4)

V,, = {VST + AVST(TJ — TNOM)}
[1+ {MST + AMST(TJ — TNOM))
Visi | (5)

KTanh = (ALFA'V,

dsi

)/{1+ (ALFA
V,; ) KAPP J1/ KAPP (6)

where:
V4si = the intrinsic drain-source
voltage,

Vgsi = the intrinsic gate-source




NEED TO UNDERSTAND
THE PERFORMANCE OF 3D

ELECTROMAGNETIC DEVICES, PACKAGING,
WAVEGUIDES AND ANTENNAS BEFORE BUILDING PROTOTYPES

You got it.

RAnsoft’s High Frequency Structure Simulator (HFSS) allows you to design complex 3D geometries on the computer before building
prototypes. Rely on Ansoft’s powerful finite element method (FEM) solvers, unmatched speed and accuracy, and parameterization
macros to optimize performance of your designs. HFSS from Ansoft. Do more with less hassle.
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Large-Signal Extraction

voltage, and

TNOM-= the reference tempera-
ture = 298°K.

The G ,, and G 5 equations are the
conventional derivatives of 1, with
respect to V,, and Vi, respectively.

For the capacitance model, the set
of TOMS capacitance equations relat-
ing the output parameters of Table 4
to the input ecapacitance parameters
of Table 2 are:

Cgs = glef + Cg.\'h(" -F)+

(Qq — O NIF, /9 Vi) + QGGO (7)

Table 1: Input DC parameters to the TOM3 model

ng = C_'d[Fl + Cg:ih” - Fl) +
(O = QN F, /9 V) + QGGO (8)

where:

Cg,\h = (gm + gd\){QGQH /(It[sRi" +
0GI10)} + OGSH (9)

= —g4{ QGOH N1 jpr +
QGI0)} + OGDH

Cgrfh

(10)

Qun = QGQH In(1 + lypp /QGIO) +
QGSH Vysi + QGDH Vi (11)

istic in the saturated region

ristic in the linear region

coefficient

Table 2: Input capacitance parameters
to the TOM3 model

Table 3: Output DC parameters
from the TOM3 model

Cg.‘.{ = FI{QGAG COSh(QGAD Vdﬂ')
+ QGAD sinh(QGAD V)]

+ QGCL (12)

Cear = Fi{QGAG cosh(QGAD Vy;)

~ QGAD sinh(QGAD V)]

+ QGCL (13)

le = F; cosh(QGAD V,;) + QGCL
v (14)

gsi

+ Vo)

Fy = QGOL exp{ QGAG(V,,; +

Vo)) (15)

F, = exp(=QGGB 1 jpr Vyii) (16)

oF, /3VSM- = -QGGB( 1 pr +

(gm + gd‘v)vdsi }FI (]7)

IF, /9 Vyy; = QGGB{Iypp +

8ds Vasi /17 (18)

V4« = the intrinsic drain-source
voltage,

Vi = the intrinsic gate-source
voltage, and

Vgai = the intrinsic gate-drain volt-
age.

A variant of the TOMS3 model is
also provided where the three
parameters assigned to temperature
(see Table 1) are not included. For
many applications, this room-tem-
perature model can be used quite
effectively. Speed of extraction is
improved.

THE AOM MODEL

The Alpha Own Model (AOM) is a
comprehensive model for GaAs
MESFETSs which expands on aspects
of the Level 1 TOM to account for dis-
persion, self-heating effects, and
charge conservation. A set of capaci-
tance and charge equations are used
for consistent small- and large-signal
models. Transconductance and out-
put conductance dispersion are mod-
eled by combining a feedback net-
work and a subcircuit which
describes the self-heating effects.
The new model accurately predicts

MICROWAVES & RF = OCTOBER 1999
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DO YOU NEED TO KNOW

IF YOUR RF POWER AMPLIFIER
WILL INCREASE THE SYSTEM BIT ERROR RATE

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.
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Larvge-Signal Extraction

Table 4: Output capacitance parameters
from the TOM3 model

i

s

the I-V, CV, bias-dependent S- | points were thus generated to repre-
parameter, waveform, power, and @ sent the device’s I-V curve. Figure 1
linearity characteristics of the MES- | shows the small-signal model chosen
FET. This model has been imple- | to represent the device.

mented in PSPICE."® Model-param- The device-parasitic resistances
eter extraction is performed using

were measured using in-house Pro-
cess Control Monitor characteriza-
tion techni%ues providing the follow-
ing values:’

Rs=130Q
Rd=270Q
Rg=110Q

The parasitic inductances were
then extracted using LASIMO with
the following results:

Ls =36.35 pH
Ld=4.21pH
Lg =77.46 pH

With the bias-invariant parasitics,
LASIMO was used to extract the
intrinsic device models at all bias
points. In this process, LASIMO
gathers in memory the arrays of
transconductance G, output conduc-
tance Gg,, gate-source capacitance
Cygs, and gate-drain capacitance Cgg.
These arrays are a function of the
intrinsic biases Vg and V4. The
intrinsic biases are calculated by sub-
tracting the impressed voltages from

the parasitics.
LASIMO then

the newly introduced user-defined

optimizes parame-

p $F0 | ter data to the
/ geeat: | TOM3 device

equations repre-

W Mmeasis 15 .
senting the non-

AOM model within LASIMO. Tables s

5 and 6 list the modeled and extract-

ed DC and capacitance parameters. o /
The user-defined AOM model

returns the same non-linear parame- 02

ters listed in Tables 3 and 4.

aueess | linear Iy, G, Gae
Cgs, and Cgqy. The

@ Mimeas]= 5

015

AN EXTRACTION EXAMPLE

initial DC model
owme:s | values for opti-
mization must be

To illustrate the use of the 010

advanced reconfigurable models S| chosen judiciously
incorporated in LASIMO, the TOM3 e vwmeris | 5o that the opti-
model was fitted to a discrete GaAs Lwms: | Mization process
MESFET. The transistor was a low- converges rapidly.
power, low-noise, ion-implanted b T 15 10 05 oo owrere | A two-step opti-
device, with a gate width of 300 pm VesiV <LASIMO-11:47:40 AM-Mon 12 Jul 1000> mization process
and gate length of 0.5 um.” The ion- is used where in
implantation energy was 150 KeV | 5. These are the modeled versus measured results for the first step only

and the open-channel current after | gate-to-drain capacitance (Cgd).
recess was 100 mA. Wafer-probed

the points corre-

transistors were measured using a Table 6: Input capacitance parameters
Wiltron 360 vector network analyzer to the AOM model

(VNA). The transistors were pow-
ered using two Keithley 236 pro-
grammable power supplies. The
VNA and the power supplies were
controlled via the IEEE-488 GPIB
bus using LASIMO’s data-acquisi-
tion (DAQ) module. S-parameters
and drain current were measured at
the biases of V4, = 0.5, 1.0, 1.5, 3.0,
and 5.0V and V,, = -1.8, -1.2, 0.8,
—-0.4, and 0.0V. A total of 25 data

MICROWAVES & RF = OCTOBER 1999
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S0, YOU WANT TO SEE THE

WIDEBAND FULL WAVE ELECTROMAGNETIC

RESPONSE OF YOUR AMPLIFIER IN MINUTES RATHER THAN HOURS

No problem.

Give your RFIC, MMIC and planar antenna designs a boost with Ensemble, the planar MoM solver in the Serenade Design Environment.
Ensemble electromagnetic simulation computes S & Z parameters, near- & far-field radiation and current distributions. With Ensemble you
can place active devices into the analysis using black box circuit elements. Integration in Ansoft’s Serenade Design Environment allows you
to include layout related coupling and parasitics in your circuit and system simulation. Ensemble from Ansoft. Do more with less hassle.
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Table 8: Extracted capacitance parameters
for the TOM3 room-temperature model

( 02824027 percent | 0.9998941 percent

sponding to the DC curve where VG
=0Vand VDS = +0.5, +1.0, +1.5, +3.0,
and +5.0 VDC are optimized, and in
the second step the entire I-V char-
acteristic is optimized. The initial
model values selected for the first
optimization step are chosen arbi-
trarily. In this case they were select-
ed from default values recommended
in the LASIMO manual."' The opti-
mized model values from the first
step—designated as intermediate
values—become the initial values for
the second step, resulting in opti-
mized values for the second step. A
combination of Random and Leven-
berg-Marquardt optimizers were
selected and care was exercised that
values were within limits and that
they were realistic. The initial, inter-
mediate, and final TOM3 model
parameters are displayed in Tables 7
and 8. The corresponding LASIMO
file form is shown in Fig. 2. The fit-

ted parameters demonstrate versa-
tility of TOMS3 for giving a best fit for
Lsy Gy and Cyq (see figures 3, 4, and
5)_ (1]
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Millimeter-Wave MMICs

Meeting The Test
Needs 01 Millimeter-

Wave MMICs

In ovder for emerging millimeter-
wave applications to flourish,
improved manufacturing and testing
techniques must be developed.

Greg McCarter

Product Marketing Manager

Jane Huynh

Product Manager

Hewlett-Packard Co., RF
Semiconductor Test, 1400
Fountaingrove Pkwy., Santa Rosa, CA
95403; (707) 577-1400, FAX: (707)
577-5791, Internet:
http://www.agilent-tech.com.

ILLIMETER-WAVE frequency bands offer tremendous promise
for emerging applications in communications, identification, and
collision avoidance. Since these frequency bands are less con-
gested than bands at lower frequencies, they offer the wide
bandwidths needed for multichannel communications and high data rates.
But in order to realize practical electronic systems at millimeter-wave fre-
quencies, the costs of manufacturing and testing millimeter-wave monolith-
ic-microwave integrated circuits (MMICs) must be minimized. What follows
is a review of current manufacturing and testing approaches for millimeter-
wave MMICs and the limitations of these approaches. A key to producing
low-cost millimeter-wave circuits is high-throughput manufacturing and test
procedures that do not sacrifice measurement accuracy and repeatability.

Most of the projected growth for
millimeter-wave MMICs depends on
the abilities of IC manufacturers to
design and produce products at com-
petitive costs. In some cases, their
customers compete in demanding
applications areas, such as automo-
tive and wireless communications
markets, where low prices are criti-
cal to the success of the market.

One of the fastest-
growing areas for

MMIC volume forecast

25,000 these MMICs is for
local multipoint dis-
20,000 tribution systems

(LMDS), which are
fixed wireless ser-
vices operating at
Ka-band frequencies
from 28 to 32 GHz."?
Providing more than
1 GHz of usable
bandwidth, LMDS
licenses were auc-
tioned off by the
Federal Communi-
cations Commission
(FCC) early last

15,000

kunits

10,000

5000

1998 1999 2000 2001 2002 2003 2004 2005

1. Current forecasts for millimeter-wave applications
indicate strong expected growth in satellite, microwave
radio, and radar markets.

year. LMDS provides adequate
bandwidth for wireless multimedia
services, including high-speed Inter-
net access, and has spurred the
development of many device-level
produets. During 1998 alone, for
example, gallium-arsenide (GaAs)
manufacturers introduced more than
50 devices for the 28-to-32-GHz band,
with many more devices and I1Cs
expected to follow during 1999.

In addition to terrestrial-based
LMDS applications, many emerging
satellite-communications systems
make use of millimeter-wave fre-
quencies, including those from
Teledesic, Celestri, and the Euro-
pean Skybridge program.® Although
the architectures of the low-earth-
orbit (LEQ) satellite systems differ,
they generally employ millimeter-
wave frequencies for their uplink
communications.

Point-to-point digital radios at 23,
28, and 38 GHz serve as the back-haul
links between cellular and personal-
communications-services (PCS)
antenna sites. With the increase in
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Contactless Phase Shifters:

Designed for Reliability
Under All Conditions

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

B Features
1. Reliability

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

2. Low Insertion Loss

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

3. Linearity

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

4. High Power Handling Capability

Low IMD with non-contract structure.

KPH90OSCLOO1

Frodie: Code No § e : KPHOOOSCLOOT
Frequency Range ~ 1GHz 1~ 2GHz 2 ~ 3GHz
Insertion Loss (max.) 0.15dB 0.25dB 0.35dB
VSWR (max.) 1.25: 1 1.25:1 1251
Incremental Phase Shift 90 degree min. @ 2GHz
Electrical Delay 125 psec min.
Nominal Impedance 50 ohm
1/O Port Connector SMAC(F) / SMA(F)
Average Power Handling 20W @ 2GHz
Temperature Range +30°C ~ +60'C
Dimension (inch) A type : 1.496*1.102*0.470, B type : 1.225*1.102*0.470

SMD type is also available.

13131 East 166th Street, Cerritos, CA 90703-2202 “ o 9
i $ ] ‘b
1-800-8320-KMW * www.kmwinc.com ’/'// Z=Y “’

tel: 562-926-2033 * fax: 562-926-6133 A —



smaller cell sites, such as microcells
and picocells (often for in-building
wireless extensions), microwave/mil-
limeter radio manufacturers face
competitive pressures to supply
lower-cost back-haul radios to con-
nect these smaller sites.

Traditional millimeter-wave de-
signs have been based on discrete
semiconductor devices, such as Gunn
and Impatt diodes. But as the growth
of millimeter-wave markets drives

DESIGN F
Millimeter-Wave MMICs

the need for higher volumes of
devices at lower costs, MMIC tech-
nology offers a more practical solu-
tion than discrete device technology
for meeting product-cost targets.
Growth in major millimeter-wave
markets, including satellite, radio,
and radar markets, is expected to
increase steadily for the next several
years (Fig. 1).

The increases in millimeter-wave
device volumes have forced GaAs

AUTOMATED TESTING REACHES 45 GHz

and indium-phosphide (InP) semicon-
ductor manufacturers to rethink
their test strategies. Since cost-of-
test pressures tend to grow in direct
proportion to the size of a market,
device manufacturers must consider
test times for MMICs in terms of sec-
onds rather than minutes or hours.
Millimeter-wave devices have tradi-
tionally been tested with manual,
labor-intensive techniques. Since
volumes for these devices have been

he HP 84000 millimeter-wave series is offered in two

configurations. The HP E7380A is an on-wafer test

system designed to test monolithic microwave inte-
grated circuits (MMICs), and the HP E6520A tests pack-
aged millimeter-wave modules. Both models measure
gain, gain compression, efficiency, harmonic distortion,
power, spurious signals, S-parameters, supply currents,
voltages, noise figure (NF), mixer conversion gain, and
Nth order intermodulation.

When incorporated in a high-volume production line,
the testers (see figure) can evaluate thousands of devices
per day, with little operator invention. Typical total test
times per device-under-test (DUT) range from less than
1 s to 1 min. for commercial devices, and 30 to 60 min. per
test plan for military and satellite components, depending

on the number and type of tests spemﬁed

ea urements of power and noise are made through a

put. For high-calibration stability, reflectometers are
placed as close as possible to the DUT.

The system's object-oriented software is writtenin C++
and runs on the HP-UX operating system on HP 9000
series workstations. It employs an OSF/Motif-compliant
graphical user interface (GUI) that enables the operator
to activate and control the system with the keyboard and
mouse. The HP-UX operating system provides support
for existing local-area-network (LAN) infrastructures,
enabling simple access to production data for full off-line
statistical data analysis. Standard data output formats are
available in ATDF (ASCII test data format), standard
test-data format (STDF), as well as comma-dehmited.
ASCII.
The capabilities of the basic system can be extended by .
adding optional high- and low-frequency test ports local
osclllator (LO) stlmuh analog and dig1
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KMW Has Wide Range of Quality

Attenuators To Handle All Your Needs

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

KAT10045SA000

KAT2004SA000

KAT1304CA001

B Step-Rotary Attenuators

Product Code No. KAT10045A000 l KAT2004SA000 | KAT1S04SA000 | KAT2504SA000
Operating Type Break-Before-Make Make-Before-Break
Frequency Range DC ~ 3GHz DC ~ 3GHz DC ~ 3GHz DC ~ 3GHz
Insertion Loss (max.) 0.2dB 0.2dB 0.2dB 0.2dB
VSWR (max.) 11541 1.15:1 5z 1951
Increm::rt‘;IeA(tct’E;luation 0~1 0-10 0-1 0-~10
Attenuation Step (dB) 0.2 1 0.2 1
Nominal Impedance 50 ohm 50 ohm
1/0 Port Connector SMA(F) / SMA(F) SMAC(F) / SMA(F)
Average Power Handling 2W @ 2GHz 2W @ 2GHz
Temperature Range -55°C ~ +85°C -55°C ~ +85°C
Dimension (inch) 1.93*1.56%1.51 1.93*1.56%1.51

B Continuously Variable Attenuators

Contactless Structure for High Power Handling Capability,

up to 2W average @2GHz.

Product Code No.

A type : KAT1304CA000
B type : KAT1304CA001

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

1/O Port Connector

SMAC(F) / SMA(F)

Average Power Handling

2W @ 2GHz & 25°C, without Heat-Sink

Temperature Range

-55°C ~ +85°C

Dimension (inch)

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

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

13131 East 166th Street, Cerritos, CA 90703-2202

1-800-8320-KMW ¢ www.kmwinc.com

tel: 562-926-2033 * fax: 562-926-6133
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limited, these test methods have
been adequate. Typically, measure-
ments have included wafer-probe
stations or precision-machined test
fixtures as the interface between a
device under test (DUT) and the
measurement equipment.

The simplest approach has been to
manually connect various bench-top
instruments to a single

DESIGN FEATURE
Millimeter-Wave MMICs

wave reference example. The first
approach yields reported test times
ranging from eight to 16 hours per
wafer, depending on the equipment
setup time, the time needed for cali-
bration, and the time necessary to
correct configuration errors.

In the second approach, the wafer
must be handled more often as it is

The third approach offers com-
pletely automated "one-touch" test-
ing of a DUT. It is not as commonly
used as the first two approaches due
to the (sometimes severe) degrada-
tion in measurement performance
and system stability caused by the
switch matrix and the increased com-
plexity of the measurement calibra-
tion. The third approach is

wafer-probe station to mea-
sure the desired perfor-
mance parameters (Fig.
2a). As the figure shows,
measurement equipment
might include a specialized
millimeter-wave vector
network analyzer (VNA),
spectrum analyzer, power
meter, and noise-figure

the most difficult and expen-
sive to automate due to its
complexity. Overall system
measurement speed is limit-
ed by the speed of the indi-
vidual instruments, espe-
cially for noise and power
measurements. Using the
example above, the third
approach yields test times

(NF) meter, depending on
the type of device being
tested. In this approach,
only one type of measure-
ment, such as an NF mea-
surement, can be per-
formed at one time.
Another approach is the
use of multiple wafer-probe
stations, each dedicated to (b)
a specific measurement

ranging from three to five
hours per wafer, depending
on the sophistication of the
test-system software.

An automated production
test system has been devel-
oped for the devices current-
ly available and under devel-
opment for these emerging
marketplaces. The HP 84000
production test system,

(Fig. 2b). A third approach
makes use of a low-loss
electromechanical switch
matrix (Fig. 2¢) to route
signals to and from the test
equipment to the wafer
probe and the DUT. The
switch matrix eliminates the need to
manually connect different instru-
ments for each measurement func-
tion, and permits the use of a single
wafer-probe station for multiple
measurement functions.

EXISTING LIMITATIONS

Each of the millimeter-wave pro-
duction test approaches has limita-
tions. The first approach, for exam-
ple, is the most time-consuming due
to manual reconfiguration of the test
equipment. Each time the equipment
is reconfigured, there is risk of oper-
ator error, so that a skilled operator
is needed to minimize such errors.

In comparing the different mea-
surement strategies, a 4-in. (10.16-
cm) GaAs wafer containing approxi-
mately 1200 power-amplifier (PA)
die serves as a suitable millimeter-

2. Current strategies for production testing of wave MMICs
include the use of a single wafer-probe station and manual
reconfiguration of test equipment (a), multiple wafer-probe
stations, each dedicated to a specific test function (b), and
multifunction test systems connected to a single wafer-

probe station through a switch matrix (c).

transferred from one wafer-probe
station to another. The additional
handling increases the risk of con-
tamination and damage to a delicate
GaAs wafer. In the first and second
approach, the wafer must be re-
probed several times, increasing the
total test time and the likelihood of
damage to the DUT pads and/or the
wafer-probe tips. The second
approach does drastically reduce or
eliminate test-equipment configura-
tion errors compared to the first
approach, reducing the risk of having
to retest the wafer. Compared to the
first approach, the savings in time
using the second approach stem
largely from the reduction or elimi-
nation in equipment setup time and
recalibration. Reported test times
using the second approach range
from four to six hours per wafer.

which provides high-speed
automated multifunction
measurements of MMICs,
has been adapted to frequen-
cies up to 45 GHz through a
high-frequency millimeter-
wave test set (see sidebar).

In addition to shorter device test
times, improved test yields can also
reduce the cost of testing. Test yields
rely heavily upon the guard bands
imposed on the measured device
data, to compensate for measure-
ment system inaccuracies and insta-
bility (Fig. 3). Errors associated with
guard bands around production test
data can be categorized as type 1
errors, where good parts are erro-
neously failed (as bad parts), and
type 2 errors, where bad parts are
erroneously passed (as good parts).
Guard bands are normally not sym-
metric around specification limits
due to the higher costs associated
with shipping a bad device.

With improved test-system accu-
racy and stability, these guard bands
can be tightened, thus minimizing
both types of errors. Enhanced test-
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DESIGN FEATURE

Millimeter-Wave MMICs

system accuracy and stability can
substantially increase test yields and
reduce the number of dissatisfied
customers and down-line expenses
associated with shipping bad devices.

An example may help to demon-
strate the impact of improved guard
bands on production MMICs. As-
sume a $10 device with annual pro-

duction volume of one million de-
vices. An improvement from 2 per-
cent to 1 percent in type I errors
(failed good parts) results in an annu-
al revenue increase of $100,000. The
financial impact of shipping bad parts
(type 2) is difficult to quantify. As an
approximation, assume that the
down-line financial impact is 10 times

Lower
spec

Upper
spec

-

)

True failure

True failure

Probability

3 4 3 4 4

EITrue distribution

Measurement standard distribution—=

0 1 2 3 4 5

3. Insufficient guard bands result in excessive type 1 and type 2 errors.

' the price of the device. Improving

type 2 errors from 0.2 percent to 0.1
percent reduces this financial impact
from $200,000 to $100,000, a savings
of $100,000 annually. In this example,
the ability to narrow measurement
guard bands using a more-accurate
and stable test system results in
$200,000 of either increased revenues
or lower product warranty expenses.

Global millimeter-wave MMIC
markets appear ready to explode,
primarily because an entirely new
application, LMDS, has just become
reality. Existing manufacturing and
measurement strategies are not
geared to produce the large numbers
of low-cost ICs to support LMDS as
well as other commercial and con-

sumer millimeter-wave markets. e
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Noise-Figure Uncertainty

Galculate The
Uncertainty Of NF

Simple modifications to the basic
noise-figure equations can help in

predicting uncertainties associated
with test equipment.

Duncan Boyd

Senior Hardware Development
Engineer

Hewlett-Packard Co., Queensferry
Microwave Div., Queensferry,
Scotland, e-mail:

Duncan_Boyd @hp.com, Internet:
http://www.hp.com.

APID growth in satellite-communications and mobile-communica-

tions markets has increased the demand for monolithic and discrete

semiconductor devices with lower noise figures (NFs). With these

low-noise devices comes the pressure to reduce the NF measurement
uncertainty. What follows is a model for calculating the uncertainty of NF
measurements, along with an easy-to-follow example

It is often assumed

that the uncertainty

due to mismatech is Noise

the largest source of souree

NF measurement
uncertainty, al-
though this is rarely
the case. In fact, the

' “I Gy=20dB *‘I
VSWR =1.1 VSWR=1.5
VSWR =1.8

DuT Noise-figure
» (amplifier) »| measurement system
F1=3dB Fo=10dB

VSWR =1.5

uncertainty of the 1.This measurement system can be used for evaluating
measurement sys- the NF of low-noise amplifiers (LNAs) and devices.

tem's NF, the uncer-

tainty related to the noise source, the
NF and architecture of the measure-
ment system, as well as the gain of
the device under test (DUT) have a
significant bearing on the overall
measurement uncertainty. If any of
these parameters are unfavorable,
the uncertainty due to mismatch will
have little impact on the overall
result. Engineers can waste time and
money using network analysis to per-
form S-parameter correction of mis-
matches. Correction introduces a
number of other issues and in reality

Table 1: Log to linear transformations
for noise figure and gain

greater attention to the other param-
eters in the system can yield more
significant improvements.

The procedures and following
example that will be shown are
designed to increase an engineer’s
familiarity and understanding of NF
measurement uncertainty calcula-
tions. A programmed example offers
an easy-to-follow model for calculat-
ing the uncertainty in any measure-
ment configuration. The model and
some further examples clearly show
which parameters have the most-sig-
nificant impact on the uncertainty. A
discussion of the main parameters
includes the benefits to be gained by
improving particular parameters of a
measurement system. In addition,
a spreadsheet is available upon
request from the author (at the e-
mail address listed) to automate the
uncertainty calculations.

The uncertainty of NF measure-
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Noise-Figure Uncertainty

Table 2: Calculating noise-
figure and gain ratios figure

ments can be calculated by eq. 7 from the sidebar. One
application where NF is important is during the testing
of amplifiers. A typical setup would include a noise
source, the DUT, as well as an NF measurement system
(Fig. 1).

The model provides the measurement uncertainty
associated with a particular NF based on the knowledge
of individual VSWRs within the system and the specifi-
cations of the measurement system. For the model to be
accurate, the DUT must have reasonable reverse isola-
tion, so that a mismatch on one port does not drastically
affect the impedance seen at the other port.

The first step in using the model requires the operator
to refer to the test-equipment owner’s manuals to cali-
brate the NF' receiver, apply the DUT, then record the
DUT’s corrected gain (G,) and NF (F,).

Then the NF receiver’s autoranging function must be
switched off so that the attenuators remain in the same

Sector Microwave
A Quarter Century of

%,  Switch Innovation

Let Sector Solve
Your Switching Needs

www.sectormicrowave.com

Sector Microwave Industries, Inc.
999 Grand Bivd.,
Deer Park, L.I,, N.Y. 11729
(516) 242-2300  FAX: 516-242-8158

CIRCLE NO. 413 or visit www.mwrf.com

DUT of 308 Noise Figure
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Measurement uncertainty—dB
=« SRER88S5 8

4 .ﬁ s T ‘: b
System noise figure (including DUT) F12

2. The NF measurement uncertainty increases with
increasing test-system measurement uncertainty.
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3. Instruments or systems with better NF uncertainty
generally outperform systems employing S-parameter
correction.
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Synthesizer Control— RS-232C Interface
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position. Following this, the DUT is
removed and the uncorrected NF of -
. of ratios are then calculated accord-
- the various impedance-matching

the test receiver (F,) is measured.

All of the decibel values must be con-
verted into equivalent linear values

DERIVING THE NF UNCERTAINTY EQUATION

he general equation for the
noise figure (NF) of two cas-
caded stages is:

Il

i

Fo=h+ (1)
where:

F, = the linear NF of the DUT,

F, = the linear NF of the NF mea-
surement receiver,

F5 = the linear NF of the com-
plete system (DUT and measure-
~ment recewer), and

Gy = the linear gain of the DUT.
ince it is the uncertainty of the

s NF (Fl) ‘{;hat is of interest,

GN FEATURE
Noise-Figure Uncertainty

and the NF value of F';, must be cal- |

culated according to Table 1. A series

ing to Table 2. The various VSWR

values can then be converted into |

so that:
6F}=6F}2— i 5F‘2+
G,
F-1
G 4
6}2 1 ( )

RF engineers generally work in
logarithmic decibels, so using
NF,(dB) = 10logF, and the standard
differential coefficient:

1
Logx= —— (4
2. i (4a)
results in:
g = 22en  ab)
1

. App]ying the same procedure for
8F 3, 8F, and 3Gy, results in:

e ONF,F,
SF, = 12812

reflection coefficients through Table
3. The resulting reflection coeffi-
cients can then be used to calculate

uncertainties of the NF measure-

included as part of SNF ., SNF,, and
8G;. However, when the DUT is an
amplifier with F, and F;, being
measured at the same frequency,
the effect on 8G; cancels out. The
SENR then only influences the first
two terms in eq. 5. This produces a
fourth term derived from eq. 5 as
follows:

_I_'}l_ L SENR (6)
F,  FG;
where:
3ENR = the uncertainty of the

noise source’s ENR.

This term should only be included
when measuring amplifiers.

Since the causes of the uncertain-
ties in the four & factors are differ-

_ent, the terms can be combined in a

root—sum—of-squares (RSS) fashion,

 which provides a realistic overall';
,uneertamty value. o

e equatlon for the.
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Noise-Figure Uncertainty

Table 3: VSWR-to-reflection-coefficient
transformations

ment system (Table 4).

The next step involves the calcula-
tion of the overall uncertainties using
the maximum matching uncertain-
ties and the NF instrument uncer-
tainties. The instrumentation uncer-
tainties should be those specified by
the manufacturer. For this example,
assume an instrument NF uncertain-
ty (3InstrumentNF) of 0.05 dB,
based on instrument-gain uncertain-
ty (8InstrumentGain) of 0.15 dB, and
effective-noise-ratio (ENR) uncer-
tainty (3ENR) of 0.1 dB. The follow-
ing calculations show how to calcu-
late the various NF, gain, and ENR
uncertainties, although it should be
noted that the receiver-only uncer-
tainty (8ENRgxonyy) is not used in
this example since the DUT is an
amplifier:

ONF;,(dB) = [(3ns—pur)’ +
(SInstrumentNF)” +

(5ENRRx0n1y)2 =
0.083% +0.05° =0.097 (1)

SNF,(dB) = [(Sys_nr1)’ +
(SlnstrumentNF)* +
(SENR oy ) 1™ =

NO.119% +0.05° =0.129  (2)

0G,(dB) = [(8xs-pur )+
(8ns_nr1) +(Bpur-nm)’ +
(InstrumentGain )+
(GENRgx0nry 210 =
[(0.083° +0.119° +
0.51F +0.1521°° = 0552 (3)

SENR(dB) = 0.1 (4)

The next step involves the calcula-
tion of uncertainty terms (shown in
Table 5) through multiplying the
ratios found in Table 2 by the appro-
priate uncertainties.

There are many ways of calculat-
ing the overall uncertainty of a mea-
surement. The traditional root-sum-
of-squares (RSS) method will be used
as the final step in this example since
it is well-understood. RSS should, of
course, use linear quantities, but
with decibel values of the order that
are dealt with here, the error is ap-
proximately 0.001 dB. Overall RSS
measurement uncertainty is then:

RSS measurement uncertainty =
+(0.102° +0.007% +
0.025% +0.099° )% =+0.144 (5)
The NF of the DUT in this exam-

Table 4: Calculating impedance-matching
uncertainties

ple is therefore 3 + 0.144 dB. The
results of the calculations for Table 5
indicate that parameters +3NF,,
F,5/F,, and 3ENR have the most sig-
nificant influence on measurement
uncertainty. These parameters as
well as one other factor not appear-
ing in these equations will now be
explored in detail.

One of the most significant param-
eters affecting the uncertainties in
Table 5 is SENR, the uncertainty of
the noise source. For best uncertain-
ty when measuring low-noise de-
vices, low ENR sources should be
used. This results in a lower dInstru-
mentNTF since the low ENR exercis-
es less of the measurement detector’s
dynamic range. There is a further
advantage to using a low-ENR
source in that its impedance is more
constant between the on and off
states. This is because a low ENR
source (with ENR of typically 5 dB)
is basically a high-ENR source (with
ENR of typically 15 dB) with an addi-
tional attenuator. Beyond these
points, there is not much room for
movement with the noise source,
since 8ENR is referred to the
National Institute of Standards and
Technology (NIST).

The instrument architecture
includes any frequency translations
that enable measurements at reason-
able intermediate frequencies (IF's).
The measurement-receiver architec-
ture is either a single-sideband (SSB)
or double-sideband (DSB) architec-
ture. Network-analyzer-based
instruments use the DSB architec-
ture. This being the case, there is the
possibility that power will appear in
the undesired sideband causing a
measurement error.

The possibility of this error can be
reduced by using a narrowband DSB
architecture. However, this increas-
es the measurement time dramatical-
ly. For example, the theoretical mea-
surement time increase when going
from a 4-MHz bandwidth to a 40-kHz
bandwidth is 100 times. Instruments
employing a SSB structure do not
have a problem with uncertainty due
to power being in the unwanted side-
band since it is filtered out.

The ratio of system NF [(DUT and
measurement instrument)/DUT NF,
F,»/F,] was also shown to have a sig-
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nificant effect on the overall uncer- | and NF. Figure 2 shows how the
tainty. Parameter F', is a function of . measurement uncertainty increases
the instrument NF and the DUT gain | with an increase in Fy,. The data are
based on the previ-
ous example. In
4 : this case, an F,
value of 3 dB is the
best that can be
achieved since this
is the NF of the
DUT. Low DUT
gain and/or high F,
increase F,, and
result in a higher
uncertainty. Most
combinations of
instruments and
DUTs with gain
will produce results
in the left-hand por-
tion of the graph.
Py 5 DUTS With nega-

i tive gain, such as
mixers, move into
the right-hand por-
tion of the graph,
increasing the un-

TOpt I .
0
2048 NF ——

2508 NF =
3.0dB NF

-0.25

4. Conjugate matching does affect the NF measured for a
DUT. The center of the chart indicated a characteristic
system impedance of 50 {CAP OMEGA}.

DESIGN FEATURE

Noise-Figuve Uncertainty

certainty. In this situation, the
uncertainty can be improved by
inserting a low-noise amplifier
(LNA) between the DUT and the
measurement receiver.

Parameter 8NF,, is made up of
dInstrumentNF and the mismatch
uncertainty. Work can be performed
on the mismatch uncertainty using S-
parameter correction but 8Instru-
mentNF is a fixed function of the
instruments linearity. Table 6 shows
the uncertainty of the example DUT
and some further typical DUTs
against different 3InstrumentNF
values. The increase in the uncertain-

5. The HP 8970B NF meter has long
been a precision tool for
simultaneously characterizing the NF
and gain of low-noise devices.
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Noise-Figure Uncertainty

Table 5: Calculating uncertainty terms

ty with increase in $InstrumentNF is
apparent. It is also clear from this
data that an instrument with good
SNF and no correction can outper-
form an instrument with idealized S-
parameter correction but slightly
worse dNF.

Figure 3 shows the change in mea-
surement uncertainty of a typical
DUT against an increase in VSWR.
The data are shown with and without
idealized S-parameter correction.

From Table 7, it can be seen that

instruments with
good 3NF and
no correction of
mismatches
outperform other
instruments
up to particular
L VSWRs depen-
dent on the 3NF.

Depending on
the measurement
instrument and
the VSWR of the
DUT, S-parameter correction of mis-
matches may then appear to be of
some benefit. However, there is one
fundamental flaw in using S-parame-
ter correction of mismatches when
measuring NF. S-parameters pro-
vide almost all of the information
needed for a device, with one excep-
tion—noise,

It is true that although a device is
unlikely to be perfectly matched in
practice, S-parameters can be used to

obtain the available gain (the gain

with the input and output conjugate-
ly matched). However, it has been
cited that if this available gain is used
in the following standard equation to
remove the effects of the second-
stage NF, that a more-accurate
result will be achieved:

NFpyr = NEpyr s nstrument

| NF:Tnstrument -1 (6)
GainDUT

This theory assumes that the NF
of the device (NFp ;1) and measuring
instrument (NF .\ ument) do not
change with impedance. It would be
nice if this were the case, but unfor-
tunately NF varies wildly with im-
pedance as a glance at the noise data
for any RF device will show. An
example is shown below in graphical
form in Fig. 4.

An NF measuring instrument will
measure the NF and gain with 50 )
presented to the input of the device
(the circle at the center of the chart).

Table 6: Comparing DUT and instrument NF uncertainties
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Noise-Figure Uncertainty

S-parameters could then be
used to calculate the avail-
able gain, simulating what

the gain would be if the input | g
and output of the device I
were presented with the | g
conjugate of S;; (the red cir- | *
cle) and Sy, respectively. If

the input of the DUT is actu-
ally presented with the
conjugate of S;;, however,
its NF would change by
approximately 0.5 dB

0.05
0.04

0.03
0.02
0.01

fixed impedance.

Another problem with
using S-parameter correc-

tion on NF is the increased
time to make the measure-

/_\(-15 dB ENR

ment due to the extra cali-

Cswmmn—

brations and supplemental
measurements. The con-

necting/disconnecting of

m o w P

DUT noise figure—dB

- cables, bias tees, tuners, and
g2 more, also adds reliability
issues, measurement uncer-
tainty, and a time penalty.

(shown by the blue NF cir-
cles in Fig. 4). Any S-param-
eter correction in NF must
therefore be used with great care
since it can make the measurements
significantly less accurate without
knowledge of how the NFs of the
DUT and the measurement receiver
are altered by conjugate matching.

NOISE PARAMETERS

There are several basic noise
parameters that completely describe
the noise characteristics of a device.
These are the minimum possible NF
of the DUT (NF,,;,), the equivalent
noise resistance of the device (R,),
and the optimum source-reflection
coefficient (I’ opt) fOr magnitude and
phase. These parameters are found
by applying different impedances to
the device using a tuner for optimiza-
tion and are completely unrelated to
the S-parameters.

There are some other issues that
are associated with S-parameter cor-
rections, the first being the need for
anetwork analyzer. This approach to
measuring NF is likely to cost sever-
al tens of thousands of dollars more

Table 7: Comparing instruments with

different NF uncertainties

entNF

6. The measurement error of the HP 8970B NF meter is
typically less than 0.05 dB.

NF INSTRUMENTS
EMBEDDED WITHIN
NETWORK ANALYZERS
DO NOT PROVIDE

A GOMPLETE SOLUTION
FOR DEVICE
CHARACTERIZATION.

than an approach that is without cor-
rection. That is not an issue if the
area of interest is device characteri-
zation, although this will also require
bias tees in addition to complex auto-
matic tuner units to present devices
with a variety of impedances. NF
instruments that are embedded
within network analyzers do not then
provide a complete solution for
device characterization since they
can only present the device with a

ent having SNF
h correction
ent uncertainty

having 8NF
_correction
ement uncertainty

ment uncertainty

Considering the number
and diversity of operations
that are required to make S-
parameter-corrected NF measure-
ments, it becomes clear that some
form of computer control of all the
operations will be required. This
adds further cost and complexity.
The general complexity of corrected
NF measurements/ device character-
ization suggests that a dedicated test
system is required.

MEASURING NF

One current solution that can be
used to measure NF is the HP 8970B
NF meter from Hewlett-Packard Co.
(Fig. 5). Together with an appropri-
ate noise source, the HP 8970B is
capable of simultaneously character-
izing the NF and gain for receiver
systems, their subassemblies, as well
as components such as amplifiers,
mixers, filters, diplexers, and low-
noise block downconverters (LNBs).
The low instrumentation uncertainty
of the HP 8970B combined with its
true SSB receiver architecture and
correction to remove the measure-
ment-system noise contribution
bring ease and confidence to NF
measurements. While the 8Instru-
mentNF for the HP 8970B is speci-
fied as 0.1 dB, it is typically much bet-
ter than this. Typical data from
current production HP 8970B units
show that the error is typically less
than 0.05 dB (Fig. 6) and the advan-
tage of the low ENR source can be
clearly seen. oe

For more
information on this topic,
visit us at
www.microwavesrf.com
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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. An industry 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,5-60mA 15 144 3.5-14.8 inpud

ATF-34143  4V,60mA 0.5 175 315 (output)
ATF-35143  2V,15mA 0.4 18.0 21.0 (output
ATF-38143 2V,10mA 05 160 220 (output
coming soon

* as a switch lamp 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 '
distributors, please
visit our website

[/ Fackaro

(Expanding Possibilities |

www.hp.com/go/consistent
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Ice Needles

Predict Effects Of Ice
Needles On Satcom

Performance

A new method of calculating the
scatteving effects of atmospheric ice

needles can improve higher-
frequency satellite communications.

John Howard

Chairman/CEO

ETI, Inc., 871 Mountain Ave.,
Springfield, NJ 07081, (973) 379-
1719, FAX: (973) 379-1651, e-mail:
eti@sprynet.com.

separate communication channels,

This paper presents a new method
for calculating the forward scatter-
ing coefficients of ice needles. The
coefficients are caleulated using two
methods—a new method based on
Maxwell’s integral equations, and the
Rayleigh-Gans scattering method.
The two methods are then compared.
In addition, the cross-polarization
discrimination values between two
orthogonal linear polarizations due to
ice needles are compared for the two
methods.

- based method and its calculations.

First, consider the new Maxwell-

ATELLITE-COMMUNICATION systems operating at frequencies
beyond 10 GHz are subject to the scattering effects of ice needles in
the lower atmosphere. These ice needles canse depolarization of the
transmitted radiation and can severely limit system performance,
particularly in the case where two orthogonal polarizations are used as

The magnetic field vector is given
by: 1
H=—VxA (1)

m

where:
p = the permeability of the medium

of propagation.
The vector potential A is given by:

A=l v @)

where:

J = the harmonic source current
density,

r = the distance between the

40 New scattering @
theory "f‘ a0k .
«a - = £ > %
oF 30k 5 = 7 = - Rayleigh-Gans
s Mo £ e theory
= Rayleigh-Gans E 30t -
= theory S
E =
5 201 = :
= = 20F New scattering
S = theory
= s
S 10l S
- 10 2 1o}
= e
7] (&
g 0 L 1 1 1 1 1 0 L | I ! L 1 1 1
£ 0 0.05 0.10 0.15 0.20 0.25 0.30 0 2 4 6 8 10 12 14 16 18
Fade—dB Fade—dB

1. This graph shows cross-polarization discrimination of
ice needles versus fade at 10 GHz for a 1-km slab and a
canting angle of 1 deg.

2. This graph shows cross-polarization discrimination of
ice needles versus fade at 30 GHz for a 1-km slab and a
canting angle of 1 deg.

MICROWAVES & RF s OCTOBER 1999




ynergy offers a complete line of | & Q

Modulators offering superior carrier
suppression. Utilizing a patented unique
design, our subharmonic modulators prov:%de typ1ca1
carrier rejection of 35 dB w1th+|0 dBm carrier drive «levet
and - 10 dBm RF input. Th'ese devices, spec
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For additional information, contact Synergy's Sales and Application team:
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VHF/UHF Receiver

e,

CS-5040 VXI
Microwave Tuner

CS-5020C
Microwave Receiver

Then Look to COM-SOL for All Your
Surveillance Equipment Requirements!

* Tuners and Receivers 5 kHz ¢ Custom Products -
to 40 GHz QRC Capability

* Millimeter Wave ® RF/IF Display Digitizers
Downconverters

* Demodulators and Multicouplers
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s 17 own Frequency Translators
and Digitizers with Snap-Shot bt 1 .

20 MHz to 60 GHz
* Rack Mount, VXI,VME

olutions, Inc. ,
(410) 574-4557 Fax (410) 574-4559 E-mail sales@comsol-inc.com
Visit our Web Site http://www.comsol-inc.com for the full COM-SOL Story and New Product Announcements




and Rayleig

source and observation points,

k = 2m/\,

\ = the wavelength of propagation,
and

v’ = the source volume.

Using eq. 2 in eq. 1 and taking the
curl of both sides of the resultant
equation, the scattered electric field
along z, the direction of the ice-needle

length, is given by:
I

TN
[E)+ -2V EOP, v (3)

: 4mjk
where:
prime denotes source and non prime
denotes observation points, and

Comparison between New scattering theory
h-Gans theory

Ice Needles

F(r)=
— jkr

(~r* — jkr* +k2r4)ir—5— (4)

E(r)=

—jk
e

(3 +3jkr—k’r?) (5)

5
¥
The harmonic source-current den-

sity along z is given by:
J, = jwe, (&, -1)E, (6)

where:
E, = the total electric field (inci-

dent plus scattered) along z,

€, = the permittivity of ice, and
€, = the permittivity of free space.

E, can be expanded in a mode
series given by ":

N-1 2 Tz

E = ZE,, cos 2

n=0

nA\
J|K p.|e —|—
0 zp r (L)
where:

k, = 2n7/L,

E, = the coefficients of the mode
series01p <aq,

a= the radius of the cylindrical ice
needle, and

J, = the zero-order Bessel function
of the first kind.

The forward-scattering complex
coefficient may then be computed
from:

(7)

(8)

# 508-894-1904 ¢
20 Sylvan Road ©

s L

CALL OR SURF TODAY

18-50 WA \ 140X200 | 25 40 4 AVB50M1-00
18-50 WA 105X150 | 25 35 10 | Av850M2-00
1]

FREQUENGY TYPE  DIESEE L P R T
{GHz) {mm) @) Mar | -
18-40 SPST | 123X067 | 10 42 33 | APB4OR1-00
24-40 SPDT 110X219 | 08 36 33 | AP640R5-00

O -y - - o
FREQUENCY DESCRIPTION \SOLATION| 1dBOOMP. |  PACKAGE |  PART
{GHz} L(%‘ (dB) (@mTyp) | 2 m A
SPST ‘ 8 Leaded
DC-60 High lsolation| 1025 | 6248 ‘ % | uchip on Board® | ASO0GM1-93
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DC-6.0 High Isolation 0.8-2.0 58-35 ‘ 24 «Ghip on Board” AS006M2-93
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from concept to solution.... your wireless source
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Ice Needles

The scattered field perpendicular to z
is caleulated in a similar manner, and
the forward-scattering complex coef-
ficient for this polarization can then
be computed.

RAYLEIGH-GANS

Now consider the calculations
required by the Rayleigh-Gans scat-
tering method. Raleigh-Gans scat-

ing two conditions are met?:

1. The refractive index of the scat-
tering particle (which may be com-
plex and is measured relative to the

surrounding medium) is:
Im—1<<1

9)

where:
m = the refractive index of the

 tering may be assumed if the follow-

COMPLETE SET OF COMPONENTS ALL IN'
7/16 FoR Hiah Power Loap PuL.

i

EgEfEfEg
BEgrgoeug

pEgegager
e

~ Take advantage of our latest
innovations in load pull & noise
measurement technology.

970 Montee-de-Liesse, Suite 308, Ville St-Laurent, Quebec, HAT 1W7

Tel: (514) 335-6227 » Fax: (514) 335-6287
Email: info@focus-microwaves.com

MS-0000

CIRCLE NO. 461 or visit www.mwrf.com

scattering particle.

2. The “phase shift” introduced by
the scatterer is small.

Therefore:

2kom -1<<1  (10)

where:

k =2m/\, and

a = the length of the particle, the
size of which should be << A / |m -1]

The forward-scattering complex
coefficients are given in this case by:

2,
f =k2p—51k5p (11)

where:

p =v/dw(m -1) for the z direction,

p = v/4m[(2m® - 1)(m? + 2)] for the
direction perpendicular to z, and

v = the volume of the ice crystal.

The forward-scattering coeffi-
cients for ice needles of various
dimensions were computed using the
above equations. The table shows a
comparison between the two scatter-
ing methods for a particular ice-crys-
tal size and a certain incident angle of
energy at two different frequencies.

In addition, Figs. 1 and 2 show
comparative plots between the two
methods for cross-polarization dis-
crimination values versus fade for
frequencies of 10 and 30 GHz. The
plots show the results of the two
methods diverging as the frequency
increases. The reason for these dif-
ferences is that, at the higher fre-
quencies, the Raleigh-Gans scatter-
ing assumptions no longer hold.

This investigation shows that,
although the Rayleigh-Gans scatter-
ing method is much easier to use than
the Maxwell-based method, the accu-
racy of the Rayleigh-Gans method
decreases as the frequency increases.
For frequencies higher than 10 GHz,
the Rayleigh-Gans scattering
method does not hold and should not
be employed in calculating cross-
polarization discrimination values.
On the other hand, the new method
presented here can be used in its gen-
eral form to calculate the scattering
effects of ice needles or ice columns at
all microwave frequencies. ee

References
1. J.H. Richmond, “Digital Solutions of the Rigorous
Equations for Scattering Problems,” Proc. IEEE, vol, 53,
Pp. 796-804, 1965,
2. H.C. Van De Hulst, Light Scattering By Small Parti-
cles, Dover, New York, 1981.




Spurious Couplings

Spurious Couplings_
Degrade Bandpass Filter
P e rio rm a n c e Spurious couplings can inhibit

achieving the predicted transmission
and reflection vesponses of bandpass

Spurious Couplings, Part 1 fi Itews.
Richard M. Kurzrok ANDPASS filters are important components in communications
P.E. equipment. They affect receiver sensitivity by establishing the noise
RMK Consultants bandwidth, and they provide frequency selectivity that rejects exter-

nal interference and internally generated spurs. Bandpass filters of
small- and moderate-percent bandwidths usually employ direct-coupled
adjacent resonators. Spurious couplings—between non-adjacent res-
onators—can cause degradation in predicted filter performance. These
response-shape impairments can render some filter structures unusable.

82-34 210th St.
Queens Village, NY 11427-1310
(718) 776-6343, FAX: (718) 776-6087

Multiresonator direct-coupled
bandpass filters can be depicted as a
ladder network of coupled resonators

Kn-1,n
K12 K23 K34 Ka5 W
01~ A e Noid o %
7 > 72 > I3 24 > 5 b 2 —L
From To
source load

11,72, 173,.....In are resonators

K12, K23, K34, ... Kn - 1, n are coefficients of coupling between adjacent resonators
Q1 and Qy, are input and output singly loaded Qs

Qyy. (not shown) are resonator unloaded Qs

1. A direct-coupled multiresonator bandpass filter is represented as a ladder
network of coupled resonators.

M L e

From 1 Z4 —-L To
source load
/ Kza \
Ktz 2 N K34
\ 12 —> 73 /

K14 is a bridging coupling

2. The four-pole general filter shown here is a non-

minimum phase-shift network.

. (Fig. 1). Individual resonators are

separated by interior interstage cou-
plings. The first and last filter res-
onators are interfaced to filter source
and load impedances through input
and output couplings. These filters
can be realized as lumped-circuit L-C
circuits as well as transmission-line
circuits.

The basic direct-coupled bandpass
filter circuits are all pole circuits,
which are minimum phase-shift net-
works. This means that filter ampli-
tude and phase (or group-delay)
responses are mutually dependent
upon each other. All filter interstage
couplings are between adjacent res-
onators with zero couplings assumed
between non-adjacent resonators.
The all-pole filters are designed
using modern network theory. Popu-
lar response shapes are Butterworth,
Tchebychev, Equal Element, Gaus-
sian, and others.

BANDPASS PARAMETERS

There are two basic design tech-
niques for bandpass-filter design:

1. Start with a lowpass prototype
and apply a lowpass-to-bandpass
transformation.

2. Use direct-coupled multires-

MICROWAVES & RF = OCTOBER 1999
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DESIGN FEATURE
Spurious Couplings

. onator bandpass-filter parameters.
Both techniques employ normal-
K12 K23 Kaq Kas ized circuit elemfants. Normalization
04 / \ / \ / \ / \‘ o~ 05 in frequency and impedance are used.
When lowpass prototypes are used,
From 4l > 72 3 > 74 > 75 To Tchebychev filters are usually nor-
source load malized to the ripple bandwidth,
When direct-coupled bandpass-filter
parameters are used, Tchebychev fil-
ters are usually normalized to the 3-
3. A five-pole direct-coupled bandpass filter has spurious bridging couplings. dB bandwidth. Throughout this arti-
cle, direct-coupled multiresonator

Table 1: Comparative amplitude and VSWR bandpass-filter design parameters,

r r- ral fil with normalization to 3-dB band-
esonse§ of four-pole general filters widths will be nsod

Direct-coupled bandpass filters—
at baseband, intermediate frequency
(IF), and microwave frequencies—
can be characterized by three design
parameters: input and output singly
loaded gs, interstage coefficients of
coupling, and resonator unloaded gs.
Lower-case parameters are normal-
ized values and upper-case parame-
ters are absolute values. Occasional-
ly, dissipation factors are employed
instead of unloaded qs. Dissipation
factor is defined as the reciprocal of
unloaded q.

In subsequent technical discus-
sions, only lossless filter circuits will
be considered. Many computer pro-
grams—commercially available and
proprietary— are capable of comput-
ing filter performance taking into
account finite unloaded gs (i.e., non-
zero incidental dissipation). When
incidental dissipation is present, fil-
ter responses based upon modern
network synthesis will not be real-
ized exactly unless special tech-
niques such as predistortion are

Table 2: Comparative differential group-delay used.

responses for four-pole filters GENERAL FILTER CIRCUITS

- General filters are non-minimum
phase-shift networks where ampli-
tude and phase (or group delay) can
be independently specified. General
filters with real zeros can realize
elliptic-function response shapes.
General filters with imaginary zeros
can provide bandpass filters with
enhanced group-delay responses.
This has been characterized as “self-
equalization.” Synthesis for simulta-
neous amplitude and group-delay
response has been achieved. Very-
small bridging couplings can also be
employed to restore response-shape

K13 K35

K13 and K35 are spurious bridging couplings

MICROWAVES & RF =« OCTOBER 1999
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MAURY MICROWAVE can

provide the necessary equipment

for making s-parameter, load pull, fixture characterization,
device characterization, or any other measurement you require.

Our complete line of test port cables, connectors, test fixtures, tuners,
and software includes all the tools you need for accurate measurements.
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100 MHz to 3 GHz

Low Cost

symmetries. .

General filters - b . SM1 package .5" square
can be realized
using lumped and % Co1 | @ Ci2 @ C23

.__..1 |——-—o-@—-—oi:-

l l  eee SM2 package &
c : 1.0" square .

distributed cir- I_*,__.{

cuits. Block dia-
grams of four-

and five-pole gen- I
eral filters are (1

C1 2. 512 €3 $L3

shown in Figs. 2 ‘I‘ ‘[‘ ‘[‘ :

and 3. ’I_‘he fou?— % . { . { oLy

pole filter 1s

designed as a e st Do, ol Rt

grarm sier | Rl SR,

The five P ole L1: Lz,’ and L3 are resonator ind;:mtnrs 7o sauare

general filter C12 and Cpg are interstage coupling capacitors

includes some | Lqgisa spurious bridging inductance ' TEMEX offers a complete family of low

spurious bridging Zg is the source impedance cost VCOs and PLL Modules featuring:

couplings which @,@,and@ar& circuit floating nodes « Low Phase Noise

degrade filter » Standard SMD Footprints

performance. 4. Three of the L-C resonators of a five-pole Tchebychev + 3 to 12 Vdc options
General filters direct-couples bandpass filter are shown here in detail. + Quick Delivery

are usually de- Spurious bridging coupling through the bridging |deal For:

signed for en- capacitors and inductors can degrade filter responses. Wireless Communications

hanced selectivi- Base Stations & Repeaters
Microwave Systems

ty or self-equalization of group delay. | ber of resonators. For illustrative Test & Measurement

Most general filters use an evennum- | purposes, the four-pole Tchebychev VLBS25 Specifications

Frequency 925 to 960 MHz
i

Table 3: Comparative amplitude and VSWR
for five—-pole filters with positive bridging la , }
= e ; :E’:;)c’kage SM1 (6.5" square} ,

Custom specifications
welcomed
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DESIGN FEATURE

Spurious Couplings

bandpass filter with 0.01-dB pass- |

band ripple will be considered. For
simplicity, the frequency sensitivity
of all filter couplings will be neglect-
ed. Also, ideal lossless resonators will
be assumed. Using nodal analysis,
the filter-response shapes for the
four-pole general filter (Fig. 2) have
been computed for three cases: non-
bridging coupling (i.e., basic Tcheby-
chev design), positive bridging cou-
pling between first and fourth
resonators (k4 = 0.14), and negative
bridging coupling (k,, = -0.14). For
non-zero bridging coupling, the cen-
tral interstage coupling, ko, is modi-
fied to restore the passband
impedance matching. For positive
bridging coupling, kys = 0.475 instead
of 0.541. For negative bridging cou-
pling, kos = 0.630 instead of 0.541.
Comparative amplitude and
VSWR responses for the three dif-
ferent four-pole filters are shown in
Table 1. Without bridging coupling,

the responses of the lossless Tcheby-
chev 0.01-dB ripple design are real-

ized. For positive bridging coupling,
there is a substantial loss of selectiv-
ity while response shape is still
monotonic. For negative bridging
coupling, close-in selectivity is
enhanced while far-out selectivity is
degraded. Amplitude response is no
longer monotonic and frequencies of
peak rejection are realized for upper
and lower stopbands. (Note that
response-shape symmetry has been
assumed for ideal lossless filters
employing frequency invariant
couplings.)

Assuming a center frequency of 1
GHz and a 3-dB bandwidth of 0.1
GHz, differential group-delay
responses can be computed for the
three filters and are tabulated in
Table 2. It can be seen that positive
bridging coupling achieves improved
group-delay flatness while negative
bridging coupling degrades group-
delay flatness. Positive bridging cou-
pling is the key to self-equalization
while negative bridging coupling is
the key to sharper skirt selectivity

and realization of elliptic-function
response shapes using coupled res-
onators. Even order filters with more
than four resonators can be analyzed
and compared in a similar manner.

L-C DEGRADATION

The five-pole Tchebychev direct-
coupled bandpass filter (Fig. 3) is
usually not designed as a general fil-
ter for purposes of self-equalization
of group delay or enhancement of
selectivity. This type of filter can be
designed or developed readily for
small-percentage bandwidths. As the
bandwidth becomes larger, spurious
couplings can become significant and
may cause undesirable degradation
in filter performance. The principal
culprits are couplings k;5 and kg, It
should be noted that spurious cou-
plings can be positive (same sign as
the filter) or negative (opposite sign
of the filter). Some typical L-C circuit
details are shown in the partial
schematic of Fig. 4.

Amplitude and VSWR responses

w0y 58
-l -
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SMA Connectorized package

To view the latest specs on our complete noise
products family, go to www.micronetics.com.
For more info, call Pat at 603-883-2900 x 312.

products
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DESIGN FEATURE

Spurious Couplings

of the lossless five-pole Tchebychev
direct-coupled bandpass filter are
shown versus normalized frequency
in Tables 3 and 4. Also shown are

amplitude and VSWR responses

when k;3 = 0.05, 0.1, -0.05, and —0.1.
This also assumes that k5 = kg, It
can be seen that as the absolute value
of ki3 increases, the amplitude and
VSWR responses are substantially
impaired. The response-shape sym-

metry that existed for no discernible
- direct-coupled quarter-wave trans-
For L-C direct-coupled multiple-res- |

bridging coupling has been altered.

onator bandpass filters, spurious
bridging couplings can substantially
degrade the filter responses and loss-
less Tchebychev responses will no
longer be attainable. The lack of
response-shape symmetry makes
external group-delay equalization
more difficult and could preclude sat-
isfactory equalization.

Spurious couplings in L-C filters
can be improved with careful atten-
tion to the physical layout of filter-
circuit elements. Increasing dis-

tances between components results
in increased filter size and probable
increase in filter cost. The original fil-
ter layout can be made more desir-
able if small metallic shields are judi-
ciously added to areas where
spurious couplings can occur. Para-
sitic circuit elements can also con-
tribute to spurious couplings.

COMBLINE FILTERS

Combline bandpass filters use

verse-electromagnetic (TEM) res-
onators with adjacent resonators
that have the same open- and short-
circuit reference planes. In the past
half-century, combline filters have
evolved through four distinct phases

- of implementation:

1. Early combline bandpass filters
employed metallic partitions
between adjacent resonators with
interstage couplings attained
through circular apertures in the
partitions. Resonator cross-sections
entailed cylindrical inner and outer

Table 4: Comparative amplitude and VSWR
for five-pole fllters with negatlve brldgmg

_ Insertion
loss
(dB)

VSWR

32038
. 25674
17.408
6812
1039
0.172
. D013
. 0.002
. D15
0.069
0.167
0.274
- 0.346
- 0.364
0.332
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Spurious Couplings

conductors as in coaxial lines. Early
filters were designed or developed
for small-percentage bandwidths.
Consequently, spurious couplings
were usually not a problem in early
combline filters. Filter size had to be
limited so that the TE,; circumferen-
tial mode was not propagating.

2, With the advent of strip trans-
mission lines, combline filters were
implemented using rectangular bars
as resonator center conductors locat-
ed midway between metallic ground
planes. The combline resonators
were now direct coupled and had to
be foreshortened to preclude all stop
behaviors. The original combline
technical paper recommended res-
onator electrical lengths of 45 deg.
with resonance achieved using capac-
itive tuning screws at the open-cir-
cuit ends of the resonators. This
pushed the first TEM spurious pass-
band up to nominally six times the fil-
ter-design center frequency.

3. Subsequently, combline filters
used slabline construction which
entailed round-rod center conductors
between metallic ground planes. This
helped to reduce filter fabrication
costs. For filter bandwidths
approaching 10 percent, nine- and 11-
pole filters were designed and manu-
factured in production machine
shops. Typical production runs
ranged from 50 to 1000 units.

4. During the past decade, major
changes in the communications and
electronics marketplace have result-
ed in large increases in commercial
production runs of filters. The avail-
ability of temperature-stable high
dielectric-constant materials, with
low-loss tangents, reduced insertion
losses, and reduced temperature
sensitivity resulted in major ad-
vances in combline filter miniatur-
ization and unit cost reduction.
Machined resonators with air dielec-
tric were replaced by electroplated
dielectric resonators that were pop-
ularly referred to as ceramic filters.
The exploding market for wireless
communication products and sys-
tems has created a real need for
combline filters. o
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Size Does Matter

( When you need thin film components and substrates)

FMI has the widest range of miniature high
frequency thin film components available

« Custom Thin Film Ceramic Substrates
« Tantalum Nitride Silicon Resistors

« Nichrome Silicon Resistors

« Tantalum Nitride Ceramic Resistors

« Thin Film Capacitors

« Thin Film Inductors
For more information contact:

FMI

Film Microelectronics Inc. ( A Satcon Co.)
530 Turnpike Street, North Andover, MA 01845
Tel: (978) 979-3385, Fax-3506, e-mail, fmisales@erols.com
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FREQUENCY GAIN NOISE POWER OUT DC POWER
MODEL RANGE GAIN  VARIATION FIGURE VSWR @1dBCOMPR. @ +15V
NUMBER (GHz) (dB, Min.) (xdB, Max.) (dB,Max.) IN  OUT  (dBm, Min) (mA, Nom.)

OCTAVE BAND AMPLIFIERS

J52-00500100-035-5A 5
JS2-00500100-10-5A - ; : ! 5
JS2-01000200-035-5A 1-2 33 1 0.45* 2:1 21 5
J§2-01000200-10-5A 1-2 33 1.2 1 21 2:1 5
J52-02000400-035-5A 2-4 28 1 0.45" 2i1 21 5
JS2-02000400-10-5A 2-4 28 1.2 1 2:1 2:1 5
JS2-04000800-070-0A 4-8 22 1 0.7 2:1 2:1 0
JS2-04000800-15-0A 4-8 22 1.2 1.5 2:1 2:1 0
J83-04000800-060-5A 4-8 30 1 0.6 2:1 2:1 5
JS3-04000800-15-5A 4-8 30 1 1.5 2:1 2:1 5
JS2-08001200-09-5A 6—12 15 1 0.9 el 2:1 5
JS2-08001200-15-5A 8-12 15 1.2 1.5 21 21 8
JS3-08001200-080-5A 8-=12 25 1 0.8 2:1 2:1 5
J83-08001200-15-5A 8-12 25 1 1.5 2:1 21 5
JS2-12001800-16-5A 12-18 15 1 1.6 2:1 e 5
JS2-12001800-30-5A 12-18 15 1.5 3 2:1 2:1 5
» JS3-12001800-16-5A 12-18 23 1 1.6 2:1 2:1 5
JS3-12001800-30-5A 12-18 23 1 3 2:1 241 5
JS4-12001800-12-5A 12-18 30 1 1.2 2:1 2:1 5
JS54-12001800-30-5A 12-18 30 1 3 2:1 2:1 5
JS2-18002600-20-5A 18 - 26 14 1 2 2 2:1 5
JS2-18002600-30-5A 18 — 26 14 1 3 21 2:1 5
JS3-18002600-20-5A 18~ 26 22 1 2 2:1 21 5
JS3-18002600-30-5A 18 —-26 22 1 3 2:1 2:1 5
JS4-18002600-16-5A 18-26 27 1 1.6 28 2:1 b
J54-18002600-26-5A 18 - 26 27 1 2.6 2:1 2:1 5
JS2-26004000-35-5A 26 - 40 12 2 3.5 2:1 2:1 5
J52-26004000-45-5A 26 - 40 12 2 4.5 2:1 21 5
J83-26004000-35-5A 26 - 40 18 2 3.5 2,511 251 8
JS3-26004000-45-5A 26 - 40 18 2 4.5 2.5:1 251 8
JS4-26004000-40-5A 26 - 40 .28 25 4 L2 21 8
J52-26004000-100-20A 26 - 40 Wi 1.25 10 a3l 23 20
J84-40006000-65-0A 40 - 60 t5 3 6.5 2,781 2754 0

MULTIOCTAVE BAND AMPLIFIERS

JS2-00500200-05-5A 05-2 32 1 0.5 2:1 2:1 5
JS2-00500200-20-5A 05-2 32 1 2 2:1 2:1 5
JS2-01000400-07-5A 1-4 27 1 0.7 2:1 2:1 5
J§2-01000400-20-5A 1-4 27 1 2 2:1 2:1 5
J§2-02000600-07-5A 2-6 24 1 0.7 2:1 2:1 5
JS§2-02000600-20-5A 2-6 20 1 2 2:1 2:1 5
J82-02000800-08-0A 2-8 22 1 0.8 2 2 0
JS2-02000800-20-0A 2-8 18 1 2 2il 2:1 0
JS3-02001800-25-5A 2=18 21 2 2.5 251 264 5
J83-02001800-50-5A 2-18 21 2 5 2.5:1 . 2.5 5
JS4-02001800-22-5A 2-18 30 2 2.2 254 2.5 5
JS4-02001800-50-5A 2=18 30 2 5 251 251 5
J53-02002600-30-5A 2-26 21 2 3 2:1 2.1 5
JS3-02002600-40-5A 2-26 21 2 4 2:1 2:1 5
JS3-06001800-18-5A 6-18 23 1.3 1.8 2:1 2:1 5
JS3-06001800-30-5A 6-18 23 1.3 3 2:1 2:1 5
JS4-06001800-135-5A 6—-18 31 1 1.35 2:1 2:1 5
QS4<06001 800-30-5A 6-18 31 2 3 2:1 2:1 5

* Noise figures 10 035 dB available on a limited basis.
** This unit requires +8V @ 500 mA and -8V @ 90 mA.




FREQUENCY GAIN NOISE POWER OUT  DC POWER
RANGE GAIN  VARIATION FIGURE VSWR @ 1dBCOMPR. @ +15V
(GHz) (dB, Min.) (:dB, Max.) (dB,Max) IN  OUT  (dBm,Min) (mA, Nom.)

M LTIDCTA\IE BAND AMPLIFIERS [Contlnued]

T 125
- 125
200
200
150
150
150
150
200
200
150
150
200
200

 JS4-08001800-13-5A
JS4-08001800-30-5A
JS3-08002600-30-5A
JS3-08002600-40-5A
JS3-12002600-25-5A
| J53-12002600-35-5A
JS4-12002600-22-5A
JS4-12002600-35-5A
| JS3-18004000-38-5A
. JS3-18004000-50-5A
J$4-18004000-30-6A

oo oog o

251
ULTRAW'DE BAND AMleFlERS

JS2-00100200-06-5A . 32 0.6 2:1
JS2-00100200-15-5A . 32 1.5 2:1
JS2-00100400-08-5A 0.8 2:1
JS2-00100400-12-5A :
JS2-00100600-10-3A

© J$2-00100600-20-3A

 JS2:00100800-13-0A

—_ ek .

: JSS-GG?MZOOJQ-SA
JS3-00101200-35-5A
JS3-00101800-26-5A
JS3-00101800-40-5A
JS4-00101800-23-5A
JS4-00101800-40-5A

© JS4-00102000-25-5A

- JS4-00102000-35-5A

- J83-00102600-32-5A
|JS3-00102600-42-5A

J$4-00102600-28-5A
JS4-00102600-50-5A
JS4-00103000-35-5A
JS4-00103000-45-5A
JS4-00104000-65-5A
JS4-00104000-85-5A
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Low-Band Serles
10kHz-100MHz

Anew 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
LA1000L 1000 Watts
LA4000L 4000 Watts

KM Series—Microwave
Power Amplifiers

1-8GHz, Up to 1000W

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

particularly as solid-state (GaASFET) octave-

band replacements for TWT amplifiers

© 0 R P ORATI 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 TOSOLC 50 Wats
standard product meets your 200LC 200 et
. . ) 7500LC 500 Watts

precise requirements, let’s
talk about our extensive ﬁmﬁz RIE S e 100w
custom capabilities. Four new wideband, load tolerant, highly linear amplifiers with the industry’s

best 1dB compression figures and very low harmonics. The perfect choice
for radiated RF immunity and comparable broadband test applications.

The RF Amplifier Company

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

Thermo Voltek

Kalmus is a division of Thermo Voltek, a Thermo Electron Company

© MILMEGA B - KeyTek
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SPECIAL REPORT

SiGe Advances

SiGe Technology Makes
Practical Advances

This novel device technology is making majov stvides
in RF and digital integrated civcuits for high-
frequency, high-speed commumnications systems.

JACK BROWNE
Publisher/Editor

ILICON germanium (SiGe) is a semiconductor technology made for

wireless applications. It offers the high-speed, high-frequency per-

formance needed for wireless systems, and it provides the potential

for integrating analog, RF, and digital functions on a single inte-
grated circuit (IC). Plus, it is based on low-cost Si wafers. Admittedly, it re-
quires more process steps than conventional Si bipolar technologies. But
this is a semiconductor process that is gaining acceptance among wireless
designers and is bound to make its mark on analog and digital architec-
tures in the years to come.

Inalittle more than a year, numer- | with various NFs and dynamic

ous firms have introduced commer-
cial ICs based on SiGe, including
TEMIC Semiconductors (Heilbronn,
Germany) with last year’s announce-
ment of the model UT004B IC for
cordless Digital European Cordless
Telecommunications (DECT) appli-
cations at 2.4 GHz. Integrating a low-
noise amplifier (LNA), power ampli-
fier (PA), and transmit/receiver
(Tx/Rx) switch driver, the SiGe IC
draws 350-mA typical current from a
single +3-VDC supply and achieves a
typical noise figure (NF) of 2 dB.
Shortly thereafter, SiGe Microsys-
tems (Ottawa, Ontario, Canada) un-
veiled several amplifier products
(see sidebar on p. 124) and Maxim In-
tegrated Products (Sunnyvale, CA)
introduced its first SiGe products, a
line of downconverter mixers and
LNAs for cellular and personal-com-
munications-services (PCS) applica-
tions (see Microwaves & RF, Febru-
ary 1999, p. 140). Maxim’s MAX2680,
MAX2681, and MAX2682 downcon-
verter mixers cover a wide range of
applications from 400 to 2500 MHz

ranges. The firm’s MAX2640 LNA
offers more than 15-dB gain and 0.9-
dB NF at 900 MHz. The MAX2641
LNA features 14.4-dB gain and 1.3-

new website, http:/www.

WIRELESS WONDERS?

mreiesswonders .com, Wlll be |

dB NF at 1900 MHz.

More recently, such firms as Ap-
plied Micro Circuits Corp. (San
Diego, CA), Intersil/Harris (Mel-
bourne, FL), and Stanford Microde-
vices (Sunnyvale, CA) have demon-
strated the commercial possibilities
for digital and RF products based on
SiGe. Applied Micro Circuits Corp.,
for example, last month launched the
S3057 IC, a multirate serializa-
tion/deserialization interface IC for
Synchronous Optical Network
(SONET)/synchronous-digital-hier-
archy (SDH) and Gigabit Ethernet
OC-48 applications at 2.488 Gb/s. The
low-jitter IC consumes only 1.5-W
power from a single +3.3-VDC sup-

; Some are simple devices. Others
are elaborate systems. In addition
0 1ea.rmng about wireless prod—

) ‘
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ply while working with a reference
clock at 155.52 MHz.

Intersil has been converting its
successful PRISM line of wireless lo-
cal-area-network (WLAN) ICs to
SiGe bipolar-complementary metal-
oxide semiconductor (BiCMOS) as
part of the development of the
PRISM II chip set. The model
HF A3983 SiGe monolithic PA is only

_ SPECIAL REPORT

SiGe Advances

one of five ICs aimed at WLAN ap-

plications in the 2.4-GHz industrial-
scientific-medical (ISM) band. It in-
tegrates a 30-dB PA circuit, a
logarithmic power-detection func-
tion with 15-dB dynamic range, and
CMOS-level-compatible power
up/down function. The SiGe amplifier
features two cascaded low-voltage
single-supply stages that combine for

Call The Solutions Experts At Dielectric Labs

n]|B] DIELECTRIC

» A DOVER ) TECHNOLOBIES COMPANY

Quality System ISO 9001 Approved

LABORATORIES

2777 Route 20 East,
Cazenovia, NY 13035
Ph:315-655-8710
Fax:315-655-8179
www.dilabs.com

s &'j Accepted

CIRCLE NO. 406 or vicit www mwirf com

+18-dBm typical output power for
the direct-sequence, spread-spec-
trum (DSSS) signals found in WLAN
systems. The typical power gain is 30
dB. At the rated output power, the
logarithmic detector is accurate
within 1 dB. The slope of the detector
is 100 mV/dB over its 15-dB dynamic
range. The amplifier is designed to
work with the PRISM HF A3861
baseband processor and the
HFA3783 in-phase/quadrature (1/Q)
modulator/demodulator. Similar to
many companies entering commer-
cial wireless markets with SiGe ICs,
the HFA3983 is fabricated at the
SiGe foundry owned and operated by
IBM (Hopewell Junction, NY).

General-purpose amplifiers and
LNAs in the SGA series from Stan-
ford Microdevices (Sunnyvale, CA)
offer low-cost solutions for a variety
of wireless applications from DC to 5
GHz. Based on an SiGe heterojunc-
tion-bipolar-transistor (HBT) pro-
cess with 1-um emitters and fy of 65
GHz, the amplifier line includes the
model SGA-64, which is rated for
+20-dBm output power at 1-dB com-
pression from DC to 1.8 GHz. The
monolithie microwave IC (MMIC)
achieves more than 19-dB gain at 1
GHz and more than 16-dB gain at 2
GHz, as well as drawing 75 mA from
a +5.2-VDC supply.

IBM is undoubtedly the single
strongest force behind the develop-
ment and acceptance of SiGe in to-
day’s markets. Many firms involved
in wireless design and development
rely on IBM’s Hopewell Junection
foundry, which is just north of New
York City. RF Micro Devices
(Greensboro, NC), for example, has
signed an agreement with IBM to
use the process to develop SiGe RF
building blocks. Partners for IBM’s
SiGe technology have included
Hughes Electronics (Malibu, CA)
and Nortel Technology (Ottawa, On-
tario, Canada). Algo, Philsar Elec-
tronics, Inc. (Nepean, Ontario,
Canada) has signed a licensing agree-
ment with IBM and plans to use the
technology to design low-power-ra-
dio ICs. And for some time, IBM has
strongly backed the SiGe device de-
velopments of CommQuest Tech-
nologies (Encinitas, CA) and Na-
tional Semiconductor (Santa Clara,
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CA), to name a few.

Despite its many partnerships,
IBM has also developed several SiGe
products of its own, including SiGe
discrete devices and ICs. The compa-
ny's model IBM43RF1111 SiGe
LNA, for example, is ideal for cellu-
lar and PCS applications. It offers 17-
dB gain at 900 MHz and 11-dB gain at
1900 MHz, with a GaAs-like NF of
only 1.4 dB at 900 MHz. The uncondi-
tionally stable amplifier achieves an
input third-order intercept point
(IP3) of +8 dBm and draws only 7.5-
mA current from a single supply of
+2.7t0 +3.3 VDC.

Last year, the company reported
on the potential of SiGe BiCMOS for
creating very-large-scale-integra-
tion (VLSI) application-specific ICs
(ASICs)." Intended to validate de-
sign library elements with the SiGe
process, the 8.06 X 8.06-mm ASIC
may represent the forerunner of a
single-chip radio for wireless applica-
tions. The ASIC was fabricated with
a double-polysilicon self-aligned SiGe
BiCMOS process capable of transi-
tion frequency (fp) of 50 GHz at a
breakdown voltage of +3.4 VDC and
fr) of 28 GHz at a breakdown voltage
of +5.7 VDC.

Earlier this year, the firm also pre-
sented work on a transceiver IC for
use at 5.2 GHz.® Formed with 0.5-um
SiGe BiCMOS technology, the
transceiver consists of several mix-
ers, several stages of IF amplifica-
tion, an RF LNA, and RF driver am-
plifier. Tests were performed on
wafer using a probe from Cascade
Microtech (Hillsboro, OR). Designed
for operation at 5.2 GHz, the IC
achieves a 3-dB bandwidth of 7 GHz,
with 11.7-dB downconversion gain,
7.5-dB NF, an input third-order in-
tercept performance of -11.2 dBm,
and amplitude imbalance of 0.33 dB
across a 300-MHz intermediate-
frequency (IF) bandwidth. The
transceiver also offers 14.7-dB up-
conversion gain and output 1-dB
compression point of -23 dBm. Using
a single +3.3-VDC supply, the IC
consumes 122-mW power for the re-
ceiver and 114-mW power for the
transmitter.

The SiGe story began around 1986
when IBM developed the ultra-high-
vacuum/chemical-vapor-deposition

(UHV/CVD) processing capability to |

produce uniform SiGe heterostruec-
tures with greater speed than other
wafer-processing techniques, such as
molecular beam epitaxy (MBE). Al-
though the firm fabricated the first
SiGe HBT in 1987 using MBE, the
switch to the more efficient UHV/
CVD processing approach was made
shortly thereafter. In 1993, tremen-
dous publicity was generated by the
announcement of a joint effort on the
part of IBM and Analog Devices
(Wilmington, MA) to produce a 12-h,
1.2-GSamples/s digital-to-analog con-
verter (DAC). Unfortunately, the
joint effort by the two firms did not
survive the low breakdown voltages
and limited yields of the process at
that time.

SiGe processes essentially build on
established semiconductor process
approaches such as Si CMOS, by de-
positing a thin layer of Ge on top of
the Si substrate. Depending on the
device characteristics of a particular
process, the Ge layer is often graded
in thickness, to control parasitic ca-
pacitances and inductances and opti-
mize high-frequency performance.

o firm could be more closely
N linked to SiGe technology
than one with the name SiGe
Microsystems, Inc. (Ottawa, On-

':SIGE! products, already su

WHAT’S IN A NAME?

tario, Canada). The company, one
of the first to announce commerclal _

The resulting compound semiconduc-
tor material has a carrier mobility
that is two to three times that of
standard Si, while maintaining the
relatively low cost of standard Si
CMOS processing and materials. The
high carrier mobility is of particular
benefit to certain types of transistor
structures, notably HBTs. Deep
trenches are formed in the SiGe ma-
terials to achieve the isolation
needed for high-quality passive com-
ponents, such as capacitors. Even
compared to GaAs, the proponents of
SiGe processing, such as IBM,
promise lower-voltage/lower-power
operation, less low-frequency noise,
improved third-order intercept per-
formance, and tremendous potential
for integration of analog and digital
functions. Yet, supporters of GaAs
claim that the cost differential be-
tween GaAs and SiGe is not that
great due to the additional process-
ing steps required to create SiGe
ICs, and that GaAs is still a better
substrate for forming high-perfor-
mance passive circuit elements.

If the papers at the upcoming 45th
Annual IEEE International Elec-

power-added efficiency (PAE) in
Class AB mode. The amplifier ex-
hibits gain variations of typically
+0.5 dB across the full operating
band. The reverse isolation is typi-
cally 32 dB, Whlie second, third,

urth | dBe.
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tron Devices Meeting (December 5

8, 1999, Washington Hilton and Tow-
ers, Washington, DC) are any indica-
tion, SiGe technology promises to

become an even greater threat for |
| capacitance across devices, shallow-
in the years to come. G. Freeman, D. |
Ahlgren, and co-workers from IBM |

GaAs and conventional Si processes

Microelectronics will offer insights
into the next generation of SiGe de
vices with a presentation at IEDM
on a 0.18-pm SiGe process that i
BiCMOS and ASIC compatible. Ca
pable of producing HBT's with f. per
formance of 90 GHz at a breakdown
voltage of +2.3 VDC, lower-fre
quency performance is possible at 25
GHz for a breakdown voltage of +5.5
VDC.

Also, a report from Katsuyoshi

Washio and associates from the Cen
tral Research Laboratories of Hi
tachi Ltd. (Tokyo, Japan) details a
0.2-pm self-aligned SiGe HBT capa
ble of 6.7-ps emitter-coupled-logic
(ECL) gate delays and maximum fre-

quency of oscillation (f,,,,) of 107

- GHz. Compatible with standard Si |
BiCMOS, the new process promises

o support high-speed data-commu-
nications systems operating in e
cess of 10 Gb/s. To reduce parasitic

trench and deep trench isolations
were used.
A paper to be given by K.E.
Ehwald and colleagues from the In-
titute for Semiconductor Physics
Frankfurt, Germany) in conjunction
with researchers from Motorola, In
Mesa, AZ) explains how only four
dditional mask layers are needed

changes in the CMOS process flow.,
The resulting BiCMOS process

yields peak HBT transition fre- |

quency (fy) of 55 GHz and f,,,,, of 90
GHz at a breakdown voltage of
+3.3 VDC.

Finally, C.A. King and fellow re-
searchers from Bell Laboratories/
Lucent Technologies (Murray Hill,
NJ) will offer a technique for lower-

CIRCLE NO. 450 or visit www.mwrf.com
MICROWAVES & RF = OCTOBER 1999

ing the cost of SiGe processing. Their
solution is a low-cost graded SiGe-
base BICMOS technology with Lu-
cent's existing 0.25-um CMOS pro-
cess at the core. The modified,
low-cost process requires the addi-
tion of only four lithography levels to
the existing process, and results in
self-aligned SiGe transistors with
peak fr of 51 GHz and peak f,,,, of 53
GHz at a breakdown voltage of ap-
proximately +2.5 VDC.

Several years ago, mention of SiGe
technology brought raised eyebrows

- and much skepticism about its practi-
o add SiGe:C HBTs to a standard
.25-pm CMOS process without |

cal application in either high-fre-
quency analog or high-speed digital
circuits. Today, the technology
boasts a growing list of commercial
products, manufacturers, as well as
believers in its future for high-fre-
quency, high-speed products (see

sidebar on p. 121). ee
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Broadband Performance

A new generation of HBT MMIC Amplifiers

Using Gallium Indium Phosphide/Gallium Arsenide Technology

NGA-489 DC-8 GHz — NGA-589 DC-6 GHz
Designed with InGaP process technology for SPECIFICATION MATRIX High gain and high output make this heterojunction

greater reliability, this Darlington configured, NGA-489 NGA-589  bipolar transistor MMIC amplifier ideal for use in
high gain, heterojunction bipolar transistor W all wireless applications. InGaP HBT technology
MMIC amplifier offers value and performance mT improves the reliability and performance and

for all wireless and broadband communication —— /" 7**  minimizes leakage current between junctions.
applications. Outstanding features are: TOIP (dBm) 38.5 38.0 Other features include:

Cascadable 50€2: 1.5:1 VSWR N.F. (dB) LA 45 = Cascadable 500 1.5:1 VSWR
Low positive voltage supply P1dB (dBm) 175 19.0 Low thermal resistance package
Low thermal resistance package Supply Voltage 4.2 5.0  High linearity

High linearity Supply Current 80 80 :'9: g?ijﬂB
Y

All data measured at 900MHz and is typical.

MTTF @ 150C TJ, = 2 million hrs. (Rpy =110 GW typ.) [ S f d
otanior

Stanford Microdevices is a world leader in meeting the need for high performance 7] . :

components at market leading prices. Fabless technology allows us to manufacture MICI'OdeVICES

over 200 different products covering the following applications: Cellular, PCS, Wireless

LAN, Wireless Internet, GSM and ISM. InGaP represents the latest in design and t 1-800-764-6642

innovation for swiftly growing wireless communication technologies. Founded in 1992, De pt. NGM _R F1

Stanford Microdevices has grown to become the favorite of OEMs worldwide. Visit our web site at
http://www.stanfordmicro.com

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




APPLICATION NOTES

Wireless communications systems worldwide are dominated by the Global System
for Mobile Communications (GSM), the single largest service in number of sub-
scribers. That system is about to become even more dominant, with the addition of the
- new High Speed Circuit Switched Data (HSCSD) service. The service, which is part
_ of the GSM Phase 2+ expansion, offers multislot data transfer at rates up to 14.4 kb/s
- per channel, resulting in data rates as high as 43.2 kb/s for mobile stations with access
to three receiving time slots. An application from Rohde & Schwarz (Munich, Ger-
- many), “Measurement software and test cases for new, fast GSM data services,” pro-
vides details on the new GSM service and software options that are available to up-
~ grade existing test systems for evaluating equipment with the new service.

The application note is part of Issue 163 of News from Rohde & Schwarz, which also
_contains product-based articles on electromagnetic-compatibility (EMC) testing, the
~ ACCESSNET trunked-data system, spectrum analyzers for third-generation (3G)
~ wireless systems, and techniques for simulating channel fading at baseband frequen-
~ cies. For a free copy of Issue 163 of News from Rohde & Schwarz, contact: Rohde &

- Schwarz GmbH & Co. KG, Press Office, Muhldorfstrasse 15, D-81671 Mu-

. nich, Germany; (49) 89-4129-1765, FAX: (44) 89-4129-3208, Internet:
- http/fwww.rsd.de.
. CIRCLE NO. 194 or visit www.mwrf.com

- Interoperability of telecommunications networks is critical to reliable, error-free
- performance in diversified networks supporting such services as telephone, data, In-
~ ternet, and video communications. An application note from Wandel & Goltermann
GmbH & Co. (Eningen, Germany), “How to x-ray a TMN with the QMonitor,” details
‘the maintenance and evaluation of telecommunication-management networks

(TMNs).

Since the International Telecommunications Union (ITU) standardized its TMNs
for use by all manufacturers of telecommunications equipment, a universal standard
- has been available for network testing and management. One of the benefits of the
TMN is its versatile applicability—it can manage entire networks or network ele-
ments as well as logical applications, such as services and business applications. Ap-
plication note 67 examines the use of Wandel & Goltermann’s QMonitor software pack-
age for analysis of TMN performance problems.

- The application note offers suggestions on troubleshooting management-protocol
definitions in advanced networks, and outlines how to assess TMN performance.
Copies of the 12-page note are free, from: Wandel & Goltermann GmbH & Co.,
Marketing International, Postfach 1262, D-72795 Eningen, Germany; (49)
712186-1616, FAX: (49) 712186-1333, e-mail: info@wwgsolutions.com, In-
ternet: http://www.wwgsolutions.com.
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Receiver design has become somewhat simplified during the last few years with the
availability of low-cost integrated circuits (ICs) for many of the front-end functions. A
case in point is the MICRF001 QwikRadio receiver I1C from Micrel, Inc. (San Jose,
CA). It is a complete ultra-high-frequency (UHF) receiver intended for use from 300
to 440 MHz. Application note 22, “MICRF 001 Theory of Operation,” provides 20 pages
of detailed information on the operation and application of the MICRF001.

Written by Tom Yestrebsky, application note 22 explains how the MICRF001 can
be used with only one ceramic resonator and two capacitors to form a complete UHF
receiver. The application note provides background theory of operation on the IC,
~ along with information on superheterodyne receiver architectures and super-regen-
erative receivers. It points out the advantages of the MICRF001’s architecture com-
pared to standard superheterodyne receivers, and details the control signals required
for proper operation. Copies of application note 22 are available as part of the compa-
ny’s QwikRadio RF Receier/Demodulator Handbook, from: Micrel, Inc., 1849
Fortune Dr., San Jose, CA 95131; (408) 944-0800, FAX: (408) 944-0970, In-
ternet: http://www.micrel.com.
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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)
- Numerically Controlled Oscillator (NCO) ASICs for FM,

M hi snerati . . - ~T- o .
IS Or churp ietctbon including PSK, QAM or CDMA modulation and
- CMOS and GaAs technologies - up to 800 MHz clock rates

and board-level assemblies for applications

. 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
ngle 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 .
S = oot rt Form catalog.
access, vehicle positioning

+ Single ASIC transceiver for MCNS cable modems

FORWARD ERROR CORRECTION (FEC) ASICS

- Convolutional encoding / Viterbi decoding S ' A N F O R D

+ Data rates to 45 Mbps

- Selectable coding rates of Y2 through 73

+ Scrambling and descrambling based on industry
standard polynofr

- New 2 Mbps decoder starting at $20 flat pricing

Java Drive, Sunnyvale, CA 94089 Tel: (408)745-2660 F 08)541-9030  e-mail: tpg.marketing@stelhg.com ww.stanfordtelecom.co
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* DC to 40 GHz
o ATE Switch Matrix

* Base Station Applications
(High Power, Multi Channel, Backup)

* 5P4T (MM5) &
4P3T (MM4) Switches

R SPOT(D13) &
- SPST(RA) Switches

ATE Switch Matrix

SPOT Switch
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For more information, please call (310) 513-7215
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COVER FEATURE

Widehand Choke Biases
Amplifier Circuits To 8 GHz

This broadband RF choke can save valuable gnin and output

power when supplying power to monolithic microwave amplifiers.

Engineering Department
Mini-Circuits, P.O. Box 350166, Brooklyn, NY 11235; (718) 934-4500, FAX: (718) 332-4661, Internet:
http://www.minicircuits.com.

IDEBAND monolithic amplifiers operating to 8 GHz have become commonplace. Unfortu-
nately, bias cireuitry for these amplifiers has not been readily available until the recent in-
troduction of the model ADCH-80A wideband microwave choke from Mini-Circuits (Brook-
lyn, NY). The choke supports RF/DC applications from 50 to 8000 MHz and can help to

significantly reduce resistive RF signal losses in the bias circuitry of broadband microwave amplifiers.

Widespread use of wideband monolithic-mi-
crowave amplifiers, such as the ERA series from
Mini-Circuits, has required circuit designers to de-
velop broadband power-supply circuitry that sup-
ports the bias requirements of these integrated cir-
cuits (ICs). Monolithic microwave amplifiers are
typically biased through current injection at the
RF output port. Since DC power and RF output
signals share this port, it must exhibit strong DC
and RF characteristics. An inadequately designed
DC biasing circuit will degrade the RF perfor-
mance. One recommended bias approach involves
the use of a resistor and RF choke in series with the
DC supply. The RF choke serves to minimize the
RF losses of the resistor.

The biasing scheme for a typical monolithic mi-
crowave amplifier is shown in Fig. 1, with the bias-
ing resistor denoted by Rpjag. The value of this re-

gistor is determined by the device’s required volt-
age, the supply voltage, and the desired operating
current of the amplifier design. For example, for a
model ERA-1 monolithic amplifier, the device volt-
age is +3.6 VDC. Assuming that the supply voltage
is +12 VDC, the value of the biasing resistor will be:

Ryins = (Voo - VI =210 Q)

where:

Vee = the supply voltage, and

14 = the biasing current.

The use of a 210-Q) bias resistor without an RF
choke in series results in a 1-dB loss of amplifier
gain and output power. If the supply voltage is
dropped to +5 VDC, then the required bias resistor,
Rpias, will be 35 (). The use of this smaller resistor
results in a loss of 4.6 dB in gain, a loss in output

Rpjas (Required)
Vee

RFC(Optional)
Cblock

—— our

For ERA models,
pin 1 is Identifled
by det.

RF in
and DC

|—°RF out

/o

4 3
DC

1. This simple schematic diagram
represents a basic biasing scheme
for the ERA line of monolithic
microwave amplifiers.

2. The model ADCH-80A RF choke is
housed in a miniature surface-
mount package compatible with
automated assembly equipment.

3. This simple evaluation circuit is
used to interconnect the model
ADCH-80A RF choke to 50-() test
equipment.
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Microwave Division
>tack o € weebo!?

* Most configurations, please consult factory

o 3> B PRODUCTS, INC.
Eaxml alitches S

® Over 30 Years / Same Location ~ Same Ownership
® IPIT to 1P10T and Transfer Configurations

® All switches 100% Reliability Tested

® No Minimum Order

® Most Popular Designs and Options Available

@® Standard Designs to 26.5 GHz

® Custom Design Capability

® Special Configurations To Suit Your Needs

253 North Vinedo Avenue, Pasadena, California 91107
(626) 449-3790 + Fax (626) 449-7169
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power, and de-

graded return-loss b ﬂl l
erformance 7 Bl
p / - .l

for the amplifier.

However, the ad-
dition of the RF

choke in series | = -

with the bias re-

sistor adds an in- 5

ductive reactance

=

to the resistor’s
shunt impedance,
minimizing the ef-
fect of the resistor

+ ==
10 100 1000
Frequency—MHz

PmT IS0O9002

on the perfor- 5.The return-loss performance of the ADCH-80A was
mance of the mon- evaluated through 8 GHz with applied currents of 0, 50,

olithic amplifier. 85, and 100 mA.
This simple exam-
ple illustrates how
a wideband choke
such as the model £
ADCH-80A can f&=
dramatically im- |
prove the perfor- =
mance of wideband
amplifiers.
Commercially
available induc-

tors can be used as Note: Two different models ADCH-80A and ADCH-80 are available with the

Table 1: The ADCH-80A
RF choke at a glance

|

e LMDS Phase Locked DROs
s Single Loop PLDROs

e Dual Loop PLDROs

e Free Running DROs

e Drop-in- Module DROs

Frequency Range 0.2 to 30 GHz
o Analog and Digital PLDROs

:35:1 maximum

Typical Phase Noise @13.2 GHz

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

Based on 100 MHz SC- Xtal Reference

RF chokes. The above specs. Choice of the model depends on the PCB layout in the appli-

cation.
low-frequency

limit for this approach is determined
by the component’s inductance.
Higher values of inductance deliver
lower-frequency performance. The
high-frequency limit for an inductor
is determined by its series resonant
frequency. The series resonant fre-
quency tends to decrease with in-
creasing values of inductance. Thus,
when using an inductor as an RF

choke, the RF bandwidth will be
sharply limited by the value of induc-
tance, complicating the job of the cir-
cuit designer. Any design changes
that are performed by the inductor
manufacturer will have an unknown
effect on the amplifier circuitry.

The ADCH-80A (Fig. 2) was de-
signed to optimize the performance
of RF amplifiers over wide fre-

quency ranges

(Table 1). Its fre-

quency range of

—r
e
. —

50 to 8000 MHz

is wide enough

to support am-

plifiers such as

the ERA-1, which

Insertion loss
&

is specified to 8

17,

GHz. The equiva-

0.1

lent inductance of
the ADCH-80A

1 10 100

Frequency—MHz

is 1 pH. In com-
parison, a typical
commercial 1-pH
inductor has a se-

1000 10000

4. The insertion loss of the ADCH-80A RF choke was
measured across a broad bandwidth with applied

currents of 0, 50, 85, and 100 mA.

ries resonant fre-
quency as low
as 90 MHz which

Power output to 20 dBm

Spurious <-80 dBc

Harmonics <-20 dBc

5 to 15 V supply options

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

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

e ® © & & © © ¢ o o

Unit C-10
3 Nami Lane

PmT
Mercerville. NJ 08619

Tel: 609-586-8140 Fax: 609-586-1231
www.PmTinc.net Email: Pmmt@aol.com
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MICROWAVE SOLUTIONS
Stocked Amplifiers

Microwave Solutions is now
offering the following
amplifiers as stocked

products. Same day shipment
on orders received by 5PM
€ST, upon credit approval.

FEATURES:
=> Voltage Regulation
=> Reverse Polarity
Protection
=> RF Open/Short
Circuit Protection
= Unconditionally
Stable
=» Competitive Pricing
= Quick Delivery

APPLICATIONS:
=5 Test and Sctup
Systems
= Satellite Tracking
=> VSAT & €W Systems
=» Radar or Point-to-
Point Terrestrial
=3 Communication
Systems

MSH-4573301-DI MSH-5455402-DI
2.0-6.0GHz 4.0-8.0GHz
32.0d8 min. 26.0d8 min.
3.5dB max. 6.0 dB max.
2.0 dB Typ.

+12.0dBm min.  +20.0dBm min.
2.0:1/2.0:1 2.0:1/2.0:1
+12VDC@150mA +12 VDC@150mA

MSH-6343408-DI MSH-7264401-DI
8.0-12.0GHz 8.0-18.0GHz
23.0d8 min. 16.0dB min.
3.0dB max. 5.0dB max,

2.0d8B Typ. 3.5d8 Typ.

Pout: +18.0dBm min.  +16.0dBm min.

VSWA: 2.0:1/2.0:1 2.0:1/2.0:1

DC Pwr.: +12 VDC@150mA +12VDC@130mA

Model:
freq.:
Gain:
N.F.:

MSH-6546602 MSD-34884601-TTL

8.0-12.0GHz
34.0dB min.
4.0dB max.
3.008 Typ.
Pout: +30.0dBm min.
VSWA: 2.0:1/2.0:1 2.0:1/2.0:1
DC Pwr.: +15 VDC@1.13A  +15 VDC@1.0A

J at 1dB Comp:

.05-3.0GHz
30.0d8 min.
10.0dB max.

+30.0dBm min.

= Pout is ion Point,

To compete in today's Global market, MSI
continues to offer affordable, highly reliable,
military and commercial
state-of-the-art-amplifiers.

Today, our mission remains the same - To
supply the highest quality microwave
components ot the lowest possible price.

Call us with your order today!

Microwave Solutions, Inc.
National City, CR 91950
1-800-2MSI-AMP Fax: (619) 474-7003
e-mail: sales@microwavesolutions.com
http://www.microwavesolutions.com
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would severely

limit the useful- 2.2 i +3.6 VDC, |

ness of a wideband 20 I T 40mA

amplifier such as = Ce3.6vDc, Lo lest;

the ERA-1. 18 AT N a0ma, 06 | fixture
The ADCH-80A | = 16452 A~

was evaluated in | = 3 5. 7 '

an application test : 2/

circuit designed 1.2 +1? v?c, '21010 ]

for use with 50-Q 1.0 L] |

test equipment 0 1000 2000 3000 4000 5000 600D 7000 8000

(Fig. 3). The mi- Frequency—MHz

crowave test

equipment was
used to measure
insertion loss
(Fig. 4) and re-
turn loss (Fig. 5)
with currents up
to 100 mA. The in-
sertion loss and voltage standing-
wave ratio (VSWR) were found to
change very little with changes in
current,

EVALUATING PERFORMANCE

To illustrate the use of the RF
choke, evaluation boards were built
using the ERA-1SM amplifier, based
on the schematic diagram that ap-
pears in Fig. 1. Figure 6 shows the
gain of the amplifier with two values
of Vee: +12 and +3.6 VDC. In the first
case, the biasing resistor is 210 (). In
the second case, the biasing resistor
is 0 Q. The gain levels in both cases
are very close, demonstrating the ef-
fectiveness of the RF choke in wide-
band circuits. In practice, a finite bi-
asing resistor is recommended for

+3.6 VDC.

introducing a potential drop of a few

7. The input VSWR of the ERA-1SM monolithic amplifier
was measured in the evaluation circuit with a bias
resistor of 210 (2 and +12-VDC supply, in the evaluation
circuit with a bias resistor of 0 () and a supply of +3.6
VDC, and in the test fixture with a supply of 40 mA and

volts to ensure bias-current stability,
unless a constant-current source is
used for biasing (see the Mini-Cir-
cuits publication, “Biasing ERA Am-
plifiers,” which is available on the
company’s website at http:/www.
minicircuits.com/appnote/an60010.
htm).

Figure 6 also shows the gain of the
ERA-1SM amplifier in a 50-() test
fixture. In this case, the biasing cur-
rent is supplied through the bias tee
that is a part of the microwave test
system’s S-parameter test set. Note
that the gain is very close to that
measured in the RF choke evaluation
board except in the range of 7 to 8
GHz. Part of the difference is due to
the longer transmission lines which
increase the loss of the evaluation
board.

Figures 7 and 8

show input and

13 1 output VSWR, re-

12 ’wL-BL\ spectively, for the
\,\ : +12VDC, 210 O cases with the

? 11 /—+3.6VDC,40mA{ | 210- and 0-Q re-
& (intest— | sistors and the
s 10 NN fiiﬂure)& RF choke in the
0 —#&_ [ | evaluation board
+3.6VDC, 40mA, 00 —="N\J | as well as for the

8 T T T B T case using the test

0 1000 2000 3000 4000 5000 600D 7000 8000 | equipment’s bias
Frequency—MHz tee and the test

fixture. The VS-

6. The gain of the ERA-1SM monolithic amplifier was
measured in the evaluation circuit with a bias resistor of
210 ) and +12-VDC supply, in the evaluation circuit with
a bias resistor of 0 (} and a supply of +3.6 VDC, and in
the test fixture with a supply of 40 mA and +3.6 VDC.

WR is again al-
most the same
with the 210- and
0-() biasing resis-
tors. There is
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Engineers, Designers, Engineering Management, and Corporate Management who attended the Internet Device Builder

Conference and Pavilion at Fall Internet World realize the next Internet revolution will come in the form of smart, interactive
devices that can be controlled over, gather information from, or distribute data via the Internet. The Internet Device Builder
Show and Conference in Santa Clara will feature a breakthrough technological conference program, and an exhibit floor
showcasing core technologies that will make "ubiquitous computing" a reality. This visionary conference and product
exhibition in the heart of Silicon Valley will be of interest to anyone currently involved in creating tomorrow's post-PC

computing paradigms.

TAKE A LEADERSHIP POSITION IN THIS REVOLUTIONARY FORUM

Expert presenters are sought to lead technical educational
sessions and market-focused discussion groups. A special track
assessing the marketplace for Internet devices will be offered for
executives and technical entrepreneurs. Gain exposure, join your
colleagues, and advance your career in presenting a session in any
of the following tracks:

» Hardware & Portability Issues

(with an emphasis on design integration)

* Software Development Issues

«Wireless Solutions

*Windows Solutions

*Java Solutions

* Control & Instrumentation

 Consumer Applications

«Servers, Browsers & Connectivity

* Market Focus Sessions

Three Types of Sessions

Mini-Tutorial "Expert" Sessions: Presented by an expert
instructor on one concise topic, a case study, a narrow discipline,
or "tips and tricks." A Mini-Tutorial "Expert" Session should be 1-2
hours in length. Longer presentations should be divided into "Part
1" and "Part 2."

Paper Presentation Sessions: Paper Presentation is a short
(30-45 minute) presentation, based on an original written paper.
Two to four similar paper presentations will be grouped together
within a "session," which is led by a "session chair."

Hands-On Workshop Tutorial Sessions: One or two day
sessions presented by an expert instructor.

Speaker Reimbursement Guidelines

Submission Guidelines

To be considered please submit the following information:

1. Your name, title, company/organization, address, phone, fax,
and e-mail address.

2. A short professional biography (50 words maximum).

3. Proposed presentation title and 50-word abstract. This material
must be included or your submission will not be considered.

4, Indicate the type of session: Full-day Workshop Tutorial,
Mini-tutorial Expert Session, or Paper Presentation.

5. If you will be a speaker elsewhere within the next twelve
months, please indicate where.

Guidelines

All presentation content should be objective, non-commercial, and
address topics of concern to engineers, engineering managers, and
technical entrepreneurs who are creating smart, networked devices
and the infrastructure to support them.

Papers and sessions are selected based on content originality and
timeliness. We do not imitate programs found at other
conferences. If you are planning to present the same topic within
the next 18 months, please indicate where so your program can
be adjusted appropriately. We do not accept canned topics, or
overtly commercial content. Each presentation must be one-of-a-
kind and intended to inform, not sell attendees. All submitted
material becomes the property of Penton Media.

Penton Media reserves the sole right to determine the honorarium and expense allotments. Each Hands-On Workshop Tutorial Leader will receive an $800 honorarium
plus $300 for travel expenses if coming from beyond driving distance. Mini-Tutorial Expert Session leaders will receive a $300 honorarium. Authors in paper presentations
will receive no honoraria or expense allotments. All participants will receive a complementary full-conference pass and all conference materials, an $800 value. For any

presentation with multiple instructors, the honorarium will be split equally.
b

Submit your presentation information by November 19, 1999 t.

iDevice Builder, Penton Media, Inc., 611 Route 46 West, Hasbrouck Heights, NJ 07604
Fax: 201-393-6297 or e-mail information to btapp@penton.com
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SURFACE MOUNT
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SMALL Size
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LOWEST INSERTION LOSS
0.15dB T1YP.

AMPLITUDE BALANCE
30dB

BEST ISOLATION
25dB TYP.

HY 185 Typical Performance (min)
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PO Box 745,
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Comparing

ion board with

linear performance

intercept in der intercept

|
|

slight improve-

ment in the evalu- 2.6 -

ation board. Part 2.4 17— +3.6 VDG, 40 mA
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ERA-1 amplifier

measured with
the test fixture
and with the eval-
uation board and
the RF choke. No
measurable difference was found.
Table 2 also offers data on the ERA-2
through ERA-6 amplifiers, again
showing the closeness of the third-
order-intercept (TOI) performance
in the various cases. These measure-
ments indicate that the RF choke is
not degrading the TOI performance
of these amplifiers.

The ADCH-80A RF choke is de-
signed to simplify the bias-circuit de-

9. The output powe

r at 1-dB compression for the ERA-

1SM amplifier was measured in the evaluation circuit
with bias resistors of 210 and 0 () as well as in the test
fixture with an instrumentation-grade bias tee.

sign requirements for monolithic
and discrete amplifiers operating
through 8 GHz. Although it is not DC
coupled for use with fiber-optic am-
plifiers, it should serve the majority
of wireless applications through 6
GHz. Tt is well-suited for biasing the
entire Mini-Circuits ERA series and
similar amplifiers operating up to 8
GHz.
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§iC MESFET

SiC MESFET Delivers
10-W Power At 2 GHz

This innovative semiconductor technology offers the
outstanding thevmal conductivity and electron velocity
needed for creating high-power, high-frequency devices.

JACK BROWNE
Publisher/Editor

ILICON carbide (SiC) has often been lumped together with Si ger-
manium (SiGe) as a semiconductor technology of the future. But
similar to SiGe, SiC devices have become commercially available
this year from a company called Cree, Inc. (Durham, NC). And un-
like SiGe, SiC transistors are built for power and speed. The first commer-
cial product is the CRF-20010 SiC metal-semiconductor field-effect tran-
sistor (MESFET). It makes use of SiC’s high breakdown voltage and high
thermal conductivity to yield 10 W of linear output power for driver ampli-

fiers from 400 to 2500 MHz.

The CRF-20010 is based on the :
- The 4H-SiC materials are used to de-

Cree’s proprietary +48-VDC SiC
MESFET technology. The CRF-
20010 is designed to work directly
with a base station’s +48-VDC sup-
ply, without additional DC conver-
sion. The company, founded in 1987,
is perhaps best known for the appli-
cation of SiC to the development, of
SiC blue light-emitting diodes
(LEDs) and photodetectors.

substrates—4H-SiC and 6H-SiC.

velop devices to increase the output
power of a solid-state phased-array
radar, to reduce the weight and vol-
ume of communications systems, and
to create devices with power densi-
ties that are approximately four
times higher than possible with Si or
GaAs devices.

Cree has already fabricated Schot-
tky diodes with blocking voltages to
2000 V and current levels of 1 A as
well as PIN diodes with blocking
voltages of better than 6.2 kV. MES-
FETSs based on 4H-SiC substrates
have yielded transition frequencies
(fr) as high as 22 GHz and maximum
frequency of oscillation (f,,.) of 50

. GHz. Power densities of 4.6 W/mm at

1.8 GHz have been achieved in Class
A designs, while Class B power den-
sities of 3 W/mm have reached 0.8
and 1.8 GHz with a power-added effi-
ciency (PAE) of up to 60 percent.
MESFETS that are based on SiC can
operate at temperatures as high as
+500°C.

SiC has several characteristics
that make it an ideal substrate mate-
rial for high-power, high-frequency
transistors. The company’s two sub-
strate materials exhibit wide energy
bandgaps—3.03 eV for 6H-

Cree has been a supplier of 60

SiC LED components, as %

SiC (predominately used for

_od Optoelectronic devices) as

well as wafer materials to

device manufacturers for
40

/

well as 3.26 eV for 4H-SiC
(predominately used for mi-

several years, but has also
been aware of the material’s
30

crowave and power devices)
compared to 1.12 eV for Si

tremendous potential for
RF and microwave devices.

L

and 1.43 eV for GaAs. SiC
devices can operate at high

20

Efficiency—percentage

The company, which last
month received research
contracts valued at $6.8 mil- 10

P

temperatures without suf-
fering from intrinsic con-
duction effects due to the

lion from the Office of Naval
Research and the Air Force 0

wide energy bandgap. It is
the wide energy bandgap

Research Laboratories for 0

the development of wide-
bandgap SiC microwave

3 6 9 12

Output power—W

15| that makes SiC ideal for
blue LEDs in addition to
photodetectors.

and power-switching de- The CRF-20010 SiC MESFET provides better than 50-
vices, offers two grades of percent PAE at its highest output-power levels.

SiC can withstand an elec-
tric field more than eight
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SiC MESFET

times greater than that of Si or GaAs
without undergoing avalanche
breakdown. Also, the material is an
excellent thermal conductor. At
room temperature, SiC has a higher
thermal conductivity than any metal,
enabling SiC devices to dissipate ex-
tremely high power levels per unit
size. This leads to higher RF power
being available in similar-size pack-
ages to those used to house Sior
GaAs devices. Finally, the high satu-
rated electron drift velocity of SiC,
which is twice that of Si and GaAs
(see table), enables devices that are
fabricated with the material to oper-
ate at RF as well as microwave
frequencies.

OUTPUT POWER

The CRF-20010 is Cree’s first
semiconductor device based on its
own substrate materials. The tran-
sistor is designed for 10 W of Class A
output power from 400 to 2500 MHz.
Tt achieves 12-dB gain at 2 GHz, with
impressive PAE of 50 percent (see
figure). It is ideal for code-division-
multiple-access (CDMA) cellular sys-
tems as well as time-division-multi-
ple-access (TDMA) driver-stage
applications. The transistor attains
extremely low levels of third-order
intermodulation distortion (IMD)
when “backed off” from its nominal
10-W output-power level. One exam-
ple is when it operates at 5-W linear
output power. The third-order IMD
igs —40 dBec. At the rated output
power, the third-order IMD is better
than -30 dBe.

The device achieves a maximum
drain-source voltage of +100 VDC,
with maximum gate-source voltages
of +3 and 15 VDC. The maximum to-
tal device dissipation at +25°C is 75
W, and a maximum operating junc-
tion temperature of +250°C.

The CRF-20010 is the first device

“in a full line of RF transistors for

wireless applications. Higher-power
Class AB devices will take aim at
output-power levels of 30, 60, and 120
W at frequencies up to 4 GHz. Cree,
Inc., 4600 Silicon Dr., Durham,
NC 27703; (919) 313-5300, FAX:
(919) 313-5451, Internet: http:/
wWww.cree.com.
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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

+ Circuit Processing

< Electroplated PTFE

< HV/RF Capacitors

< and much more!

POLYFLON

CRANE-

PROBLEM:
Find the lowest loss
microwave material
..less than 5 mil thick?

SOLUTION:
..very low dissipation factor
(.00045 @ 18 GHz) with a
dielectric constant of 2.1
Polyflon’s unique prop-
rietary electroplating
process allows for clad-
dings as thin as 1/16 oz./{t?
on virgin PTFE materials
ranging from 0.00025" to
0.125”. You are assured of
extremely accurate circuit-
ry, even up to 100 GHz.

Only POLYFLON has it!

Polyfion 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 CuFlon are registered trademarks of Polyflon Company
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PRODUCT TECHNOLOGY

Switch Solution Integrates
GaAs And Si ASIC

Ths +3-VDC switch assembly is available for
high-lineavity and high-power applications
in o low-cost plastic package.

Steve Belletete
Senior Design/Applications Engineer

Paul Martyniuk
RF Engineer
Alpha Industries, 20 Sylvan Rd., Woburn, MA 01801; (781) 935-5150,
FAX: (781) 935-2359.

WITCH designers are often challenged to produce transmit (Tx)
and receive (Rx) switches that can operate at low voltages and still
maintain linear performance. This task will only become tougher as
wireless products shrink in size. Alpha Industries (Woburn, MA),
meanwhile, has integrated a silicon (Si) application-specific integrated
circuit (ASIC) with gallium-arsenide (GaAs) technology to produce an Si
DC-to-DC converter with a decoder into the same package as a GaAs
switch. The packaged unit is suitable for applications from 0.5 to 2.5 GHz.

Currently, the best solution for
~ signers’ desire for a true single-sup-
. ply +3-VDC solution. One method of
- obtaining the necessary bias is to use
gration along with low current con-
sumption. Even with advancements
in GaAs technology—metal semicon-

switching applications is GaAs field-
effect-transistor (FET) technology.
This technology supports some inte-

ductor FETs (MESFETSs)

but it still does not meet handset de-

the negative voltage required by the
power amplifier (PA) to increase the

bias on the switch. Recent advance- |

- ments in PA design have excluded a

negative voltage that is available for
the switch.

The integration of an Si DC-to-DC
converter with a decoder into the
same package as the GaAs switch has
produced an Si ASIC that is available
for GSM Tx and Rx functions. The Si
ASIC consists of an oscillator, a
charge-pump-based DC converter,
voltage regulators, temperature-ro-
bust bandgap biasing, and driver-
logic circuitry (Fig. 1). The internal
voltage regulator enables the de-
signer to have the flexibility of pow-
ering the ASIC directly from the bat-
tery while still using +3-VDC logic
levels to switch states. As an addi-
tional benefit, isolation is achieved
for the radio power supply from the
inherently noisy internal oscillator

circuitry.
The negative voltage that is gener-
ated by the charge-pump

or pseudomorphic high-elec-
tron mobility transistors

VsuppLY

(PHEMTs)—there are,
however, remaining limita-
tions to power-handling ca-
pability and logical function
integration.

GaAs MESFET technol-
0gy requires greater than
+6-VDC differential bias be-
tween the drain/source and
gate of the FET to meet lin-
earity requirements at

i
14

Oscillator

Charge pump
Regulators

e
SR

cap

Tx/Rx logic

Global System for Mobile
Communications (GSM)
power levels. GaAs

N
Vo Vo

External
charge-pump

pe on g

¢ B Vss out
VENABLE
VIx/Rx

circuitry is used to bias the
switch during transmit
mode. With a large differen-
tial voltage, the switch
maintains its linearity at
high RF power levels—the
GSM power requirement of
+34.5 dBm for example. The
frequency of the charge
pump was chosen to be 600
kHz to keep the required ex-
ternal switching capacitor
low in value and, at the same
time, keep the oscillator fre-
quency low enough so that it
does not interfere with

cap

PHEMT technology re-
quires slightly less voltage,

1. The Si ASIC is made up of an oscillator, a charge
pump, voltage regulators, and Tx/Rx logic.

other components in the ra-
dio. Lower-value ceramic
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TRW's compact, fully MMIC
transceiver modules put
broadband wireless access
systems in the fast lane by
packaging more telecom-
munications punch into

less space.

Our modules speed and
simplify design engineering
by lowering parts count and
reducing the complexity of

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

system hardware. All with the
inherent reliability of TRW's
proven millimeter-

wave MMICs.

TRW Telecom Products —
big advantages in small
packages.

We back the
high performance
of our GaAs HBT and
HEMT MMICs with more
life test and reliability data
than just about anyone else
in the business.
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www.trw.com
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Switch Assembly

capacitors can be used to re-
place expensive and large 0
tantalum (Ta) capacitors

that are typically required | 2 .
by other DC-to-DC con- I 1.0
verter ASICs. s
The logic portion of the L
ASIC driver circuitry re- 2.0

duces overall system com-
plexity by switching from
the Rx-to-Tx funection with

—0.30 to -0.75 dB across the

0.5-to-2.5-GHz frequency
range. The isolation of the

switch ranges from -20 to

approximately —41 dB over
the 0.5-to-2.5-GHz range. At

1

900 MHz, the isolation is
greater than 20 dB. At the

1.5
Frequency—GHz

0.5 1.0 2.0

25| distributed-communica-

tions-systems (DCS) fre-
quency, the isolation is ap-

one control line. A single
positive control line is the than 0.5
result. It helps conserve the

number of control lines that have to
be allocated on the central process-
ing unit (CPU) and routed out to the
switch. With the use of internal logic,
the current consumption during the
receive state can be minimized by
powering down the charge-pump and
oscillator circuitry. A large differen-
tial voltage is not required during the
receive mode since the power levels
are much lower. The additional value
of logic circuitry comes free since it
does not contribute significantly to
the Si die size.

2. At 900 MHz, the insertion loss of the switch is less

dB.

By using the best technology avail-
able for each function, Alpha is able
to keep die size small enough to be in-
tegrated into a single TSSOP-16
package. By using the appropriate
technology for each function, the cost
of the overall solution remains in line
with handset manufacturers’ cost
requirements.

Figure 2 shows insertion loss ver-
sus frequency. At 900 MHz, the in-
sertion loss is less than 0.5 dB. It can
also be seen that insertion loss of the

switch spans approximately from

proximately 30 dB.

Alpha’s Si ASIC requires
350 pA during transmit
mode and 25 pA during receive
mode. Switching between Rx and Tx
states is accomplished with a single
logic input. The switch and its associ-
ated ASIC will be used as a building
block for other higher integration
products. Alpha Industries, 20
Sylvan Rd., Woburn, MA 01801;
(781) 935-5150, FAX: (781) 935-

2359.
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A- ctually, there are several

reasons why you'd want to

trust Filtran to produce reliable
microcircuits for high-end applica-
tions like aerospace, air traffic
control, satellite, automotive,

and PCS—up to 100 GHz.

As a leader in our field since

1983, we've developed
our own equipment
and processes to
manufacture
truly precision
microstrip,
bonded
stripline, thick
metal-backed
PFTE and mixed

dielectric multilayer

circuits. Take a closer look at
Filtran’s many superior manufac-
turing capabilities, and you'll see

why we’re the manufacturer r

of choice for microwave
circuit designers

worldwide:

¢ of one single reason

circuit manufacturer.

1) Precision Photolithography
The accuracy of our
circuit board imaging
(1 mil lines and
spaces, .2 mil)
approaches semi-
conductor grade
resolution through specially

developed processes.

2) Sputtering Metallization
As a leader in the vacuum sputter-

ing industry with several patents,

we can sputter-deposit thin
films, including resistors, onto
a variety of hard and soft
substrates. Our Sputtered Blind
Hole process offers a superior

alternative to chemical PTH on

3) Accurate, On-site
Machining Capabilities

Filtran maintains complete on-site

manual and computer-
aided machin-
ing facilities

to accurately

aluminum-backed PTFE substrates.

punch, rout or mill thin substrates
or thick metal backings with
machining tolerances: £.0057,
down to £.001”. We also have a
close association with a local

) laser machining facility.

4) Proprietary Sodium Etchant

7 Our Sodium Etchant formulation

for PTH and edge plating gives us
tight control of processing, result-
ing in reliable, high-performance
circuits and excellent adhesion of
copper to PTFE.

5) Strict Quality Assurance
Our stringent program of in-
process inspection results in high
yields on the most complex
circuits. We strictly monitor all
production processes, and our
upfront engineering, SPC and
final inspection all help to

ensure that products comply

with customer-specified

standards.

2475 Don Reid Drive, Ottawa, Ontario K1H 1E2 Pho

For more information, or to get a quote, contact us today:

FILTRAN

Microcircuits Inc.

filtranmicro.com

fmi@filtranmicro.com  Modem: (613) 737-7262
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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
® 3D Planar circuits such as Microstrip filters, -
of the software, visit:
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Feedforward Amplifiers

Feedforward Amplifiers Powetr
Base Stations To 400 W

The low-distortion benefits of feedforward amplification are
now available at power levels to 400 W at cellular frequencies

from 869 to 894 MHx.

JACK BROWNE
Publisher/Editor

EEDFORWARD techniques are now well-accepted as a way of boost-

ing multicarrier signals in cellular and personal-communications-ser-

vices (PCS) base-transceiver systems (BTS). Feedforward amplifiers

are well-suited for amplifying multiple protocols simultaneously, such
as Advanced Mobile Phone Service (AMPS) channels concurrent with
time-division-multiple-access (TDMA) and code-division-multiple-access
(CDMA) channels. The technology offers linear amplification with mini-
mal addition of intermodulation distortion (IMD). With a new line of feed-
forward amplifiers from MPD Technologies, Inc. (Hauppauge, NY), cellu-
lar and PCS system designers can now add up to 400 W of feedforward
output power to accommodate the most aggressive multicarrier system
configurations.

The new feedforward amplifier | The output-power requirement
system has a modular configuration . for a BTSis a function of the number
that supports minimum output- = of carriers to be transmitted and the
power levels of 100, 200, 300, or 400 | amount of power needed to transmit
W, depending on the num-

each carrier. For example, a feedfor-
ward power amplifier with a 35-W
output-power rating can handle 70
transmit carriers of 0.5 W each, or
35 carriers of 1 W each. In a BTS,
the signals from several radios are
combined at low power levels and
then simultaneously amplified by a
multicarrier amplifier connected to
an antenna and its matching cir-
cuitry. Compared to the use of mul-
tiple single-channel amplifiers, this
approach reduces the losses in the
high-power section of the BTS by
eliminating the output filter/com-
biner assemblies and thereby reduc-
ing the necessary system amplifier
power. When more channels are
needed, radios and low-power com-
biners can be added without neces-
sarily changing the multi-

ber of installed 120-W

channel amplifier (as-

power-amplifier (PA) -14.4 A suming that enough out-
modules. The highest out- -24.4 put power is available)
put-power unit employs 344 , ” ‘ ' \ \ or wideband antenna
four 120-W feedforward : ! I ‘ \ I , \ \ \ circuitry.

power modules which are | E-44.4 i BRIL 1 Feedforward techniques
combined through passive I i make it possible to essen-

. -54.41 —120 kHz . .

power combiners. Regard- | g —69.63 dB l \ \ tially cancel IMD by using
less of which output-power £ -64.4 V the distortion as part of a
level is selected, the for- E_ 144 \ correction circuit. In a ba-
ward and reverse IMD sic feedforward amplifier
performance for these am- -84.4 = Mol | design (Fig. 2), the distor-
plifiers is rated at —65 asa™M tion signals must be first
dBe. Spurious perfor- 880.31 881.11 881.91 isolated from the desired

mance is also rated at —65 Frequency—MHz

dBe. Spectrum-analyzer

spectrum. These signals
must then be linearly am-

measurements centered at
881.11 MHz reveal the low
spurious and IMD levels
when tested with multi-

tone signals (Fig. 1). levels).

1. The output spectrum of the 400-W feedforward power
amplifier was measured with a spectrum analyzer centered
at 881.11 MHz and the reference level set at —14.4 dBm as
well as 50 video averages (to lower the displayed noise

plified by an error ampli-
fier to produce a correction
term. The correction sig-
nals are then injected 180
deg. out of phase at the out-
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Sonoma Scientific

Isolators and Circulators

Smgle Junctlon
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
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Feedforwurd Ampltfwrs

Carrier spectrum Carrier spectrum with
with large IMDl l [ l reduced IMD | |
Input carrier RF out
spectrum | /@' _/gf >
I l — | Delay | —
Main
|| amplifier

"<

Cancelledjirﬁ:spectmm
D HA R

Delay Error
amplifier

2. This block diagram illustrates how error signals are
isolated, amplified, then delayed 180 deg. out of phase
for mixing with output signals in order to minimize IMD.

put of the feedforward amplifier in order to achieve IMD
cancellation.

Class AB laterally-diffused-metal-oxide-semiconduc-
tor (LDMOS) transistors are used in the main amplifier
section of MPD’s feedforward amplifier designs, with
similar devices employed in the error amplifiers. Control
circuitry continuously monitors the operating points of
the main and error amplifiers, with dynamic adjustments
made to minimize IMD under all environmental and load
conditions. Adjustments are made according to a propri-
etary algorithm, under high-speed microprocessor con-
trol. Control and status data are available through relay
contacts, parallel bus, or serial bus. The flexible data ac-
cess supports local control and status monitoring at a cell
site, or remote control and monitoring through modem
connections.

VOLTAGE-SUPPLY VERSATILITY

The high-power feedforward amplifiers operate from
supplies of +24 to +28 VDC, although they can also run
from supplies of +21 to +30 VDC with an optional DC-to-
DC converter. The amplifiers incorporate SMA female
RF input connectors and type-N female output connec-
tors. The operating temperature range is 0 to +50°C. The
logic interface is a 25-pin subminiature D connector, al-
though other interface options are available. The 400-W
feedforward amplifiers draw nominal current of 200 A
when operating at +27 VDC. The amplifiers are available
in vertical mount configurations as well as in standard 19-
and 23-in. (48.26- and 58.42-cm) rack-mount configura-
tions. These feedforward amplifiers, with power levels as
high as 400 W and outstanding IMD performance, are
certain to boost the capacity of a wide range of cellular
systems. MPD Technologies, Inc., subsidiary of
Microwave Power Devices, Inc., 49 Wireless
Blvd., Hauppauge, NY 11788-3935; (516) 231-1400,
FAX: (516) 231-0712, e-mail: sales@mpd.com, In-
ternet: http://www.mpd.com.
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Coaxial Cables

Improvements Yield Gables With
Lower Loss And Enhanced Stability

By reworking the materials in theiv cables, n major
manufactuver has created products with less weight,
less loss, and greater stability than theiv previous vevsions.

JACK BROWNE
Publisher/Editor

OAXIAL cables represent one of the “staple” components of RF/mi-

crowave system design. While they are essential, coaxial cables
rarely benefit from significant technology improvements due to the
simple nature of their construction—conductors and insulators.

Yet, by carefully considering and implementing advancements in materi-

als, Insulated Wire, Inc., (Ronkonkoma, NY) was able to make significant

improvements in amplitude and phase stability as well as insertion-loss

performance throughout their coaxial cable lines.

made with a model 360 vector net-
work analyzer (VNA) from Anritsu
Co. (Morgan Hill, CA).

Despite the fact that the new ca-
bles are smaller and lighter than their
predecessors, they are nonetheless
double-shielded designs with low RF
leakage and impressive phase stabil-
ity. The cables typically vary only by
400 PPM with temperatures from —-20
to +120°C, compared with earlier ca-
bles that had temperature variations

The company’s 1801 series
coaxial cables are a good ex-
ample of the improvements 0
resulting from the product
transformation. These ca-
bles, which formerly mea-
sured 0.230 in. (0.5842 e¢m) in
diameter, yielded insertion
loss of 0.37 dB/ft. The new
version of the 1801 series ca-
bles measures only 0.180 in.
(0.4572 cm) in diameter, with 2.0

o
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of 700 PPM for the same
temperature range. The
process control also results
in repeatable low-VSWR
performance through the
company’s cables.

The improved coaxial ca-
bles are available as bulk ca-
bles or as cable assemblies
with a customer’s choice of
coaxial connectors. The ca-
bles meet all of the material

associated insertion loss of
0.33 dB at 18 GHz. In terms

0.0400

Frequency—GHz

requirements outlined in
MIL-C-17 specifications. In-

of long cable runs, for exam-
ple 100 ft, this can translate
into savings of 4-dB inser-
tion loss at the system level.
For typical 4-ft. 1801 series
cable assemblies with SMA connec-
tors, the VSWR is 1.20:1 to 18 GHz.

In terms of applications that de-
mand small size and lightweight, such
as avionics systems, the re-designed
1801 cables can provide tremendous
savings in mass and volume. In addi-
tion, the lower insertion loss may en-
able the use of lower-power amplifi-
cation, with corresponding savings in
active components.

The insertion-loss performance of the 2301 series
coaxial cable was measured from 40 MHz to 26.5 GHz
for a 3-ft. assembly with SMA connectors using a model
360 vector network analyzer (VNA) from Anritsu Co.

As aresult of re-defining and re-
designing their cable products, the
company’s 2301 series cables now ex-
hibit the lowest insertion-loss perfor-
mance on the market, at 0.3 dB/ft. to
26.5 GHz. An evaluation of a 3-ft.-
long 2301 series cable assembly with
SMA connectors reveals the impres-
sive insertion-loss performance, es-
pecially at frequencies below 10 GHz
(see figure). Measurements were

ner conductors are silver
(Ag)-plated copper. The di-
electric is a low-loss polyte-
trafluoroethylene (PTFE)
material. The outer conduc-
tor is pure Ag, applied in a novel
manner that yields extremely low
contact resistance. A variety of ma-
terials is available for the outside
protective jackets. Insulated Wire,
Ine., 2065 Smithtown Ave., Ron-
konkoma, NY 11779; (516) 981-
7424, FAX: (516) 981-7990, Inter-
net: http://www.insulatedwire.
com,
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PRODUCT TECHNOLOGY

PLL Synthesizer

PLL Synthesizers Suit Low-Power
Wireless Systems

This new generation of integer-N frequency
synthesizers provides the low-cuvrvent performance
needed to shvink wiveless handsets.

Mike Curtin
Staff Applications Engineer

Paul 0’Brien
Senior RF Test Engineer
Analog Devices B.V., Raheen Industrial Estate, Limerick, Ireland; +353 61
495488, FAX: +353 61 304094, Internet: http://www.analog.com.

HASE-LOCKED-LOOP (PLL) frequency synthesizers maintain fre-

quency stability in wireless handsets and, as a matter of course, con-

sume battery power in the process. But wireless handsets are shrink-

ing and so are their batteries. For handset designers, this shrinkage

means a reduced power budget, which forces them to seek components that

draw as little current as possible. To answer this need, Analog Devices, Inc.

(Wilmington, MA) has developed a new generation of integer-N PLL synthe-
sizer that conserves power without compromising performance.

The synthesizers are segregated | main difference between the two is

into two families—the ADF4110 .~ that the ADF4110 family has a com-
family and the ADF4210 family. The = plementary RF input, while the

AVpgp  DVpo Ve cPGND Rser

—0—0
ADF4110 ADF4112 =]
ADF4111 ADF4113 ]

REF,,

cHARGE
PUMP

.

RF A -
FRESCALER

AF,B et

1. This block diagram shows the functional components of the ADF4110
family of PLL synthesizers.

ADF4210 family has an RF input and
an intermediate-frequency (IF)
input.

This article examines various
wireless architectures and shows
how this new type of synthesizer fits
those architectures. The discussion
presents phase-noise and reference-
spur performance, and shows how
features such as a programmable
charge-pump current can help keep
the loop bandwidth constant under
varying loop conditions.

The ADF4110 family of PLL syn-
thesizers (Fig. 1) has four mem-
bers—the ADF4110, ADF4111,
ADF4112, and ADF4113. Function-
ally, they are identical. The major
difference among them is maximum
operating frequency. The ADF4110
operates to 560 MHz; the ADF4111
to 1.1 GHz; the ADF4112 to 2.8 GHz;
and the ADF4113 reaches 3.7 GHz.

The synthesizer’s frequency-refer-
ence input (REFy) feeds a 14-b
counter, which can derive all of the
commonly used channel-spacing fre-
quencies from off-the-shelf tempera-
ture-controlled crystal oscillators
(TCXOs). In the case of Global Sys-
tem for Mobile Communications
(GSM) network, for example, a 13-
MHz TCXO is often used as the sys-
tem reference. Setting the reference
divider to 65 provides the required
200-kHz channel spacing.

The complementary RF input
(RFyA and RFB) supports a bal-
anced signal. More often, an unbal-
anced RF signal from a voltage-con-
trolled oscillator (VCO) is fed to

" RFnyA, and RF B is grounded

MICROWAVES & RF = OCTOBER 1999
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PLL Synthesizer

CLOCK
DATA DATA
Le O

Vool Voot V! Va2 Ry

ADF4210
ADF4211
ADFa212
ADF4213

)C'w

e
DGNDy:  AGNDp: DGNDy AGHDy

2. This block diagram shows the functional components of the ADF4210

family of PLL synthesizers.

through a small bypass capacitor.
The RF input leads to the N divider,
which sets the output frequency. The
divider consists of a dual-modulus
prescaler (programmable for divide
ratios of 8/9 or 32/33) followed by a 6-
b A counter and 13-b B counter. The
combination of programmable
prescaler, 6-b A counter, and 13-b B
counter yields three overlapping di-
vide-ratio ranges. These ranges are

56 to 6565691 (prescaler of 8/9); 240 to
131119 (prescaler of 16/17); and 992
to 262175 (prescaler of 32/33).

The phase/frequency detector
(PFD)/charge-pump output current
(Igp) is programmable in binary
steps from 5 mA to 625 pA. Addition-
ally, the absolute value of I¢p can be
varied by changing the value of the
Rgpr resistor. For full-scale current
of 5mA, Rgpr must be 4.7 k(). As this

RFour

100 pF =

|s

Voo

00pF g, 180
P

Hwd

MQES524-1747 <
>0

Voo Vs
[ T
7] 18]
1000 pF 1nﬂup¥. AVos D¥oo :" 2
FREF )y @—-{ l»—— REFIN 13 "'l
Rser
e ADF4112 i‘j o
B yuxouT e LoCK
RSN S EESE §
=% Detect

DATA 100
e 11 44

2k
. A l <
2k 1 pF ;
G
Tﬁ nfF

m-..--:-“

SPI Compatible Serial Bus
E
<A\

U

Decoupiing Capacitors on AV, DVpe, Vp of the ADF4112
and on the positive supply of the MQES24. 1747 have been
omitted {rom the diagram 1o aid clarity.

3. This schematic shows how the ADF4112 can be used as part of the local
oscillator (LO) for a DCS-1800 handset transmitter.
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AFFORDABLE,
SOLUTION-DRIVEN
TECHNOLOGY

Champion Technologies
CMV Series of SMT VCXOs
Stands Up to Your Most
Demanding Expectations:

« Compact Package — 5mm x 7mm
(4 or 6 Pad CLCC Footprint)
» 3.3V or 5V Operation

+ Broad Frequency Range —
2.0 MHz to 55 MHz

+ Optional -40° to 85° Temperature Range
« Stability Performance as Low
as +25 ppm (typical)

+ Affordable — Pricing for 1,000 Units
starts at $6.99

Champion

INC.

TECHNOLOGIES,
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resistor value is

varied, Icp

10dB per division

changes propor-

tionately. Having

R, = OdBm

the ability to vary

Viave = 67

Icp enables the

Span = 1.00MHz

user to optimize -

the loop response f

RBW = 3.0kHz

on the fly. For ex- /

ample, many Y

VBW = 3.0kHz
\ﬂ\.

wideband VCOs u

LT SWP = 280ms

™o}

have sensitivities

MER = -84.67dB, 200kHz

AR FakEws  §T4

that vary dra-
matically over

LT

e

the full frequency 5. This graph shows the reference spurs for the circuit in

band of operation. Fig. 3.
By having the
ability to program the Ip value, it is
possible to compensate for this
widely varying sensitivity and main-
tain good loop stability over the full
frequency range. It is also possible to
set anti-backlash pulse width in the
PFD. The three anti-backlash set-
tings are 1.3, 2.9, and 6.0 ns.

The ADF4210 family of PLL syn-
thesizers (Fig. 2) has three mem-

bers—the ADF4210, ADF4211, and

ADF4212. Each of these has an IF
synthesizer capable of operating to
510 MHz. As with their cousins, the
members of this family differ mainly
in their maximum RF operating fre-
quency. The ADF4210 operates to
1.2 GHz; the ADF4211, 2.0 GHz; and
the ADF4212, 3.0 GHz. And similar
to the ADF4110 family, the
ADF4210 family offers pro-
grammable prescaler, programmable
Icp, as well as programmable anti-
backlash pulse width.

The ADF4110 and ADF4210 fami-
lies both exhibit very good phase-
noise and reference-spur perfor-
mance. The ADF4110 family is more
likely to be used in the transmitter
sections of handsets and base sta-
tions where there is generally just
one upconversion stage. The
ADF4210 family is best suited to re-
ceiver designs where two downcon-
version stages are needed. In all of
these applications, low power con-
sumption is critical. The ADF4212’s
typiecal Inp of 7T mA and maximum
frequency of 3 GHz makes it ideal for
wideband code-division-multiple-ac-
cess (WCDMA) receivers. The
ADF4211’s typical Iy, of 5 mA and
maximum frequency of 2 GHz is ideal
for DCS-1800 receivers. The
ADF4112 has a typical power I, of
3 mA and is ideal for DCS-1800
transmitters.

Figure 3 shows the ADF4112 be-

ing used to gener-

i

i AL b [
el oo e ?J\, )

L1l

-ZFHz -1EAz 1747z +iKHz +2EHz

ate the local-oscil-
lator (LO) signal
in a DCS-1800

- 2 handset applica-
iy tion. The refer-
16me ence-input signal
» s is applied to the

circuit at FRE-
Fix and is termi-
nated in 50 ) . In
a GSM or DCS-
1800 system, the
frequency of this
reference input is
typically 13 MHz.
To achieve a

4. This graph shows the phase-noise performance of the

circuit in Fig. 3.

channel spacing of
200 kHz (the
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DCS-1800 standard), the ref-
erence input must be divided
by 65 using the ADF4112’s
on-chip reference divider.
The ADF4112 is capable
of reaching 2.8 GHz. In this
integer-N synthesizer, N
can be programmed from 56
to 262,000 in discrete integer
steps. In the case of the

FREF —

By

grammed to monitor the

lock-detect (L.D) signal, and
can be used to initiate the
power ramp sequence.

The ADF4112 uses a sim-

ple four-wire serial interface
to communicate with the sys-
tem controller. The refer-
ence counter, N counter, as
well as various other on-chip

® : lout
handset transmitter, which

Il
ll II

functions are programmed
through this interface.

requires an output range of
1710 to 1785 MHz, and
where the internal reference
frequency is 200 kHz, the de-
sired N values range from 8550 to
8925.

The charge-pump output of the
ADF4112 (pin 2) drives the loop fil-
ter. When calculating the loop-filter
component values, a designer must
consider a number of items. In this
example, the loop filter is designed so
that the overall phase margin for the
system is 45 deg. Other PLL system
specifications include the following
items: Kd (the charge-pump current
of the ADF4112) = 5 mA; Kv (the
sensitivity of the MQES24-1747) = 50
MHz/V; a loop bandwidth of 12 kHz;
a reference frequency (FREF) of 200
kHz; N = 8700 (midrange value), and
an extra reference-spur attenuation
of 10 dB. All of these specifications

6. This graph shows the output current pulses from the
PFD charge pump.

were used to calculate the loop-filter
component values shown in Fig. 3.

The loop-filter output drives the
VCO. The VCO output is fed back to
the RF input of the PLL synthesizer
and also drives the RF output termi-
nal. A T-circuit configuration using
18-Q) resistors provides 50-Q2 match-
ing impedance at the VCO output,
RF output, and RFyy terminal of the
ADF4112.

In a PLL system, it is important to
know when the system is locked. In
Fig. 3, this is accomplished by using
the ADF4112’s MUXOUT signal.
The MUXOUT pin can be pro-
grammed to monitor various internal
signals in the synthesizer. For exam-
ple, the MUXOUT can be pro-

In Fig. 3, the output VCO
is the MQE524-1747 from
Murata Electronics
(Smyrna, GA). This device was
specifically chosen for the transmit-
ter section due to its high output-
power level. It runs from a supply of
+3.8 VDC and delivers a typical out-
put level of +10 dBm. For newer de-
signs that might require a lower op-
erating voltage, the MQEIPE-1747
is recommended. It runs from a sup-
ply voltage of +2.75 VDC and deliv-
ers a typical output-power level of
+7.5 dBm. Note that the sensitivity
of the MQEIPE-1747 is 70 MHz/V,
compared to 50 MHz/V for the
MQE524-1747. The designer must
take this into account when calculat-
ing the loop-filter components.

Figure 4 illustrates the phase-
noise plot for Fig. 3. The frequency

¥oirr FREF,,
Ve(3V)
100 pF 51
180 18(: 100 pF
e

Vppf3V)  Veav)
Q

1000 pF
1| 20 zlts

1000 pF

Vool Vo Vo1 %2
CPNF

MUXOUT f——f LOEK

SPI Compatible Serial Bus

been omitted from the diagram 1o aid clarity.

Decoupling Capacitors on Vg, 1. Vo2 Vol and V2 of the ADF4212
and on the positive supply of the MQES21-2330 and MQOE744-2338 have

7. This schematic demonstrates how the ADF4212 can be used as part of the LO for a WCDMA receiver.
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and phase noise

were measured

10dB per division

over a b-kHz

span. As already

R, = OdBm

stated, the refer-

Vaye = 67

ence frequency
used was FREF =

Span = 1.00MHz

200 kHz and the

\ RBW = 3.0kHz

output frequency /

was 1747 MHz

VBW = 3 .0kHz
\ul

(N=8735). If this o

SWP = 280
MM ms

were an ideal

MEKR = -84.67dB, 200kHz

ABBKN Zaexn: 174

PLL synthesizer,
a single discrete

Tl 200KN:  40UKMz

tone would be dis-
played along with
the spectrum ana-
lyzer’s noise floor. But the real-world
circuit exhibits the tone and the
phase noise generated by the PLL
components. The loop-filter values
were chosen to provide a loop band-
width of approximately 12 kHz. The
flat part of the phase noise for fre-
quency offsets less than the loop
bandwidth is actually the phase noise
generated by the synthesizer. It is
specified at a 1-kHz offset. The value
measured was -86.30 dB¢/Hz. This is
the phase-noise power in a 1-Hz
bandwidth. The authors arrived at
this figure by considering the follow-
ing factors:

1. The spectrum-analyzer marker
shows the relative power in dBe be-
tween the carrier and the sideband
noise at 1-kHz offset.

2. The spectrum analyzer displays
the power for a certain resolution
bandwidth (RBW). In the plot, a 10-
Hz RBW is used. To represent this

power in a 1-Hz bandwidth, 10 log

9. This graph shows the reference-spur performance for
the circuit in Fig. 7.

(RBW) must be subtracted from the
value in item 1.

3. It is necessary to add a correc-
tion factor that takes into account the
implementation of the RBW, the log-
display mode, and detector charac-
teristic of the spectrum analyzer.

Phase-noise measurement with
spectrum analyzers such as the HP
8561E from Hewlett-Packard Co.
(Palo Alto, CA) can be made quickly
by using the marker-noise function,
MKR NOISE. This function takes
into account the previously men-
tioned three factors and displays the
phase noise in dBe/Hz.

The phase-noise measurement
mentioned previously is the total
output phase noise at the VCO out-
put. To estimate the contribution of
the PLL device (noise due to phase
detector, R&N dividers and the
phase-detector gain constant), divide
the result by N2 (or subtract 20 logN
from the above result). This provides

a phase-noise floor of

TR, | VPO TP
T Lot A U O
J

coEme i i3 +imm:

[-86.30 — 20 log(8735)]
=-1656.1 dBe/Hz.

g In an integer-N
< 2 PLL (where the out-
g put frequency is an in-
frew - fuus teger multiple of the
reference input), ref-
erence spurs are

caused by the fact
that there is continu-
ous update of the
charge-pump output
at the reference-fre-
quency rate (Fig. 5).
Consider the basic

8. This graph shows the phase-noise performance

for the circuit in Fig. 7.

model for the PLIL.
When the PLL is in
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lock, the phase and frequency inputs
to the PFD (Frgr and Fy) are essen-
tially equal. In theory, one would ex-
pect that there would be no output
from the PFD in this case. In effect,
the loop would be broken and the
output could drift. To prevent this,
the PFD is designed so that in the
locked condition, the current pulses
from the charge pump are equal in
magnitude and duration (Fig. 6). Any
difference in up and down duration
will provide charge to the loop filter
at the reference rate, thus causing
ripple on the VCO control input,
which, in turn, causes ouput spurs.

It is possible to detect reference
spurs using a spectrum analyzer sim-
ply by increasing the span to greater
than twice the reference frequency
(Fig. 5). In this case, the reference
frequency is 200 kHz, and the dia-
gram shows that reference spurs at
+200 kHz from the center frequency
output are -83 dBe.

Figure 7 shows the circuit for the
LO section of a WCDMA receiver. In
this design, the system power supply
is +3 VDC. The total power typically
consumed by the VCOs and the syn-
thesizer is estimated to be 70 mW (45
mW by the VCOs and 25 mW by the
synthesizer). There are two down-
conversion stages. The first stage
takes the signal in the 2070-to-2130-
MHz band and converts it down to
230 MHz. This is then further trans-
lated to the baseband by the
MQE744-233B VCO.

Figure 8 shows that the phase
noise is —78.86 dBc/Hz at an offset of
1 kHz. Working back to calculate the
synthesizer noise based on this value,
the result is -161 dBe/Hz. It is inter-
esting to note that this is several
decibels away from the —~165-dBe/Hz
value resulting from the DCS-1800
design (Fig. 3). This is because the
circuit in Fig. 7 is a full +3-VDC de-
sign. The output levels from the
VCOs are typically 0 dBm, compared
to +10 dBm from the VCO in Fig. 3.
The first reference spurs (200 kHz)
are below -82 dBe, and the second
reference spurs (400 kHz) are below
-90 dBe (Fig. 9).

Many of the wireless applications
for synthesizers and VCOs in PLLs
are narrowband in nature. These in-
clude the various wireless standards

1k VT 1009 1y, 18-
- ee j
AD820 V.Tune YT "“I
M3500-2235 .
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@
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Voo Ve
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SPI Compatible Serial Bus

U

Decoupling Capacitors on AV oo, OV, Vi of the ADFA112. on Vee of the ADEZD
and on V. of the MIS00-2250 have been omitted from the diagram 1o aid clarity.

10. This schematic demonstrates how the ADF4113 can be used ina

wideband LO.

such as GSM, DCS-1800, CDMA, and
WCDMA. In each of these cases, the
total tuning range for the LO is ap-
proximately 100 MHz. However,
there are also wideband applications
where the LO could have up to an oc-
tave of tuning range. For example,
cable-TV (CATYV) tuners have a total
range of approximately 400 MHz,
Figure 10 shows a wideband-LO ap-

THE SYNTHESIZERS
ARE SEGREGATED INTO
TWO FAMILIES—THE
ADF4110 AND ADF4210.
THE MAIN DIFFERENCE IS

THAT THE ADF4110 FAMILY
HAS A COMPLEMENTARY RF
INPUT, WHILE THE ADF4210
FAMILY HAS AN RF INPUT
AND AN IF INPUT.

plication that uses the ADF4113 (3.8-
GHz bandwidth) to control and pro-
gram the Micronetics M3500-2235.

The loop filter was designed to
have an RF output frequency of 2900
MHz, a loop bandwidth of 100 kHz, a
PFD frequency of 1 MHz, an ICP of 5
mA, and a VCO KD of 90 MHz/V
(which is the sensitivity of the
M3500-2235 at 2900 MHz).

In narrowband applications, there

is generally a small variation in out-
put frequency (generally less than 10
percent) and also a small variation in
VCO sensitivity over the range (typ-
ically 10 to 15 percent). However, in
wideband applications, both of these
parameters have a much-greater
variation. Figure 10, for example,
shows —-25- and +17-percent variation
in the RF output from the nominal
2.9 GHz. The sensitivity of the VCO
can vary from 120 MHz/V at 2750
MHz to 756 MHz/V at 3400 MHz (+33
percent, -17 percent). Variations in
these parameters will vary the loop
bandwidth. This, in turn, can affect
stability and lock time. By changing
the programmable I¢p, it is possible
to compensate for these varying loop
conditions and ensure that the loop is
always operating close to optimal
conditions. The circuit shown in Fig.
10 was verified over the frequency
range of 2200 to 3400 MHz, and main-
tained lock under these conditions.
This new generation of integer-N
PLL synthesizer provides low-noise
performance for wireless applica-
tions without the large power con-
sumption associated with frequency
synthesizers. Analog Devices, Inc.,
One Technology Way, Norwood,
MA 02062-9106; (800) 262-5643,
Internet: http:/www. analog.com.
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Cast Components

*Fast

stock items in
under 3 days

eEconomical
just try us

*High Spec.
satisfied
customers
& 1509001
accredition
speaks for itself

To find out about
our large range of
components in
2.5 - 40 GHz just
contact:

@ Micro Metalsmiths

Phone 913 438 1600
Fax 913 438 1601

MICRO METALSMITHS LTD.

CIRCLE 582

SYSCGaIC 4 1 vivions vs0snTs
HIGH-LEVEL SYSTEM DESIGN

= New AGC block provides
dynamic power control
capability.

= New component parameters
include 1 dB compression point,
2nd order intercept point,
tolerance and temperature
coefficients.

» Specialized reports (standard,
linearity, graph, yield and link-
budget) can be attached to any
system page.

« SNR/BER support added for
PAM/ QAM signaling.

« User interface can be cus-
tomized on any system page.

< Build library models for
frequently used components.

Arden Technologies, Inc.

PO Box 286 e Forest, VA 24551
Sales: 804/525-6837 or 888/535-6837 (US only)

Fax: 804/525-5376 * E-mail: sales@ardentech.com
FREE fully functional demos at http://www.ardentech.com

ARDEN TECHNOLOGIES CIRCLE 555

DDS BASED SYNTHESIZERS

DDSPLO-150-01

Frequency Range: 75-150 MHz

Step Size: I Hz

Reference: 5To 20 MHz

Output Power Upto 12 dBm

Harmonics: -15dBc Typical

Spurious: <-60dBc Typical

Phase Noise: -95 dBe/Hz @ 10 KHz
-120 dBe/Hz @ 100 KHz

DC Power: +12V @ 250mA Typical

Temperature: -30To+70C

Size: 357x2.57x.607

EM RESEARCH, INC.
2465 HIGHWAY 40, PO BOX 1247,
VERDI NEVADA 89439

Phone : 775-345-2411  Fax: 775-345-1030  www.emrescarch.com

EM RESEARCH, INC. CIRCLE 558

40MHz TO 18GHz
HIGH ISOLATION, RADIAL
SP6T & SPTT, PIN DIODE SWITCHES

® HIGH ISOLATION

® ULTRA-BROADBAND
® LOW INSERTION LOSS
® LOW PROFILE RADIAL DESIGN

AMC MODEL Nos:
SWN-1170-6DT-00418 & SWN-1170-7DT-00418

SPECIFICATIONS:
. FREQUENCY RANGE 0.04 TO 15.0 GHz Wi
40 e TO 1.8 Gt mum
. INSERTION LOSS 4.0 dB Max (msoRPTIVE)
(0,548 LESS LSS FOR REFLECTIVE MODELS)
. ISOLATION 65 dB M. Osam TYPICAL)
VSWR : 2o

*  SWITCHING SPEED < 25 05 RISE/FALL max

<250 nS ON/OFF max.

*  CONTROL

*  DCPOWER SUPPLY .

. SIZE : 125" (@meter X 070 (height)
*  WEIGHT <3bor

“In Pursui of Ercellance Through Engineering”
AMERICAN MICROWAVE CORPORATION

OTHER MODELS AVAILAELE FROM SFST TO SP16T, BOTH ABSORFTIVE AND REFLECTIVE.
7311-G GROVE ROAD
FREDERICK, MD 21704

TEL: 301-662-4700, FAX: 301-662-4938

AMERICAN MICROWAVE CORP.  CIRCLE 551

Personal
Probe
Station

Very Low Cost
High Function

A compact full featured, modestly priced, manually operated probe station
developed for engineers and scientists
Measure Microwave, RF and DC parameters of Semiconductor Devices,
Packages and Assemblies with NIST traceability .

* BenchtopSize(<1Ht?) ® Vacuum chuck ® X-Y-@ stage o
* X-Y-Z probe positioners ®Top Plate Z-lift #Vacuum Accessory Manifolde
 7X-40X Stereo Zoom Microscope  Adjustable Halogen llluminator o
*Vacuum Accessories ® Compatible with 40GHz+ probes &
 Accessories for Thermal Chucks and Probe Cards

«Test walers, microstrip packages and surface mount componentse®

o microTechnology
3744 NW Bluegrass Pl
Portland, OR 97229
(503) 614-9509
(503) 531.9325 [FAX]

www.jmicrotechnology.com

A Probe Station On Every Bench
J MICROTECHNOLOGY CIRCLE 578
MICROWAVES & RF - OCTOBER 1999

echnology

(5 Signal Generator,

: A lation
-Syntheslzu 7 1BHz:|npslu -
* Max 0 dbm output, +13 dbm optional
* 130 db solid state attenuator

* Reverse power protection
* 1 ppm Time Base, 0.1 ppm optional

* Level flatness of £ 0.5 db

* RS-232 interface option

Ramsey Electronics, Inc.
793 Canning Pkwy Victor, NY 14564

Tel: 716-924-4560 Fax: 716-924-4886 . _‘

email: RFtest@Ramseyelectronics.com ﬁﬁ

www.RamseyElectronics.com ¢
RAMSEY ELECTRONICS CIRCLE 571
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-~ DAMASKOS, INC.

CALL
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6-12 GHZ Voltage Controlled Attenuator

Descr B
UMCC's Model AT-O000-HV is a solid state voltage variable attenuator. Attenuator is
equipped with & high speed linearizer driver with attenuation been set as a linear function of
the  controlling voltage (Attenuation = Attenuation Slope x Control Voltage). ~Standard
Attenuation slope is 10dB/vott, different (positive/negative), with/ without offset can be
offered as an option. Unit is equipped with dual supply regulators and temperature
compensation circuitry to guarantee performance independent from supply voltage
i or any temperature extremes. Option with D/A converter is available for
compiete digital controlling interface. Unit measures 1.6" x 2.0 x 0.5" n size
Key Specifications:

2.2 dB (0 dB Reference)
60dBc from Reference
1.5:1 Max

sInsertion Loss:

+Attenuation Range:

/SWR (All Settings):

«Attenuation Frequency Flatness:
0-15dB @ 10.25dB Max
16-30dB @ +0.75 dB Max

«Transfer Function (Monotonically Increasing):

«Transfer Function Accuracy:
0-09dB @ £0.1 dBMax
1-30 dB @ 205 dB Max

«Switching Speed (Rise/Fall 0dB ) 60dB):

+Operating RF Power:

*Power Supply:

31-50dB @ =1.60 dB Max
50-60dB @ +2.00 dB Max
10 dB /Volt, 0-6 Volts

31-50d8 @ +1.0 dB Max
51-60d8 @ =1.5dB Max
150 nS Max (100nS Typ)
100 mW CW/Peak

+1210 +15 VDC @ 100 mA
12 10-15 VDG @ 50 mA

Tel: (703) 642-6332

Universal Microwave Components Corp.
Fax: (703) 642-2568

5702-D General Washington Drive I ] [
E-Mail: UMCC111@ AOL.Com

Alexandria, Virginia 22312
Web Site: http://members.aol.com/UMCC111
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Aviel Electronics will manufacture standard,
custom and difficult-to-locate coaxial connectors
conforming to MIL-C-39012 and MIL-STD-348
specifications. Connector sizes range from
sub-miniature to type “L” as well as Nano-Hex,
SMA, SMB, TNC, MCX, MMCX and 7/16 con-
nectors; as well as non-standard configurations
required for specific applications. Specials are
quoted with a typical delivery of 6-8 weeks with
little or no non-recurring charges.

AVIEL ELECTRONICS
@ 5530 South Valley View Ste. 103

Las Vegas, Nevada 89118
Tel: 702-739-8155

Fax: 702-739-8161
http//www.engineers.com/
aviel/lhome.htm

DAMASKOS, INC. CIRCLE 574 | UNIVERSAL MICROWAVE CIRCLE 575 | AVIEL ELECTRONICS CIRCLE 559
1 Amplifiers, Up/Down Converters & ™
Frequency Multipliers
FII r Hz We don’t have the “overhead” they do! J'\
We have the talent!
. So Why Should You Pay More? Design Soﬁware
* Waveguide Amplifiers (1 to 10 piece order) -
® Stripline/Microstrip P ' :

® Transmission Line
® Miniature/Subminiature
® Lumped Constant.

For more information, ask for
our RF Catalog.

NT

MICROWAVE FILTER COMPANY
6743 KINNE STREET, E. SYRACUSE, NY 13057
315-438-4700 * 800-448-1666 * FAX: 315-463-1467
E-MAIL: mfcsales@microwavefilter.com
http:/lwww.microwavefilter.com

MICROWAVE FILTER COMPANY  CIRCLE 553

SWS4-060-180-25-15P-S = 06.0-18.0 GHz,
30dB gain, 2.5 FdB Nf, 15 P-1dB, =1.50 dB flat,
2.0 VSWR /O 220mA @ 12VDC $625.00

SWS4-180-265-40-14P-S = 18.0 -26.5 GHz, 28
dB gain, 4.0 FdB Nf, 14 P-1dB, £1.50 dB flat, 2,0
VSWR 1/0 260mA @ 12VDC $700.00

SWS4-260-400-60-13P-K = 26.0-40.0 GHz,
26dB gain, 6.0 FdB Nf, 13 P-1dB, £2.50 dB flat
2.2VSWR /O, 260 mA @ 12VDC  $925.00

SIERRA WIRELESS SYSTEMS
Please visit: www.swsystems.net
Ph: 530-676-2090 Fax: 530-676-2091

SIERRA WIRELESS SYSTEMS CIRCLE 554

alpp . from

e

* Capacitor Selection Guide
* Export S-Parameters

¢Display performance data
for Quick Design

Download today at

AMERICAN TECHNICAL CERAMICS  CIRCLE 572

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).

For more information or to advertise call

Joanne Reppas (201) 666-6698.

WAVEGUIDE

AND

Coax COMPONENTS
MCS produces a  Specializing in

complete line of o piplexers
waveguide devices o Eilters
for the commercial

and military mar- * Rower

kets. Complete Combiners
systems and e Couplers
installation is ¢ Terminations
ﬁ'ggalwg e Attenuators
Tel. 508-480-0106  © 1ransitions
Fax 508-481-5927 ~ © Custom
g-mail: designs

MCS5000@A0L.com *© Fast delivery

MICROWAVE COMP. & SYSTEMS CIRCLE 583
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S

Type A Type B
Type| Metallization Attributes
A Top: TW/Au Safety Margin around
Bottom: TIW / Pt/ Au | Top Electrodes
B | Top: TW/Au Safety Margin around
Bottom: TiW / Au Both Electrodes
C |Top: TW/Pt/Au Solderable with
Bottom: TIW / Pt/ Au Sn60, 62, 63
High Quality Applicati C cial Appl

Perfect for Pick and Place Machines

IcECDi

2672 Bayshore Parkway, Ste. 702, Mtn. View, CA 94043
Tel: 650-967-2828 Fax: 650-967-8428
1-800-TECDIA-1
e-mail: tecdia@mindspring.com
www.tecdia.com

TECDIA, INC. CIRCLE 552
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Atlantic Coast Instruments, Inc.
e
 ciconcseaunE |

PRE-OWNED
Name Brand Manufacturers!

QUICK

AFFORDABLE
v DELIVERY

QUALITY
PRICES v

INSTRUMENTS _

Thousands of RF/Microwave,
Telecom Test Instruments and
Test Hardware Available

Call Toll Free: 1-800-251-0706
SALES e RENTALS

P.O. Box 1851 « Point Pleasant Beach, NJ 08742
Tel: 1-800-251-0706 « Fax:732-714-7105

ATLANTIC COAST INSTRUMENTS

CIRCLE 560 |

' IMPEDANCE CONVERTERS

Model A65 Series uses a specially

designed and tuned broadband |

| transformer for converting 50/75 ohms, |
75/93 ohms, 50/93 ohms with |
negligible loss (.5 dB max for the
1-1000 MHz version).

Available with a number of connector
configurations.

circdit Board. 06mponent
Shielding and RF Cans

* Hundreds of standard e Superior shock &
sizes & configurations  vibration resistance

* Removable covers * Rugged design

* No tooling or * Leader Tech
artwork charges quality & service

14100 McCormick Dr
Tampa, FL 33626
(813) 855-6921

FAX (813) 855-3291

CIRCLE 561

LERADER
TECI-I"K‘

LEADER-TECH

WIDE BAND ENGINEERING CO., INC.
P.O. Box 21652, Phoenix, AZ 85036
PHONE/FAX (602) 254-1570
http://www.wbecoinc.com

WIDE BAND ENGINEERING CIRCLE 570 |

0.5 TO 26.5 GHz
SIGNAL GENERATORS

Seven compact,
programmable
models cover

0.5 to 26.5 GHz
with 1 MHz

resolution.

Prices start at

$3,750

April Instrument
Sunnyvale, CA
Web site:
http://www.aprilinstrument.com
Tel: (650) 964-8379 » Fax: (650) 965-3711

APRIL INSTRUMENTS CIRCLE 550

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.

; 3 —

i
-

i B

500 SOUTHLAKE BLVD
RICHMOND, VA 23236 USA
804-794-2500

OF VIRGINIA INCORPORATED FAX: 804-794-8284
Web site: www.AVCOMofVA.com

AVCOM OF VIRGINIA, INC. CIRCLE 557 |
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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 seen in this
issue or visit the manufacturers
links for direct access to all
Microwaves & RF advertisers.

Microwaves
|.'

74 enton

611 Rte. 46 West,
Hasbrouck Heights, NJ 07604
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DAC boasts
speed and accuracy

The model SPT5510 digital-to-ana-
log converter (DAC) has a resolution
of 16 b and a conversion rate of 200
MSamples/s. Its settling time is 35 ns
to 16-b accuracy (0.00076 percent)
and 165 ns to 14-b accuracy (0.0031
percent). Its linearity is typically bet-
ter than 1 least-significant bit (LL.SB)
and it has a low-glitch impulse ener-
gy of 30 pV-s. The DAC is ideal for
test and measurement instrumenta-
tion, disk-drive test systems,
advanced arbitrary-waveform-gen-
eration systems, and RF communica-
tions. It operates from —40 to +85°C
and is available in a 44-lead metric
quad flat pack (MQFP). Signal Pro-
cessing Technologies, Inc., 4755
Forge Rd., Colorado Springs,
CO 80907; (719) 528-2300, FAX:
(719) 528-2370, Internet: http:/
www, spt.com.

CIRCLE NO. 63 or visit www.mwrf.com

Digital attenuators
pad cellular systems

The model AA103-72 and model
AA104-73 are gallium-arsenide
(GaAs) 1-b digital attenuators for use
in wireless-data and cellular-radio
applications. Model AA103-72 covers
0.1 to 2.0 GHz with a typical attenua-
tion of 10 dB. Its insertion loss typi-
cally ranges from 1.0 to 1.5 dB and its
output third-order intercept point
(IP3)is typically +45 dBm. The model
AA104-73 operates from DC to 2
GHz with a typical attenuation of 32
dB. Its insertion loss typically ranges
from 0.8 to 1.2 dB and its IP3 is typi-
cally 45 dB. Alpha Industries, 20
Sylvan Rd., Woburn, MA 01801;
(781) 935-5150, FAX: (617) 824-
4564, Internet: http:/www.alpha
ind.com.

CIRCLE NO. 64 or visit www.mwrf.com

Transmitter and receiver
serve ISM band

Models RF2908 and RF2909 are
spread-spectrum receiver and trans-
mitter integrated circuits (ICs),
respectively, designed specifically
for the industrial-scientific-medical
(ISM) band between 902 and 928
MHz. The RF2908 includes a direct-
conversion receiver, quadrature
demodulator, dual intermediate-fre-

quency (IF) amplifiers, and an on-
chip programmable 86-channel
phase-locked-loop (PLL) synthesiz-
er. It is available in a 48-lead, plastic
LQFP package. The RF2909 trans-
mitter has analog and digital power-
control modes. In the digital mode,
the output can be set to one of three
power levels—1, 10, or 70 mW. In the
analog mode, the output can be

adjusted to any level between 1 and
80 mW. The RF2909’s internally
biased quadrature inputs have differ-
ential inputs (a blocking capacitor is
required if DC levels are present).
RF Micro Devices, 7625 Thorn-
dike Rd., Greensboro, NC
27409-9421; (336) 664-1233, In-
ternet: http://www. rfmd.com.
CIRCLE NO. 65 or visit www.mwrf.com

c?
FUJITSU

BASE STATION

FOR YOUR W-CDMA AND BASE STATION APPLICATIONS

SOI.U'I'IONS

FLL400IP-3

Freq. (GHz)=2.2
P1dB (dBm)=45.5
G1dB (dB)=9.0

x\“*,\\

P1dB (dBm)=48.0
G1dB (dB)=10.0

M“FLL120MK .
B Froq. (GHz)=2.2 |
| P1dB(dBm)=40.0 |
G1dB (dB)=10.0 |

Freq. (GHz)=2.2
Pout (dBm)=51.8 |
G1dB (dB)=11.0

FUJITSU COMPOUND SEMICONDUCTOR, INC. 2355 ZANKER RD., SAN JOSE, CA 95131
(408) 232-9500 FAX: (408) 4289111

www.fesi.fujitsu.com

CIRCLE NO. 443 or visit www.mwrf.com
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* Find the solutims; at

WI rﬂlﬂss Symposium
Portable by Design

February 21-25, 2000
San Jose Convention Center

www.WirelessPortable.com

Mark Your Calendar
Send Today For More Information

name title
company
address
city state zip
phone fax
email
Wireless & Portable Shows, Penton Media, Inc., 611 Route 46 West, Hasbrouck Heights, NJ 07604
Phone: 888-947-3734 Fax: 201-393-6297 Instant Fax Back: 800-561-SHOW
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Amplifier covers
cellular band
Model HPA8689-8-2K power amplifi-
er (PA) covers the entire cellular
transmit band of 869 to 894 MHz with
an average total power of 8 W. The
amplifier is designed to boost three
code-division-multiple-access
(CDMA) carriers. It has a gain of 48
+1 dB and a gain flatness of 1 dB
peak-to-peak or 0.07 dB/1.23 MHz.
Input/output (I/0) VSWR is 2.0:1. Tt
operates on a power-supply voltage
of +25 to +30 VDC and draws a nomi-
nal 5.6 A of current at +26 VDC.
Baseplate operating temperature
range is 0 to +65°C. The amplifier pro-
vides circulator protection for trans-
mission into any load mismatch, and a
transistor-transistor-logic (T'TL) out-
put for major fault status. It is housed
ina9.55 X 11.60 x 1.12-in. (24.257 X
29.464 X 2.8448-cm) aluminum (Al)
package. Applications include single-
channel repeaters, microcells, tower
tops, as well as CDMA 2000. MPD
Technologies, Inc., 49 Wireless
Blvd., Hauppauge, NY 11788-3935;
(516) 231-1400, FAX: (516) 231-
8081, Intermet: http://www.
mpd.com.

CIRCLE NO. 66 or visit www.mwrf.com

Harmonic filter passes
C-band frequencies
The model 12086 harmonic filter pass-
es the C-band receive frequencies of
3.7 to 4.2 GHz with a maximum inser-
tion loss of 0.1 dB. The filter provides
a VSWR of 1.1:1 across the entire
passband, and offers a minimum of 50-
dB rejection of the uplink frequencies
spanning 5.9 and 6.4 GHz. WR-229G
flanges are standard, but other con-
nectors are available. Microwave
Filter Co., Inc., 6743 Kinne St.,
East Syracuse, NY 13057; (315)
438-4700, FAX: (315) 463-1467,
Internet: http:/www.microwave-
filter.com.

CIRCLE NO. 67 or visit www.mwrf.com

Opamp optimized

for high gain

The model OPA685 is a high-speed,
current-feedback operational amplifi-
er optimized for medium to high-gain
use in wireless communications, cable
modems, as well as high-resolution
video-graphics applications. At a gain

of 10, it can operate at frequencies to
400 MHz. At a gain of 2, it can operate
at frequencies to 900 MHz. At a gain
of 8, it has a slew rate of 4200 V/ps. Its
typical input noise voltage is 1.7
nV//Hz and its third-order intercept
point (IP3) is greater than +40 dBm.
The amplifier draws 12.6-mA current
from a =5-VDC power supply, and
can also operate on +5 VDC. Using
the optional disable control pin, its
power requirements can be further
reduced to less than 200 pA. Burr-
Brown Corp., 6730 S. Tucson
Blvd., Tucson, AZ 11400; (520)
746-1111, FAX: (520) 746-7401,
Internet: http://www.burr-bro
WIL.COMm.

CIRCLE NO. 68 or visit www.mwrf.com

Micro-miniature crystal

fits portable devices

The model FD micro-miniature, low-
profile, surface-mount-device (SMD)
crystal offers a maximum height of
1.1 mm, making it ideal for use in
notebook computers, pocket local-
area-network (LAN) adapters, Per-
sonal Computer Memory Card Inter-
national Association (PCMCIA)
devices, disk drives, as well as other
applications where space is at a pre-
mium. The crystal measures 7.6 X 5.0
% 1.1 mm and supports a frequency
range spanning 9.8 to 150 MHz. Its
frequency tolerance is =50 PPM and
its frequency stability is +50 PPM
over a temperature range of —10 to
+60°C. Tighter frequency tolerances
and stabilities are available. Fox
Electronics, 5570 Enterprise
Pkwy., Fort Meyers, FL 33905;
(888) 438-2369, FAX: (941) 693-
1554, Internet: http:/www.fox-
online.com.

CIRCLE NO. 69 or visit www.mwrf.com

PIN-diode switch

operates to 6 GHz

The model ES0101 single-pole, dou-
ble-throw (SPDT), positive-intrinsic-
negative (PIN)-diode switch operates
at frequencies from 5 to 6 GHz with
an average power dissipation of 36 W
and a peak power dissipation of 7kW.
Insertion loss is less than 1 dB and
VSWR is 1.5:1. The diode provides
more than 40-dB isolation and offers a
switching speed of 3 ps. The switch
operates on +5 VDC at 400 mA or

-150 VDC at 5 mA. Enon
Microwave, Inc., 422A Boston St.,
Topsfield, MA 01983; (908) 887-
8234, FAX: (908) 887-2341, Inter-
net: http:/www.enonmicrowave.
com

CIRCLE NO. 70 or visit www.mwrf.com

SPDT switch
covers DC to 2 GHz
The model 18-9220 gallium-arsenide
(GaAs), single-pole, double-throw
(SPDT) switch covers frequencies
from DC to 2 GHz with a typical
insertion loss of 1 dB at 1 GHz and 1.4
dB at 2 GHz. The switch’s VSWR is
1.2:1 at 1 GHz and 1.3:1 at 2 GHz. Iso-
lation range is from 26 to 35 dB at sim-
ilar frequencies. Typical input power
for this unit is 36 dB at 1-dB com-
pression. It offers a nominal
impedance of 50 () while drawing 200
pA from a +5-VDC power supply.
The switch is housed in an SOIC-8
surface-mount package (SMP) and
operates over a temperature range
spanning -35 to +85°C. Signal Tech-
nology Corp., Olektron Operation,
28 Tozer Rd., Beverly, MA 01915;
(978) 524-7444, FAX: (978) 927-
9328, Internet: http://www.sig
tech.com.
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High-power couplers
cover CDMA band
Two high-power, surface-mount, 90-
deg. hybrid couplers operate across
the 2.0-to-2.2-GHz code-division-mul-
tiple-access (CDMA) cellular band.
The couplers present an insertion loss
of less than 0.2 dB and feature a
phase balance of +2 deg. The model
S03A2150N1 coupler handles 100 W
with a VSWR of less than 1.15:1. It
offers an amplitude balance of +0.1
dB and an isolation of greater than 22
dB. The model S03B2150N2 coupler
handles 200 W with a VSWR of less
than 1.25:1. It provides an amplitude
balance of +0.2 dB and an isolation of
greater than 20 dB. Applications for
these wideband, hybrid couplers
include CDMA amplification and dis-
tribution. RF Power Components,
Inec., 125 Wilbur Pl., Bohemia, NY
11716-2482; (516) 563-5050, FAX:
(516) 563-4747, Internet: http:/
www.rf-power.com.
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Diplexer screens
GPS band

The model 800020 diplexer covers
the Global Positioning System (GPS)
satellite band with 0.7-dB loss at the
L1 and L2 passbands. Its channel-to-
channel isolation is 30 dB. The diplex-
er is housed in a 1.0 X 0.5 X 0.4-in.

(2.564 x 1.27 x 1.02-cm) surface- :

mount package (SMP) that will sur-
vive an Sn62 reflow environment.
Location of the miniature input and
output pads can be specified at the
time of purchase to accommodate
many board configurations. Bree
Engineering, 1296 Linda Vista
Dr., San Marcos, CA 92069; (760)
510-4950, FAX: (760) 510-4959,
Internet: http://www.breeeng.
com.
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Panel antennas
cover 800/900 MHz

A line of directional panel antennas
is designed for 800-t0-900-MHz appli-
cations. The line consists of four mod-
els. Model MP80G6PT covers fre-
quencies from 806 to 866 MHz. Model
MP8246PT spans frequencies from
824 to 896 MHz. Model MP8906PT
covers frequencies from 890 to 945
MHz. And model MP8068 covers fre-
quencies from 806 to 960 MHz. The
first three models mentioned provide
6-dB gain, 70-deg. horizontal
beamwidth, and 60-deg. vertical
beamwidth. Model MP8068 provides
8-dB gain, 35-deg. horizontal
beamwidth, and 65-deg. vertical
beamwidth. All models include a 12-
in. (30.48-cm) RG-58/U pigtail and a
choice of connectors. They are
designed to withstand severe weath-
er conditions, and their 2.25-in.-
(5.715-cm-) deep housing makes them
appropriate for indoor or outdoor
use. Maxrad, Inc., 4350 Chandler
Dr., Hanover Park, IL 60103-
6763; (630) 372-6800, FAX: (630)
472-8077, Internet: http://www.
maxrad.com.,
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RF ICs serve
mobile communications

A new family of radio-frequency
(RF) integrated circuits (ICs)
includes single and dual phase-
locked-loop (PLL) frequency synthe-

NEW PRODUCTS

sizers, a universal RF mixer, a direct !

modulator, and a series of dual-band
low-noise amplifiers (LNAs). The
model PMB2341 single PLL frequen-
cy synthesizer operates at frequen-
cies to 2.5 GHz and delivers phase-
noise performance of -87 dBc¢/Hz at
500-Hz offset from a 900-MHz carri-

er. The model PMB2347 dual PLL
synthesizer generates intermediate |

frequencies (IFs) to 500 MHz and RF
signals to 2.8 GHz with similar per-
formance. The model PMB2335 uni-
versal RF mixer operates at frequen-
cies to 3 GHz. The model PMB2212
direct modulator contains a mixer
and automatic gain control (AGC)
with a dynamic range of 40 dB. The
model PMB2362 dual-band LNA
operates at 900/1800 MHz, and the
model PMB2363 dual-band LNA
operates at 800/1900 MHz. The ICs
are fully compliant with code-divi-
sion-multiple-access (CDMA), time-
division-multiple-access (TDMA),
personal-communications-gservices
(PCS), and Global System for Mobile
Communications (GSM) standards.
Infineon Technologies Corp.,
1730 North First St., San Jose,
CA 95112; (408) 501-6000, Inter-
net: http://www.infineon.com.
CIRCLE NO. 75 or visit www.mwrf.com

Satellite tuner IC
replaces canned tuners

The model MAX2108 integrated-
circuit (IC) tuner for digital satellite
communications directly downcon-
verts L-band signals to baseband in-
phase/quadrature (I/Q) channels. It
eliminates the intermediate-frequen-
cy (IF) local oscillator (LO), IF
mixer, and surface-acoustic-wave
(SAW) filter found in traditional
superheterodyne tuners. The chip
also includes a low-noise amplifier
(LNA) with automatic gain control
(AGC), I/Q downconversion mixers,
A 90-deg. phase shifter, and base-
band buffers. This IC tuner’s input
third-order intercept point (IP3) of
+8 dBm at minimum gain enables its
RF input to be directly connected
through a matching network to the F
connector of a 75-() cable without the
need for a PIN-diode attenuator and
amplifier. The chip operates at tem-
peratures from 0 to +70°C and is
available in a 24-pin quarter-sized

outline package (QSOP). Maxim
Integrated Products, 120 San
Gabriel Dr., Sunnyvale, CA
94086; (408) 737-7600, Internet:
http:/www.maxim-ic.com.
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Tiny VCOs target
WLL systems

Two compact voltage-controlled
oscillators (VCOs) are available for
wireless-local-loop (WLL) systems.
Model MW520 covers frequencies
from 1865 to 2055 MHz, and model
MW521 covers frequencies from 2248
to 2448 MHz. They provide +9 dBm of

. output power and a phase-noise per-

formance of -90 dBe¢/Hz at 10-kHz
offset. These VCOs operate from a
+5-VDC power supply over a tem-
perature range of 40 to +85°C. They
are housed in a 10 X 7.4-mm package
compatible with pick-and-place and
solder-reflow manufacturing meth-
ods. Micronetics Wireless, 26
Hampshire Dr., Hudson, NH
03051; (603) 883-2900, FAX: (603)
882-8987, Internet: http:/www.
micronetics.com.
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Front-end ICs simplify
cable and satellite systems

Two integrated circuits (ICs) sim-
plify cable and satellite systems by
integrating their front-end functions.
The model STV0297 is a single-chip
quadrature-amplitude-modulation
(QAM) demodulator for cable sys-
tems that receive compressed televi-
sion, audio, or data services. It
includes an analog-to-digital convert-
er (ADC) that can handle up to 256
QAM signals in a direct intermedi-
ate-frequency (IF)-sampling archi-
tecture, eliminating the need for an
external downconverter. Model
STV0299 is a multistandard quadra-
ture-phase-shift-keying (QPSK) and
binary-phase-shift-keying (BPSK)
demodulator for use in digital satel-
lite receivers and set-top boxes. ST
Microelectronics, Inc., Lexing-
ton Corporate Center, 10
Maguire Rd., Bldg. 1, Third
Floor, Lexington, MA 02421;
(781) 861-2650, FAX: (781) 861-
8678, Internet: http://www.
st.com.
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PLX 8000 SERIES

Low Noise, Coherent, Phase Locked Multiplier

Crystal oscillators
A 20-page catalog features aline of 50 MHz to 1 GHz

precision quartz-crystal oscillators.
A series of temperature-controlled
crystal oscillators (TCXOs), voltage-
controlled crystal oscillators
(VCXO0s), and oven-controlled crys-
tal oscillators (OCXOs) is featured.
The catalog includes performance
specifications and application infor-
mation. MTI-Milliren Technolo-
gies, Inc.; (978) 465-6064, FAX:
(978) 4,65-6637, Internet: http://
www.mti-milliren.com.

CIRCLE NO. 79 or visit www.mwrf.com NG/ w W ;, ‘_ - . 5 or 10 MHz :
‘ " i  Output Frequency: 50 MHzto 1 GHz.
Cable assemblies & Output Level: +13 dBm minimum
A 32-page catalog presents high- & Operating Temperature: -20°C to +60°C
frequency low-loss cable assemblies ot ) &2 Coherent Spurious;  <-70 dBc
up to 40 GHz, cable assemblies for THE SOURCE SOURCE Phase Noise: @ 630 MHz
i ; i " @ 100 Hz-108 dBc/Hz
1ntercon_nects in land mobile, cellular Techtrol Cyclonetics Inc. © 1 KH2.190 dBoMz
and paging systems, as well as cus-
tom laboratory test kits to meet spe- 815 Market Street A e
- ¥ Lest K1 5P Cumberland, PA 1707 @ 100 KHz-148 dBe/Hz
cific customer applications. Specifica- . 97e 67 Shock & Vibration: 20 G's

tions along with cable and connector -1 ol - Supply Power:  +15VDC
selection guides for RF and mi-
crowave coaxial-cable assemblies are
included. Florida RF Labs; (800)
544-5594, (561) 286-9300, FAX: (561)
283-5286.

CIRCLE NO. 80 or visit www.mwrf.com HIGH-VOLTAGE POWER
DC-to-DC converters PUL S E GENERA TORS

Surface-mount/plug-in transform-

ers and inductors, DC-to-DC con-

verters, and AC-to-DC power sup- Amplitudes to 1000, 2000 & 3000 Volts
plies are covered in a 160-page

catalog. Specifications include input
voltage range, output voltage, output B VO%.TS A
voltage ripple, and maximum output © 200NS/DY |

power. Pricing and ordering informa-
tion are included. PICO Electron-

CIRCLE NO. 471 or visit www.mwrf.com

ics, Inc.; (800) 228-9747, (914) 738- AVRH-1-C AVRH-2-C AVRH-3-C
1400, FAX: (914) 738-8225, e-mail: - 010 1000 Volts - 010 2000 Vots + 0t 3000 Volts
. i (to R > 200 Ohms) (to R = 1000 Ohms) (to R> 1000 Ohms)
HLSC 73A@prodzgy.com, Internet: - < 50 s rise time < BO ns rise time + <100 ns rise time
hitp:/lwww.picoelectronics.com. : SO*BW Pea‘; o e PU -; kw Peal; . g:g“ Pea'; 5 s PW
.. . nsto 5.0 us «200 ns to ‘5“5PW . nsto2.5 us
CIRCLE NO. 81 or visit www.mwrf.com . PRF to 1 kHz . PRF to 1 kHz . PRF to 1 kHz
+ 0.5 % max duty cycle + 0.5 % max duty cycle « 0.25 % max duty cycle
- GPIB option - GPIB option « GPIB option

Switch modules

. . Special order and custom ducts ilable at tock pri -
MatI‘ICBS, multlplexers, power pecial order products available at near stock prices - call us!

Avtech offers six models in our AVRH Series of power pulsers with up to 3000 Vot outputs and

relays, coaxial matrices, and custom rise times from S0 o 100 s For cur e Caislog festring the above models and a wide
selection of lower voltage pulse generators, impulse and monocycle generators, laser diode
modules are the focus of a 12-page drivers, amplifiers, etc., call us or e-mail us today. Visit our Web site for m%ere information. l

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

brochure. General specifications
include power bandpass, insertion e
loss, and isolation/crosstalk. Fea- AVTECH - e
tures, descriptions, and warranty == F
information are provided. Cytec ELECTROSYSTEMS e-mai: info@@avtechpulse. com
Corp.; (800) 346-3117, e-mail:

NANOSECOND U:;ALLOH:S INSTR., WALTHAM CROSS
- . . J : MEISHO CORP, TOKYO
sales@cytec-ate.com, Internet: hitp: WAVEFORM ELECTRONICS PRANGE: K M.P, ELECT, CLAMART

[hwww.cytec-ate.com. SINCE 1975 GERMANY: FOIC, HAMBURG
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Frequency counters

A 96-page catalog describes appli-
cations, features, and specifications
for oscilloscopes, frequency counters,
sweep/function generators, audio-
test products, power meters, digital
LCR meters, and high-definition
television (HDTV). Digital-video-
disk (DVD), mini-disk (MD), com-
pact-dise (CD), and CD-read-only-
memory (CD-ROM) instruments are
also covered, along with digital and
analog power supplies. Quality-
assured probes, accessories, and car-
rying cases developed to meet a spec-
trum of needs are included. Leader
Instruments Corp.; (516) 231-
6900, FAX: (516) 231-5295.

CIRCLE NO. 83 or visit www.mwrf.com

Cable simulators

Filters, coil/inductors, and video
signal-processing equipment are list-
ed in a catalog. Delay-line pulse and
video, cable equalizers, and cable
simulators are also offered. Fara-
day Technology Ltd.; +44 (0)1782
661501, FAX: +44 (0)1782 630101, e-
mail: sales@faradaytech.co.uk, In-
ternet: hitp:/fwww. faradaytech.co.uk.
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Trimmer potentiometers

Trimmer potentiometers are cov-
ered in a 128-page catalog and design
manual. Single-turn and multi-turn
sealed cermet as well as single-turn
open frame cermet types are cov-
ered. The through-hole trimmer cat-
egory includes single-turn sealed
cermet, single-turn carbon element,
single-turn sealed wirewound, and
multi-turn sealed cermet types. A list
of part numbers is included. Selection
guides, cross-reference tables, guide-
lines, and precautions are listed.
Specifications and a glossary of
terms are provided. Tocos; (847)
884-6664, FAX: (847) 884-6665, e-
mail: sales@tocos.com, Internet:
hitp:// www.tocos.com.
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Test and measurement

A 432-page catalog provides solu-
tions for mobile radio, electromag-
netic compatibility (EMC), and gen-
eral-purpose measurements as well
as turnkey test and measurement
systems. Test equipment for sound

NEW LITERATURE

and TV broadcasting is also offered.
Rohde & Schwarz GmbH & Co.
KG; +4989/4129-1765, FAX: +4989/
4129-3208, Internet: hitp://www.rsd.
de.

CIRCLE NO. 86 or visit www.mwrf.com

Power amplifiers

Low-noise broadband amplifiers,
low-noise amplifiers (LNAs), broad-
band power amplifiers (PAs), high-
power amplifiers, broadband gener-
al-purpose amplifiers, general-
purpose amplifiers, microwave and
millimeter-wave active multipliers,
as well as millimeter-wave amplifiers
are featured in a brochure. Electrical
characteristics include frequency
range, noise-figure (NF) range,
bandwidth, and power output at 1-dB
gain-compression point. Quinstar
Technology, Inc.; (310) 320-1111,
FAX: (310) 320-9968, e-mail: sales@
quinstar.com, Internet: http://www.
quinstar. com.

CIRCLE NO. 87 or visit www.mwrf.com

Ground telemetry

A 48-page product-selection guide
offers personal-computer (PC) prod-
ucts and systems, VME products and
systems, a real-time telemetry pro-
cessing system, and rack-mount
products. Deseriptions, features, and
application information are included,
along with an index Aydin Teleme-
try; (215) 4,97-8000, FAX: (215) 968-
3214, (215) 968-4175, e-mail: telemet
ry@aydin.com, Internet: http://
www.aydin. com/ telemetry.

CIRCLE NO. 88 or visit www.mwrf.com

Oscilloscopes/analyzers

New and used test equipment are
offered in a 52-page catalog. Power
supplies, spectrum analyzers, net-
work analyzers, RF signal sources,
and pulse generators are offered.
Logic analyzers, oscilloscopes,
meters, and data-acquisition (DAQ)
equipment are provided. TestE-
quity; (800) 298-3,57, (805) 498-
9933, FAX: (805) 498-3733, e-mail:
sales@testequity.com, Internet:
http:/howw.testequity.com.

CIRCLE NO. 89 or visit www.mwrf.com

Ceramic filters
A series of data sheets overviews
ceramic filters for C-band applica-

tions. Specifications include operat-
ing bandwidth, insertion loss, stop-
band rejection, and VSWR. Product
descriptions and performance data
are included. K&L Microwave,
Ine.; (410) 749-2424, FAX: (410) 749-
5725, e-mail: kisales@klmicrowave.
com, Internet: http://www.klmicro
wave.com.
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Antenna products

Double-ridged waveguide horns, a
standard-gain and octave horn, tuned
dipole, and conical-log spirals are
covered in a 100-page antenna cata-
log. Electrical specifications include
frequency range, maximum continu-
ous power, peak power, and nominal
impedance. Product descriptions,
performance data, and a reference
section are presented. An antenna
uncertainty value table is also pro-
vided. EMC Test Systems, L.P.;
(800) 253-3761, (512) 835-468),
FAX: (512) 835-4729, e-mail: info@
emctest.com, Internet: hitp://www.
emctest.com.
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AFC subsystems

A 32-page catalog overviews auto-
matic-frequency-control (AFC) sub-
systems, automatic-gain-control
(AGC) amplifiers, modulators, and
demodulators. Intermediate-fre-
quency (IF), DC-coupled, and distri-
bution amplifiers; group-delay equal-
ized IF filters; and multifunction
components are also featured. Speci-
fications are included. MITEQ, Inc.;
(516) 436-7400, FAX: (516) 436-9219,
(516) 436-7430, Internet: http:/fuww.
miteq.com.
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Surface-mount devices

A catalog specifies surface-mount
devices, including rectifiers, bridge
rectifiers, ultra-high-frequency
(UHF) diodes, zener diodes, Schot-
tky diodes, switching diodes, transis-
tors, and junction field-effect transis-
tors (FETs). Performance data and
outline drawings are provided. Elec-
tronic Devices, Inc.; (914) 965-
4400, FAX: (914) 965-5531, e-mail:
edi-sales@cwix.com, Internet: hitp://
www.edidiodes.com.

CIRCLE NO. 93 or visit www.mwrf.com

MICROWAVES & RF »« OCTOBER 1999




WIRELESS/PORTABLE 2000

CALL FOR
TAKE THE

SPEAKERS

Portable by Design

PODwAﬂ\ WIrEIess Symposium

February 21-25, 2000
San Jose Convention Center

www.WirelessPortable.com

‘'ou’re invited to take a leadership position at one of the fastest growing forums in design and engineering. Wireless/Portable has been a
xture in Silicon Valley for over eight years, making it the preeminent technical conference for designers and engineers of portable and
vireless products. We're looking for industry professionals to propose a paper or tutorial session for presentation at the 2000 event.

Professional, Appreciative Audience

Wireless Symposium/Portable by Design attracts quality participation
hecause of it's in-depth and timely presentation of current issues facing
the industry. Attendees are Silicon Valley’s wireless and portable pioneers
who need answers to the complex challenges they face due to the
decreasing life-span of products, and the challenges of quickly getting
new products to market.

If you're a wireless or portable, engineering or design professional
and have something to share with the professional community,
you're eligible to submit an abstract for consideration!

How Speakers Are Selected

Every year we survey the industry to identify our audience’s most current
issues. Papers, topics and speakers are then selected by the conference
advisory committee based on content, originality, and timeliness. Once
selected, we work closely with speakers to make sure our sessions are
right on target. We will not duplicate programs given at other shows.
Each presentation must be original, and intended to inform, not sell.

Types of Sessions Offered
Wireless/Portable offers three types of sessions:

Paper Presentation Sessions: These sessions are led by a “session chair”
and usually include 4-5 research papers that focus on a general topic. The

authors make approximately 30-minute presentations based on their papers.

Mini-Tutorial “Expert” Sessions: These sessions are presented by one
expert instructor on a concise topic, a case study, a narrow discipline, or
“tips and tricks”. Sessions are 1 hr. to 1.5 hrs. in length.

Workshop Tutorial Sessions: 1 or 2-day sessions featuring in-depth,
discussions, presented by an expert instructor, and require separate or
VIP registration for attendance.

Conference Tracks

The Wireless/Portable Conference is divided into tracks. Prospective

speakers should indicate the most appropriate track for their paper or topic.

Cellular, Cordiess & PCS Design

Digital Communications Systems
Modulation Techniques

Wireless Data Transmission

Wireless Local Area Networks
Point-to-Point and Base Station Design
High Power Design

Wireless IC Solutions

Automotive Systems

Satellite Systems

Test & Measurement Solutions

Embedded Internet Systems

Keynote Presentation

Software Radio/Advanced Wireless Systems
Portable-System Software Issues

Systems, Buses and Architectural Issues
Batteries, Power Management & Charging Circuits
CPUs and DSPs for Portable Devices

Mobile and RF System Packaging Technologies
Infrared Data Connectivity

Electronics Manufacturing

To Be Considered...

Please submit the following by October 22, 1999:

1. Name, title, company, address, phone/fax, and e-mail address.

2. A short professional biography (50 words max.)

3. Your proposed paper/session title, and a 50-word abstract.

This material must be included or your submission will not be considered.
4. Indicate Session Type (Paper Presentation, Mini-Tutorial, or Workshop
and appropriate Gonference Track.)

5. If and where you are speaking in the next 18 months.

All submissions will receive a response (please allow four weeks.)
Conference schedule will be completed in November.

Speaker Reimbursement Guidelines

Penton Media, Inc. reserves the sole right to determine honoraria
and expense allotments.

Each Full-Day Workshop Tutorial Leader (except vendors, press and
consultants) will receive a flat $800 honorarium per tutorial, plus $300
for expenses if you are based beyond driving distance to the show ($50
for expenses otherwise), plus a complimentary three day pass. For any

workshop tutorial with multiple speakers, the honorarium and expense
allotment will be split equally.

Penton Media, Inc. must approve all co-presenters. The co-
presenter must meet the same criteria as the presenter.

Mini-Tutorial Expert Session Leaders will receive a flat $300
honorarium plus one complimentary three-day conference pass valued
at approximately $570. For any seminar with multiple instructors, the

honorarium will be split equally.

Authors in paper presentations will receive no honoraria or expense
allotments but will each receive one complimentary three-day conference
pass valued at $570. Vendors, press and consultants will not receive
expense allotments or honoraria.

No further expenses will be reimbursed.

Submit Your Abstract by October 22 to:

Wireless/Portable 2000, 611 Route 46 West, Hasbrouck Heights, NJ 07604

Fax: 201/393-6297 or e-mail information to: btapp@penton.com

Zi Tenton



MIGROWAVES & RF ENGINEERING CAREERS

RATES

Effective January 1, 1999
$205 per column inch
Commissionable to agencies

MATERIALS

Ad material to:

Penton Media, Inc., Classified Dept.
Attn: Chet Zielinski,Account Manager
1100 Superior Ave.

Cleveland, OH 44114

SALES STAFF

Classified Account Manager
Chet Zielinski
800-659-1710 ext. 9589
Fax: (216) 696-8206
Email:czielinski@penton.com

ANTENNA ENGINEER

Rogue River Valley of Southern Oregon.

SCALA, a Kathrein Group company, world
leaders in antenna technology has an
outstanding opportunity for a qualified engineer
to join our professional team in the beautiful

Position is responsible for design of new
antenna systems and the modification of current

A World of Possibilities

The number of opportunities in today's market is overwhelming...
However, identifying the best and timing it right is the challenge. NES
has strategic alliances with the people who are creating technology,

not just using it. If you're looking for the inside track on tomorrow’s
best opportunities (not yesterday's), then you should be talking to us!

A Window of Opportunity

National Engineering Search » IMMEDIATE OPPORTUNITIES:

is the leading search firm placing  Communications (Data, PCS,
Engineers nationwide. Our clients  Cellular, Networks, Satcom,
range from the Fortune 500 tonew ~ GPS), Digital Imaging, CATV,
emerging technology companies. ~ Medical, Computers, Defense,

products for the Broadcast, Land-Mobile
Communications, Cellular, and PCS fields.
Requirements include a BSEE (MSEE and
graduate level antenna courses preferred) with
a minimum of 3 years experience in antenna
design, as well as practical experience in the
electric and mechanical design of antennas for
commercial applications. Solid interpersonal
communication skills required. Prefer specific
experience with UHF or L-Band frequency
antennas and working knowledge of RF/
microwave software. Position level/salary
commensurate with experience. Excellent
benefits and working environment.

Send cover letter and resume to:

Contact us today for tomorrow’s  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:

What are you Worth?

See our On-Line Salary Survey!

High Speed Digital & Analog
Design, Mixed Signal, ASIC,
FPGA, MMIC, AD/DA, BiCMOS,
Synthesizers, WCDMA, GSM,
Spread Spectrum, VHF/UHF,
nesnet.com Antennas, Embedded Software

Engineers & Tech's

CAREER OPPORTUNITIES NATIONWIDE

Human Resources Dept.
Scala Electronic Corporation

Fax (541) 779-3991
email: teshima@scala.net. EOE.

P.O. Box 4580, Medford, OR 97501

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

SR. PRrROJECT DESIGN 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

If you
would
like to
place an
ad in the
Classified Section
of Microwaves & RF!
Contact Chet Zielinski
Account Manager at...
*PH 216.931.9589

* FAX 216.696.8206
¢ EMAIL czielinski@penton.com

RF Job Network™

Jobs for RF/Wireless/Microwave Engineers

www.rfjn.com

Free to Job-Seekers / $100 for Employers

In most cases, advertisements contained in
Microwaves & RF employment section indicate that the
companies are equal opportunity employers. The Fed-
eral Civil Rights Act of 1964, and other laws, prohibit
discrimination in employment based on race, color, reli-
gion, national origin, sex or for any reason other than
lack of professional qualification for the position being
offered. It should be noted that employment advertise-
ments in Microwaves & RF are published for the read-
ers convenience and in no way, to the best of our
knowledge, promote unlawful discrimination.
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CLoCcks AT HIGH
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* Up to 800 MHz Clock Frequency
* 0 to 320 MHz Frequency Output
* -45 dBc Spurious Outputs

* -6 = 2 dBc Output Power

* .186 Hz Frequency Resolution

* Custom Designs Available

See our website for complete details.

WWW.STELMSD.COM

T2l 28008
Microwave Systems
59 Technology Drive, Lowell, MA 01851
Phone: 978-441-0200 » Fax: 978-453-6299
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Sightly more than 15 years ago, MicroWave
Technology, Inc. opened its doors in Fremont, CA to
manufacture gallium-arsenide (GaAs)-based
monolithic microwave integrated circuits (MMICs)
and microwave integrated circuits (MICs). Funded
by venture capital, the 31,000-sq.-ft. facility was
founded by former Avantek (Santa Clara, CA)
employees Masa Omori and Art Herbig, who
brought considerable expertise in device design and
semiconductor processing to the startup company.

Microwaves & RF

November Editorial Preview

Issue Theme: Frequency-
Control Technology

News

Frequency stability and control is
assumed in most modern communi-
cations systems. But maintaining
frequency for closely spaced, digi-
tally modulated communications
channels is not a trivial matter, and
requires quartz crystals and other
resonant materials with tight ma-
chined tolerances. What are the
demands being placed on manu-
facturers of crystal oscillators by
emerging wireless technologies?
Don’t miss this Special Report on
crystal oscillators.

Design Features

Design Features in November ad-
dress frequency-control topics that
are of interest to designers and
users of high-frequency oscillators.
Articles include a study on tech-
niques for extending the bandwidth
of direct-digital-synthesizer (DDS)

. sources above the Nyquist fre-

quency, as well as a comparison of
the performance of strip erystals
with conventional quartz crystals.
Additional articles include methods
for modeling phase noise in phase-
locked loops (PLLs) and ways to
measure residual noise in quartz
crystals.
Product Technology

November’s Product Technology
section will unveil new beginnings—
for a major high-frequency company
and for their main computer-aided-
engineering (CAE) suite of software
tools. Additional articles will exam-
ine the use of sapphire resonators
for low-phase-noise oscillators, in-
troduce a line of millimeter-wave fil-
ters, scrutinize a new set of features
for one of the industry’s most power-
ful peak power meters, and unveil an
innovative switch-filter channelizer.
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Try this "
RRA Sampler. e
r our other melt- ',
-your-mouth assort-

ents. Let ARRA satisfy

ur “sweet tooth”, Mmmm. . .

all us, write, or FAX your specs. l— AR ‘R A v

516-434-1116 ANTENNA & RADOME RESEARCH ASSOCIATE-S-.I
Visit our website at www.arra.com 15 Harold Court, Bay Shore, N.Y. 11706 ¢ 516-231-8400

.. the last word in variable attenuators

For complete info, write for literature. For instant info, see Microwaves & RF Product Directory.
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Go To: l http://www_rf-power.com

* Professional service and

e [SO 9002 registered
competitive pricing

» 48 Hour shipment for
most standard products e Complete value added
and custom design

e Comprehensive ISIC
technical support capabilities

&”‘) Resistors/Terminations

2-800 Watts, DC - 6 Ghz,
SMD, flanged, coaxial

__Attenuators )=

20-100 Watts, DC - 4 Ghz,
SMD, flanged, coaxial

\ :»)‘-k 90° Hybrid Couplers
100-800 Watts, 50 - 4200 Mhz,
SMD, caseless, coaxial

Directional l':nupler;”)@

100-2000 Watts, 20 - 6000 Mhz,
SMD, caseless, coaxial

50-1500 Watts CW, 25 - 2000 Mhz,
SMD, caseless, resistive, coaxial

Custom Devices )\

Custom devices and
assemblies

Call (516) 563-5050 for nearest location or representative.

== Powel' s Request your @

FREE catalog

-~ Components, Inc.

45787\
125 Wilbur Place « Bohemia, NY 11716 U.S.A. * TEL: 516-563-5050 « FAX: 516-563-4747 » www.rf-power.com
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