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HP 8560 E-Series Spectrum Analyzers

As an engineer, your brain is built for problem-

solving, whether you're at the office or not.

BECAUSE WE KNOW YOU’RE ALWAYS
THINKING, WE DESIGNED OUR HP 8560
SPECTRUM ANALYZERS ACCORDINGLY.

When we talked with R&D engineers about
what helps them create great wireless designs,
what we learned became the basis of the

HP 8560 E-series spectrum analyzers.

For example, you can now design and test to
emerging formats like W-CDMA with our
8560 E-series ACPR test set. What's more, the
85660 E-series comes in a variety of frequency ranges
from 2.9 GHz to 50 GHz, making them ideal for testing

all of your digital communication components.

In the end, the true test is how well our equipment
supports you. After all, you're the one who often comes

up with your best ideas somewhere other than the office.

For a FREE application note, 8§ Hints for Making

Better Spectrum Analyzer Measurements, or more
information, call HP DIRECT at 1-800-452-4844,
Ext. 5916, or visit our Web site:

www.hp.com/go/wireless

© 1998 Hewlett-Packard Co. TMMIDS25/MRF
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HIGH-PERFDRMANC

RF/LO IF CONVERSION
MODEL NUMBER (GHz) (GHz) LOSS (dB, Typ.)

DB0130LA2

DB0218LW2 DC to .75
DBO0218LA1 DC to .75
DB0226LA1 DCto .5
DB0426LW1 DCto2

DB0440LWH1 DCto2

TB0218LW2 05t08

TB0218LA1 05t08

TB0226LW2 05t08

TB0440LWA1 0.51020

LO-RF
RF/LO IF ISOLATION
MODEL NUMBER (GHz) (GHz)

DMO0052LA2 . DCto 0.5
DMO104LA1 DCto 1
DMO0208LW2 DCto2
DMO0408LW2 DCto2
DMO0412LW2 DCto 4
DM0812LW2 DCto 4
DM0520LW1

SUB-HAR

MODEL NUMBER (GHz) (GHz) (GHz)
SBE0440LW1

Itional informa. io p!sase contact
9423 or send e-maﬂ to mbecker@mit

CIRCLE NO. 225
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10 MHz to 18 GHz Ultra-Broadband
for Fiberoptic and

01-8.0 |
U1-8.0 |
U1-8.0 |
01-8.0 |
A008-30 U1-8.0 |
e = o Ideal for Fiberoptic, Telecommunications,
A010-202 01100 0 01 200 and Test Equipment
R ==k« Drop-in Style Packages
AOGIC-302 01-100 ) e [Nulti-Octave Operation
A0D10-303 .01-10.0 30 | 0 0 ( ® Compact Size
BT s e ' 4 o Competitively Priced
A0 03 0 i 2 | | | U
Azt 12 0 0w DELIVERY IN 2-4 WEEKS ARO
A0012-303 01120 30 0 0 0 0 e T :
—— — JCA
i e oo TECHNOLOGY
AUT16-30 Wl | il
e o 4000 Via Pescador, Camarillo, CA 93012
L (805) 445-9888 Fax: (805) 987-6990

email: jca@jcatech.com  www.jcatech.com
CIRCLE NO. 235
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Buﬂeiy
Pack Connectors

MOBO Solo-Stacker™
One-piece Connectors

Z| Chip™
Resistor/Capacitor

Only AVX provides the best of both worlds for

wireless — advanced components and connectors
to make today’s communications devices smaller
and more powerful. AVX offers the industry’s

smallest tantalum, MLC and microwave caps,
the most advanced transient suppressors, the

®
‘ N ?lre e S S revolutionary 0603 |Z| chip™ R-C device, and
a complete range of Kyocera oscillators and
resonators. AVX/Elco offers a complete range
vV of interconnect products designed specifically
from / A\Vh ( for mobile communications including the 1.2mm
o Y A SoloStacker™ one-piece connector. We deliver

more of everything you need for your next
wireless application.

Want more wireless? Visit:

WWW.avXCcorp.com
or call 843-946-0414

AVX APPLICATION SOFTWARE |

SPICAP, SPITAN, ][
SPICALCI AND SPIMIC

YAV X

AVX Corporation P.0. Box 867 Myrtle Beach, SC 29578  Faxback Technical Information 1-800-879-1613
E-mail avx@ovxcorp.com  FAX 843-626-5186
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New NEC Bipolar Transistors

Higher f;s, Lower 1/

NEW

Packages

;l*O.SSmm

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

Part Number Corner Freq* Ve I Package
NE856M03 3KHz 3V 30mA Mo3
NE685M03 5KHz 3V 5mA Mo3
*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
NE687M03 11 GHz fr LNA 1.2dB 13 dB 1 GHz Mo3
NE661M04 25 GHz fr LNA 1.2dB 22dB 2 GHz Mos4
NE662M04 23 GHz fr LNA 1.1dB 20 dB 2 GHz Mo4

New M04

TWI 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. Matched Die versions pair two adjacent
die from the wafer to help simplify your design, while Mived Die versions —
an NEC exclusive — let you optimize oscillator performance while achieving

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

SEmE r|-I Part Number Description Q1 Spec Q2 Spec
rKl UPA810TC Matched Die/Cascade LNA NE856 NE856
o UPA814TC Matched Die/Cascade LNA NE688  NE688
. q o Part Number Description Q1 Spec Q2 Spec
£ UPA826TC  Matched Die/Osc-Buffer Amp NE685  NE685 New TC Twin Transistors
I | 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 .Com

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)

CIDCIE NO 111
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No Matter Where You Are In The World

*

As part of an ongoing focus to meet-customer Motorola, recognized as the market leader in RF

~ heeds, two stars in the RF arena — Richardson and  Power Transistors and RFICs, will continue to
Motorola — have joined forces to provide you the introduce innovative, state-of-the-art RF products.
best in RF technology. Richardson Electronics is Through its worldwide network, Richardson
now authorized worldwide to selfMotorola wireless Electronics will provide technical and logistical
RF and IF components. support for new and existing Motorola RF and

wireless customers around the globe.
From HF transistors...to power amplifier modules to . :
RF/IF components including PAs and LNAs, mixers, The combination of our resources and expertise

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

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

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

Motorola and Richardson Electronics - A World of Difference

e Richardson
Electronics

Engineered Solutions

@ MOTOROLA

More than 60 locations worldwide to serve you. Email: ssc@rell.com, Internet: www.rfpowernet.com, Toll Free: 800-RF Power or
800-737-6937 (U.S. & Canada), Mexico: Mexico City +52 (5) 674-2228, Guadalajara +52 (3) 645-4641,Brazil: Sao Paulo +55 (11) 820-
6199, Colombia, Sante Fe de Bogota, DC (57-1) 636-1028, France: Colombes Cedex +33.1.55.66.00.30, Germany: Puchheim +49 (89)
890 214-0, Italy: Agrate (MI) +39 (039) 653 145, Roma +39 (06) 41.78.37.51, Sesto Fiorentino (FI) +39 (055) 42.08.31, Spain:

Barcelona +34 (93) 415 83 03, Madrid +34 (91) 528-3700, Sweden: Stockholm +48 8 584 705 90, Turkey: Istanbul +90 212 2643721, ;
The Netheriands: Amsterdam +31 20 446 7070, United Kingdom: Slough +44 (01753) 733010, Australia:Castle Hill ACN 069 808 108 ‘ Formore
+61 (2) 98947288, Bayswater ACN 069 808 108, +61 (3) 9738-0733, China: Shanghai +86 (21) 6440-0807, Japan: Osaka +81 (6) information visit
314-5557,Tokyo +81 (3) 5215-1577, Korea: Seoul +82 (2) 539-4731,-Singapore +65 487-5995, Taiwan: Taipei +886 (2) 86915238, .

Thallanc: Bangkok.+85 (2 749.4402. Vietam: Ho Ch Mirh City +84 8.811.1919, Corporate Headquarters: LaFox, IL (630) win.ripowerneL.commotorolasp
208-2200, for other international inquiries call (630) 208-2200, Fax (630) 208-2550. ©1999 Richardson Electronics, Ltd. MK0342 or our Onling catalog at catalog.refl.com
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Since 1985, Noise Com

has been the technological
leader in providing noise tes
solutions to the world’s most
demanding customers. Wheth
it's noise sources for noise .ﬁgur ‘
measurements, noise diodes for bu
testing and dithering, programmable
generators for BER measurements, or
power ratio testers, we have a world of

solutions for your testing needs.

Let our global experience in noise help you.
Call for complete information about our off-the-shelf
products, custom engineered solutions or just call with

guestions about noise and its applications.

Visit our web site at http://www.noisecom.com NOIS

E. 64 Midland Avenue, Paramus, NJ 07652 Phone: (201) 261-8797 Fax: (201) 261-8339
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' PORGELARIN
~ RF CAPACITORS

‘ e Leader
Performance RF Capacitors...

eries capacitors are designed for “performance-critical”
telecommunications equipment worldwide. They
sulated porcelain construction providing fielded reliability
of 1 x 10° hours.

) years in production these ATC products incorporate an
ed level of maturity, making them the most requested capacitors
hout the RF/Microwave industry.

QUIK-PICK" ATC's 48-hour shipment service, is available for selected
values and tolerences.

For full product information:




Capacitor Q is almost always a primary design
consideration in RF matching applications. The
capacitor’s power dissipation is inversely pro-
portional to its Q factor and directly proportional
to the equivalent series resistance (ESR).

Capacitor Power Dissipation,
Pd = ( Xc/Q) or i* ( ESR).

An input matching network is essential for most
RF amplifier designs in order to transform the
relatively low impedance of the active gain
device to the system impedance. The active
device’s input impedance is typically in the order
of 0.5 to 2 ohms and is generally matched to a
50 ohm system. Lets assume that a transistor in
a power amplifier has an input impedance of 1
ohm. This will require an impedance transfor-
mation of 50:1. Therefore, we must trade off
voltage for current as the matching network
transforms the signal impedance from 50 ohms
to 1 ohm. This will result in circulating current
(i) to be more than seven times |,y. See Fig 1.

Reasons for designing High Q capaci-
tors into matching networks:

Output Capability - Low loss High Q capacitors
in matching network applications will insure
maximum effective gain and available output of
the amplifier. Losses due to component heating
especially in high RF power applications are
greatly alleviated with the use of high Q passive
components.

Noise Figure - Small signal amplifiers such as
LNA's used in satellite receiver applications

REGISTERED
COMPANY

Components Q in Matching Networks Affects Overall Performance

CIRCUIT DESIGNER’S NOTEBOOK
High Q Capacitors in Matching Applications

require capacitors that exhibit high Q. Lossy pas-
sive components will add to thermal (KTB) noise
and degrade the overall noise figure of the ampli-
fier thereby reducing the signal to noise ratio.

Likewise, MRI imaging coils also require
extremely low loss capacitors. These applica-
tions utilize capacitors for tuning the coil in a res-

onant circuit, and must be transparent in that
application. The signals being detected by MRI
coils are infinitesimally small such that any loss
contribution from low Q
capacitors would generate |
increased thermal noise
making it difficult or impos-
sible to process the signal.

capacitors in critical applications can easily lead
to a myriad of circuit performance issues. =

Example: Consider the following application:
Power Amplifier @ 150 MHZ

Output Power = 400 W.

System Impedance = 50 ohm.

I=A/P/1 = \/400/50 = 2.83 A. rms. Assume
that an output coupling capacitor in a 400W

amplifier has an ESR of 0.022 ohms. Under this
condition power dissipation of the capacitor will
be i X ESR or 2.83 x 0.022 = 176 milli-watt.
In this example we see that the power dissipated
by the capaditor is directly related to the ESR,
making Hi Q low ESR capacitors quintessential
for this application. Even small signal amplifiers
that do not generating large currents will suffer
in effective gain and overall noise figure if losses
are not kept to a minimum.

The following table shows typical power dissipa-
tion as a function of ESR at octavely related fre-
quencies. The ATC 100B series, 220pF capacitor
is compared to a typical 0805 NPO 220pF.

Thermal Management -

(Refer to Fig1 ). In extreme

cases, If C3 is very lossy, it |
can get hot enough to melt |
solder due to high circulat-
ing currents. This can easi-
ly cause components to de-solder from the board
as a result of excessive heat build up. Since G3
is physically close to the active device, any addi-
tional heat generated by the capacitor will be
reflected into the transistor thereby reducing reli-
ability and possibly causing early device failure.
Although it is desirable to mount matching
capacitors physically close to the transistor's
device plane for optimal RF performance, ther-
mal management must be judiciously accounted
for in these applications. Improper selection of

Reliability - Excessive heat generated by lossy
capacitors will affect the reliability of the active
device as well as other components associated
with or in close proximity to the heat source.
Lossy capacitors in coupling, matching, bypass
and blocking applications can easily lead to =
decreased MTBF of the entire circuit.

Richard Fiore
Sr. RF Applications Engineer
American Technical Ceramics Corp.

ENGINEER'S
CHOICEm

American Technical Ceramics

CIRCLE NO. 382



Quality Electronic Components jlpen'or Service

1-800-344-4539

Fax: 218-681-3380 » www.digikey.com
701 Brooks Ave South L
Thief River Falls, MN 56701
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© 1999 Digi-Key Corporation




& ~‘ :

MULTIPLIERS!

) Gain Noise 1/0 Output Power
, : Frequency Gain Flatness Figure VSWR | at 1dB Comp.*
fioe ¢ Model Number (GHz) | (dB, Min.)| (dB, Max.) (dB, Max.) (Max.) | (dBm, Typ.)
= a/ JSW4-18002600-18-5A | 18-26 28 1.0 1.8 2.0:1/2.0:1 5
JSW4-26004000-25-5A |  26-40 25 25 2.5 2.0:1/2.0:1 5
bt . JSW4-18004000-32-8A | 18-40 21 2.0 3.2 2.0:1/2.5:1 8
" : JSW4-30005000-45-5A | 30-50 21 2.5 4.5 2.5:1/2.5:1 5
JSW4-40006000-65-0A |  40-60 16 2.5 6.5 2.5:1/2.51 0
* Higher output power options available
. ® . n PROD
Frequency (GHz) Cun_versiun Noise L LO-F!F
Gain/Loss Figure |Image Rejection | Isolation
Model Number RF LO IF (dB, Typ.) | (dB, Typ.) (dB, Typ.) (dB, Typ.)
LNB-1826-30 | 18-26 Internal 2-10 42 2.5 20 45
LNB-2640-40 | 26-40 Internal 2-16 42 3.5 20 45
ARE3436LC1 34-36 | 15.5-16.5 | 2.7-3.3 25 4 20 60
SBW3337LG2 | 33-37 33-37 DC-4 -7.5 8 N/A 25
TB0440LW1 4-40 4-42 5-20 -10 10.5 N/A 20
DB0440LWA 4-40 4-40 DC-2 -9 9.5 N/A 25
SBE0440LW1 4-40 2-20 DC-1.5 -10 10.5 N/A 20
Input Output Fundamental rrent
Frequency (GHz) | T Power* |Feed Through Level D@cjgvuc
Model Number | Input | Output | (dBm, min.) | (dBm, min.) (dBc, min.) (mA, nom.)
MAX2M260400 | 13-20 | 26-40 10 12 18 160
MAX2M200380 | 10-19 | 20-38 6 14 18 200
MAX2M300500 | 15-25 | 30-50 10 8 18 160
MAX4M400480 | 10-12 | 40-48 10 8 18 250
MAX3M300300 10 30 10 10 60 160
MAX2M360500 | 18-25 | 36-50 10 8 18 160
MAX2M200400 | 10-20 | 20-40 10 10 18 160
TD0040LA2 2-20 4-40 10 -3 30 N/A
QHigher output power options available
MITEQ also offers custom designs to meet your specific requirements. NOB
For further information, please contact David Krautheimer IS0 0001
at (516) 439-9413 or e-mail dkrautheimer@miteq.com

nmir=sy

100 Davids Drive « Hauppauge, NY 11788
TEL.: (516) 436-7400 * FAX: (516) 436-7430
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N eWwWw KEL'com /I KeL-com Commercial Filters

Commercial Filters
and Selection Software

10 o 3000MHz

Leadle
nt

e High Volume
¢ Quick Turnaround
» Standardized Surface Mount Packaging
e Commercial Grade Components

KeL-com Selection Software

K&l Microwave, the manufacturer that brought
you KeL-fil®, now introduces 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
filters are the answer. A cavity, lumped element
or ceramic filter is not always practical due to
size and/or cost. KeL-com products provide filter
solutions with small size, low-cost and excellent
electrical performance. Need it fast? The KeL-com line
is standardized for high volume and short delivery.

Send my FREE N\
K:L-com Commercial Filter Selection Program
Name .
Company_ o
Address - The K:L-com Commercial Filter Selection Prograr
City State/Province ) generates response curves, outline drawings, tabular dat
Country 7 - and p?r’r nl?umber: based on user%dfgined filte
. parameters. Request your free copy o e K:L-cor
ﬁ'ﬁé?lzu(”try)c‘)de—"' — Commercial Filter Selection Program on CD-ROM fc

o o Windows® 95/98 & NT, or download the program fror

FAX () K&Ls website @: www.kimicrowave.com/kelcom.htm

\Email S —

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

USA EUROPE CIRCLE NO. 277 el
Prone: 4107492424 Phone: 44-(0)-1262 605500 i
FAX: 0-749-5725 FAX: ~ 44-(0)-1262 605504 |

Email: klsoles@klmmrowave.com Email:  kleurope@kandl.demon.co.uk A 0 DOVER) TECHNOLOGIES ComPAN



CALIBRATION KIT
To the editor:

It is my opinion that the term “cal-
ibration kit” is in error with respect
to the function that these kits per-
form. According to the dictionary, to
calibrate is “to standardize (as a mea-
suring instrument) by determining
the deviation from a standard so as to
ascertain the proper correction fac-
tors.” The actual function that these
kits performs is not only to measure
these factors, but to correct them. To
my surprise, even the IEEE die-
tionary only applies the term to radi-
ology, but in effect says the same.
These kits are, therefore, measure-
ment error-correction kits, which, of
course, first ascertain the factors.
However, the giants of the industry
evidently could not find a convenient
term to describe this function. I per-
sonally describe them as vector-cor-
rection kits [for vector network ana-
lyzers (VN As)]. A true calibration kit
is what the measurement industry
calls a “verification kit,” which

checks an instrument’s performance |

versus its specifications.
John Zorzy
Micro-Mode East
Concord, MA

NO MENTION
To the editor:

Thank you for forgetting to men-
tion the design engineer of the
PTE32003 high-impedance trans-
former (HIT) from Ericsson in the
July issue of Microwaves & RF (July
1999, p. 105). I would appreciate a
mention in the September issue.

Bob Bartola
Senior Staff Emgineer
Evricsson Hybrid Design Center

HDTV
To the editor:

Although your special reports in
each issue of Microwaves & RF are
very informative and usually cover
the most recent developments in the
communications industry, I have not
seen anything on what potentially

could be the biggest technology of
them all. I am speaking of high-defi-
nition television (HDTV) which will
transform the face of TV as we have
known it for more than 50 years, from
an analog to a digital medium. I know
it is somewhat premature to be beat-
ing the drums for HDTV, but bear in
mind that the top TV markets are
supposed to begin digital broadcasts
next month. And do not forget that
all of the analog broadcast stations
must convert to digital by the end of
2006. The changes that will come
from this new medium will have such
a tremendous effect on everything
from the home TV set to the signal
generating and transmission system
that I believe your magazine should
provide your readers with some in-
formation on how manufacturers and
service providers are planning to
deal with it.
Pedro Ceballos
Mexican Institute of
Commanications
Mexico City

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

Stock Bandpass

Bandpass Filters

RF & Microwave Filters
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Inductors
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www.tte.com
B800-776-71614
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As low

as 3b¢

in quantity

Silicon Germanium (SiGe), Stanford PRODUCT SELECTION GUIDE

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

3dB P1dB 1P3 Gain@  Gain@ NF
conventional silicon-bipolar technologies: ber (dBm)  (@dBm) 1GHz 2 GHz 50 Ohm
lower noise figures, lower power SGA2186 22 20 DC5.0 470 4200 105 102 4.1
consumption, high output power at high SGA-2286 2.2 20 DC-3.5 +7.0 4200 150 140 3.2
efficiency, and high integration level. SGA-2386 2.7 20 DC-2.8 +7.0 4200 17.4 16.4 2.9
As part of a series of Stanford SGA-2486 2.7 20 DC-2.0 +7.0  +200 196 18.0 2.5
Microdevices' initiatives to apply silicon SGA-3286 2.7 35 DC3.6 +12.0 +26.0 14.8 13.4 3.5
germanium technology to a broad SCA-3386 2.5 35 DC-3.6 +12.0 +250 174 16.2 3.0

spectrum of communications applications,  SGA-3486 2.9 35 DC-2.0  +12.0 4250 215 19.4 2.6
we are now offering the wireless market
devices built using a patented silicon
germanium manufacturing process. As
these devices enter the marketplace,

SGA-4186 3.2 45 DC-6.0 +15.0 +29.0 10.4 10.2 4.6
SGA-4286 3.2 45 DC-3.5 +15.0 +29.0 13.8 12.6 3.3
SCA-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

consumers will benefit from cellular
phones, pagers, and other wireless
communications devices that have

extended battery life, carry out multiple
functions, and are smaller, lighter, and SGA-6286 4.2 75  DC3.5 +20.0 +340 13.8 12.4 3.9

less expensive. SGA-6386 5.0 80 DC-3.0 +200 4345 154  13.8 3.8
SGA-6486 52 75  DC-1.8  +200 4340 197 167 2.9

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

SGA 2000 through 4000 series are also available in SOT-363
SGA 5000 and 6000 series are also available in SOT-89 & SOT23-5
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Call for E\;a;luation Kit
1-800-764-6642

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

(= Stanford
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&= | Microdevices

1-800-764-6642
Dept. SGMRF1

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

Engineered Solutions

800-348-5580 www.rfpowernet.com

All company and/or product names are
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This Little Piggy
Went To Market |

TAS communication

test solutions
get your product
to market faster.

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

TAS gives you a comprehensive, automatic test platform

"‘ﬁ "“@
‘ k"s.‘ to thoroughly qualify your product's performance before

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

design flaws and product recalls, and ensure that once

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

promised.

For over 15 years TAS has been developing complete test

solutions to evaluate a broad range of communication

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

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

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

TAS and our products, visit our web

@ site or give us a call.

34 Industrial Way East ® Eatontown, NJ 07724-3319 = Phone: (732) 544-8700 = FAX: (732) 544-8347 = Email: sales@taskit.com
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CIPCIENDO 127




| EDITORIAL |

TESTING THE WATERS
OF THE NEXT GENERATION

Test equipment is a form of validation.
It can reinforce a device or component
manufacturer’s claims about their prod-
ucts. Test gear can provide invaluable in-
formation about the performance of the
product under a variety of conditions.
Yet, the test equipment must provide
performance that meets or exceeds that
of the devices that it tests, even when the
applications for those devices are con-
stantly changing. For that reason, test-
equipment suppliers must not only keep
up with change, they must anticipate it.

Because of the importance of test
equipment to high-frequency design, the “Trends in Test Equipment” section
which was born last September has been revisited in this issue to provide
readers with a quick glimpse of the latest developments in measurement tech-
nology. It offers several new instruments as well as new measurement strat-
egies, which may impact high-frequency design engineers.

In gathering information for the “Trends in Test Equipment” section, a
note from an old friend, Ben Zarlingo of Hewlett-Packard Co.’s Lake Stevens
Division (Everett, WA), served as a reminder of the challenges faced by even
the largest of measurement-equipment suppliers. In Ben’s words, “It’s no
news that major new wireless standards represent complex technologies that
manufacturers need to roll out quickly and in large numbers, yet typically at
low cost. Manufacturers need test equipment (either new equipment or en-
hancements to existing solutions) to perform this feat. The tough thing is to
keep up with the leading edge of the developing technologies, providing solu-
tions to several complex, multifaceted emerging standards at the same time.
Sometimes the answer is new equipment, sometimes new versions of existing
equipment, and sometimes new test techniques using existing equipment.
The emphasis is not on perfect solutions but on getting research and devel-
opment (R&D) engineers productive solutions as soon as possible.”

Ben included information on the company’s advanced HP 89400 series of
vector signal analyzers (an example of a new version of existing equipment).
Not ironically, these analyzers were originally developed for military and
surveillance work (a true dual-use product), but have seen greater acceptance
recently for studying signals with complex modulation. The newest versions
are upgraded for examining such emerging standards as wideband code-divi-
sion multiple access (WCDMA) signals and Bluetooth designs. Bluetooth, for
example, combines digital modulation with frequency-hopping and burst tech-
niques. Yet, the end products are meant for low-cost consumer markets, im-
plying that any measurements developed at the R&D stage must inevitably
map to high-volume, high-speed (thus low-cost) tests at the production stage.

The “Trends in Test Equipment” section attempts to document the chal-
lenges faced by the measurement community. These challenges are worth
noting because they pave the way for next-generation devices, components,
and systems. And if you, the reader, would like to see this type of measure-
ment “trend tracking” increase in the future, send your thoughts electroni-

cally to jbrowne@penton.com.®®

Publisher/Editor
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Ultra-Broad Ban
AMPLIFIERS
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JCA018-300 05-18.0
JCA018-303 0.5-18.0
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Removable SMA Connectors
Competitive Pricing

Compact Size

Quick Delivery

Alternate Gain/Noise/Power/VSWR
levels if required

JCA
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§cad0r Camarillo, CA 93012

(805) 445:9888 Fax: (805) 987-6990
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www.jcatech.com
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Coaxial Cable for
RF and Viicrowave

207-0 North 1st Street, Stroudsburg, PA 18360

1-877-MegaPhase » 1-877-MegaFax

570-424-8400 = 570-424-6031
megaphase.com
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IW's 550 Series are ultra low loss transmission
lines for applications requiring the lowest loss and
highest power handling capability at frequencies up

to 11 GHz... attenuation: 12 dB/100 ft.

These double shielded cables feature an expanded
PTFE dielectric type F-6 per MIL-C-17 and
stranded center conductor.
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ew Phase Stable
oaxial Cable Assemblies

With
Temperature

Flexing

IW has developed a new series of low loss, phase diameters, lighter weight, lower insertion loss and
stable cables (diameters from 0.1" o 0.480") which enhanced electrical stability, come to the technology
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 manufacture of
bigh-performance microwave transmission lines.
20 East Franklin Street « Danbury, CT 06810
Tel: 203-791-1999 « Fax: 203-748-5217
e-mail: iwconn @insulatedwire.com
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Introducing a new series of Low Noise
and High Dynamic Range FETs

Cutting-edge performance at
an amazingly low price

FH1
For wireless v DC-6GH=z
licati
g v IP3 up to 45dBm
v Noise Figure Down to 1.5dB
v Low Cost SOT-89 Package
FHF1 v Proven WJ Quality and Reliability
For wireless
applications
above 3GHz W]J's new series of FETs combines low noise, high dynamic

range, and up to 20 dB of gain.Call our toll free number, fax us
at 650-813-2447 or e-mail us at wireless.info@wj.com to request
data sheets and a complete catalog.

See us at PCS Show Booth #4662

TheWJreless Edge”” 1'300“WJ1'4401

Distributed In U.S.A. by Microwave Components: 800-282-4771; Nu Horizons Electronics: 888-747-6846; Richardson Electronics: 800-348-5580.
In Europe call WJ: +44-1252-661761 or your local Richardson Electronics Office: France: (01) 55 66 00 30; Germany: (089) 800 21 31; Italy: (055) 420 10 30 UK: (01753) 733010;

CIRCLE NO. 283



| THE FRONT END

 OYSTER BAY, NY—While
~ Global Positioning Systems

IE  the bicentennial, the technolo-

~ mercial market expected to be | ';- i
~ worth $14 billion by 2005 (see | 8

L ~ been adopted by two user seg-
-~ ments which represent ex-
tremes in the technology’s de-

‘ RESTON VA—The Ceramic Interconnect Initiative (CII) of the International Mi-
g‘ 'ndusgw cr

ﬁlaﬂ-.,

oelectronics And Packaging Society (IMAPS) has developed a 10—year ceramic indus-
try “roadmap,” a document that describes how the features of ceramic technology de-
liver benefits for a wide variety of electronic-packaging and interconnect apphcatlons
The roadmap analyzes the current state and forecasts future requirements of ceramic

i use in electronic packaging.

The purpose of the roadmap is to demonstrate the competitive advantages of ceram-

 ie technologies and their potential uses in the design, development, manufacturing, and

marketing of microelectronics applications over the next decade. It is intended to serve
as areference document to guide investment in research, development, and deployment
for the ceramic technology infrastructure.

“Ceramic substrate interconnection technologies are important, timely, and continu-
ously improving to meet changing market requirements, says Samuel J. Horowitz, chair-
man of the CII. “Packaging and system designers have limited awareness of the bene-
fits and capabilities of ceramie technology which include reduced costs, improved

~ reliability, and faster time to market.”

- Copies of the roadmap are available by contacting the National Electronics Manufac-

i_ turing Initiative (NEMI) at http:/www.nemi.org or the IPC at http://www.ipc.org.

(GPS) have been available since

gy will finally be used in a com-

figure), according to Allied [® |
Business Intelligence. S
In the US, GPS has largely |

velopment. At the one end lie | ¢
applications which require pre- | g
cise measurements such as sur- |
veying and reference timing. At
the other are consumer applica- s « L
tions such as small-craft nav1gat10n systems and handhelds for outdoor enthusiasts.

To date, only Japan has a mass market that has been identified and exploited—In-

:Vehicle Navigation Systems (IVNS). But that is about to change. In the US, IVNS is
- moving from rental cars and luxury vehicles to mid-priced vehicles and will be an op-

tion for most domestic automobiles and trucks within a few years.
IVNS systems can now be found for as little as $200 although multifeatured systems

~ sell at four times that. By 2005, IVNS will account for one-third of the world market
for GPS applications.

SAN FRANCISCO, CA—A new Seattle-based company will soon make the re-
covery of lost children and missing Alzheimer’s patients easier.

- At the recent Wireless Developer’s Conference, Loc8.net unveiled a wireless In-

ternet location service that will revolutionize how people manage personal safety. The

Loc8.net pager will provide users with access to emergency services at the touch of a
- button wherever ReFLEX wireless network coverage exists. Currently, it covers 90

percent of the US population.
- Loe8.net plans to incorporate SnapTrack’s enhanced Global Positioning System
(GPS) location technology to locate subscribers’ devices, even indoors, XYPOINT, a

provider of wireless intelligent network services, will provide the location-related in-

formation and Internet services. Glenayre will add the necessary network enhance-
ments to support Loc8.net’s services.
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The Picture
Is Actual Size.

The Benefits
However
Are Much Larger.

Introducing something that’s going to take a lot of weight job: cellular, paging, WLAN and other wireless applications
off your shoulders: the MS2711" from Anritsu, the world’s first in the 100 kHz to 3000 MHz range. Utilizing synthesizer-based
Handheld Spectrum Analyzer. Not only is it three times smaller performance the MS2711 delivers accurate, reliable and
than any other full featured spectrum analyzer of its kind, it repeatable measurements. It can also store up to ten setups
weighs only four pounds. And if that benefit isn’t weighty and 200 traces in its nonvolatile memory. All of which can be
enough, consider this one. downloaded to your personal computer.

The MS2711 is completely portable. That’s right. No power For more information call 1-800-ANRITSU or check
cord. Just a built-in rugged battery pack with efficient energy out our website at www.anritsu.com. The new MS2711 Handheld
conservation features that can stretch a single charge over an Spectrum Analyzer from Anritsu. Your big spectrum analysis
entire day. The result is complete mobility for practically any jobs just got smaller.
L utlll:mg ) -

/inritsu

Handheld Spectrum Analyzer One world. One name. Anritsu.

©1999 Anritsu Company Sales Offices: United States and Canada, |-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.anritsu.com
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SANTA CLARA, CA—An assortment of high-power microwave and RF transis-
tors intended for applications in advanced avionics, radar, and microwave communica-
tions equipment has been developed by GHz Technology, Inc. The transistors are de-
signed for long- and short-pulsed operation—from 1 ps to hundreds of
microseconds—at power levels in the hundreds of watts. Fabricated in bipolar tech-
nology, the devices use a number of processing enhancements to provide high perfor-

“mance and extended reliability. For example, diffused ballast resistors increase a tran-

sistor’s tolerance to load mismatches and polysilicon deposition enables better

performance in the L- and S-bands (1.0 to 3.9 GHz) where the devices are designed to

operate. The company uses gold (Au) topside-metal and hermetic solder seals to re-
duce transistor junction temperature, which, in turn, improves reliability. Low-induc-
tance ceramic packaging yields better performance and reliability.

The company recently announced 10 new transistors for pulsed avionics and radar
applications. The ITC1000 is a 1-kW, short-pulse (7-ps) device for pulsed interrogator
systems in the 1030-MHz frequency band. A long-pulse (250-ps) transistor, the

 MDSB350L is rated at 350 W and is slated for avionics systems in the 1030-to-1090-MHz

range.

. ARLINGTON, VA—As part of an ongoing effort to address the shortage of quali-
fied technicians in the consumer-electronics (CE) industry, the DeVry Institute is con-
tinuing its support of the Skills USA Championships, Electronics Applications Com-
petition. The two first-place winners of this year’s championship, which was held in
Kansas City, MO on July 1, each received a $30,000 scholarship donated by DeVry.
The Consumer Electronics Manufacturers Association (CEMA) sponsors the annu-
al competition to attract and foster talented technicians. “The CE industry relies heav-
ily on skilled technicians,” says Don Hatton, vice president of CEMA Technical Edu-
cation and Services, “Skills USA and the DeVry scholarships provide contest winners

‘with an opportunity to develop their skills through education.”

A long-time supporter of the competition, DeVry has donated approximately $250,000

 in scholarships to the contest winners during the last four years, and has made continu-

ing education a possibility for many students who may not have had the opportunity.
The Skills USA Championships are held annually to recognize the achievements of

~ vocational students and encourage them to strive for excellence and pride in their cho-

sen occupations. Working against the clock and each other, the contestants prove their
expertise in job skills for occupations such as electronics, technical drafting, precision
machining, medical assisting, and culinary arts. The Electronics Applications compe-
tition consists of five troubleshooting sections, a soldering/desoldering section, and a

- written exam, The exercises are designed to simulate real-world conditions and em-
~ phasize the quality, efficiency, and safety of the competitor’s work.

' SAN JOSE, CA—Edward W. (Ned) Barnholt, chief executive officer of Agilent
Technologies—a company that will be composed of Hewlett-Packard Co.’s test-and-
measurement, components, chemical-analysis, and medical businesses—has challenged
the semiconductor test-equipment industry to close the “test gap” between revolution-
ary system-on-a-chip (SOC) technology for consumer electronics and the production test
equipment now being used to test SOC devices.

In the keynote speech at the Semicon West ‘99 Manufacturing Test Conference re-
cently, Barnholt implored test-equipment manufacturers to design lower-cost test sys-
tems that will meet high-volume SOC production demands and offer chip producers plat-
form-independent software that accommodates multiple test technologies.

“Today, there looms a significant test gap—a gulf between the kinds of SOCs that can
be designed and what can be tested during high-volume production,” Barnholt told the
conference attendees. “There are tough problems that will require new thinking, new
architectures, and new tools. The answer to testing SOCs isn't bigger, better stand-
alone testers or cobbling together some combination of analog, digital, and memory
testers with hardware and software hooks.” Barnholt urged the semiconductor test in-
dustry to move toward flexible, general-purpose tester systems that incorporate multi-
ple test methodologies while continually driving down the cost of the test.
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Thinking RF
Connectors?

em.avnet.com/rfm
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GO Avnet

Electronics Marketing

Just go to em.avnet.com/rfm to find the connector you need
fast. And at a great price. Avnet Electronics Marketing has
all the industry leaders like AMP, Amphenol, Anritsu,
Johnson Components, M/A-COM and more. We
can also help you select the right connectors for your new
design, or reduce cost on your current application. And we
can provide the technical support you need to move your
projects to completion, faster and easier. So whether you're
looking for SMA, SMB, BNC, TNC, MCX, MMCX, or
7-16, do it all online at em.avnet.com/rfm, or

call us at 1-800-332-8638.

==AVNET

= electronics marketing

Al trademarks property of their respective owners. Limited time offer while supplies last.
Third party software included is for evaluation purpeses only and may be time of function limited.
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Van Buskirk
Joins Stamnrd
Micmdevmes
:rAs GEB

Kudos

- ‘zzed;mfarmai;mn mstantly through thelr wireless phone and Location Sensmve
ﬁBlllmg, Winch enables reduced rate plans based on a caller’s location.

\ GTON VA—The Electronic Industries Alliance (EIA) And Parametric
ogy Corp. (PTC) recently announced an initiative to create a new and innova-
e Intemet based portal designed to provide access to a data center containing thou-

sands of models and millions of technical specifications created and maintained in part-

1ip with leadmg electronic component manufacturers.
is program, known as InPart Electronic, will make it easy for electronic-design
gineers to locate components matchmg the functional characteristics that are re-

: quired in product designs. The program is designed to be a companion to the already-

operatwnal InPart Mechanical portal, which pr0v1des comparable data on mechanical
components. EIA will be the technical advisor in the design, development and sup-
port of the new electronic component portal and will assist PTC in recrmtmg EIA
members to participate in InPart Electronic. The Alliance will also assist PTC in mar-
keting InPart Electronic to potential end users. Using a standard web browser, sub-
scribers to InPart Electronic will be able to access information on thousands of com-

ponents from EIA member companies. InPart Electronic subscribers will be ensured

1at supphercomponent selections are current, resulting from the InPart portal’s abil-
ity to provide immediate access to supplier updates, engineering changes, and new
product releases. Subscribers and participating companies will be able to access In-
Part E’Zectmw seven days a Week 24 hours a day.

3GULDER, CO—Slg‘nalSoft Corp. recently announced that it has completed two
e et-research studies into consumer needs and preferences for types of

f’ eless Loc tion Servmes@ and the benefits of these applications.
The stu udi

The survey revealed several quantitative findings:

. Twenty-three percent of current cellular users were interested in location-based
mfgrmatmn services, also known as wireless 411.

¢ Fifty-four percent of current wireless users were interested in location-enabled

~ emergency roadside assistance.

* Thirty-two percent of current wireless users would definitely or probably switch

: wireless proViders to get a Location Sensitive Billing plan.

SUNNYVALE CA—Robert Van Buskirk has joined Stanford Microdevices, Inc.
as chief executive officer. In his new capacity, Van Buskirk will be responsuble for
Stanford’s corporate p031t10n1ng and long-term strategic direction, as well as the man-

;agement of the company’s executive team.

In making the announcement, Stanford Microdevices chairman John Ocampo com-

 mented that “Bob’s leadershlp and managerial skills combined with his extensive fi-

‘nancial and marketing experience will be key as SMI continues its expansion into the
wireless handset and infrastructure markets.” Ocampo added, “With his telecommu-
nications industry and technical experience, we expect he will provide SMI with the
v1310n, energy, and experience necessary to take us to the next level.”

Telecom Analysis Systems (TAS), a provider of wireless communications test equip-

i :ment has been selected as the vendor of choice by CTIA for code-division-multiple-

access (CDMA) mobile-handset evaluation. TAS’ CDMA-ATS Automatic Mobile
Phone Test System is the specified mobile-phone test bench for the CTIA Certifica-

tion Program...Last month, one of Silicon Valley’s original technology companies cel-

ebrated its 40th anniversary. Founded in 1959, California Eastern Laboratories
(CEL) was among the first American companies to introduce Japanese technology to
the North American market. In 1962, the company added NEC to the list of the Japa-
nese manufacturers it represented. Today, CEL represents NEC'’s RF, wireless, and
optoelectronic semiconductor products exclusively...Melvin W. Boldt, founder chair-
man, and CEO of Palantine, IL-based Boldt Metronics International (BMI) was named
%1999 SME Marketer of the Year” by the Sales and Marketing Executives of Chicago.
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capability in the EM simulator, a faster s mulation

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

ast, easy, affordable

EAGLEWARE=—

RF and Microwave Design Software
tel: 770.939.0156 | fax: 770.939.0157
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IF-SAMPLING BASESTATION RECEIVER

NATIONAL'S DIVERSITY CLC5526

RECEIVER CHIPSET (DRCS)— i DVGA CLC5956
SIMPLIFIES DESIGN BY 1B

ELIMINATING EXPENSIVE : _C%S§R
ANALOG IF STAGES Digital

CLC5526 Tuner

5 CLCG%RDG DVGA CLC5956 With
«5-CHIP SOLUTION Nit
b 5 /!

«CLC5526 —Two DIGITAL - | 12-817 A/D

VARIABLE GAIN AMPLIFIERS

(DVGA)
+CLC5956 —Two 12-BIT/

65MSPS A/D CONVERTERS DRCS LAYOUT (shown actual size)
+CLC5902 —0ONE DuAL DIGITAL f

TUNER WITH AGC
+DIRECT IF-SAMPLING TO 300MHz
+52MSPS OPERATION T
«TWO INDEPENDENT CHANNELS @ gy, 5 B : # CLC5902
«USER PROGRAMMABLE AGC :
«MEETS GSM, EDGE, PCS, DCS,
AMPS, DAMPS AND PHS
REQUIREMENTS : 5 .
«EVALUATION BOARD AVAILABLE SR i ke ol g e g 6 areres

All rights reserved.

LASTIMY YINTIVIS ALDBAINN

HIHGITHEN

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

For MORE INFO ON DRCS:
www.national.com/see/DRCS
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Global wireless communications is getting a
cautious boost from the growing number of
commercinl satellites going up into low earth orbits.

Communications Lifts
Off Into Inner Space

GENE HEFTMAN

Senior Editor

0 back approximately 25 years and most of the satellites floating
around in space were owned by governments that spied on each other
for military purposes. Military applications still abound as the urge
to snoop is strong, even in peacetime. But inner space (approximate-
ly 1000 miles above the earth) is filling up with commercial satellites that
promise to expand the communications options for millions of users around
the globe. Most of the technology of today’s satellites was developed for the
nation’s defense, but the growth of wireless communications will propel it
further than military uses ever could. As the world’s citizens demand more
instantaneous and varied communications, satellite technology has become
the only long-haul medium with the reach and signal-handling capacity to
provide it across oceans. Driving the launch of space platforms are the appli-
cations that will define communications in the first decade of the 21st cen-
tury—telephone, television, high-quality voice, digital data, e-mail, two-way
paging, and the Internet. Most observers predict that the satellite business
will soar—it is a global industry of $60 billion and climbing at approxi-
mately 13 percent a year—but a recent spate of mishaps and financial prob-
lems has taken some of the lift out of its rockets.
During the writing of this article,
for example, Iridium LLC (Washing-
ton, DC), owner of the world’s largest

million due to problems manufactur-
ing satellites, and it has suffered other
setbacks due to the failure of a satel-

satellite network for telephone and
messaging services filed for protec-
tion from its creditors under Chapter
11 of the Bankruptey Code after de-
faulting on more than $1.5 billion in
loans. A few weeks earlier, America
Online (AOL) [Dulles, VA], the
world’s leading interactive services
company made a $1.5 billion invest-
ment in Hughes Electronics Corp. (El
Segundo, CA), the nation’s largest
satellite company for the purpose of
providing Internet service through
satellite. At the same time, however,
Hughes was forced to write off $125

lite in orbit and the explosion of
another on the launch pad.

Despite these kinds of reversals,
high-technology companies such as
The Boeing Co. (Seattle, WA) and
Lockheed Martin (Bethesda, MD),
the nation’s two biggest defense
firms, are moving strongly toward
entering commercial satellite com-
munications. A prime reason is that
the commercial market has better
long-term potential than military
contracting. The key applications are
television, the Internet, and broad-
casting. TV has already made exten-

sive use of satellites in the form of
DirecTV (owned by Hughes), which
has 7.5 million customers who receive
dozens of digital channels on 18-in.
(45.72-cm) home dishes, and Echo-
star Communications Corp. (Little-
ton, CO), with a customer base of
more than 2.5 million direct-broad-
cast-satellite (DBS) users. The Inter-
net market, largely untapped to this
point, could be much greater.

COMMUNICATION BIRDS

While the recent woes of the satel-
lite industry have put some launch
plans on hold, most industry watchers
see problems such as short term, and
the overall thrust of the satellite-com-
munications business is headed
upward. A recent launch by Hughes of
its Astra 1H satellite from Kaza-
khstan in the former Soviet Union will
bring wideband satellite return-path
capabilities to Europe on Ka-band
(26.5-t0-40-GHz) transponders (Fig.
1). One of the goals of the Société
Européenne des Satellites (SES) of
Luxembourg, owner of the bird, is to
provide services comparable to
emerging terrestrial communications
such as XDSL and cable modems.
Another goal of SES with the Astra
1H is to enable analog and digital
radio and TV services across Europe.

Europe will be gaining some Ku-
band (12.4-to-18-GHz) capability in
approximately a year when the first of
the Europe*Star satellites is
launched. Europe*Star 1 will carry 30
transponders of 36-MHz bandwidth
each, intended to deliver satellite tele-
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communications to five coverage !

areas which are Europe, the Middle
East, South Africa, India, and South-
east Asia. This satellite will be sup-
ported by a second bird—Europe*
Star 2—scheduled for launch in 2002.
Other services planned for the satel-
lites are multimedia broadcasting,
multicasting, and the Internet.
Europe*Star is owned by Alcatel
Space Industries (Middlesex, Eng-
land)—with a 51-percent share—and
Loral Space and Communications
(Palo Alto, CA)—with a 49-percent
share. It is a member of the Loral Glo-
bal Alliance, a group created to com-
mercialize satellite transmission ser-
vices worldwide. Users of the service
will be offered one-stop shopping and
the ability to access the entire net-
work from any entry point.

A more high-profile project than
Europe*Star, also with a major Loral
contribution, is Globalstar (San Jose,
CA), a planned series of 48 low-earth-
orbit (LEO) satellites intended to
provide wireless telephone service
everywhere in the world, particular-
ly in areas underserved by basic tele-
communications services (when
authorized by local telecommunica-
tions authorities). In addition to tele-
phony, the company will offer other
digital communications services such
as data transmission, paging, facsim-
ile, and position location. Globalstar’s
plan is not to sell services directly to
users, but rather through a network
of regional and global telecommuni-
cations providers. These providers
will market and distribute the ser-
vice in their areas, obtaining all regu-
latory approvals and operating the
gateways necessary to provide ser-
vice to customers. All calls, including
international, enter the service pro-
vider’s existing land-based network
from a local gateway and do not by-
pass the existing telephone-network
infrastructure.

Globalstar is what is called a “bent-
pipe” satellite-relay system which is
essentially a frequency-translating
repeater. A signal received by the
satellite’s antenna is amplified in an
LNA, then translated in frequency,
amplified in a high-power amplifier,
and retransmitted to earth through
the satellite’s transmit antenna. Fea-
tures of the system include a so-

called soft handoff which is the trans-
fer of a circuit from one beam or sat-
ellite to another without interruption
of the call. The system also uses path
diversity, a method that combines
multiple signals of varying power
into a single coherent signal. A sub-
seriber can communicate with a sin-
gle satellite in view, but typically,
two to four birds will be overhead.
The subscriber equipment has a rake
receiver to combine signals into one
static-free, coherent signal. Global-
star is getting ready to inaugurate
services now. It recently brought its
number of satellites in orbit to 36,
and plans to launch another 16 by
year’s end. It will then have the 48
satellites originally planned plus four
birds that are in-orbit spares.

The concept of a global, broadband,
Internet-In-The-Sky is the goal of
Teledisic LLC (Bellevue, WA) based
on a constellation of LEO satellites.
The network, still approximately four
years away from deployment, is
intended to deliver “fiber-like” access
speeds for telecommunications ser-
vices such as computer networking,
broadband Internet access, high-
quality voice, and other digital data

applications. When the satellites are
up and running, Teledesic claims they
will support millions of users simulta-
neously, with most users having a
two-way connection that will provide
up to 64 Mb/s on the downlink side
and 2 Mb/s on the uplink. Higher-
speed terminals will offer two-way
capacity of 64 Mb/s. Communications
will take place in the Ka-band on the
uplink side and over the 18.8-t0-19.3-
GHz range on the downlink side. The
company recently signed a major
launch contract with Lockheed Mar-
tin for use of the latter’s Proton M and
Atlas V launch vehicles to put the
satellite constellation in orbit. Each
launch vehicle can carry multiple
satellites into orbit. Teledesic also
inked an agreement with Motorola,
Inc. (Schaumberg, IL) which will act
as the prime contractor for engineer-
ing and construction of the network.
In addition, Motorola has made a $150
million investment in Teledesic.

A satellite network already up and
running is that of ORBCOMM Global
L.P. (Dulles, VA), which is designed
for global wireless data and messag-
ing services. The constellation of
LEO satellites currently numbers 28

1. Interactive media services over the European continent will be possible

using the Astra 1H communications satellite built by Hughes Space and
Communications for the Société Européenne des Satellites (SES) of Lux-
embourg. SES will use the satellite and others to provide analog and digi-

tal radio and TV across Europe.
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ystem serve as relay repeaters to direct

information to and from an extensive ground segment infrastructure that
includes GCCs, GSSs, and NCs. The system sends and receives two-way
alphanumeric packets, similar to two-way paging or e-mail.

with another seven planned for
deployment this year. Unlike most
satellite systems which operate at
microwave frequencies, ORBCOMM
runs in the ultra-high-frequency
(UHF) range at 137 to 138 MHz and
400 MHz for transmissions down to
mobile or fixed data-communications
devices and at 148 to 150 MHz for
transmissions up to the birds. The
system comprises three main compo-
nents (Fig. 2). The space segment
consists of the satellites themselves,
while the ground segment comprises
Gateways called Gateway Control
Centers (GCCs), Gateway Earth Sta-
tions (GESs) and Network Control
Centers (NCCs). Finally, the Sub-
scriber Communicators (SCs) are
handheld devices for personal mes-
saging, as well as fixed and mobile
units for remote monitoring and
tracking applications. The system
can send and receive two-way alpha-
numeric packets, similar to two-way
paging or e-mail.

Two types of services available
with this system are weather infor-
mation and tracking of long-distance
trucks. Recently, ORBCOMM, in con-
junction with a value-added reseller,
introduced a satellite-based weather
information service for general avia-
tion pilots flying over the US and sev-
eral hundred miles off both coasts. It

isbased on NEXRAD radar images of
weather activity, and enables a pilot
to receive hourly weather updates at
remote destinations with additional
weather data while in flight. Other
functions permissible are the trans-
mission of position reports and the
sending and receiving of in-flight e-
mail. The system offers an advantage
over the well-known Global Position-
ing System (GPS), quickly becoming
the standard for navigation. The GPS
can show a pilot the shortest distance
between two points, but a satellite-
based system of weather information
can provide the data that describe the
safest and most-efficient route of
flight that is based on the actual
weather situation.

Trailer tracking services use sensor
technology embedded in a trailer or
container coupled with satellite-com-
munications technology that permits
significant information to be moni-
tored by the fleet owner. For exam-
ple, in the ORBCOMM system now
coming online, it is possible to detect
when a trailer is connected or discon-
nected from a tractor, whether it is
loaded or empty, its GPS position, and
other key data. The information gath-
ered is used in a comprehensive data-
management and logistics system.

Active electronic device [integrat-
ed-circuit (IC)] operation and perfor-

mance are far more difficult to control
in space than on earth due to the radi-
ation that continuously bombards a
satellite.

RAD HARD COTS

As is well-known, radiation from
cosmic rays, protons, and heavy ions
are responsible for IC faults such as
single-event upsets (SEUs), single-
event latchups (SELs), and total
burnouts of electronic devices. These
types of faults have the greatest effect
on digital ICs that contain memory
elements such as microprocessors,
microcontrollers, and memory de-
vices themselves. Upsets and latch-
ups can sometimes be overcome by
resetting or rebooting a device
through ground control, but burnouts
and frozen-bit problems cause device
failure, a potentially catastrophic
occurrence in a space vehicle a thou-
sand miles above the earth. During
the days when the military accounted
for a significant percentage of the
semiconductor market, special radia-
tion-hardened (rad-hard) devices
were in ample supply for aerospace
applications and were manufactured
on dedicated production lines. Today,
however, defense spending has been
cut and with it the economic motiva-
tion for dedicated, high-reliability
manufacturing facilities for rad-hard
ICs. The need for these devices still
exists because the commercial satel-
lite industry is picking up where the
military left off.

Virtually all of the ICs used in
today’s military, space, and avionics
applications are of the commercial-

. off-the-shelf (COTS) variety. For
. background on COTS, see “Military

Retrenchment Spells Electronics
Growth,” Microwaves & RF, June
1998, p. 37, and “Electronics Are A
Secret Weapon In The Military Bud-
get,” Microwaves & RF, June 1999, p.
27. The same components are em-
ployed in commercial equipment, but
only a small percentage need to be
radiation hardened for space. The
additional processing for hardening
COTS products includes a cost that is
not as readily absorbed in commercial
satellites as it is in military types. For
commerecial satellite technology to be
successful, it requires a combination
of advanced electronic processing and
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the secrets to success: Think small.

To learn more, visit our website to download data sheets and application
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manufacturing devices at low cost.
And this requires COTS manufactur-
ers to develop a technique for eco-
nomical production of rad-hard ICs.

According to a report entitled “Ra-
diation Hardening Of Commercial
CMOS Processes Through Minimally
Invasive Techniques,” by J.M. Bene-
detto and D.B. Kerwin of UTMC Mi-
croelectronic Systems (Colorado
Springs, CO) and J. Chaffee of Vitesse
Semiconductor Corp. (Colorado
Springs, CO), commerecial silicon (Si)
foundries could run a rad-hard prod-
uct line along with their standard
product line, but most manufacturers
are very reluctant to alter their com-
mercial product flow in any significant
manner. UTMC has developed two
different minimally invasive radiation
hardening techniques that can be used
to meet the requirements of commer-
cial foundries. In both techniques, the
rad-hard product is run along with the
standard product up to the field-isola-
tion stage. The rad-hard version is
then segregated out for additional
patterning and processing operations
and returned to the commercial flow
for final processing.

The self-contained modules, called
radiation-tolerant module A (RTM-
A) and RTM-B, are designed for two
different design-rule processes.
RTM-A is compatible with comple-
mentary-metal-oxide-semiconductor
(CMOS) design rules greater than 0.5
pm and RTM-B is for design rules
down to 0.35 pm. RTM-A is capable of
imparting a total-dose hardness of
200 to 500 krads (Si0y) while RTM-B
can harden from 100 to 200 krads
(Si0Oy). The authors believe that these
modules will provide even greater
levels of hardening when the process-
es are fully optimized.

There are two important results of
the module program for commercial
satellites. First, advanced CMOS
COTS devices can be manufactured
with total-dose radiation hardness
levels acceptable for most orbits
[LEOs, medium earth orbits (MEOs)
and geosynchronous earth orbits
(GEOs)]. Second, the devices can be
produced at a cost that is more in line
with commercial satellite system
needs and much lower than that of a
dedicated rad-hard wafer foundry.

Similar to military satellites before

SITS . STAYS:

Once in place, our coax terminations won't budge. One little rod inside
the casing changes everything. Called staked architecture, bonding is done by
friction. There’s no adhesive and no concern with solder leﬂou n’&
theat up inside your pcb. Fit is tight and secure.

Like little rocks of Gibraltar, these are some solid, reliable pieces.

hen things
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DuPont Green Tape" Shrinks

ireless 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: Smali-Size,
High-Performance Circuits
for Wireless Telecom

In wireless communications devices
such as cellular telephones, wireless
LANSs and satellite global positioning
systems (GPSs), the ratio of passive
to active components may be more
than 100:1, which increases circuit
size, weight and cost. National
Semiconductor engineers needed to
address the problem of integrating
the necessary passive components,
while still meeting circuit size and
cost-reduction goals.

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

and signal integrity requirements.

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

with embedded indu
capacitors, combined with N
Semiconductor’s BICMOS
frequency synthesizer 1Cs.

The combined technology was

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

The embedded functions of the
substrate eliminate many inter-

connections with poorly controlled
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impedance, which traditionally
require additional components to
control the effects of parasitics
and impedance mismatches.
Concurrent design of active RF
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
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them, commercial versions must car-
ry high-reliability, rad-hard ICs, but
the cost/performance trade-offs are
more critical for commercial systems.
A number of factors affect the selec-
tion of COTS electronic components
for space, including the height of the
satellite’s orbit, the required degree
of radiation hardness as a function of
shielding within the satellite body and
electronic modules, ensuring the
hardness capability of all devices
based on semiconductor materials,
and the reliability built into devices by
the manufacturer. For a more de-
tailed exploration of the factors about
using COTS components in aerospace
systems, see “COTS in Space,” by
Joseph Benedetto, COTS Jowurnal,
Vol. 1, No. 2, May/June 1998, p. 67.

GPS MOVES ON

Of any technology developed origi-
nally for military use, none has great-
er potential for widespread commer-
cial use than the GPS. Operating from
the MEO Navstar satellite system at
approximately 12,600 miles from
earth, GPS has applications in avia-
tion, marine navigation, land naviga-
tion, timing for wireless communica-
tions systems, military systems,
recreational uses, and some appli-
cations not even thought about yet
(see “Modern Military Technology
Gets A Commercial Look,” Micro-
waves & RF, September 1998, p. 31).
GPS is the quintessential example of a
technology that has made the transi-
tion from military use to the civilian
sector and back again to the military
with commercial enhancements. Al-
though the GPS system is available for
civilian use free of charge, it is owned
and operated by the US government
(US Department of Defense).

The primary function of the GPS
is—as originally intended—naviga-
tion. A GPS receiver on earth can
compute position, velocity, and time.
The conventional applications that
spring from this are precise position-
ing and highly accurate time and fre-
quency information. Positioning
information is used widely in survey-
ing, geodetic control (for mapping and
charting), and plate tectonics (move-
ments of the earth’s crust). Time and
frequency information is based on
precision clocks carried aboard the

SPACE TESTED. SATELLITE APPROVED.

It5 a hard world up there.

What with shock vibrations. Continuous burn-in. Fungal invasions. Its a
wonder anything can survive.

So it’s good to know that whatever the galaxies can dish out, we test our
attenuators to here on earth. Then send them up in spacecraft, just to make sure.

Think what all that veliability will mean to your wireless applications.
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INTRODUCING A 1Ny
REVOLUTION

IN WIRELESS CONNECTIVITY

Introducing the ASH
Transceiver

RFM’s new amplifier-sequenced hybrid (ASH)
transceivers are ideal for adding short-range wireless
connectivity to even the smallest digital products.
These tiny UHF radio transceivers can operate from
even the smallest batteries for extended periods of
time, thanks to their low current consumption and
integrated “sleep” mode. All critical RF circuitry is
contained within the hybrid, simplifying and speeding
design-in. ASH transceivers can be configured to
support a wide range of applications and air protocols.

For further information on this tiny revolution in
wireless connectivity contact RF Monolithics, Inc.

1] lll Web: http://www.rfm.com Toll free: 800-704-6079
Il ' |l European Sales Office: Port Marly, France

‘ ® Tel: (33) (0) (1) 39.16.42.89 FAX: (33) (0) (1) 39.16.42.70

RF MOIl()ﬁthiCS, Inc. Distributors:  Spectrum Microwave Products 888-977-3287

. . . Insight Electronics Inc. 800-677-6011
“Practical RF Design Solutions”
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satellites. This is used for astronomi-
cal observations, telecommunica-
tions, and for setting laboratory in-
struments to precise time and/or
accurate frequencies.

In a 1998 report entitled “North
American GPS Markets,” interna-
tional marketing consultants Frost &
Sullivan (Mountain View, CA) state
the total GPS market keeps growing
at a rate of approximately 22 percent
and shows no sign of letting up until
about 2004 when growth will “cool”
to just 18.6 percent. The report says
that the land market is the biggest,
accounting for 50 percent of all rev-
enues through the year 2004. While
land-market revenues shot up by 28.1
percent in 1997—to $615 million—
the projected compound annual
growth rate (CAGR) from 1998 to
2004 is not much smaller at 24.8 per-
cent. Driving the market are uses
such as the growth of land-based
applications (automobiles, trains,
recreational vehicles, handheld
units) marine uses (mainly in plea-
sure craft), telecommunications for
nanosecond timing accuracy, wire-
less communications, and aviation
(precision approach and en-route
navigation),

The greatest potential for GPS is a
so-called enabling technology for con-
sumer mass markets. That is, manu-
facturers of GPS products and sys-
tems join with makers of automobiles,
boats, planes, cellular phones, golf
carts, ete. to incorporate location, po-
sition, tracking, or timing features
that were unavailable before the
invention of the GPS. These features
can create new uses for a product with
a resulting increase in demand—auto-
matic vehicle location and mapping
directions in automobiles, GPS-en-
abled wireless communications,
enhanced-911 emergency-response
capability, even distance measure-
ments from tee to green by specially
equipped golf carts. There are a num-
ber of applications that could use GPS
in a one-way communications system
that would be relatively inexpensive.
For example, an emergency GPS
transmitter could be used to precisely
locate a person in trouble when the
transmitter was activated with no
return signal necessary—in effect, a
one-way 911 system. ®®

MORE POWER TO "YA.

Our soldered flange loads confidently take on some serious wattage.

These super components stand strong under brutal mid- and high-power zappings.
Whatever your assembly method, however many you need, they're always ready to save the day.

Pick from flange loads that sport power handling from 10 to 800 watts, BeO or non-toxic
AIN construction and a variety of tab configurations. Resistor versions also available.

EMCTECHNOLOGY LLC | — .|

Righl Brain Components.
609-4297800 www.emct.com

CIRCLE NO. 400 or visit www.mwrf.com

Plot Masks in Hours,
Not Days

Instead of waiting days for a mask,
plot your own in 2 - 10 hours.
And save hundreds of dollars on each mask.

]

® Save time and = Get much quicker If only all our decisions

money turnarounds could be this easy...
= Keep production = Your savings will ~ Call NEOS Technologies
in-house pay for the plotter  for details. 407-676-9020
™ Easy to use in 2 years or less

4300-C Fortune Place * Melbourne, Florida 32904
407-676-9020 ¢ 407-722-4499 fax » www.neostech.com
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‘_Boomon’s.4‘530 Series RF power meters—
the new peak of power measurement.

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

Choose from CW and peak sensors, covering o frequency range from

10 kHz to 40 GHz, and a power range of -70 dBm to +44 dBm. The
4530 also delivers single sensor capabilities of 90 dB dynamic range.
for (W measurements and 60 dB dynamic range for peak power

‘measurements all ot greater than 20 MHz modulation bandwidih.
“The 4530 Series from Boonton Elecironics, the

mplex signal measurement for more than 50 y

4532 RF Power Meter

Calibrator

1 Channet

O A

2

oy

res——




VIEW CURRENT AND
BACK ISSUES OF

IYowaves

Netscape: Welcome to Microwaves & RF

a4 &

Forward Reload Home

T What's Rel

Specialty RF/Microwave [
Components & Accessories

For Designers
~ At Higher

~ Frequencies

Co e

Howel package improves MOSFET
rediabil

HEWS

e Surveying the LMDS scenery
* Editorial Archives N FEATURE:

* Wireless Show

Optical signaks control RF
seitches.

PRODUCTT L

Radio transcenver fitson single IC

* Manufacturer Links
* Subscribe :

+ Career :
+ About Micrcoraves & RF
+ Product Data Directory :

Plense now this issue is Acmobat
fonmat
Youwil need Aciobat Reader 0
view it

www.microwavesrf.com




Ericsson RF Power Products is committed to delivering the best LDMOS

RF products in the industry. Your system requires maximum performance
and reliability, our devices are ALL GOLD, all the time.

2.0 GHz LDMOS

We offer 2.0GHz LDMOS FETs optimized for
PCS. The impressive PTF

10120 displays an

intermodula-

tion distortion i,

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

900 MHz LDMOS

; Our newest 900 MHz LDMOS FETs are
- Actual Size . optimized for cellular base station

e signals with the highest power

f g device, the

L : £ PTF 10100
% d -+ delivering 16
%\%\ {ﬁf) . watts of power
4 B < ~ with 13dB of
i;é i \. i B linear gain.
: : %'
‘ J : ’ Actual Size

Contact our authorized distributors:

Richardson
Electronics
Engineered Solutions

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

AYNET

=== rlectronice markoting

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




DAB/DAR LDMOS

Looking for excellent 1.4 1.6 GHz RF
_ products? Our DAB/DAR LDMOS

. FET, PTF 10125 has 13dB of linear

gain and 135 watts of power.
:  Every device in this
o family is optimized for

= broadband capability
and supports the new digital
modulation applications.

Actual Size

13

UHF TV LDMOS

Your UHF TV power
amplification system wil.
benefit from our family ¢
470-860 MHz LDMOS
FETs. The PTF 10037,
the highest power
device, delivers 120
watts of power with
14dB gain.

Actual Size

High Impedance
Technology (HIT™)

HITs combine
state-of-the-art
LDMOS silicon

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

Actual Size

Contact us today to find out &
how Ericsson’s GOLDMOS™ -
products can be your wireless
systen solution.

ERICSSON

RF Power Products
1-877-GOLDMOS (465-3667)

www.ericsson.com/tfpower

\

G

\

International
+46 08 757 5000
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Spectrum analyzer uses Internet for remote monitoring

L‘ \/, godel P9116 spectrum analyzer covers 100 kHz

to 1600 MHz and can perform remote monitor-
Ming of transmit or receive sites through the In-
ternet. When used with a video-graphics-array (VGA)

monitor and the supplied graphical user in-
terface (GUI), it operates as a conventional
spectrum analyzer. When used in a re-
mote-monitoring application, it operates in
a “server” mode and can be accessed and
controlled from any client-designated per-
sonal computer (PC) or laptop computer
via RS-232, TI line, or the Internet. Data
can be processed, stored, displayed, trans-
ferred, and printed from virtually any-

...............................................................

Powerlvo!ta&a meters
conform to VXI standard
he 5730 series of RF power/volt-
I@age meters complies with the
VME-extensions-for-instrumen-
tation (VXI) hardware-architecture stan-
dard, enabling them to integrate and
share information with other VXI-com-
patible devices. They are designed for
military and commercial automatic-test-
equipment (ATE) applications that re-
quire multiple-rack configurations. The
meters measure
RF power levels
from -70 to +44
dBm at frequen-
cies from 10 kHz
to 100 GHz with
single-sensor dy-
namic range as
wide as 90 dB.
They measure
RF voltages
from 200 pV to
10 V at frequen-
cies from 10 Hz
to 2.5 GHz with
true root-mean-
square (RMS) response below 30 mV.
These dual-channel meters can sample up
to 200 readings per second and can dis-
play two different readings, such as dB
and mW, simultaneously on two different
channels. Boonton Electronics Corp.,
25 Eastmans Rd., Parsippany, NJ
07054; (973) 386-9696, FAX: (973)
386-9191, Internet: http:/www.
boonton.com.
CIRCLE NO. 63 or visit www.mwrf.com

where in the world using standard PC techniques. The an-
alyzer has a frequency accuracy of 0.5 PPM and an abso-
lute level accuracy of =0.5 dB over its —-120- to +20-dBm
amplitude range. Its internal synthesized local oscillator
(LO) yields a frequency resolution of 2 Hz
and a step time of less than 150 ps. The an-
alyzer is packaged in an industrial chassis
that includes a power supply, Pentium con-
troller, modem, and various serial and par-
allel communication ports. Morrow
Technologies Corp., 2300 Tall Pines
Dr., Largo, FL 33771; (727) 531-4000,
FAX: (727) 531-3531.

CIRCLE NO. 61 or visit www.mwrf.com

.....................................................................................................

Microstrip antenna covers 5.4 to 5.9 GHz
he model 9859-800
| low-profile, 16-element microstrip an-
[t tenna operates
with 45-deg. polariza-
tion across the 5.4-to-
5.9-GHz frequency
range. It is ideally
suited for airborne nav-
igational systems. Nom-
inal gain is 16.9 dBiec
while maximum VSWR
is 1.8:1. The antenna
measures 21.5 X 5.0 X 0.5
in. (54.61 X 12.70 X 1.27 ¢m) and includes an SMA connector. Seavey
Engineering Associates, Inc., 28 Riverside Dr., Pembroke,
MA 02359; (781) 829-4740, FAX: (781) 829-4590, Internet:
http://www.seaveyantenna.com.
CIRCLE NO. 62 or visit www.mwrf.com

| diplexers.com.

Compact diplexer screens high-power PCS signals
j ;/ E odel W18005D cavity diplexer filters personal-communi-
cation-services (PCS) signals at power levels exceeding

260 W. The diplexer passes signals in the PCS low band

from 1850 to 1910 MHz and the PCS high band from 1930 to 1990
T MHz with less than -120-dBm
intermodulation distortion
(IMD). Insertion loss is less
than 1.2 dB and isolation be-
tween receive and transmit
channels is better than 90 dB.
The diplexer measures 2 X 2
X 10 in. (5.08 X 5.08 x 25.40
cm) and uses 7/16-in. connec-
tors. Wireless Technolo-
gies Corp., 4000 Haile Lane, Springdale, AR 72762; (501)
750-1046, FAX: (501) 750-4657, Internet: http:/www.
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TO CONDUCT YOUR
MEASUREMENT TESTS WITH
POWER AND SUBTLETY,

USE ADVANTEST.

For almost half a century Advantest has been designing the electronic measuring equipment crucial to the development of

advanced telecommunications technologies. We offer total communications support: a full range of the world's fastest and most

accurate measuring instruments — more than 100 different products for your telecommunications systems. We're constantly

developing new measuring technologies, for digital mobile communications systems including CDMA systems, for cutting-edge

WDM optical fiber core network systems, and for a wide variety telecommunications devices. Together with our partners Rohde &

Schwarz in Europe and Tektronix in the U.S., we maintain a strong global support system; you will find service and support for our

products in more than 100 cities around the world. If you supply telecommunications systems of the highest technology in today's

fast-moving markets, you need measuring equipment that will get it right. And get it fast. You can get it all from Advantest.

R3754B Network Analyzer

Amazing cost / performance !

The R3754B is a high-performance network analyzer
with greatly enhanced functional performance and

a low price. It has been optimized by setting

the frequency range to the limited bandwidth

of 10kHz to 150MHz. The R3754B can be used for
adjustment and test in the production and inspection
processes of crystal, ceramic, L.C, and sensor parts.

ADVANTEST.

Japan: ADVANTEST CORPORATION +81-3-3342-7500, tmi@advantest.co.jp, http://www.advantest.co.jp/index-e.html

Europe: ROHDE & SCHWARZ Engineering and Sales GmbH +49-89-4129-3711, http://www.rsd.de
North America: Tektronix, Inc. +1-800-426-2200, http://www.tek.com
Asia: Advantest (Singapore) Pte. Ltd. +65-274-3100, tmi@asp.advantest.co.jp
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Female Exec To Head The New HP

at being called a “lady” CEO

rather than simply a CEO, Car-
leton (Carly) S. Fiorina was elevated
to the position of most powerful fe-
male executive in America when she
took the reins of the “new” Hewlett-
Packard Co. in July. Last March, HP
split itself into two independent enti-

Although she would probably balk

ties. The Hewlett-Packard that Fior-
ina will head will retain the com-
pany’s name as well as its computer
and imaging operations. The recently
christened Agilent Technologies,
now an independent company, com-
prises the company’s core and classic
businesses of electronic instruments,
test equipment, and semiconductor

WEINSCHEL QUALITY COMPONENTS & SUBSYSTEMS

Products

That Make
a Werld of
Difterence

Whether it's standard off-the-shelf
coaxial components or custom designs to
meet your requirements, -
confact Weinschel for
high quality products
that make a world of
difference in your
wireless applications.

|

Variable & Step

Attenuators =,

e (ontinuously Variable, dc-4.2

© Manual Step, dc-26.5 GHz

© Connector Choice: SMA, N, 2.92mm

Programmable Attenuators

o RE Wireless, & Microwave Models 3
(dc-1,1.2,2, 3, 4,18, 26.5 GHz) 73

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

75 2 & Phose Compensafed Designs

Phase Shifters .

®dc-18 GHz

© Internal Self Locking Mechanism

Power Splitters & Dividers
® Resistive Models fo 40 GHz

o Connector Choice: SMA, 2.92m, N
2 & 4 Way Designs

Fixed Attenuators

© Models from dc-40 GHz

o High Power Models up 10 1,000 W
 MIL & Space Qualified Models .
o Low Intermodulation Design Options

« Connector Choice: SMA, 2.4mm, 2.92m, 3.5mm, N, 7/16, BNC
Precision Adapters & Connectors

» Blind-mate Connector Systems

 PLanar CRown® Connector System

Directional Couplers

® dc-4 GHz © Octave & Broadband

Weinschel

CORPORATION
An MCE Company

5305 Spectrum Drive, Frederick, Maryland 21703-7362

Nt

. Subsystems
e © Plug & Go Programmable
“ Attenuators and Relay Drivers
o |EEE-488 & Standord Serial
Interfaces/Controllers

# Bus Controlled Programmable
Attenuator Units

® Custom Subsystem Design for
Specialized Applications

Terminations & Loads

© Models from dc-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

CERTIFIED
IS0 8001

800-638-2048 o Tel: 301-846-9222 * Fox: 301-846-9116
e-mail: sales@weinschel.com ® Web: www.weinschel.com

Certificate No, 94-289C
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products.

HP, with Fiorina at the helm, is the
world’s second-largest computer
maker—behind IBM—with $39.5 bil-
lion of computer-related revenue in
1998. The Agilent portion of the busi-
ness trailed far behind at $7.6 billion in
the $47.1 billion combined income of
the company in 1998. Despite their
size, the HP computer operations are
feeling the sting of upstarts such as
Dell Computer with its direct sales
model (over the Internet) which is at-
tracting consumers to the tune of a 38-
percent increase in sales last year.
HP, by contrast, using the traditional
dealers and distributors to sell its ma-
chines, posted only a 3-percent sales
increase.

Fiorina comes with a mandate to
change that, and in addition, to project
HP into the global telecommunica-
tions market with its potential for
enormous growth into the foreseeable
future. She is uniquely qualified for
the latter task. Before joining HP,
Fiorina headed the $20 billion Global
Service Provider business of Lucent
Technologies and is regarded as very
well versed in the telecommunications
industry, having launched her career
as a sales rep with AT&T in 1980. The
business she led sold networking sys- |
tems and software for telephone, In-
ternet, and wireless services in 43
countries around the world. In fact,
some observers expected her to be-
come president of Lucent, but the in-
cumbent, Richard McGinn, seems well
entrenched in the position.

If Fiorina has attained the title of
the country’s most powerful female
business leader, this is the second
time she has been so anointed. Last
year, Fortune magazine named her
number one in its rankings of the 50
top female executives in America. In
her praise, the magazine said, “Fior-
ina is a star in nothing less than the
hottest, most important industry in
American business: telecommunica-
tions. Without it, or the products her
company produces, few of us could do
our jobs.” It remains to be seen how
Fiorina’s sales and marketing back-
ground will play in her new position,
where technical decision making may
be the primary factor in HP’s future
success. @@
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FOUR WIRELESS FORMATS

" Giga tronics 8650A  Univer:

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
FWIDEBAND CDMA sgnls,  mpling rates of 25 to 5 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:

s CW POWER over a 90 dB dynamic range. = Automatic time gating.

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

modulated signal with a risetime as narrow as 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 Incorporated = 4650 Norris Canyon Road w San Ramon, California USA 94583 m Telephone: 925-328-4650 m Telefax: 925-328-4700
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romagnetic Software
SOLUTIONS

Sonnet® em® 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
- redesigned interfaces for Windows/Motif
- plug-in interface to HP-EESof ADS

KCC Micro-Stripes™

for Full 3D Analysis

Efficient 3D time-domain analysis of
-waveguides -antennas  -RF packages
-3D interconnects = -RF transitions

Coming Soon! Version 5.0 release with
- new solid modeler based on ACIS SAT kernel
- solid model import/export
- parameterized element definition
- integrated macro facility for automation

NOW AVAILABLE: Sonnet Lite, a FREE 3D Planar EM software suite.

Visit our web site (www.sonnetusa.com) for FREE DOWNLOAD.

Accurate analysis means

success on f7/ S fabrication.

SONNET"

© Copyright 1999 Sonnet Software, Inc.

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

(315) 453-3096 < fax: (315) 451-1694

info@sonnetusa.com ® www.sonnetusa.com
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Contracts

I-Bus, Inc.—Announced that it has entered into an
agreement with I-Link, Inc. with an estimated value of up
to $5 million over three years. Under the terms of the
agreement, I-Bus will supply fully integrated personal-
computer (PC) platforms, including central-processing-
unit (CPU) boards, passive backplanes, and system en-
closures for I-Link’s enhanced Internet Protocol
telecommunications-network platform.

Harris Corp.—Has signed a second contract with
Telet, a Brazilian mobile-telecommunications operator,
for the supply and installation of Harris microwave radios
throughout the southern region of Brazil. Telet’s recent
order brings the total value of Harris’ contracts with
Telet to $15 million.

M1 and Motorola, Inc.’s Network Solutions
Sector—Have signed a contract worth $15 million to up-
grade M1’s code-division-multiple-access (CDMA) digital
cellular-telephone network in Singapore. The enhance-
ment of the CDMA system will include the world’s first
commercial deployment of the Alcatell 1000 S12 CDMA
mobile switching center in an IS-95 network together
with the Motorola CDMA radio subsystem.

Berkeley Varitronics Systems—Was awarded a
contract by Sprint PCS for 12 wireless telecommunica-
tions test systems that are comprised of receivers and
transmitters for microcell analysis.

ORBCOMM Global L.P.—Has signed a reseller
agreement with Hughes Global Services to deliver ORB-
COMM’s satellite-based communications services to US
government and military customers. Hughes will market
ORBCOMM’s two-way communications services to gov-
ernment and military customers under a General Ser-
vices Administration’s Federal Technology Service con-
tract, awarded earlier this year to Hughes and valued for
all services at approximately $100 million.

Discovery Semiconductors—Was awarded a
$65,000 contract from the Ballistic Missile Defense Orga-
nization (BMDO) to cover the development of a 100-GHz
photodetector/amplifier. Another contract, valued at
$736,000 from the US Army, will target the development
of multilevel photonic modules. These modules will con-
sist of a monolithic positive-intrinsie-negative (PIN) pho-
todetector/power amplifier (OEIC), providing 44-GHz
bandwidth and a power output of 100 mW.

Fresh Starts

Sprint—Has entered into a definitive agreement to
purchase American Telecasting, Inc., a Colorado Springs,
CO-based company that controls broadcast licenses that
can be used to provide high-speed Internet and data ser-
vices in several major markets including Seattle, WA;
Las Vegas, NV; Denver, CO; Portland, OR; as well as To-
ledo, Columbus, and Cincinnati, OH.

Calibre, Inc.—Announced that it has reached distri-
bution agreements with sales-channel partners in Japan
and the Asia/Pacific region.

Andrew Corp.—Has signed a reseller agreement with
Divine Tower International Corp. (DTIC), the nation’s

largest privately held infrastructure provider to wireless
carriers. Under the terms of the agreement, DTIC will de-
ploy Andrew-supplied HELIAX® cable, connectors, ac-
cessories, and elliptical waveguide; RADIAX® radiating
cable; microwave, GridPak®, ValuLine®, base-station,
earth-station, and broadcast antennas; pressurization
products; towers; and equipment shelters as part of a new
partnership between the two companies.

Micro Interconnect, Inc. (MII)—Recently an-
nounced business partnerships for the manufacture of ex-
pert modules for the Internet and wireless communica-
tion markets. Under the terms of the agreements, Apack
Technologies, Inc. and Tong Hsing Electronics Industries
Ltd., both of Taiwan, will act as manufacturing foundries
for MII. Apack will provide a leading-edge interconnect
technology, developed by Lucent Technologies, that in-
corporates embedded passives and uses flip-chip die at-
tach onto a high-density silicon (Si) interconnect sub-
strate. Tong Hsing will offer MII and its customers the
most advanced techniques in high-volume ceramic and
laminate module manufacturing.

TriQuint Semiconductor, Inc. and RF Integra-
tion, Int.—Announced an agreement to use RF Inte-
gration’s RF integrated-circuit (RF IC) product-devel-
opment services with TriQuint’s GaAs IC foundry to
provide customers with turnkey RF IC product-develop-
ment capabilities.

Hewlett-Packard Co. and Ando Electric Co.—
Announced a three-year contract to develop and market
test instruments jointly for the emerging high-bandwidth
dense-wavelength-division-multiplexer (DWDM) and
Synchronous Optical Network (SONET)/synchronous-
digital-hierarchy (SDH) functional test market.

Metawave Communications Corp.—Announced
the opening of offices in Taipei, Taiwan and Shanghai,
China to support sales, service, and manufacturing oper-
ations for its SpotLight® smart-antenna systems.

TeleHubLink Corp.—Signed a letter of intent to ac-
quire all of the shares of wirelessEneryption.com of Bur-
lington, MA, which is developing advanced ultra-secure
signal-processing technology for wireless and Internet
communications as well as all other data-transmission
methods.

SaRonix—Appointed Jacques Dorian as Northeast
Regional Sales Manager. Dorian will be responsible for
sales and communication with SaRonix’s manufacturing
representatives within that territory.

RF Micro Devices, Inc.—Opened a new design cen-
ter in Cedar Rapids, TA. The 5000-sq.-ft. facility will
house a team of senior-level RF engineers and techni-
cians designing high-efficiency linear power amplifiers
(PAs) and other RF integrated circuits (RF ICs) to be
used in cellular and personal-communications-services
(PCS) telephones. The RF ICs will be manufactured in
the RFMD® gallium-arsenide heterojunction-bipolar-
transistor (GaAs HBT) foundry.

Spike Technologies—Announced the completion of
the first phase of a new broadband wireless-local-loop
(WLL) installation in Caracas, Venezuela.
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AMERICAN
MICROWAVE

A\\ CORPORATION

“IN PURSUIT OF EXCELLENCE THROUGH
ENGINEERING”

® SWITCHES

ee MODEL MSN-10DR/DT-05
FREQUENCY: 0.5 to 18.0 GHz
INSERTION LOSS: -4.5dB
ISOLATION: 70 dB
VSWR: 2.0:1
SPEED DELAY ON: 75 nS Typ.

DELAY OFF: 75nS Typ.

SIZE: 5.00" x 1.50" x 0.40"

® ATTENUATORS ( Mulitoctave & Octave
Bands / Digital, Analog, or Current
Controlled)

oe MODEL DVAN-2040-60-8 L
FREQUENCY: 2.0 t0 4.0 GHz
ATTENUATION RANGE: 60 dB
INSERTION LOSS: -2.0 dB
VSWR: 2.0:1
FLATNESS: @ 10dB +0.4 dB

@20dB +0.8 dB
@40dB +1.5dB
@60dB +1.6dB
ACCURACY: 0t030dB +0.5dB
30to50dB +1.0dB
50t060dB +1.5dB
SWITCHING SPEED: <500 nS
SIZE: 2.00" x 1.80" x 0.50"

® DETECTOR LOG VIDEQ AMPS

DETECTOR LOG
VIDEQ AMPLIFIER
LVD—218~50

ee MODEL LVD-218-50
FREQUENCY: 2 to 18 GHz
FREQUENCY FLATNESS + 1.0dB
DYNAMIC RANGE: -40 to +5 dBm
LOG LINEARITY ERROR: +0.5 dB
PULSE RESPONSE: 50 nS to CW
RISE TIME: 20 nS
SETTLING TIME: 45 nS
RECOVERY TIME: 150 nS TYP.
TSS:-42 dBm
VSWR: 3.0:1
MAXIMUM RF INPUT: +15 dBm
SIZE: 2.20" x 1.50" x 0.40"

7311-G Grove Road, Frederick, MD 21704
Tel (301) 662-4700, Fax (301) 662-4938
WEB PAGE: HTTP.//WWW.AMWAVE.COM
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Reed Exhibition Companies
(REC)—Bob Stewart to senior vice
president; formerly industry vice
president of NMW and Quality Expo
International.

TriPoint Global Communica-
tions—William L. (Bill) Shillito to
vice president and general manager
for technical produets; formerly vice
president of operations and engineer-
ing at Prodelin. Also, Nathan A. Knut-
son to operations manager for univer-
sal antennas; formerly president of
Ranger Satellite Communications.

KNUTSON

SHILLITO

TeleHubLink Corp.—Daniel J.
Ryan to executive vice president and
chief operating officer of the wire-
lessEncryption.com subsidiary; for-
merly corporate vice president and
division general manager at Science
Applications International Corp.

American Technical Ceram-
ics—Sidney Arnow to eastern re-
gional sales manager; formerly pres-
ident of US Technical Marketing,
Inec. Also, Eugene Pinto to western
regional sales manager; formerly
handled sales of commercial antenna
products at Dorne & Margolin, Inc.

LCC International, Inc.—C.
Thomas Faulders ITI to president
and chief executive officer; formerly
executive vice president, treasurer,
and chief financial officer of BDM In-
ternational, Inc.

Quad Systems Corp.—Roger
E. Gower to the board of directors;
currently chairman, president, and
chief executive officer of Micro Com-
ponent Technology, Inc.

Narda Microwave-East—
Robert Koelzer to vice president of
engineering; formerly product-line
manager for passive products.

CTS Corp.—William J. Kaska to
executive vice president; formerly
group vice president.

Storm Products Co., Ad-
vanced Technology Group—Lew
Backer to western regional sales man-
ager for the Microwave Business
Unit; formerly director of marketing
and sales for AMP’s Precision Cable
Division. Also, Colin Serimgeour to
quality assurance manager; formerly
quality manager for Telecommunica-
tion Devices.

North Light Communica-
tions—Tim Ayers to president of
North Light Public Affairs; formerly
vice president for communications at
the Cellular Telecommunications In-
dustry Association.

Superconductor Technolo-
gies, Inc.—Richard M. Johnston to
the board of directors; currently vice
president of investments and a direc-
tor of The Hillman Co. Also, Joseph
C. Manzinger to the board of direc-
tors; currently vice president of The
Hillman Co.

Piezo Technology, Inc. (PTI)—
Carl Sokoloski to instrumentation
team manager; formerly worked in in-
strumentation at CTS Reeves Fre-
quency Products. Also, Robin Soko-
loski to production manager; formerly
operations manager for CTS Reeves
in the area of quartz frequency-con-
trol devices.

Trompeter Electronics—Lyn
Bresnen to new business develop-
ment manager; formerly western re-
gional sales manager for Johnson
Components.

BRESNEN ROGERS

Amplifier Research (AR)—
Richard R. Rogers to vice president
of the AMREP division; formerly
worked in human resources at Rohm
& Haas.

Goodfellow Corp.—John C. Fri-
day to key accounts manager; for-
merly sales representative for Amer-
ican Contractors Equipment.

E-MAIL ADDRESS: AMCPMI@AOL. coM |

CIRCLE NO. 406 or visit www.mwrf.com
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LOW NOISE, LOW DISTORTION TXDACS".
ENABLING NEXT-GENERATION
COMMUNICATIONS SYSTEMS.

Multicarrier

New industry-standard TxDACs shatter performance benchmarks.

With amazingly low SFDR narrowband distortion levels of —93 dB and wideband
distortion levels of =70 dB, the new AD9754 TxDAC improves spurious-free performance by

m Analog Devices’ Industry= g 10 dB over comparable DACs. For wideband systems, performance is an
T leading TxDACS are wo year

impressive =70 dB for Adjacent Channel Power Ratio (ACPR) and -70 dB IMD
for Multicarrier systems—specs that improve data bandwidth, system
smallest packages capacity and voice quality in next-generation communications systems. At a
125 MSPS conversion rate, our latest TxDACs —the AD9754 (14-bit), AD9752 (12-bit) and

AD9750 (10-bit)—will enable your next-generation communications, waveform generation

or ATE products.

To learn more about TxDAC technology, including design and testing
methods, or to order a free Communications Solutions CD-ROM:

SE\/’\'%%CSE Visit www.analog.com/TxDAC or call 1-800-ANALOGD.

THE WORLD’S NUMBER ONE BRAND FOR HIGH-PERFORMANCE ANALOG ICs.

*USD 1,000s, recommended resale, FOB U.S.A. Ad Code 3688
CIRCLE NO. 338



PCS*WLL*CDMA*TDMA

PCS*GSM*CELLULAR

CIRCLE NO. 456 or visit www.mwrf.com

EDUCATIONAL MEETINGS

Short Courses

Digital Signal Processing
Applications in Wireless
Communications

September 29-October 1 (Los Angeles, CA)

UCLA Extension, Department of
Engineering

10995 Le Conte Ave., Suite 542

Los Angeles, CA 90024

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

e-mail: mhenness@unex.ucla.edu

Internet: http://www.unex.
ucla.edwshortcourses

Mobile Wireless Communications
over the Fading Channel: Third-
Generation Techniques

October 4-8 (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

Traffic Engineering for
Telecommunication

October 11-13 (Madison, WI)

Department of Engineering Professional
Development

University of Wisconsin-Madison

432 North Lake St.

Madison, WT 53706

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

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

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

Introduction to Datacomm and
Networks

October 12-15 (Washington, DC)

Learning Tree International

Reston Town Center

Reston, VA 20190-5630

(800) 843-8733, FAX: (800) 709-6405

Internet: http://www.learningtree.com

RF Wireless System Design
Fundamentals

October 18-20 (Dallas, TX)

Besser Associates

201 San Antonio Circle, Bldg. E, Suite 280

Mountain View, CA 94040

(650) 949-3300, FAX: (650) 949-4400

e-mail: info@bessercourse.com

Internet: http://www.bessercourse.com

Digital Communications—An
Introduction

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

International Electronics and
Communications Courses 1999

Oxford University

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

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

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

Meetings

The Seventh Annual International
Conference on Power Requirements
for Mobile Computing and Wireless
Communications (Power 99)

October 3-6 (Santa Clara Westin Hotel &
Convention Center, Santa Clara, CA)

Power 99

One Longwater Circle

Norwell, MA 02061-1620

(781) 792-2669, FAX: (781) 871-4871

e-mail: power99@gigaweb.com

Internet Device Builder Show and
Conference

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

Penton Media, Inc.

611 Route 46 West

Hasbrouck Heights, NJ 07604

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

e-mail: teusumano@penton.com

Internet: http://www.iDeviceBuilder.com

Annual Exhibition and Conference of
the Low Power Radio Association

October 20-21 (Birmingham, UK)

Low Power Radio Association

West Yorkshire HX2 6HS, UK

+44 (0) 1422 88 64 63, FAX: +44 (0) 1422 88
69 50

e-mail: info@Ipra.org

Internet: http://www.ipra.org.
The 32nd International Symposium
on Microelectronics

October 26-28 (Chicago, IL)

International Microelectronics And
Packaging Society

1850 Centennial Park Dr., Suite 105

Reston, VA 20191-1517

(888) GO IMAPS, FAX: (703) 758-1066

Internet: http:/www.imaps.org

Wireless I.T. 99 (Information
Technologies)

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

Cellular Telecommunications Industry
Association

1250 Connecticut Ave., NW

‘Washington, DC 20036

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

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

Expo Comm Brazil 99

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

E.J. Krause & Associates

65560 Rock Spring Dr.

Bethesda, MD 20817

(301) 493-5500

e-mail: windom@ejkrause.com

Call for Papers

International Conference and
Exhibition on High Density &
Systems Packaging

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

International Microelectronics and
Packaging Society (IMAPS)

1850 Centennial Park Dr., Suite 105

Reston, VA 20191-1517

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

e-mail: imaps@imaps.org

Abstract deadline: October 1, 1999

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

September 11-15, 2000 (Brugge, Belgium)

TI-KVIV, Mrs. R. Peys

Desguinlei 214

B 2018 Antwerpen, Belgium

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

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

Internet: http:/www.ti.
kivi.be/conf/eme2000 htm

Abstract deadline: December 1, 1999
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SL Series PLL

Frequency Synthesizers

Single PLLs

‘Part Numb : c (mA) | Vice
MB15E03SL 1.2 GHz 2 2.7
MB15E05SL 2.0 GHz 3 2.7
MB15E07SL 2.5 GHz 3.5 27
Dual PLLs

MB15F02SL 1.2 GHz 18

0.5 GHz 1.2
MB15F03SL 1.76 GHz 23 2.7
0.6 GHz 1.2 2.7
MB15F07SL 1.1 GHz 25 2.7
1.1 GHz 25 2.7
MB15F08SL 2.5 GHz 4.4 2.7
1.1 GHz 26 2.7

—-92.8 dBc

Spurious Noise

Discover why Fujitsu is quietly becoming the leader
in total wireless solutions.

With Fujitsu’s advanced SL series PLLs, you can expect
significantly lower phase and spurious noise in all your wireless
designs. The key to this superior performance is Fujitsu’s new
balanced charge pump design. Combined with the SL series’ low
power consumption and BCC package options, this innovative
feature enables us to deliver enhanced integration, longer battery life,

and superior price/performance for a variety of wireless solutions.
Plus, we back our fourth-generation SL product family
with semi-custom and full-custom PLL solutions to ensure

the ideal match for any design need. For more information

and a free Super PLL Application Guide, contact us today
at 1-800-866-8608 or www.fujitsumicro.com.

©
FUJITSU

FUJITSU MICROELECTRONICS, INC.

CIRCLE NO. 300
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R & D ROUNDUP

Analyze
high-speed
interconnects
for induced EMI

Understand
design
drawbacks
in analog
CMOS sm

Virtual
prototyping
improves EDA
tools

Micromachining
makes high-
quality RF
passives

In today’s high-speed circuit designs, long interconnects often act as antennas that
pick up noise [electromagnetic interference (EMI)] from other systems, thus compro-
mising proper operation and performance. Analyzing the frequency response of the in-
terconnects toincident-field coupling requires solving some complex transmission-line
equations, an expensive and time-consuming task in the case of large systems. A new
technique for the simulation of transmission lines excited by incident fields was de-
veloped by Roni Khazaka and Michel Nakhla, both of the Department of Electronics,
Carleton University (Ottawa, Canada). The method involves a model-reduction tech-
nique called complex frequency hopping (CFH), which is said to be efficient and reli-
able for interconnect analysis and 100 to 1000 times faster than conventional simula-
tion methods when run on a computer. It is suitable for VLSI and printed-circuit-board
(PCB) designs involving a large number of interconnects. See “Analysis of High-Speed
Interconnects in the Presence of Electromagnetic Interference,” IEEE Transactions
on Microwave Theory and Techniques, Vol. 46, No. 7, July 1998, p. 940.

Complementary-metal-oxide-semiconductor (CMOS) Silicon-on-Insulator (SOI) is a
well-known and widely used process for fabricating digital devices, but it may present
problems when applied to the design of VLSI analog circuits. According to studies con-
ducted by Bernard M. Tenbroek, Michael S.L. Lee, and William Redman-White of the
Department of Electronics and Computer Science, University of Southampton
(Southampton, UK) and John T. Bunyan and Michael J. Uren of the Defense Evalua-
tion and Research Agency (Malvern, UK), the performance of certain types of CMOS
analog circuits can be affected by self heating and thermally induced mismatches. For
example, circuits that rely strongly on matching, such as current mirrors and digital-
to-analog converters (DACs), are affected strongly by self heating and thermal cou-
pling in the SOI process. SOI has very poor thermal conductivity in the isolating
buried-oxide layer causing a localized temperature rise that affects a device’s channel
current. This can result in slowed operation in current mirrors and less accuracy in
DACs. See “Impact of Self-Heating and Thermal Coupling on Analog Circuits in SOI
CMOS,” IEEE Journal of Solid-State Circuits, Vol. 33, No.7, July 1998, p. 1037.

Conventional electronic-design-automation (EDA) tools leave much to be desired
when it comes to modeling high-frequency circuits such as those in the RF and mixed-
signal domains. Electromagnetic-compatibility (EMC) problems, for example, are mod-
eled with classical numerical EDA tools using algorithms that are computationally in-
tensive and, in some cases, result in incomplete models. A technique called virtual
prototyping conceived by Emil M. Petriu and Marius Cordea of the School of Informa-
tion Technology of the University of Ottawa (Ottawa, Canada) and Dorina C. Petriu of
the Department of Systems and Computer Engineering at Carleton University (Ot-
tawa, Canada) uses neural-network (NN) models for EM-field modeling. The virtual pro-
totyping environment using N Ns offers a new EDA tool that will enable designers to in-
teractively test complex electronic systems on an enhanced-reality virtual workbench.
See “Virtual Prototyping Tools for Electronic Design Automation,” IEEE Instrumen-
tation & Measurement Magazine, Vol. 2, No. 2, June 1999, p. 28.

Passive components such as inductors and capacitors can be fabricated directly on
silicon (Si) substrates in conventional planar monolithic microwave integrated circuits
(MMICs). However, these lumped passive-elements are often plagued by parasitics
such as series resistance, stray capacitance, and others. High-quality passives with
drastically reduced parasitics can be made through certain Si micromachining tech-
niques according to Yanling Sun of Bell Labs Utrecht, Lucent Technologies (3431 JZ
Nieuwegein, The Netherlands), Joseph L. Tauritz of the Delft University of Technol-
ogy (2600 GB Delft, The Netherlands), and Roel G.F. Baets of the University of Gent
(B-9000 Gent, Belgium). The key is a front-side selective etch of the Si substrate, and
leads to high-Q reactive passives for high-frequency use (up to approximately 15 GHz).
See “Micromachined RF Passive Components and Their Applications in MMICs,” In-
ternational Journal of RF and Microwave Computer-Aided Engineering, Vol. 9, No.
4, July 1999, p. 310.
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The 3G mobile radio countdown is running,
We are ready for take-off!

Today’s mobile communication is mainly
speech and some data bits. The emerging sys-
tems of tomorrow will provide sophisticated
high-speed data services and some speech
transmission besides. Either way: We at Rohde
& Schwarz have taken up the challenge of
digital mobile radio to support our customers
with innovative T&M solutions. They can thus
develop and produce reliable, compatible
and competitive products for one of the most
promising markets. Qur instruments and sys-
tems for testing GSM mobiles are first choice
for manufacturers, network providers and serv-

ice facilities worldwide. US CDMA/TDMA,

DECT, TETRA, or ICO are some more stand-
ards backed by powerful test equipment from
Rohde & Schwarz. And without doubt: When
it comes to testing future standards based
on Wideband-CDMA, for example, you will
again find us in the forefront of T&M suppliers,
paving the way to a new era of mobile com-
munication.

As full customer satisfaction is the major

goal in all we are doing, ﬁq
your benefit is our guideline.

So get in touch with us. Let's

make the future business prof-
itable - right from the start.

ROHDE&SCHWARZ

Internet hitp://www.rsd.de - TEL: Argentina (1) 14 331 1685 - Australia (2) 97 48 01 55 . Austria (1) 6 02 61 41 Belgium (2) 7 21 50 02 - Brazil (11) 55 05 2177 - Bulgaria (59) 2 65 51 33 - Canada (see USA)
Chile (2) 2 77 50 50 - China (10) 64 67 23 65 - Czech Republic (2) 24 32 20 14 - Denmark (43) 43 66 99 . Finland (58) © 47 88 30 - France (1) 41 36 11 09 . Germany (180) 512 42 42 - Greece (1) 7 22 92 13
Hongkong (2) 5 07 03 33 - Hungary (1) 203-0282 - India (11) 4 61 52 85 . Indonesia (21)2 52 47 88 - Iran (21) 8 73 02 82 . aly (6] 41 59 81 . Malaysia (3) 7 03 5503 - Mexico (5) 6 66 63 33
letherlands (30) 6 00 17 00 - New Zealand {4) 2 32 32 33 . Norway (23) 17 22 50 - Pakistan (51) 25 69 53 . Philippines (2) 8 13 29 31 - Poland (22) 6 35 06 87 - Portugal (1) 4 1201 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) 123 46 51 - South Africa (11) 786 3647 - Spain (1) 3 34 10 70 - Sweden (8) 6 05 19 00
Switzerland (31) 9 22 15 22 - Taiwan (2) 23 21 70 70 - Thailand (2) 6 43 13 30-9 - Turkey (216) 3 85 19 17 - United Kingdom (1252) 81 13 77 - USA Tekironix Tel. (800) 426 22 00, Fax (503) 2 22 15 42,
hitp://www.tek.com - Vietnam (4) 8 34 41 86
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Superior Electrical Performance Depends
Upon Critical Mechanical Dimensions

It’s a simple fact. To be sure you're getting the best
electrical performance and most accurate measurements

possible — while avoiding serious damage to your test
instruments and DUTs — you must check the connector
interface dimensions before mating.

Since 1962, Maury Microwave has been designing
connector gage kits to help you do just that!

AQ35E = 2.4mm Connector
Gage*Kit with metrology grade
thread-on female and male

gages (one each) for
measuring contact
~pin depth.

AO41A-7-16

"‘E Connector Gage Kit
“._with hand-held, push-on
fermpale and male. gages

(one each) for measuring

the contact pin depth“‘

¥ , .
A0 [ 2E — TNC Universal Connector Gage Kit
with six hand-held, push-on gages for measuring the
contact pins and dielectrics of all commonly used
TNC connectors.

Measurement Experts Agree — always verify the critical dimensions of each connector before
making connections. Maury Microwave offers the right tools for the job with over 30 gage types and
more than 20 kit configurations available. Call, FAX, or Email our sales staff to discuss your specific
measurement needs, OR visit us on the World Wide Web at: http://www.maurymw.com.

@ MAURY MICROWAVE ...The company th

C O R P O R A T 1 ON connector gage te hnolo

2900 Inland Empire Blvd., Ontario, CA 91764 + TEL: (909) 987-4715 « FAX: (909) 987-1112
EMAIL: maury@maurymw.com
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Phase-Noise Impairment

Predict Phase-Noise Effects In
Digital Communications

Systems

The disruptive effects of phase noise
on digital communications systems

can be predicted and overcome through
these straightforward calculations.

Mark Kolber

Engineering Manager, Headend
Engineering, Digital Network
Systems

General Instrument Corp., 101
Tournament Dr., Horsham, PA 19044;
(215) 323-1590, FAX: (215) 323-0369,
e-mail: mkolber@ gi.com, Internet:
http://www.gi.com.

OMMUNICATIONS providers are reaping the benefits of replacing
older amplitude-modulation (AM) and frequency-modulation (FM)
systems with modern digital communications systems. These newer
systems are based on quadrature-amplitude-modulation (QAM) and
quadrature-phase-shift-keying (QPSK) methods that encode information in
the amplitude and phase of the signal. Unfortunately, frequency-translation
stages in most communications systems can still impart unwanted phase
noise onto the desired signal. To prevent deleterious effects of phase noise,
engineers must plan for it in their link budgets. What follows is an effective
procedure for calculating the impairment loss due to phase noise.

Three pieces of information are
needed to calculate phase-noise
impairment loss:

1. The power-spectral density
(PSD) versus frequency of the phase
noise {L(f) [in dB]}.

2. The receiver carrier-recovery-
loop response versus frequency [H(f)
(in dB)].

3. The theoretical SNR (SNR heory)
required for the desired bit-error rate
(BER).

The first step is to calculate the
untracked jitter by filtering the PSD

of the phase noise by the receiver
carrier-recovery-loop highpass error
response, H(f). Expressed in dB, the
result, L(f) + H(f) = F(f) dB, is the
PSD of the filtered phase noise or
untracked carrier jitter.

The next step involves finding the
total noise power caused by the phase
noise that is actually “seen” by the
demodulator, by numerically in-
tegrating over frequency and multi-
plying by two (add 3 dB) to make the
conversion from single-sideband
(SSB) noise to double-sideband (DSB)

[If

S ynth

.....

S$8B phase noise—dBe/Hz

10 100

+t
1000
Offset from carrier—Hz

10,000 100,000 1,060,000

1. These two examples of phase noise as a function of offset frequency were

generated for a “Synth” source and a white-noise generator with 1/ response.
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DESIGN FEATURE

Phase-Noise Impairment

noise. The channel additive
white Gaussian noise
(AWGN) that can be tolerat-
ed must be reduced by this
amount so that the total noise
does not exceed SNR oy
for the applicable type of
modulation. The amount that
AWGN must be reduced is

Input signal

Demodulated
output

R

Coherent
| demodulator

Carrier-
recovery
loop

Rege’nefated o

reference carrier

recovery-loop bandwidth ap-
pear on the recovered refer-
ence carrier and on the input
signal and are therefore
ignored in the demodulation
process. Rapid phase varia-
tions that are above the car-
rier-loop bandwidth are not
tracked by the carrier-recov-

the impairment loss due to
the phase noise.

Phase noise is usually
characterized by a mask or plot of the
SSB PSD versus offset frequency rel-
ative to the total carrier power (in
units of dBe/Hz). Due to the presence
of a second sideband opposite the car-
rier, the true phase-noise PSD S(f) =
L{f) X 2 or S(f) = L(f) + 3 dB. Figure
1 shows two typical phase-noise
curves. The curve labeled “Synth”
represents the performance of a typi-
cal low-cost local-oscillator (LO) syn-
thesizer. The 1/f* curve, which was
generated by feeding white noise into
an FM generator, has a -6 dB per
octave negative slope over most of its
range and is often used for specifying
phase-noise performance. Although
both curves pass through the same
point at -75 dBe/Hz at a 10-kHz offset,

2. This simplified digital demodulator includes a carrier-
recovery loop and coherent demodulator.

they each represent completely dif-
ferent phase-noise characteristics. It
can be seen from these two examples
that specifying phase noise as only a
single value at a particular offset fre-
quency may not provide sufficient
information.

In the receiver, the carrier-recov-
ery-loop response of the digital de-
modulator has a major impact on the
impairment loss. The carrier-recov-
ery loop acts as a highpass filter to the
incoming phase noise. Figure 2 shows
a simplified diagram of a digital
receiver coherent demodulator. The
carrier-recovery loop regenerates a
reference carrier from the average
phase of the input signal. Slow phase
variations that are within the carrier-

Table 1: Demodulation carrier-recovery-loop
response with the HP 89441

ery loop and do not appear on
the reference carrier. These
variations are then in-
distinguishable from the desired sig-
nal-symbol variations and add to the
uncertainty in determining the cor-
rect symbol. Figure 3 illustrates the
effect of phase variations that are not
tracked by the carrier-recovery loop
on a 64QAM constellation.

The design of the receiver-carrier-
recovery loop requires a compromise
in the selection of bandwidth. A wid-
er-loop bandwidth more effectively
tracks and removes undesired phase-
noise variations. However, a band-
width that is too wide will cause the
channel AWGN and the desired sig-
nal-phase variations to appear as ad-
ditional “self-noise” on the reference
carrier, reducing the capability to de-
modulate the desired symbols. Typi-
cally, the carrier-recovery loop is a
first- or second-order loop with a
bandwidth of approximately 1/100 of
the desired symbol rate, yielding a
highpass filter with 6 or 12 dB per
octave slope.

If the receiver carrier-recovery-
loop bandwidth, order, and damping
factor are known, it is possible to cal-
culate the loop response [H(f)]. If not,
the carrier-recovery-loop response
can be measured with the test setup
of Fig. 4. The straightforward proce-
dure involves setting the transmitter
to an output frequency that is differ-
ent from that of the receiver input

. frequency, and using a mixer and LLO

to translate or convert the transmit-
ter output frequency to the receiver
input frequency. The LO is supplied
by an F'M signal generator which can
be used to impart FM and phase
noise onto the LO and, therefore, on
to the digitally modulated signal.
For narrowband FM (B < 1), the
modulation index (B) and the peak
deviation (Dev) can be calculated from
the first sideband to the carrier ratio

© seen on the spectrum analyzer as:
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Phase-Noise Impairment

B =2x10Fa’) (1

Dev = bf, (2)

where:

= the FM modulation index,

Rg4p = the ratio of the first sideband
to the carrier (in dB),

Dev = the peak =FM deviation (in
Hz), and

f,, = the modulating frequency (in
Hz).

For example, if the modulating fre-
quency is 10 kHz and the first side-
band is seen on the spectrum analyz-
er at —-20 dBc, then B = 0.2 and the
peak deviation is =2 kHz.

To characterize the carrier-recov-
ery loop of the receiver unit under test
(UUT), AWGN should be adjusted for
a convenient reference BER such as 1
x 107% without LO FM. Then, the
AWGN should be reduced by 3 dB
(which improves the BER), and the
LO FM deviation should be increased
until the BER is degraded back to 1 X

ble 2: White noise (1/f%) i

s
—%

3. A constellation diagram can be
used to graphically demonstrate
phase-noise effects in a system using
64QAM.

107, The amount of LO FM deviation
present should be measured with a
peak deviation meter or spectrum
analyzer, and recorded over arange of
modulating frequencies from 10 Hz to
near the system symbol rate.

As an example, Table 1 illustrates
the 64QAM digital demodulator in
the HP 89441 vector signal analyzer
analyzed at a symbol rate of approx-
imately 5 Msymbols/s.

Column A lists the modulating or
offset frequency, and column B lists
the measured peak deviation required
to degrade the BER to 1 X 107". The
modulation index is calculated in col-
umn C as column B divided by column
A, and the phase modulation (in deg.
peak) is calculated in column D as col-
umn C X 360/2mw. In this example, the
effective carrier-recovery-loop band-
width is approximately 10 kHz. Above
10 kHz, the phase modulation (PM)
needed to create a BER of 1 X 10 is
relatively constant and equal to 4 deg.
peak. Above 10 kHz, the carrier-
recovery loop provides no rejection
(i.e., the numerical carrier-loop rejec-
tion is equal to 1 or 0 dB). At lower
frequencies, the carrier-recovery loop
rejects the PM, so larger amounts of
PM are required to degrade the BER

tegration to SNR
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5 Frankly, we're tired of playing second banana to
L = companies that offer lower prices but don’t compare
;m %ﬁ to Narda. So we've dramatically cut prices on our
’ y T electromechanical switches.
What do you get for less? Plenty. Narda’s acclaimed quality. A full range
of features. And the benefit of our non-stop R &D efforts.
So call 1-800-4-NARDA-NY. And discover why our low prices now make
us the eight-hundred-pound gorilla of electromechanical switches.

narda

microwave-east

=) an )communications company
= o

www.nardamicrowave.com © 1999 L-3 Communications, Inc.

See us at PCS Booth #1618
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Phase-Noise Impairment

{Transmitter|— Awen | PERNIF [Receiver] | BER
source v uutT |
FM
deviation
: __meter
Sine s{mﬂ Spectrum
generator generator analyzer

4. This simple test system can be used to measure a communications

system’s carrier-loop response with a spectrum analyzer or FM deviation

meter.

to 1 X 107%, The numerical value of the
carrier-loop rejection at each frequen-
cy is calculated in column E as 4 divid-
ed by column D. Last, the carrier-
recovery-loop rejection is converted
to decibels in column F and is calcu-
lated as column F (in dB) = 20 log'
(column E).

The data of Table 1 are graphed in
Fig. 5 as the carrier-recovery-loop
response versus offset frequency. The
results are typical of a well-damped
second-order loop. The HP 89441 does
not actually use a carrier-recovery
loop for demodulation. Instead, it
computes the average phase over the
duration of the data sample so the
“effective” carrier-recovery-loop
bandwidth is a function of the data-
sample duration.

Table 2 illustrates the filtering of
the phase noise by the carrier-recov-
ery-loop response and the numerical
integration of L(f) + H(f) for the ex-
ample L(f) = 1/f2. Column B lists the
unfiltered phase noise while column
C lists the carrier-recovery-loop re-

sponse that was caleulated in Table 1.
Column D lists the filtered phase-
noise PSD F(f) calculated as column
B + column A. This is the untracked
jitter or phase noise that is actually
“seen” by the demodulator. Note that
the highpass filter response of the
carrier-recovery loop has effectively
attenuated close-in phase noise.
Columns E and F list the limits of
integration around each frequency
range. These limits are selected to be
contiguous around the center fre-
quencies. The integration bandwidth
for each range is then calculated in
column G as column F - column E.
The filtered FL(f) in each bandwidth
is converted to an integrated power
by adding a bandwidth factor of
10log,, (BW) to each value of FL(f).
This numerical integration tech-
nique makes the assumption that the
FL(f) is essentially constant within
each frequency range. The power in
each range is also increased by 3 dB to
account for the conversion from SSB
power to DSB. Thus, the DSB inte-
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5. The carrier-recovery-loop response was measured with an HP 89441 vector

signal analyzer from Hewlett-Packard Co. (Palo Alto, CA) for comparison to

calculated results.
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DESIGN FEATURE

Phase-Noise Impairment

grated-noise power in each frequency
range is calculated in column H as col-
umn D + 3 + 1010g" (column G). Inte-
grated noise powers expressed in col-
umn H (in dBe) are converted to
numerical power values in column I
using column I = 10¢omn HAO 140
gration over the entire frequency
range is then performed by adding all
of the powers together in column I.
The total integrated power is convert-
ed to root-mean-square (RMS) phase
jitter (in radians) and converted to
degrees by:

0.5
J RS degrees = (PWRzor ) (3)

JRMS degees =
‘II\'M.\‘ radians x360/2n (4)

where:
Jrus = the RMS phase jitter, and
PWRror = the total integrated
power (the summation of column I in
Table 2).
In this example, the total integrat-
ed phase jitter is 1.78-deg. RMS.
The total power is converted back
to SNR;,,,, using:

SNR,.,”F (dB) = 10log;y (PWRpyr) (5)

where:

SNR;y,, = the SNR caused by the
phase noise.

In this example, the resulting
SNRipm, = 30.2 dB, meaning that the
untracked jitter or filtered integrated
phase noise creates an impairment
with an equivalent SNR of 30.2 dB.

To verify the procedure, a 64QAM
signal with phase noise that has a
PSD that is the same as the 1/f% curve
was applied to the input of the HP
89441. The instrument reported an
SNR of : dB, agreeing closely
with the calculated value of 30.2 dB.

To calculate the impairment loss in
dB, the theoretical threshold SNR
(SNRtpeory) for the particular type of
modulation and FEC must be known.
For the International Telecommuni-
cations Union specified ITU-T J.83B
64QAM and FEC used in this exam-
ple, an SNR e, 0f 21.5 dB is needed
to achieve a BER of 1 X 107 without
impairments that are present. Since
the phase-noise impairment adds
noise power to the signal, the channel
AWGN at the Rx input must also be
reduced so that the total noise power
remains equivalent to 21.5 dB. Thus:

Very high performance VCO's.

Mini size packages.

Low cost.

Short lead-time.

Custom designed VCO's.

+

.
ELECTRQNE
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Phase-Noise Impairment

PNin = Ptheor)‘ - PNInp (6)
where:

Pyin = the allowable AWGN input
power with the impairment present,

Pxtheory = the allowable AWGN in-
put power without impairment, and

Pnimp = the noise power due to the
phase-noise impairment.

When these noise powers are ex-
pressed as SNR values in dBe, the
equation becomes:

SNR,
_1010810 []0(—SNRrheary’10)] _
[10(—SNan/10)]

(7)
where:

SNR;, = the allowable input
AWGN SNR dB with the impairment
present,

SNRpeory = the allowable input
AWGN SNR dB without impairment,
and

SNRyp = the SNR in decibels due
to the phase-noise impairment.

In this example:

Table 3: “

2

 Noise power—dB |
a8

i

-130- Il
- 100

1000
~ Offset from carrier—Hz

10,000 100,000 1,000,000

the two sources of Fig. 1.

SNR;,, =

in

_]Ol()g]() [10(*21.5/1())] _

[10(730:2710)
SNR;, = 22.1dB

Thus, without phase noise present,
the input AWGN SNR must be 21.5

dB for a BER of 1 X 107°. When the

%

6. This plot of noise power as a function of offset frequency was generated for

phase-noise impairment is added, the
input AWGN must be reduced so
that the SNR is 22.1 dB to maintain
the same BER. The difference (0.6
dB) is the impairment loss due to
phase noise.

Alternatively, impairment loss can
also be calculated directly from the
decibel difference between SNRy,cory

Synth” source integration to SNR
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Phase-Noise Impairment

and SNRy,,,;, as follows:
Ly = -10l0g o[ 1 - 1007719 ] (8)

where:

A= SNRLheory - SNRimp’

SNRimp = SNRe0ry (in dB),

SNRheory = the allowable input
AWGN SNR (in dB) without impair-
ment,

SNR;,,, = the SNR (in dB) due to
the phase-noise impairment, and

Limp = the impairment loss (in dB).

Equation 8 is shown graphically in
Fig. 7. The figure shows that SNR,,,,,
must be at least 10 dB higher than
SNR ¢peory to hold the impairment loss
at 0.5 dB or less. Note that the impair-
ment loss increases rapidly as SNR;y,,
approaches SNRj,cqry- In this exam-
ple, 30.2 dB - 21.5 dB = 8.7 dB, which
corresponds to an impairment loss of
0.6 dB.

Note that the modulation used in
this example includes forward-error
correction (FEC), which provides
6-dB coding gain. The value of
SNRheory required for uncoded
64QAM is approximately 27 dB, so per
eq. 8, the uncoded impairment loss
caused by the phase noise in this
example is 2.7 dB. Table 4 shows the
SNRpeory for BER =1 % 10 and the
SNR;,,, for a 1-dB impairment loss for
various types of uncoded modulation.
Equation 8 can be used to determine
the impairment loss for other values
of SNR;,,, as well.

The same procedure can be used to
determine the impairment loss due to
phase noise for any arbitrary phase-
noise curve. As an example, the curve
labeled “Synth” was analyzed in
Table 3. The SNR;,, due to the phase
noise was calculated as 28 dB. The
required input channel SNR must be

3.07 \
25

b\
051 \
\ T

0 5 10 15 20
ASNR—dB

Impairment loss—dB

7. Impairment loss was plotted as a
function of change A in signal-to-
noise ratio (SNR) to graphically
demonstrate eq. 8. Impairment loss
increases rapidly as SNR;,,,
approaches SNRyqy-

22.6 dB, representing an impairment
loss of 1.1 dB.

The data shown in column H of
Table 3 and graphed in Fig. 6 can pro-
vide useful insight into identifying
the most-significant frequency
regions causing impairment loss. For
example, Fig. 6 shows that for L(f) =
1/ f,, the region around 10 kHz has
the most-significant noise-power
contribution. For the case of the
“Synth” L(f) curve, the entire 1-to-
10-kHz region is significant. In order
to improve system performance rela-
tive to phase noise, the phase noise
can be reduced or the rejection pro-
vided by the receiver carrier-recov-
ery loop in these regions can be
increased by increasing the loop
bandwidth. Loop damping should
also be investigated since an under-
damped loop exhibits peaking, which
will actually amplify rather than

Table 4: Theoretical SNR for a BER of 107° and
impairment SNR for a 1-dB impairment loss

reject phase noise.

The calculations that are shown
rely on numerical integration. Three
or more frequency segments per
decade should be used in order to
minimize inaccuracies.

In addition, the calculation relies
on several assumptions. The first as-
sumption is that the amount of phase
noise must be sufficiently small so
that the uncoded impairment loss
does not exceed approximately 2 dB.
This is because the phase-noise im-
pairment adds in a linear fashion to
the channel AWGN and the carrier-
recovery loop does not lose lock or
cycele slip. The second assumption is
that the phase noise’s probability
density function (PDF') is assumed to
be approximately Gaussian in nature.

Another limitation concerns the dif-
ferent statistical distribution of errors
caused by phase-noise versus errors
caused by AWGN. AWGN causes
errors that are independent of each
other (i.e., they are randomly dis-
tributed in time). If the phase noise
exhibits a concentration of power at
frequencies below the system-symbol
rate, the errors will no longer be ran-
domly distributed. This may reduce
the error-correcting capability of the
system FEC, resulting in a coded
BER that is higher compared to the
coded BER created by an equivalent
amount of AWGN. If this type of
phase noise is expected in a system,
the FEC should be designed to be
effective against burst-related errors.

Even with these limitations, this
technique provides a useful and sim-
ple way to calculate the impairment
caused by phase noise in a digital
communications system. The result
is valuable insight as to what changes
may be needed to reduce the impair-
ment, right from the beginning. ®
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DESIGN FEATURE

Solid-State Oscillators

DBVBlle_A High-Q Oscillator
For Millimeter-Wave
An p I i c ali 0 ns The use of an high-Q resonant Invar

cylinder helps to stabilize the output
frequency of & Gunn diode in this
low-cost millimeter-wave oscillator.

Xu Ruimin, Xan Bo, and

Xue Liangjin

Institute of Applied Physics, UESTC,
Chengdu 610054, People's Republic of
China.

OLID-STATE oscillators are the signal sources of virtually all modern

microwave and millimeter-wave systems. The stability of the oscillator

is critical, since it can determine the overall performance of the sys-

tem. Traditionally, the stability of uncompensated Gunn diode oscil-
lators (approximately 107*) has been poor compared to crystal-stabilized
oscillators and, due to its frequency variations, the Gunn oscillator has been
limited in its breadth of applications. Some measures, such as the use of
phase-locked loops (PLLs), have improved the stability of Gunn diode oscil-
lators, but with added cost and complexity. In comparison, the use of high-
quality-factor (high-Q) resonant elements can help stabilize the output fre-
quency of a Gunn oscillator while maintaining simplicity and low cost.

In particular, a high-Q Invar cylin- | Y, +Yp =0

der was used as a stabilizing resonant
element in a millimeter-wave Gunn
diode oscillator. The oscillator was de-
signed for use in the TE, resonant
mode without additional temperature

(1)

where:

Y, = the load admittance, and

Y, = the admittance of the active
device.

detection and compensation. Com-
pared to unstabilized Gunn oscillators,
the Invar design showed relative good
long-term stability of 107® and
improved phase noise at 36.8 GHz.

To explain the design of this milli-
meter-wave oscillator, it is necessary
to review some engineering funda-
mentals. For example, the stability of
a negative-resistance oscillator with
one port depends upon:

N T
! Ll 1

Main cavity _
Cylinder Matching

Gunn diode

1. This diagram shows the basic construction of the Gunn
diode oscillator, using a high-Q Invar cylinder to achieve
good frequency stability with temperature.

Parameters Y, and Yy, can be di-
vided into the real and imaginary
parts of the conductance (G) and sus-
ceptance (B) through:

G(w,Vac) =

Gp(w,Vac)+ G (w)=0 (2)
B(w,Vac) =
Bp(w,Vac)+ By (w) =0 (3)

where:

Gy, = the load conductance,

Gp = the device conductance,

B, = the load susceptance, and

By, = the device susceptance.

To meet the conditions needed for
a stable resonant circuit, the total
conductance and susceptance AGq
and AB,, respectively, must satisfy
eqs. 2 and 3:

AGs+AG =0 (4)
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Solid-State Oscillators

ABs+ AB =0 (5)
or:
AG = |0G/dw|Am +
0G /3 Vacd|AVac = -AGs ~ (6)
AB = |9B/dw|Aw +
|0B/9 Vac|AVac = —ABs (7)
because:
dG/dw < dB/dw (8)
By rewriting eqs. 6 and T:
AVac = -AGs/AdG/dVac)  (9)
Aw = {—ABs + [(dB/dVac)/
dG/dVac JAGs }/(dB/dw) (10)

From the definition of circuit load-

ed Q (Qp):

0, =B/Gl (11)

where:

f3 = the susceptance slope parame-
ter and

G, = the total loss conductance in

' the circuit.

Resulting from:

B=(w/2)(dB/Iw) (12)

As aresult, it is possible to derive:
dB/dw = (3G /dw)Q! (13)

from eqgs 11 and 12.

Equation 13 shows that as the
value of Q, increases, the value of
dB/dw also increases, and the fre-
quency (w) variation in the oscillator
is smaller, and the frequency stabili-
ty is higher. That is, with increasing
0B/dw comes decreasing phase noise.

Generato oo Oscillat
rator »| Oscillator
Pt
Without
SNA biasing
Load

2. This measurement setup was used
to check the resonant peaks of the
Gunn oscillator’s two resonant
sections.

The Gunn oscillator developed to
demonstrate these design principles
is based on a high-Q Invar cylinder to
stabilize frequency. Such a cylinder
offers good frequency stability with
low loss and ease of tuning. The TE,;
mode was chose as the operating
mode for the cylinder since it offers
stable field construction with no de-
generate mode and low loss.

Invar has good frequency stability
as a function of temperature. By
using a material with a roughness
value of V12, the resulting unloaded
Q is more than 20,000. The construc-
tion of the millimeter-wave oscillator
is shown in Fig. 1. The oscillator’s
resonant frequency can be tuned by
changing the length of the noncon-
tacting piston in the cylinder, with
the output frequency continuously
variable across a narrow range about
the center frequency.

When the cylinder is operated in
the TE;; mode, its Q is:

0 =(,/8)0.610[1+
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Solid-State Oscillators
2415 4. This equivalent
OAOSDILI T T+ Rz mi ﬂ circuit for the
0.168(D/L)’ ] (14) ! millimeter-wave Gunn

where: oscillator shows the

Ao = the resonant wavelength, 4 coupling between the

8 = the skin depth of the metal |62 == Ccd T__Cl:} Rd oot [] R1[ two resonantors, one
cylinder, formed with

D = the diameter of the cylinder, waveguide and the
and L2 L1 other with the Invar

1 = the height of the cylinder. cylinder.

Setting D/L = x and dQ/dx = 0, then

X =1or:

D=1 (15)
From:
A?Q"E()H _
[ —
— =
\(3.832/7D)* +(1/2L)° Model g0,
0.759D (16)
it can be determined that:
D=1322, (17)

Once the oscillating frequency is
known, from eq. 15 and 17 it is possi-
ble to calculate the height and diam-
eter of the cylinder in the TE;, mode
and obtain the maximum value of Q.

A scalar network analyzer (SNA)
was used to determine the resonant
frequencies of the main oscillator
cavity (low Q), consisting of rectan-
gular waveguide and the Gunn diode,
and the high-Q Invar cylinder. Mea- .
surements were made without bias Be Aware Of
applied, using the test setup of Fig. 2. Radiation Levels
Measured results are shown in Fig. 3. As Thev Rise

Figure 4 shows the equivalent cir- R AN
cuit of the millimeter-wave oscillator. And Fall!
It is a biresonant circuit with the main
resonant cavity formed of the wave-
guide and the second resonator

When it comes to

formed of the Invar cylinder. As a re- -""_I"‘"g how "“'_"'h_ oy .
Microwave Radiation is safe, shouldn’t
(continued on p. 176) you be the one to decide? Only The Badge™
lets you see the actual radiation levels as
0 e you come and go. And you decide the
10 alarm level setting that is suitable... you're
T =20 — T not bound by the manufacturers’ setting.
T Stay in complete control of your
= -40 own safety... get The Badge™!
4 A ) L
= 50 f2
-60
26 28 30 32 34 36 38 40
Frequency—GHz

3. These return-loss results for the
Gunn oscillator were made with a
scalar network analyzer.
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Multiple-Beam Antennas

Study Antenna Positioning
And EM Biological

Effects

The conclusion of this two-part article
highlights optimal communications

Multiple-Beam cell placements and the potential health
Antennas, Part 2 risks of electromagnetic (EM) radiation.
Luca Cellai ULTIPLE-BEAM array antennas were presented in Part 1 (see
Senior Engineer Microwaves & RF, August 1999, p. 59) as efficient components in
A. Ferrarotti high-capacity cellular-communications systems. Using Quick Plan™
Senior Engineer cell planning software from TeS Teleinformatica e Sistemi s.r.l.

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

(Rome, Italy), it was possible to develop cellular-network models, which invit-
ed comparison to different antenna approaches. Sectoring with traditional
panel-antenna-based clover base-transceiver stations (BTS) was compared to
sectoring with BTS using multiple-beam arrays; computer models showed
some significant advantages with the arrays. Part 2 continues this compari-
son, based on an area in northern Italy with a hypothetical arrangement of
several existing (clover) BTS. Traffic is assumed to be evenly spread among
the cells so that the existing frequency plan is in line with the theoretical fre-
quency-reuse pattern corresponding to the cluster size of the system.

If the central cells in this model | been successfully implemented in sev-
become congested, frequency plan- = eral networks. The basic two-layer
ning can be optimized planning by ' network structure of the underlay-
assigning more frequencies to the con- : overlay technique provides seamless
gested cells to cor-
rect the problem.
This solution
comes at the ex-
pense of somewhat [
degraded (but still |
acceptable) sys- [#
tem performance |g
due to the general
increase of the
level of interfer-
ence. Clearly, fre-
quency optimiza-
tionis a short-term
solution.

Another alter-
native is to plan
the installation of
new microcells.
This is the intelli- 6. The “second-best server” conditions are shown here for
gent underlay- the nine-cell area handled by the three existing clover BTS.
overlay approach In this display, different shades or colors show different
that has already frequencies or cells.
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Multiple-Beam Antennas

coverage on one layer (with the
macrocells) and high capacity on the
other (with the microcells). The
approach can improve network capac-
ity through aggressive frequency
reuse, although it requires capital
investments for new BTS infrastruc-
tures which, in turn, contribute to
worsen the environmental impact of
the mobile network.

Sectoring by a multiple beam (di-
rect radiation) array antenna is a pos-
sible alternative. It requires a moder-
ate upgrade investment. Figure 7
shows the “best-server” coverage
associated with the
replacement (in three
of the supposedly con-
gested central cells of
Fig. 4) of the existing
BTS antenna panels
(Fig. 2a) with a multi-
ple-beam array an-
tenna (Fig. 5). The
simulated beam pat-
terns of the array an-
tenna are consistent
with the assumptions
of Fig. 1. It should be
noted that the times
two frequency reuse
among the even and
odd beams resulting
from the sectoring of
the original macrocell (i.e., the original
120-deg. sector) does not require any
change of the original frequency plan.

The sectoring does not even alter
the level of interference in adjacent
cells. The twofold nominal capacity
gain comes directly out from the
improved spatial access and not from
frequency optimization. In any case,
a frequency-optimization process
may further improve the effective-
ness of sectoring in terms of quality
of service.

The “second-best server” picture is
shown in Fig. 8. A mobile unit in the
assumed congested area has more
alternatives to establish a connection
with respect to the situation displayed
in Fig. 6. The shades in the figure cor-
respond to different cells as well as
frequencies, clearly showing the
capacity gain.

The European pre-standard deals
with exposure to electromagnetic
(EM) and other forms of radiation
through 300 GHz. The European pre-

MODERN SAFETY
STANDARDS FOR
EM RADIATION
MAY PROVE TO
BE LESS THAN

IDEAL IN THE
NEAR FUTURE
(WHEN MORE
COMPLETE DATA
WILL BE AVAILABLE).

standard is based on well-established
short-term effects which, depending
on frequency, include heating and
stimulation of electrically excitable
cells in nerve and muscle tissue. Basic
restrictions are given to prevent any
adverse consequences of these ef-
fects. They are specified in terms of
biologically relevant quantities, typi-
cally induced current density and spe-
cific absorption rate (or SAR, mea-
sured in W/kg) which is the power
dissipated in a mass of tissue as a con-
sequence of the exposure to EM
fields. These quantities cannot be de-
termined directly, so
the standard spec-
ifies a set of more
readily measurable
reference levels, in
terms of external
electric and magnetic
field strengths and
power density, de-
rived from the basic
restrictions.

Pulsed fields (such
as the emissions from
radar systems or
GSM handsets) may
produce other ef-
fects, such as the
auditory perception
of microwave pulses,
in addition to those associated with
continuous-wave (CW) radiation. In
these cases, restrictions in terms of
specific energy absorption and ener-
gy density are given.

The pre-standard has a two-tier
structure with lower levels specified
for the general public compared to
industrial levels. Some reports state
that EM fields at levels lower than
the reference levels may have long-
term health effects. In Italy, such
“preliminary” reports have received
significant attention. The Italian lim-
its, based on the principle that “the
utmost caution must be used when
knowledge is incomplete,” are gener-
ally much lower than the European
pre-standard. Currently available
research however has not officially
established any adverse effects from
low levels of EM radiation and does
not yet provide a basis for restricting
exposure. For the general popula-
tion, the SAR limit is 0.08 W/kg for 10
kHz to 300 GHz, averaged over any
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7. By partial sectoring, the study area in northern Italy can
be broken up into 18 cells. The data are shown overlapping
GIS data, with different shades or colors corresponding to
different cells.

six-minute interval and over the
whole body.

In addition, the SAR averaged over
any six-minute interval and any 10 g
of “valuable” tissue (such as the brain)
must not exceed 2 W/kg. However,
when using a telephone handset, most
absorption takes place in the user’s
head, that is, in the brain tissue. It also
worth noting that most business users
spend long periods of time, much more
than six continuous minutes, using a
cellular telephone. A typical GSM
handset transmits as much as 2-W
peak power with a duty cycle of ap-
proximately 12 percent (correspond-
ing to one active time slot out of eight
slots). The duty cycle is perhaps lower
due to the so-called “voice-activated
discontinuous transmission” feature
of GSM (and DCS-1800) which en-
ables an automatic turn off of the
handset transmitter during the paus-
es of the speaker. Assuming that even
20 percent of the handset transmitted
power is evenly absorbed by the brain
tissue (approximately 2.5 kg in an
adult male), the total power dissipat-
edinthe userbrainis2 W x 0.12 X 0.2
X 2.5 =0.12 W, that is, 0.12/2.5 = 0.05
W/kg. A SAR of 0.05 W/kg appears
well below the limit.

In any case, the SAR cannot be
determined directly and hence (for
the general population), the limit of
ambient root-mean-square (RMS)
electric field strength (under continu-

DESIGN FEATURE

Multiple-Beam Antennas

ous exposure) is 1.37 X *° (for a fre-
quency range of 400 to 2000 MHz,
with f in MHz), whereas the limit for
the mean power density is /200. At
the GSM frequency of 900 MHz, this
corresponds to an RMS electrie-field
limit of 41.1 V/m and a power density
limit of 4.5 W/m?. In Italy, the corre-
sponding legal limit is much lower: 20
V/m for open areas accessible to the
general population and 6 V/m inside
residential buildings. But in Rome,
for example, a “quality” target of less
than 3 V/m (instead of six) is under
discussion. The 6 V/m (RMS) limit
inside residential buildings corre-
sponds to approximately 0.1 W/m?, a
much-more prudent limit than the
European limit of 4.5 W/m?,
Assuming an omnidirectional
transmission from the GSM handset,
at adistance of 0.1 m (10 ecm) from the
phone the calculated power den31ty
is @ W X 0.12)/(47 X 0.1%) = 2 W/m?
and the power-density level appears
to be very safe. But the calculated
power density of 2 W/m? generated
by the handset surely exceeds the
Italian limit of 0.1 W/m? and it must
also be considered that the transmis-
sion from a GSM handset depends on
the surrounding environment. For
example, when using the handset in-
side a car, which may be assimilated
to a residential area, the power den-
sity not onlg exceeds the Italian limit
of 0.1 W/m* but it might also easily

8. The second-best server conditions are shown for the 18
cells in the study case with 18 cells achieved through
partial sectoring of the original three BTS. The different
colors refer to the different number of cells.

exceed the limit of 4.5 W/m?, due to
the reflections inside the car.

Modern safety standards for EM
radiation may prove to be less than
ideal in the near future (when more
complete data will likely be available).
Focusing a BTS on the energy re-
ceived from a mobile terminal enables
areduction in transmitted power from
the mobile unit (which is close to the
user’s head ), thus alleviating the
health risks. Due to the growing num-
ber of mobile-handset users world-
wide, any reduction in power may lead
to a reduction in the probability of
developing a disease associated with
the use of personal phone handsets.

Analog synthesis of multiple anten-
na beams is similar to current sector
antenna approaches and thus compat-
ible with existing infrastructures.
Such compatibility enables service
providers to increase their capacity
while reducing health risks to their
customers, at a moderate cost for
improving the existing cellular
infrastructure. ee
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GSM Receiver IC

Create A Transceiver IC For
Triple-Band GSM

Applications

Various vequivements must be
weighed when developing a low-cost,
but flexible GSM transceiver for
use at 900, 1800, and 1900 MHz.
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Design Manager
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Application Manager

National Semiconductor Corp., 2900
Semiconductor Dr., Santa Clara, CA
95051; (408) 721-5000, FAX: (408)
739-9803, Internet:
http://www.nationalsemi.com.

LOBAL System for Mobile Communications (GSM) is by far the
world’s most popular cellular standard, with more than 100 million
subscribers. Due to its popularity, it is used in at least three different
frequency bands throughout the world, challenging designers to devel-
op integrated-circuit (IC) transceivers that offer enough performance at low
cost. Responding to the needs of GSM handset designers, a single-chip
transceiver IC has been developed that is capable of triple-band operation.
The transceiver supports the development of miniaturized, next-generation

triple-band GSM telephones.

GSM is a well-established standard,
with stringent equipment require-
ments." GSM radio requirements can
be separated into three categories—
receiver, transmitter, and frequency
synthesizer requirements. A review
of these requirements will help to
evaluate the performance of the
triple-band transceiver IC. A break-
down of the three discrete GSM bands
is offered in Table 1.

The key receiver performance

RF synthesizer

Attenuator

~

BB-0

IF synthesizer

Wideband
PLL

Loop
= filter

1. The traditional offset transmit PLL approach to frequency synthesis directly

drives the transmit PA with the VCO.

parameter relates to the noise perfor-
mance, the linearity of the receiver,
and the performance in the presence
of blocking signals. GSM specifies a
minimum reference sensitivity of 102
dBm for GSM-900 and GSM-1900, and
-100 dBm for GSM-1800. Most hand-
sets, however, offer sensitivity that
exceeds the standard, since this leads
directly to an increase in coverage.
The actual radio noise-figure require-
ment greatly depends on the hand-
set’s digital-signal-processor (DSP)
performance. Assuming a required
signal-to-noise ratio (SNR) of 9 dB at
the input to the DSP (which is the
same SNR that is used for the co-
channel interference test), a -102-
dBm sensitivity implies a noise-figure
requirement of 11 dB for the complete
radio front end. Not only must the
receiver work for a -102-dBm input
signal, it also must operate with input
signals up to -15 dBm applied to the
antenna. Therefore, a dynamic range
of approximately 90 dB is necessary.
The GSM standard requires the
handset to report the received signal
strength back to the network with
high accuracy in order to support
transmit power-management infor-
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GSM Receiver 1C

mation. The absolute signal-
strength accuracy is provid-
ed in Table 2. The relative
signal-strength accuracy
between two signals at dif-
ferent frequencies must be
+2/-4 dB or better when the
two signals are in the same
frequency band and +4/-6 dB
or better when the two sig-
nals are in different frequen-
cy bands. Slightly higher
accuracy is required with
stronger signals.

The linearity requirement
is defined by a two-tone test

Input voltage to ADC

Region 1 :
(Fixed gain):

! |~20 dB

]
)
]
)
1
'
1
]
]
]
i
1
1
1
'
1
i
i
]
1

Input power to antenna

chitectures, often requiring
one or more filters in the
transmit chain. For multi-
band applications, this can be
very expensive since it will
require at least one filter per
band.

The other key transmitter
requirement is the phase
accuracy of the transmitted
signal. The requirement is a
phase error of less than 5-deg.
root-mean square (RMS).
There are several contribu-
tors to the phase error, but

with interfering tones of —49
dBm at 800 kHz and 1600
kHz from the desired signal.
Given this scenario, the receiver
must still be able to receive a signal
only 3 dB above the reference sensi-
tivity (<99 dBm). Also, an input third-
order-intercept (TOI) requirement
for the full receiver of approximately
—18 dBm can be derived.

A set of blocking scenarios serves
as guidelines for evaluating a receiv-
er’s channel selectivity. Two fading
adjacent-channel signals (200 and 400
kHz from the carrier or desired sig-
nal) test the channel selectivity of the
receiver and the ability of the receiv-
er’s DSP to cope with interfering sig-
nals. Strong fixed-power blocking
signals that are further away from
the desired signal act as desensitizing
signals, testing the receiver’s ability
to suppress strong undesired signals.
A summary of the blocking signal def-
inition is presented in Table 3.

Out-of-band blocking scenarios are
also defined for the different stan-
dards. In GSM-900, the out-of-band
blocking signals are defined to be at 0
dBm (=99 dBc) when they are more
than 20 MHz away from the receive
band (935 to 960 MHz). In E-GSM-
900, frequencies lying 10 to 20 MHz
from the receive band must
support a blocker of -5 dBm
(=94 dBe). In GSM-1800 and
GSM-1900, the blocking sig- 8
nals are -12 dBm (-87 dBe) |
up to 100 MHz from the
receive band, and 0 dBm (-99 |
dBc) thereafter (Table 4).

The key transmitter re-
quirements relate to the fre-
quency spectrum of the L

2. This is a typical automatic-gain-control (AGC) algorithm
as used in a GSM mobile unit.

transmitted signal, the phase accu-
racy of the produced signal, and the
dynamic issues relating to ramping
the transmit power of the power
amplifier (PA). The latter is out of
the scope of this article, as PA ramp-
ing is controlled from the baseband
or other dedicated PA controller.
The key specification of the re-
quired frequency mask of the handset
exists at 400 kHz offset from the car-
rier where the signal must be —-60 dBe
measured in a 30-kHz bandwidth.
Furthermore, GSM has a strict re-
quirement on the amount of power
that the transmitter is allowed to leak
into the receive band while transmit-
ting. The requirement is —-79 dBm
measured in a 100-kHz bandwidth for
GSM-900 mode (-67 dBm for the E-
GSM-900 portion from 925 to 935
MHz) and —71 dBm for GSM-1800 and
GSM-1900 while transmitting a maxi-
mum output power of +33 dBm for
GSM-900 and +30 dBm for GSM-1800
and GSM-1900. Outside the receive
bands, the noise requirement is ap-
proximately —36 dBm in a 100-kHz
bandwidth. These requirements can
cause problems for many transmit ar-

Table 1: A review of GSM
mobile-station bands

usually the phase-error con-
tribution from the RF phase-
locked loop (PLL) in the RF
synthesizer dominates.”

The GSM 05.10 standard requires
the transmit spectrum to be frequency
accurate within 0.1 PPM of the desired
transmit frequency.® The frequency
accuracy is provided by a precisely
controlled crystal-reference oscillator
through the baseband controller. Fre-
quency pushing of the synthesizer or
crystal-reference oscillator can occur
when the PA and other active circuits
are enabled. This can be a challenge
when integrating all of the transceiver
blocks on a single chip.

Synthesizer lock times are defined
by the maximum timing advance
(maximum distance to the base sta-
tion) that the handset must be able to
accommodate. GSM specifies a maxi-
mum distance to the base station of 35
km. Since the handset’s transmit slot
follows three slots after the receive
slot, subtract the time for the signal to
travel from the base station to the
handset and back. The maximum lock
time can be derived as [(2 X 577 us) —
(2 % 35 x 10° m)J/(3 x 10° m/s) = 920
ws. In the case of dual-slot operation,
the maximum lock time requirement
is reduced to 343 ps. (Dual-slot opera-
tion consists of two consecutive trans-
mit slots followed by two
receive slots. It is typically
used for data services. The
spacing between the first
transmit and first receive
| slots remains as three slots.)

Furthermore, the phase-
detector reference spurious

content and synthesizer
[voltage-controlled-oscilla-
tor (VCO)] phase noise can
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GSM Receiver IC

cause violation of the trans-
mit frequency mask or
cause blockers to mix on to
the desired signal in the
receiver. Finally, the in-
band phase noise of the syn-
thesizers (PLLs) must meet a certain
minimum criteria to meet the 5-deg.
RMS phase error for the transmitter.,

Many different transceiver archi-
tectures have been deployed in GSM,
most successfully. Popular transmit
architectures range from intermedi-
ate-frequency (IF) upconversion and
direct upconversion to offset transmit
PLL (closed-loop modulation of the
transmitter VCO as in Fiig. 1). On the
receive side, implementations such as
direct conversion and receivers with
two or more IFs have been used.
However, with the event of dual-band
telephones, the transmit-architec-
tures seem especially to diverge
toward offset PLL-style architec-
tures, since they eliminate the need
for band-select filters and duplexers
before and after the PA.

Meeting the tight GSM transmit
spectral-mask requirements at a 400-
kHz offset introduces strict require-
ments on the noise performance and
accuracy of a quadrature modulator.
However, the real problem is often
the noise that is produced in the re-
ceive band during transmissions.
GSM-900 requires that the noise in
the receive band be better than —79
dBm while transmitting at a level of
+33 dBm (with both measured in a 30-
kHz bandwidth). Therefore, the noise
must be suppressed by 112 dB to
approximately —157 dBe/Hz. Single-
band architectures using a mixer-
based upconversion scheme normally
employ one or more filters along with
a duplexer to provide the proper at-
tenuation. In dual-band architectures,
this becomes impractical since it
requires multiple filters

Table 2: Required RSSI accuracy

70 dBm |

single-band receiver to a
dual-band receiver. One or
more band-select filters will
be needed at the input of the
dual-band receiver to attenu-

dBm

loop. Therefore, the noise require-
ment relates to the phase noise of the
transmit VCO. Although these re-
quirements are rather stringent (<
-157 dBe/Hz at 20 MHz), high-output
VCOs with the required phase noise
performance exist. Additionally, by
having the VCO drive the PA direct-
ly, an inherent constant-envelope
signal is produced, minimizing the
amplitude-modulation-to-phase-
modulation (AM-to-PM) modulation
inside the PA. As aresult, only a sim-
ple harmonic filter is required at the
output of the PA.

One problem with the offset PLL
transmit architecture is signal leak-
age from the input to the downcon-
version mixer (e.g., LO-to-RF leak-
age) feeding straight into the PA.
This can cause spurious-noise viola-
tions. To address this issue, an atten-
uator is usually inserted in the feed-
back path between the transmit VCO
and the downconversion mixer.

The filters shown in Fig. 1 are nec-
essary to prevent harmonic products
produced by the downconversion
mixer and quadrature modulator from
aliasing to the desired transmit spec-
trum by the wideband transmit PLL.

Adapting the offset transmit PLL
scheme to a dual-band architecture is
straightforward. Using a band-
switched transmit VCO supports a
dual-band transmit architecture
without external filtering. The RF lo-
cal oscillator (LO) to the downcon-
version mixer must be addressed in
the frequency planning.

On the receive side, there are no
significant changes in going from a

ate out-of-band blocking sig-
nals (0 dBm), thereby increasing the
number of filters compared to the sin-
gle-band design.

A direct-conversion receiver is a
preferred solution since it eliminates
the need for additional external filters.
This can be a deceptive advantage,
however, since few GSM direct-con-
version receivers exist. The problem is
finding solutions that cope with self-
mixing effects (DC offset), automatic-
gain-control (AGC) circuits, wide dy-
namic range, and noise issues.

Traditional dual-conversion and
triple-conversion receivers are well-
understood, and offer good receive
performance. In dual- and triple-con-
version designs, it is possible to share
the receiver’s IF section, thereby
sharing (and reducing) the required
number of filters between different
bands. Of course, any frequency plan
must address the sharing of the RF
LO to the RF mixer among two or
three bands.

It should be apparent that a triple-
band receiver for GSM applications
can be implemented using an offset
PLL transmit architecture and dual-
conversion receiver with three sets of
band-select filters at the receive in-
put. The problem lies in deriving a fre-
quency plan that supports the sharing
of one RF synthesizer between all
three bands, and allowing the use of a
common surface-acoustic-wave
(SAW) IF filter. Normally, a band-
switched RF VCO would be used,
although its cost is considerably high-
er than that of a single-band VCO.
Many baseband interface options
exist, but to achieve compatibility

and multiple duplexers.
The offset-transmit PLL
approach (Fig. 1) offers a
flexible solution to this
problem. By having a VCO

RF

drive the PA, the PLL’s
loop filter provides low-
pass filtering of the noise
produced by the quadra-

&
&

Blocker
filter

ture modulator and other
blocks inside the transmit

3. This receiver architecture supports flexibility in the frequency plan while enabling the
use of low-cost SAW filters at IF,
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GSM Receiver IC

with existing baseband processors, a
standard in-phase/quadrature (I/Q)
inferface is needed for the transmit
and receive functions.

In order to implement a practical
triple-band GSM architecture, a
superheterodyne receiver with a com-
mon intermediate frequency (IF) for
all three GSM bands was selected.
With a fixed IF, the three different
RF LO ranges can be readily derived.
Ideally, a single VCO can be used
among the three different bands.

One way to share the RF LO fre-
quency range is by choosing a low IF
to support low-side mixing for GSM-
1800 and high-side mixing for
GSM1900. The LO for GSM-900 could

then be generated through on-chip
frequency division. This would result
in a very-limited RF LO frequency
range. On the down side, this will also
result in a fairly low IF, across the
50-to-100-MHz range. This low IF
will introduce problems with the re-
ceiver one-half image (ITP2 perfor-
mance) and the one-third image. The
one-half image is that frequency
where the second harmonics of the
RF and LO signals mix to form the
same frequency as the desired IF
(e.g., 20 - 2RF = IIFI). The one-half
image can also be produced by non-
linearities in the IF output, such as
2(LO - RF) =2(0.51F). The one-third
image is derived in a similar way.

An IF in the 50-to-100-MHz range
with a frequency band of 75 MHz (for
GSM-1800) has a one-halfimage locat-
ed within the receive band for some
frequencies. The front-end filters will
not reject this blocker when it falls
within the operating band, and the
receiver will not function unless it has
a very high ITP2. An obvious solution
is the use of an IF that is one-half the
frequency of the difference between
the GSM-900 and the GSM-1800/
GSM-1900 bands. The RF LO fre-
quency can then fall in between the
two bands, providing high-side mix-
ing in the GSM-900 scenario and low-
side mixing in the GSM-1800/GSM-
1900 scenario. This results in an IF of
approximately 440 MHz or higher.
Using this type of high IF introduces
problems in the SAW filter, however,
since SAW filters in this frequency
range tend to drift with temperature
(especially at frequencies above 300
MHz). Still, the filter can be manufac-
tured with a wider passband to ac-
commodate any center-frequency
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GSM Receiver IC

Table 4: Summarizing the triple-band
GSM receiver performance

drift, although providing less selectivity. Furthermore,
the front end must offer very high isolation between the
GSM-900 and the GSM-1800/ GSM-1900 bands using this
approach. Assuming the telephone receives a GSM-900
signal, if a blocking signal in the GSM-1800 band at the
mixer image (0 dBm) leaks through the GSM-1800 receiv-
er and couples to the GSM-900 path, then this signal will
also convert to the desired channel and will most likely
dominate a weak desired signal.

To minimize SAW-related problems, an IF was chosen
from 200 to 300 MHz. This range will provide significant
one-half-image attenuation, and the SAW filter will pro-
vide significant channel selectivity. Since the filtering fre-
quencies are below 300 MHz, temperature variations will
be minimized.

Given this scenario, the LO range must be at least 185
MHz (1990 to 1805 MHz) to implement a world GSM
transceiver using a single-band synthesizer. The LO fre-
quency for the GSM-900 radio can be derived through fre-
quency division. With the choice of an IF in the 200-MHz
range, several options exist to complete the receiver.
Mixing the signal to a significantly lower second IF
before translation to an in-phase/quadrature (I/Q) format
could be an option, but this is likely to require extra cur-
rent for the second mixer. The first mixer should be an
image-reject mixer unless exceptional attenuation is
obtainable in the IF SAW filter. Approximately 85-dB
image rejection is needed for in-band images (65 dB in
some cases). For out-of-band images that are close to the

RF synthesizer { \/f i

—

Wideband
= =@
IF synthesizer

4. This diagram shows the modulation synthesizer
architecture that is used to support a flexible frequency
plan for multiple-band GSM use.
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GSM Receiver IC

5. This overview shows how the multiband GSM transceiver was implemented in a single BiCMOS IC.

operating band, the conditions are
similar. Clearly, it is desirable to
translate IF signals directly to the
I/Q baseband representation.

It is important to consider the dy-
namic range of the receiver. Approxi-
mately 90-dB minimum dynamic
range is needed with input signals
ranging from -102 to —15 dBm. The
accuracy of the received signal-
strength indicator (RSSI) must be
high, which implies the gain of the re-
ceiver must be accurate. Besides this
overall dynamic range, the receiver
must provide enough instantaneous
dynamic range to support fading sig-
nals during the burst and from burst
to burst. The analog-to-digital con-
verter (ADC) in the baseband proces-
sor usually defines the instantaneous
dynamic range. Typical baseband pro-
cessors offer 10-b ADCs. To fully uti-
lize the dynamic range of the ADC,
the receiver must provide accurate
programmable gain that can be used
to implement the telephone’s AGC
algorithm,

Figure 2 shows a typical AGC algo-
rithm for GSM. In region 11, the re-
ceiver gain is fixed. The gain remains
fixed until a worst-case fading sce-
nario causes the input level to the
ADC to rise above a maximum
threshold level. This transition point
is usually chosen approximately 20
dB below full scale for a static signal
(Fig. 2). From this point on (region 2),
as the signal increases, the gain of the

receiver must be reduced. When the
receiver’s gain cannot be reduced fur-
ther (region 3), the signal will
increase until the input signal satu-
rates the ADC.

Given the chosen architecture,
variable gain can be implemented
either directly at IF or at baseband.
By implementing the gain at IF, the
problems relating to DC offsets can
be minimized through AC coupling.
However, by introducing the gain at
IF, the IF SAW filter requirements
become more stringent. The IF SAW
filter offers finite attenuation of
blocking signals, so if strong blocking
signals are not attenuated sufficient-
ly, they may saturate the receiver
when the desired signal reaches the
IF amplifier.

By moving the majority of the gain
to baseband, a simple lowpass filter
can be introduced before the base-
band gain stage. This lowpass filter
will attenuate the blocking signals be-
fore the desired signal is fully am-
plified, thus preventing the blocker
from saturating the receiver. Unfor-
tunately, this approach is sensitive to
DC offsets. Since the majority of the
gain will exist at baseband, any DC
offset introduced will be amplified
along with the desired signal. Still,
simple or advanced DC offset com-
pensation schemes can be implement-
ed to cope with this problem. The lat-
ter solution is probably the most
desirable, since it supports the use of

alower-cost IF SAW filter, due to the
additional filtering before the major
gain block. The proposed receive
architecture is shown in Fig. 3.

The offset PLL architecture
shown in Fig. 1 requires the down-
converter mixer’s output frequency
to be identical to the quadrature
modulator’s frequency for the spec-
trum to be produced correctly at the
input of the PA. Since the IF synthe-
sizer will only produce a limited fre-
quency range, the tuning range of the
RF synthesizer must be wide enough
to cover the three desired bands.
Using the modulation synthesizer
architecture over the traditional off-
set PLL supports a more flexible fre-
quency plan while maintaining all of
the benefits of the offset PLL
approach.” The modulation synthe-
sizer architecture is shown in Fig. 4.

By inserting the quadrature modu-
lator in the feedback path of the loop,
the input to the wideband PLL must
be a continuous-wave (CW) signal.
Due to this, different divide ratios in
the reference (R) counter and the N
counter can be used while maintain-
ing the desired modulation spectrum
at the input to the PA. This ability
greatly improves the flexibility when
developing a world GSM transceiver
frequency plan. It should be clear that
a world GSM transceiver can be
implemented with a minimal cost
increase of additional band-select fil-

(continued on p. 174)
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ACKLUSTER efficiency in RF power amplifiers (PAs) has led to cre-
ative power-management techniques in many handheld wireless appli-
cations. Some communications protocols support burst-transmission
techniques and shutdown when they are not transmitting (duty-cycle
control), but during a transmission, the typical PA efficiency is no greater
than 40 to 60 percent. In contrast, the efficiency for the main power supply
in a handheld device is typically 90 to 95 percent. Fortunately, a practical
cireuit is presented here for powering wireless modems, their associated PA,

and wireless data transfers.

Many handheld devices operate
from one or more alkaline batteries.
Others, which demand the higher lev-
els of instantaneous power associated
with backlit displays, achieve longer
life (between charges or between bat-
tery replacements) with nickel-metal-
hydride (NiMH) or even Li* batteries.
Regardless of the battery type and
configuration, however, the modem,
PA, and radio circuitry necessary for
wireless communications require ex-
tra battery capacity if the systemis to
maintain a reasonable operating life.

Typical of these systems is a PCM-
CIA wireless modem for transferring
cellular digital packet data (CDPD).
It might plug into a handheld person-
al digital assistant (PDA) or a hand-
held computer running Windows CE,
and draw several hundred milliamps
from a +3.3-VDC supply. The PCM-
CIA card usually includes a secon-
dary battery to avoid excessive drain
on the host battery. To supply the
power surge demanded during trans-
mission, secondary batteries usually
exhibit the low-equivalent series re-
sistance (ESR) found in modern re-
chargeable cells. The actual power

for the wireless link depends primar-

ily on the efficiency and transmit
power of the PA.

As an example, the power supply
(including backup battery) for a wire-
less data-communications link must
connect with a host handheld system
operating at +3.3 VDC (see figure).
The packaged integrated circuits
(ICs) are small and appropriate for a
handheld system—IC1 is contained
in a 16-pin quarter-sized-outline-
package (QSOP) housing while IC2 is
contained in an eight-pin micro-MAX
package. The secondary battery is a
single lithium-ion (Li-ion) cell which
exhibits a full-charge voltage of +4.1
to +4.2 VDC and has little residual
energy below +2.9 VDC. IC1 con-
verts this voltage to +3.3 VDC, while
IC2 forces the resulting backup volt-
age to track the host supply within 12
mV (0.36 percent).

Voltage tracking is crucial for prop-
er mating of the wireless hardware
and host. It ensures that the bidirec-
tional data and control lines achieve
valid logic levels. It also prevents ex-
cessive current flow from the prima-
ry battery to the modem hardware
and from the secondary battery to the
primary battery and host computer.

MICROWAVES & RF » SEPTEMBER 1999

90




L R AR e | e
SYNERGY offers a wide range selection of low—cost RF IMPEDANCE

TRAN_§_E_9_§MERS~ for a wide variety of signal processing applications.
These transformers come in various transformation ratios, from 1:1 up
to 36:1, and in a large selection of package styles . . . surface mount,
plug-in & connectorized . . . all competitively priced. Frequency ranges
cover 0.01 MHz up to 1200 MHz in various bandwidths.

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

SMC
TK-7038B

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

: Synergy Microwave Corporation

(AU A T AL D

201 McLean Boulevard, Paterson, NJ 07504 W W

~ Telephone: (973) 881-8800
 Fax: (973) 881-8361

E-mail: sales@synergymwave.com
World Wide Web: www.synergymwave.com

CIRCLE NO. 228

A A RV 111" 1)
NMICROWAVE CORPORATION



Millvwatts to = =
M egav\/at;s .

MAGNETRONS DEFENSE
PASSIVE COMPONENTS COMMUNICATIOR
S P E C iA L IZE D LOW NOISE AMPLIFIERS MEDICAL
INTEGRATED MICROWAVE INDUSTRIAL
ASSEMBLIES

Mi cmwave COMPLETE FRONT ENDS

@ CUSTOM DESIGN PRODUCT DEVELOPMENT

Om on ents @ WORLD CLASS CUSTOMER
C & PRODUCT SUPPORT

A SUBSIDIARY OF THE GENERAL ELECTRIC
COMPANY PLC OF ENGLAND

Shoppmg for microwave products couldn’t be easier. EEV is world renowned as th
company with a wide range of components across the entire microwave spectrum.
Now with the integration of solid-state activities EEV can offer even more innovati
integrated solutions for your requirements.

USA: EEV, Inc. CANADA: EEV Canada Ltd., UK: EEV Ltd,, WWW.EeV.COor
Telephone: (914) 592-6050 Telephone: (905) 678 981 | Telephone: +44 (0) 1245 493493

Toll Free: 1800 DIAL EEV Facsimile: (905) 678 7726 Facsimile: +44 (0)1245 492492

Facsimile: (914) 682-8922 E-mail: info@eevinc.com E-mail: info@eev.com

E-mail: info@eevinc.com CIRCLE NO. 236



The circuit operates as follows.
First, consider the modem’s state be-
fore it is plugged into the host’s PCM-
CIA slot. Negligible energy should be
drawn from the secondary battery, so
the modem’s power supply must be
disabled for that condition. The on/off
control line for this secondary supply
is the “power-good” (PG) pin of IC2.
Since host voltage VHH, which pow-
ers IC2,is not present with the modem
disconnected, IC2 is powered down.

Since its PG output (an internal
open-drain, n-channel MOSFET)
offers high impedance with power off,
it draws only leakage current. While
this PG output is high impedance, the
two resistive dividers (the parallel
pair R6/R7—which normally moni-
tors the secondary-battery voltage
through a comparator internal to IC1,
and the parallel pair R3/R4—which
sets the boost regulation voltage
Vgoosr level when power is applied)
shut down IC1 by acting as pullups on
the ONB line. IC1’s switch-mode
boost regulator and low-dropout
(LDO) regulator are disabled during
shutdown. Thus, with 1-pA leakage
through the dividers and 1 pA into
IC1, the typical battery drain during
shutdown is only 2 pwA.

Consider the power requirements
of this circuit with the supply voltage
applied. If the PA must produce 0.6-
W output power, and the amplifier
has an efficiency of 50 percent, it re-
quires 1.2-W input power. If it oper-
ates with a 50-percent duty cycle
(equal time for transmitting and re-
ceiving), then the root-mean-square
(RMS) powerinto the PAis 0.6 W. At
a +3.3-VDC supply voltage, this load
draws approximately 180 mA. If the
rest of the modem draws 40 mA from
+3.3 VDC, the total supply current
for the wireless link is approximately
220 mA* at +3.3 VDC,

The IC1 boost regulator can deliver
(at Voogr) 800 mA or so from a +2.7-
VDC source and 1 A or more from a
virtually depleted Li* cell (+2.9 to +3.0
VDC). Even so, the PA and remaining
modem hardware are powered by the
less-efficient internal LDO, which is
rated for 300-mA typical current with
approximately 220-mA current as a
guaranteed minimum. The reason is
noise suppression. The LDO offers ap-
proximately 38 dB of PSRR at 300

Wiveless Modem

kHz, proving advantageous when
suppressing the pulse-width-modula-
tion (PWM) switching noise at
Vgoost. By easing or eliminating the
need for subsequent noise suppres-
sion on the PA’s supply voltage and
associated RF emissions, this built-in
filter action by the LDO makes it eas-
ier to pass the Federal Communica-
tions Commission (FCC) emissions

requirements. The efficiency hit, on
the other hand, is approximately 8.3
percent.

VBOOST tracks VHH inthe neighbor—
hood of +3.3 VDC. The secondary bat-
tery has a voltage higher than Vyoogr
when fully charged and lower than
Vgoost when near depletion, so the
LDO and boost regulator in tandem
provide a necessary buck/boost fune-
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tion. SEPIC, flyback, and forward

power-supply configurations can also
achieve the buck/boost function, but
all require bulky and expensive mag-
netic-storage elements (transform-
ers), and they all lack the noise sup-
pression provided by an LDO. In this
regard, the circuit shown in the figure
is superior to all of the alternatives.

Next, consider what happens when
the modem card is plugged into the
host’s PCMCIA connector. The action
closes electrical connections between
the respective circuit commons
(GND), and between all bidirectional
data and control lines. The host can
then enable or disable the modem
hardware using the enable (EN) line.
If this line is initially low when the
hardware is mated, then all of the mo-
dem hardware is disabled and pre-
sents a high impedance to the LDO
node.

1C2 receives power when the host
computer’s voltage (Vyy) supply
(nominally +3.3 VDC) charges capac-
itor C1 through the connector, and

IC2’s minimum operating voltage |

supports a proper power-up even
when host voltage Vyy is at the low
end of its range (10 percent below
nominal). An internal 15-ps delay
enables Vyy to settle (at the V* ter-
minal) before the PG output goes low,
notifying the host that the modem
circuitry can now be enabled by the
EN line. A low voltage (virtual
ground) on PG also grounds the two
resistor dividers for proper sensing
of the battery and boost-regulation
voltages.

When voltage Vyy is connected,
1C2 pulls ONB low when PG goes low,
and IC1 begins shuttling energy
through inductor L1, raising Vggogr
(through feedback from R3/R4) to
approximately +3.7 VDC. Initially,
the LDO regulator is held off. It turns
on when Vpoogr achieves regulation,
and IC1 enters its tracking mode
when the LDO output is above +2.3
VDC (it should be near +3.3 VDC
already, because Vyy; has charged C2
through R2). Tracking mode, a special

feature of IC1 that forces Vgoogr to
300 mV above the LDO voltage, is set
by the connection between OUT and
TRACK. The 300-mV headroom
enables the LDO to maintain regula-
tion while providing the required
PSRR, up to its maximum output cur-
rent rating. Since tracking mode sup-
ports the boosted voltage to the mini-
mum necessary, the LDO wastes
minimum battery power.

The LDO is in regulation when
IC1’s FB|,po pin assumes the internal
reference voltage (nominally 1.23 V).
This FB;.po voltage is generated by
current through R5, which is propor-
tional to the current through R2. That
is, IC2 has the transfer function Voyr
= gm(Vgpnse)RD, where Voyr is the
voltage across R5, Vapnsg is the volt-
age across the RS+ and RS- terminals
(R2), and gm = 107 S, When in regu-
lation, Vour = VFBLDO = 1.23 V.
Therefore:

Vegnse = VFBLDO/(gm % RS) (1)

Substituting for Vggngg in the re-
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MRF372* 470-860 MHz 28 Volts 180 Watts 14.5 dB 3758/2 LOMOS power, high frequency amplifier designs simpler,
MRF373 470-860 MHz 28 Volts 60 Watts 14.7 dB ¢ 3608/1 LDMOS easier and more cost effective. The enhanced
MRF373S  470-880 MHz 28Volts 60 Watts 14.7 4B 360C/1 LDMOS Motorola RF portfolio combines world leadership
MRF374 470-860 MHz 28 Volts 100 Watts PEP  13.5dB 375F/1 LDMOS . R . .

MRF1512T1 520 MHz 75Volts 3 Watts 10,58 449/1 pio1)  LDMOS in submicron VLS| MOS technology with high
MRF1513T1 520 MHz 12.5 Volts 3 Watts 11dB b 466/1 PLO-15) LDMOS volume manufacturing. That means an even wider
MRF1517T1 620 MHz 7.5Volts 8 Watts 11d8 466/1 pLo-15) LDMOS breadth of RF products, including discrete medium
MRF1518T1 520 MHz 12.5 Volts 8 Watts 11 dB 466/1 (PLo-15) LDMOS and high power devices, power modules and

MRF{66C 500 MHz 28 Volfs 20 Watts 16.d8 310 MOSFET i ifi
= r
MRF166W 500 MHz 28Volts 40 Watts 16.dB v 4121 MGEFET Class A, ultra-linear amplifiers...only from Motorola

MRF141 175 MHz 28 Volts 150 Watts 10dB 211/ MOSFET and Future Electronics.

MRF141G 175 MHz 28 Volts 300 Watts 14 dB %  375/2 MOSFET

MRF151 175 MHz 50 Volts 150 Watts 13dB 2112 MOSFET Far more than a worldwide leader in electronic

MRF151G 175 MHz 50 Volts 300 Watts 16 dB ars/2 MOSFET components distribution, Future Electronics

MRF171A 150 MHz 28\Volts 45 Watts 19.5 dB 21172 MOSFET provides leading edge e-commerce supply chain

MRF275L 500 MHz 28 Volts 100 Watts 8.8dB 333/2 MOSFET . X

MRF275G 500 MHz 28Volts 150 Watts 11248 arsi2 MOSFET solutions, state-of-the-art design centers, and one

“Internally Matched/4th Generation LDMOS of the Iargest technical SUppOI’t teams with
Operating  Output Hybrid Chan. Load Noise Figure qualified engineers around the world. With an

Device Frequency Voltage Power Gain (Typ.) Capacity Maximum EEHENE advanced partner like Motorola, we enable you to

be even more competitive for generations to come.
MHW7222A 750 MHz 24 Voits +40 dBmV 223 dB 110 7.0dB 714Y11

MHW8222B 860 MHz 24 Volts +38dBmV  22.7dB 128 7.0dB 714Y/1
DigitalDNA and the DigitalDNA logo are trademarks of Motorola, Inc.

D‘gital DNA For online data sheets and a free Motorola RF
from Motorola data package go to www.future.ca/motorolarf L
THE HEART OF SMART. or call 1-888-680-5892 FUTURE ELECTRONICS
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Wireless Modem

lation Vipg = Vygy + Vegnse:
Vio = Vyu +

Substituting numerical val-
ues from the circuit in the
figure:

Vivo = Vuu +

To battery
charger

Secondary

cell

, p Pout VBoost
1.23/(107° x 107 ) = Out :
Vag +12.3 mV (3) l gNg  Track o '
1
Setting R5 to 10 k() forces M Alxc11705F 8 ‘1>k-|n: :
the sense voltage to 12.3 mV. 15/ ona DO o Vhi host
Knowing this, one can select 4 8 . At R2 1 py “,':;"'w
R2 to program the amount of 10 FBLDO _I'_'*F___Ezu Wk T22uF! = 3.3 Voc
current flowing from LDO to 2 LBO CLK/SEL T = o3z |~ |
Vyun. At R2 = 1 kQ, for in- L §1og1m v H8+Iczﬂ‘s,- :
stance, this R2 current is ap- ; - N1 3 wﬂm:f:‘ MAX4172 |8 i
proximately 12 pA. L hardware PGl i
The intended use for IC2 (a | [ |038pF- IO ¢ ncluding PA || Out GND_[7 Lo
high-side current-sense ampli- = RS g D:ata GND 6| 5¢—f—o gﬂ‘g
fier) is in precision measure- e e By i
ments of high-side current =0.01 uF n ;o
using low-value, high-wattage, At
precision current-sense resis- - Egsldlmpﬂoml
tors. This application is unusu- E cn‘:lmlcl?:es

al in that 10-percent-accurate,
low-wattage current-sense

resistors are fine (1/16-W, sur-
faece-mount types, for instance).
It is not important how much
current flows from LDO to Vyy, just
that the value remains small.

One advantage of the high-value
(1-kQ) current-sense resistor is that
a short circuit or unexpected heavy
load at Vi,po can draw only 3.3 mA or
so through R2 from the host(hardly
enough to cause a system crash.
Resistor R2 need not be as large as 1
kQ. IC2 draws approximately 800
wA, so setting R2 = 12 mV/800 pA =
15 ) enables the LDO node (instead
of the host) to power IC2.

In an alternate configuration,
IC2’s V+ node can be connected
directly to LDO instead of Vyy. IC2
then receives power from LDO ex-
cept at power up, when the power
comes from Vypg through resistor
R2. This arrangement requires that
the PA and modem hardware be shut
down, presenting a high impedance
to LDO that forms no significant
voltage division with R2, and that R2
be sufficiently small to ensure the
minimum voltage enabled at V* for
guaranteed operation (+3 VDC). If
Viu = +3.6 VDC or more, for exam-

ple, R2 must be less than 375 Q. This
value ensures that IC2’s 0.8-mA
operating current drops to no more
than 0.3 V at the low end of the Vyy
range (+3.6 VDC, 10 percent).

The Schottky diodes (D2, D3), in
parallel with R2, protect IC2 from
excessive voltages between RS+ and
RS~. They introduce small-leakage
currents, but do not otherwise influ-
ence the circuit behavior. The capac-
itor in parallel with R5 ensures a
smooth and stable Vi voltage by
shunting any high-frequency noise at
the LDO feedback node to ground.
As previously mentioned, IC1 in-
cludes a comparator with uncommit-
ted inputs and output. In this cireuit,
it monitors the secondary battery
voltage, and alerts the host when the
remaining energy is close to a level
critical for maintaining the communi-
cations link.

The application circuit accommo-
dates a range of conditions beyond
those described. It is compatible with
other communications buses suitable
for mating a wireless modem to a

This circuit adds wireless-modem and PA capability to a handheld instrument, along
with appropriate power-management functions.

handheld device, for example. These
include Card-Bus and the strongly
emerging Universal Serial Bus
(USB). It also accepts nominal host
supply voltages up to +5 VDC. For
greater efficiency, some applications
connect the PA directly to the boost-
regulation voltage Vggogr instead of
Vipo- In that case, voltage Vggogr
need not track V po. The voltages can
be controlled separately with inde-
pendent sets of feedback resistors.

IC1 starts at +1.1 VDC and oper-
ates down to +0.7 VDC, so even a two-
cell NiMH secondary battery is ac-
ceptable for boost applications that
require lower levels of RF output
power. Finally, IC1 normally operates
as a low-noise PWM regulator under
heavy load, with a switching fre-
quency of approximately 300 kHz,
which provides the highest efficiency
and longest battery life.

Note
*If the PA duty eyele is less than 100 percent and the
LDO’s output current is within the limits rated for IC1, the
equation it = CV should be used to size the LDO output
capacitor (C2) so that any dips of LDO voltage during trans-
mission are within allowable limits.
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PLL Basics

Design Loop Filters For
PLL Frequency

Synthesizers

Passive, three-pole loop filters
help PLL synthesizervs genevate

clean signals with low spurious and
phase noise and fast switching speeds.

Ken Holladay

Applications Engineer

Dennis Burman

Marcom Manager

Fujitsu Microelectronics, Inc., 3545
North First St., San Jose, CA 95134;
(800) 866-8608, FAX: (408) 324-1377,
Internet: http://www.fujitsumicro.com.

HASE-LOCKED-LOOP (PLL) synthesizers are integral components in
wireless communication transceivers. Many companies that are enter-
ing the wireless/RF marketplace are experiencing the challenge of
designing a PLL synthesizer for the first time. To help them meet that
challenge, this article will show that it is not difficult to design a high-per-
formance PLL synthesizer using highly integrated, off-the-shelf parts.

The major goals in the design of a PLL frequency synthesizer are to achieve |

Reference
oscillator
A
. RF
PLL »| Loop filter > VGO
1. This block diagram shows the basic PLL layout.
From PLL To VCO

.

'C1 'J_ c3
I I

R2
Wy
%R‘l
c2
1

2. This schematic illustrates the loop-filter configuration.

2500 O

MW l
2500 O

;Esun pF

To VCO

=

1800 pF

i

—AWA—

0.018 uF

Il

3. The loop-filter component values are rounded to the

nearest standard values.

low phase noise, low
spurious output, and
the ability to step, or
hop, from one fre-

quency to anotherin |

a specified amount
of time. These char-
acteristics largely
depend on the syn-
thesizer’s loop filter.
Unfortunately for
first-time loop-filter
designers, most of
the articles and
books written on
this subject dwell on
theory and try to
cover all cases of
PLL-synthesizer
design. This article
narrows the focus
to the design of
a simple, passive
three-pole loop fil-
ter typically used in
low-voltage, low-op-
erating-bandwidth
synthesizer applica-
tions such as wire-
less transceivers.
The calculations
presented here
have been found to
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Wouldn't it be neat

binary split restrictions,
space-wasting cables,

and high losses?

Introducing AdrenaLine® A splitter/combiner technology so revolutionary — it'll change the way
amplifiers are designed forever. The magic lies in Adrenaline’s unique, tiny multilayer-stripline
packaging — an innovation that will make a huge impact on your design and manufacturing process.

Its compact footprint frees up board space for other amplifier functionality, increased capacity, or
even reduced cabinet size. Adrenaline is so versatile — you can launch a connector or go connector-less
altogether. Non-binary splits are a snap. You can even test or replace your amplifier modules individually

for even more manufacturing and field efficiency.
Plus, Adrenaline’s novel splitting technique features the lowest loss possible for more power,

better efficiency.
Want to give your amplifier design a boost? Give it a shot of Adrenaline!
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PLL Basics

achieve the expected

—80.525 dBc

performance goals. If
the information used in ExR

Phua.llni;e_ 20 GBBEF 0 dBe :

889 301 Hz

the calculations is ac-

curate, the PLL syn- Avg
thesizer will perform

as designed. Experi-
ence has shown that if
the PLL synthesizer

Hid

does not perform as ex-
pected, some compo-

nent part or device

specification is in error.
Due to current lev-

els of semiconductor

integration, most of
the components that

make up the synthesiz-
er (Fig. 1)—the PLL,
the reference oscilla-

ATNOdB
START 100 Hz

: S':WP 7.572 ;ec
STOP 10 MHz

TNBW1HZ
L0 1.711 GHz

tor, and the voltage- 4. The excellent phase-noise performance of the RF
controlled oscillator PLL of Fujitsu’s new MB15F08SL dual 2.5/1.2-GHz
(VCO)—are available PLL is illustrated using the calculated loop-filter

as integrated circuits values.
(ICs). The only exter-

nal components that are needed are
the DC-decoupling elements, RF
bypass elements, and the passive
loop-filter components.

The simplified loop-filter design
formulas, found in Fujitsu’s Super
PLL Application Guide, are detailed.
The formulas are based on the use of
a basic passive two-pole loop filter

along with a single-pole spur filter

(Fig. 2).

pump current, and

K, ., = the VCO sensitivity.

The design of a basic PLL synthe-
sizer loop filter follows a few simple
calculations.

First, determine the maximum
dividing ratio, N, by:

maximum VCO frequency

The basic terms and

definitions that are

N = ; (1)
channel spacing
Spectrum 10 dB/REF 0 dBm -87.732d
| : 200 kH:
f AMk\

related to PLL synthe- | BR[
sizers can be defined as | Avg ;

follows:

Ftep = the maximum DTSR ORI SR S

frequency change dur- | Hid

ing a step, or hop, from
one frequency to

another,

t, = the desired time
for the carrier to step
to a new frequency,

f, = the frequency of
the carrier, within the

desired time (t.), after

a step or hop—normal-
ly 1000 Hz,
£ = the damping fac-

ATNO dB

"RBW 300 Hz
CENTER 1.735 GHz

VBW 300 Hz
L0 1.7089 GHz

Sﬂl"! 623:1
SPAN 500 kt

tor (A value of 0.707 is 5. The 200-kHz spurious signals are shown to be an
impressive -87.7 dBc, typical of the new Fujitsu SL
f, = the natural fre- series of advanced PLL synthesizers, providing
optimum performance for the latest digital wireless
I., = the charge- communications designs.

typical.),

quency,
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PLL Basics

the PLL IC charge-pump | be calculated by:
current is 6 mA
* 1735 MH
Using the loop-filter N =222 8675
equations, the synthesiz- 200 kHz
er requirements, and the Using eq. 2, f, can be found by:
active-component speci-
: : : fications, the loop-filter f, =[-1/(6.28)(0.5¢7 ) x
. . LR component values can 6
%‘.’m s mﬁﬁm%;mm _mmf,:.& now be calculated. (0.707)]in( 1000/ 60e")
: i : Using eq. 1, N can now fn =4,955.95 Hz

6. It takes 514 ps to change the
frequency from 1675 MHz to 1735 MHz
+1000 Hz.

Then, calculate £, from eq. 2:
fn = ("1/271:!56) In (fa /f:?tep) (2)

The value of capacitor C2 must
now be found from eq. 3:

C2=1,K,,/N(2xf,)*  (3)

Similarly, the value of resistor R1
can be found from eq. 4:

RI=2E[N/(1,K,,C2)]*° (4)

By knowing the value of CZ2, it is
now possible to find C1.

Cl=C2/10 (5)

The final step involves the calcula-
tions of resistor R2 and capacitor C3,
which are used to create the spur fil-
ter. R2 and C3 are used to reduce any
spurious energy caused by the refer-
ence frequency. The product of R2
and C3 should be at least one-tenth
the product of C2 and R1.

DESIGN EXAMPLE

As a design exercise, it is first nec-
essary to define the basic synthesizer
requirements for a sample applica-
tion, and then define the specifica-
tions for the active components.

For this example, a hypothetical
application with arbitrary low-side
injection is specified. It uses a model
MB15F08SL PLL IC from Fujitsu
Electronics (San Jose, CA) and a
VCO with a 25-V/MHz sensitivity.
The application also requires a fre-
quency range of 1675 to 1735 MHz,

channel spacing of 200 kHz, maxi- 0.5 - 50 GHz TRL Calkit, 2.4 mm
mum frequency hop of 60 MHz, a fre- - -
quency hop time of 500 ps, and a fre- See the full line of Focus products at www.focus-microwaves.com
quency accuracy of 1000 Hz after the /
specified hop time. : _1 ‘ S LA
The specifications for the active |l B 1 1SN0 LA, e 2O, Ve S8 S VU, (uchec, AT 1

. . : Tel: (514) 335-6227 » Fax (514) 335-6287

components are defined as follows: v ACINES S Bl ks nicrowaves com

the VCO sensitivity is 25 MHz/V and

CIRCLE NO. 479 or visit www.mwrf.com
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PLL Basics

Using eq. 3, C2 can be determined
by:

C2=[(.006)(25¢°)]/
8675((6.28)(4955.95)]°
C2=0.01785 uF
Using eq. 4, R1 can be calculated by:
RI=(2)(0.707)[(8675)/(0.006) x

(25¢° )(0.01785¢7%)]%3
RI=2545Q

Using eq. 5, C1 can be found by:
C1=0.01785 uF /10
CI=0.001785 uF

Finally, R2 and C3 (the spur filter)
must be determined. The product of
R2 and C3 should be approximately

THE GRAPHS
CONFIRM THAT
THE CALCULATIONS
WORK WELL WHEN

DESIGNING LOOP
FILTERS TO BE USED
IN MANY MODERN
PLL APPLICATIONS.

one-tenth the product of R1 and C2.

R2=2545 Q
C3=0.01785 uF /10 = 0.001785 uF

After the loop-filter values have
been found (F'ig. 3), the loop band-
width can be calculated. Knowing the
loop bandwidth will help determine if
the PLL is operating correctly when
the phase noise is displayed on a
spectrum analyzer.

The loop bandwidth is calculated
using the following equation:

Loop bandwidth =
(2rf, /2) [E+(1/48)] Hz
Using the values determined earli-
er, the loop bandwidth for this exam-
ple is:
Loop bandwidth =
(6.28)(4955)/2[0.707 +(1/2.828)]
Loop bandwidth = 16,500 Hz
The performance of the PLL syn-

Your Design Innovations: Priceless.

OFC's Big ldea Book: Absolutely Free.

FC's 1999 Oscillator Data Book is our idea

book for design engineers. With over 170

pages of the latest products and information,
including extensive application notes, you're sure
to find innovative solutions to your frequency
control design needs.

To receive your free copy of OFC's new Data
Book, call us at 717-486-3411 or fax your request
at 717-486-5920. You can also e-mail OFC at
sales@ofc.com or visit us on the web at
www.ofc.com.

TELE QUARZ GROUP
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PLL Basics

thesizer with the caleulated values
were measured with a spectrum ana-
lyzer and plotted (Figs. 4 to 6). The
graphs confirm that the calculations
work well when designing loop filters
to be used in many modern PLL
applications.

Marker “0” shows the phase noise
inside the loop to be -80.5 dBc/Hz.

width is approximately 1.65 kHz.

An important part of the loop-filter
design is using components that will
not degrade the performance of the
PLL synthesizer. Capacitors must
have very-low leakage. Ceramic
capacitors should not be used, since
the piezoelectric effects may cause

- noise and even microphonics on the

Marker “1” shows that the loop band- ;| VCO tuning line. Film capacitors are

Take the
guessworik out
of differential
circuit design

The ATN-4000 System
; What is the conjugate match
of your differential 2-port device? How much
common mode rejection does it have? How much of the

differential input signal is being converted to common

mode? If the answers to these types of questions have
been eluding you, check out the new ATN-4000 Multipart

S-parameter Test System at www.atnmicrowave.com.

The answers have never been so easy to find.

atNmicrowave

Tools for Advanced Products

101 Billerica Avenue, Building 4, North Billerica, MA 01862-1256 USA

877-ATN-TOOLS - 9786674200 -

Fax 978-667-8548 «

www.atnmicrowave.com
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. recommended. The resistors should

consist of metal or carbon film. Resis-
tors that are composed of carbon are
not recommended.

The layout of the printed-circuit

" board (PCB) can affect the level of

VCO spurious signals and noise.
When laying out the PCB for minimal
noise, two things are important.
First, provide the shortest possible
ground path between the PLL IC
ground pins, loop-filter ground, as
well as the ground for the VCO vari-
cap tuning diode. If a packaged VCO
is used, it should be mounted close to
the PLL IC and loop filter. Second,
bypass the V¢ lines that feed the

THE LAYOUT OF
THE PRINTED-CIRCUIT
BOARD (PCB) CAN

AFFECT THE LEVEL
OF VCO SPURIOUS
SIGNALS AND NOISE.

PLL chip with a small-value capacitor
(0.1 wF) and a large-value capacitor
(10 wF). These capacitors should be
placed as close as possible to the V¢
pins. Bypassing should also be used
for the VCO. If the PLL and the VCO
use the same value for V¢, a 22-Q)
resistor should be placed in the Ve
line between them in order to
improve the isolation.

Synthesizers that operate well
above 2000 MHz can be manufactured
with relatively few problems—as long
as good RF techniques are used for
board layout and parts placement. ee

For Further Readin,

Fujitsu Microelectronics, Inc., Super PLL Application
Guide, TC-AN-20731-11/98,

Fujitsu Microelectronics, Ine., MB15FxxSL Series Data
booklet, TC-DS-20788-2/99.

Ulrich L. Rohde, Microwave and Wireless Synthesizers,
John Wiley & Sons, Inc. .

Vadim Manassewitsch, Frequency Synthesizers, John
Wiley & Sons, Ine.

For more information
on this topic,

visit us at
www.microwavesrf.com




LOOKING FOR A

MORE SENSITIVE TIA?

Look no further.
ANADIGICS 850nm or 1300nm integrated photo detector
and transimpedance amplifiers deliver high gain
and very high sensitivity. Performance like this might
just bring a tear ! to your eye! Call today.

AN P

35 Technology Drive Warren, NJ 07059 Tel: 908 668-5000 Fax: 908 668-5132 e-mail: mktg@anadigics.com. Website: www.gaas-station.com

CIRCLE NO. 282




WHEN YOU NEED YOUR CABLE ASSEMBLIES
RIGHT AND RIGHT NOW, CALL THE LEADER.

To be more efficient and more competitive, call a company that's more efficient
and competitive. Dynawave. For over ten years, we've been designing and manu-
facturing low cost, superior quality cable assemblies, delay lines, and harnesses for
the wireless and military markets. Our on-demand and just-in-time delivery systems

can satisfy the most stringent procurement requirements. And . g;gign;\gggxgms

we can deliver prototypes, short runs, and high volume produc- -
tion with the same efficiency. )
For high quality flexible, semi-rigid, delay lines, phase matched, |

and harnesses when you need them, call us today. Or send for
a free brochure. Either way, it's time to switch to Dynawave.

ynauave,

INCORPORATED

135 Ward Hill Ave., P0O. Box 8224, Haverhill, MA 01835 U.S.A.
Tel: 978-469-0555 / Fax: 978-521-4589 / E-mail: connect@dynawave com / Website: www.dynawave.com

CIRCLE NO. 336



Downconverter Spuvs

Examine The Impact 0f
Transition-Band Spurs On

Downconverters

This analysis will help to
explain the effects of transition-

band spurious signals on
downconverter dynamic range.

Wang Duxiang

No. 8511 Research Institute of China
Aerospace Corp., Nanjing 210016,
People’s Republic of China.

REQUENCY downconversion is essential to most electronic-warfare
(EW) frequency-measurement receivers. While in-band intermodula-
tion distortion (IMD) from the receiver components (such as mixers
and amplifiers) can limit downconverter dynamic range, spurious sig-
nals produced through filter transition bands can also adversely affect down-

converter dynamic-range performance.

In general, spurious signals can be
divided into two types. The first type,
which occurs within the operating
bands of the front-end signal-process-
ing components, mainly consists of IM
signals generated by mixer noise as
well ag harmonic signals generated by
intermediate-frequency (IF) ampli-
fiers. Such spurious signals can be
suppressed through the careful selec-
tion of mixer RF and IF bands and
through the use of wide-dynamic-
range IF amplifiers. The second type
consists of out-of-band responses,
mainly image signals generated by
the receiver’s mixers and caused by
mixing of RF and local-oscillator (L.O)
signals within the stopbands of the
RF and IF filters. These out-of-band
spurious signals can usually be sup-
pressed through bandpass filters and
image-reject mixers.

Unfortunately, RF and IF band-
pass filters are not ideal, and some
spurious signals will escape. No mat-
ter what the specified out-of-band
suppression, signals falling within a
filter’s transition band—that band
between the passband and the rejec-
tion band—can pass from the input to
the output with little attenuation and
be presented to the mixer as real sig-
nals (or transition-band RF signals).
The IFs that result from these RF

signals (known as transition-band IF
signals) may also fall within the tran-
sition bands of the IF filters.

In order to analyze the properties of
these transition-band spurious sig-
nals, it may help to review the princi-
ples of microwave frequency down-
converters. Assume that fy is the
frequency of the input signal to the
microwave frequency downconvert-
er, with a power level of Py (in dBm).
After the signal passes through a
high-frequency RF bandpass filter,
which has insertion loss of Ly (in
dB), the resulting output power level
is Prout [in dBm] (i.e., Prout = Pr
Lag). For a mixer with conversion
loss of Ly, f is downconverted to an
IF of f; via mixing with the LO fre-
quency, fioca (.., £y = fioca — fr O f1 =
g — fioeat, With a power level of Py = Py
— Liar — Ly [in dBm]). The IF signal f;
then passes through the IF bandpass
filter with insertion loss (indB) of L1,
yielding output power of Py, = Py -
LAI = PR - LAR - LM - LAI (11‘1 dBm).
Following the signal gain through the
IF amplifier, the final output of the
frequency downconverter is at a fre-
quency of f,,; and power of P .

For analysis purposes, the down-
converter’'s RF bandpass filter pass-
band is assumed to lie between a low-
er bandedge of fgy, and an upper
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bandedge of fry. The IF range is also
agsumed to be less than one octave
(ie., figg < 2y, where fj;, and fyy are
the cutoff frequencies of the bandpass
filter). If fp is the RF transition-band
signal and fg is the IF transition-band
spurious signal of the microwave fre-
quency downconverter, then:

i € 2f1 < fim (1)

J1 = Jrocar = Tx (2)
Jis = Jiocat = frs (3)
Jiw = fiocar = fru (4)
Tt = Jiocar = Fre (5)

J1 = I& = Jiocar (6)
J1s = Srs = frocar (7)
S = Tri = focar (8)
Jier = Trrt = frocat (9)

where:

fyy, = the lower cutoff frequency of
the IF bandpass filter, and

fin = the higher cutoff frequency of
the IF bandpass filter.

Solving for eqs. 1 and 2-5 or for egs.
1 and 6-9 yields:

(flncai + fR[) /2< fRs =
(.f}uc(u' + fRH) /2 (]0)

which are the RF transition-band
signals which can give rise to transi-
tion-band spurious signals.

If the input power to the micro-
wave frequency downconverter is Py,
(in dBm), then the input IF power to
the IF amplifier is:

Prow(fr) = Pg = Lag(Typeg, ngfr)—

Ly = La(Typeyngf,) (dBm) (11)
where:

Lar(Typeg, ng, fg) = the RF band-
pass-filter insertion loss, which is a
function of the RF bandpass-filter
type, order (n), and IF (fy),

La(Typeg, ng, fr = the IF band-
pass filter insertion loss, which is a
function of the IF bandpass-filter

type, order (n), and IF (f;), and
Ly = the mixer conversion loss.
The relationship between fy and f;
satisfies eq. 2 or 6. For an in-band sig-
nal fy, fg;, <fr < fry, the final output
signal of the microwave frequency
downconverter is:
Pout (Jre < fr S fru) =
P[{)ur(f:RL < fR < fRH)+
G (dBm) (12a)
where:
G = the linear gain of the IF amp.
For an RF transition-band signal
fr = fRs, satisfying eq. 10, the final
output power level of the transition-
band spurious signal coming out of
the downconverter is:

Pum(fk’.\') = 2[ Plr)m‘(f:Rx) +

G]-Q,(dBm)  (I3a)

where:
2 = the second-order intercept
point (IP2) of the IF amplifier.
The transition-band spurious signal
power level represented by eq. 13a
restricts a downconverter’s dynamic
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Downconverter Spurs

range. At the sensitivity limit of a microwave receiver, the
minimum detectable input RF signal fy within the pass-
band of the RF bandpass filter is at a power level of Pg 10
(in dBm). By combining eqs. 11 and 12a, the output power
level from the microwave frequency downconverter is:

Pou(fre S fr < frei) = Promin = Lar(fre < fr = fru) =
Ly — La(fu < fi € fig)+ G (dBm) (12b)
For an RF transition-band signal at the maximum
power level of Py .y, the output power of the transition-
band spurious signal can be found by combining eqs. 11
and 13a:
an(fRs) = Z[PR max ~ LAR(fRs) -
Ly — Lag(frs)+G]—Q; (dBm) (13b)
Provided that eq. 12b is equal to eq. 13b,
PoulfrL < fr < fru) = Pou(rs),
and the dynamic range, D, can be found from eq. 14:
D = Py yax = Pr min = Lar(frs) + Lar(fis) =
0.5 Lag(fre < fr S Jru) + Lar(fi. < f1 = fin) +
Pg in + G — Ly — Q2] (dB) (14)
which yields the dynamic range of a downconverter
restricted by transition-band spurious signals.

DOWNCONVERTER PERFORMANCE

An example may help to demonstrate the effects of tran-
sition-band spurious signals on microwave frequency-
downconverter performance. Assume a frequency-down-
converter subsystem designed for RF signals from 8 to 10
GHz, with an IF of 2 to 4 GHz and LO or £} ., < fg, then fi,.
eal = 12 GHz, fryy = 10 GHz, and fj i = 8 GHz. Substituting
these values into eq. 10 yields the RF transition-band fre-
quencies that can cause transition-band spurious products:

10 GHz < fg, < 11 GHz (15)

Then by using eq. 3, the corresponding IF transition-
band frequencies are in the range of:

2 GHz 2 f,, 2 1 GHz (16)

Consider the frequency transformation from a band-
pass filter to a lowpass filter:

I =fo /B fo)=(So/ F)] (17)

where:

' = the normalized frequency of the prototype lowpass
filter,

B=1f,- f1 Whlch is the bandwidth of the bandpass filter,

f, = (fof;)"® which is the geometric mean of the cutoff
frequencies f, and f; and is referred to as the midband fre-
quency, and

f = the frequency of the bandpass filter.

A good example for analysis is a prototype lowpass fil-
ter with seventh-order Chebyshev response of:

L, = 10log[1+ €C2(f’)] (18)

where:
Co(f)=64(f') = 112(f') +56(') =7f"  (19)
is the seventh-order Chebyshev polynomial of the first
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kind and € = 1 if the passband ripple
is required to not exceed 3 dB.

For the transition-band frequen-
cies of the RF bandpass filter, replac-
ing fin eq. 17 with fgg of eq. 15 and
substituting f, = fp5; = 10 GHz and f,
=fgr, =8 GHz in eq. 17 yields:

LO< fz, <1.8636 (20)

Replacing ' of eq. 18 with fzg' of eq.

20, the RF transition-band insertion
loss of the filter can be found from:

30< Lyg(fo) S69.0  (21)

Similarly, the corresponding IF
transition-band insertion loss can be
found from:

30 Ly(f,)<111.0  (22)

Substituting Lz (frs = 10 GHz) =
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3dB, L(fis = 2 GHz) = 3 dB, Ly (8
GHz <fy <10 GHz) <3 dB, and L (2
GHz < f; <4 GHz) < 3 dB into eq. 14,
the dynamic range restricted by the
transition-band spurious signals is:
D;=3+3-05[3+3+
Promin + G =Ly = Q5] (dB) (23)

On the other hand, if the IF is

: changed to a range of 2.5 to 4.5 GHz,

and the LO is changed to 12.5 GHz,
the RF transition-band frequencies
that can cause transition-band spuri-
ous responses are:

10.25 GHz < fy, < 11.25 GHz (24)

and the corresponding IF transition-
band frequencies would be in the
range of:

2.25GHz > f;, > 1.25 GHz (25)

If the same seventh-order proto-
type lowpass Chebyshev filter is
used as in the previous example, then
the RF transition-band insertion loss
is:

3382 Lag(fo)S764  (26)

and the corresponding IF transition-
band insertion loss is:

451< Ly (f,) <1174 (27)

Substituting L sz (frs = 10.25 GHz)
= 33.8 dB, L;(fig = 2.25 GHz) = 45.1
dB, Lar(8 GHz < f <10 GHz) <3 dB,
and L, (2.5 GHz<f;<4.5GHz)<3dB
into eq. 14, the dynamic range for this
modified downconverter is:

D, =338+4451-0.5[3+3+
PR min +G—LM _Q2] (dB) (28)

The difference, A, between D, and
Ds is simply:

451-3-3=729(dB) (29)

Transition-band spurious signals
should be considered during the fre-
quency downconverter design pro-
cess. To limit these signals, the LO
frequency should be as far as possible
from the RF bandpass-filter cutoff
frequencies for IF bands that are not
more than one octave. Transition-
band spurious signals can also be re-
duced by careful RF and IF bandpass-
filter design and/or selection, choosing
filters with the narrowest possible
transition bandwidths. ee
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variation.

Two couplers were designed and
built based on cos and cos* coupling-
coefficient equations. The 2-in. (4.08-
cm)-long couplers were designed to
have a bandwidth of 6 to 20 GHz and
a coupling coefficient of 20 dB using
dielectric material with a dielectric
constant of 2.2. Empirical data de-
rived from frequency-response tests
performed on these couplers show
close agreement with the theory.

Cos, cos*-type coupling variation
1.0
i
e . Cos
s = J
306 >\ <F
=05 N
= 04 [ AN >
Eis Cos? N %
o s \\
T2
041 P~
0 ] 5
b 1 02 03 04 05 06 07 08 09140
Normalized displacement

1. This graph shows normalized coupling versus distance.

IRECTIONAL couplers with low ripple over broad bandwidths are
vital to certain applications, including instrumentation and electron-
ic countermeasures (ECM). Tapered stripline directional couplers
are often used to achieve these wide bandwidths. In the past, a vari-
ety of coupling coefficients has been used to design compact directional cou-
plers having low ripple. This article compares two conventional highpass
type non-uniformly coupled stripline dlrectlonal couplers—one with a cosine
(cos) coupling variation, the other with a cos* coupling variation. The com-
parison shows that, when the same coupling-factor argument is used and the
length of the coupler is fixed, less ripple results with the cos’-type coupling

Directional-coupler theory states
that a transverse-electromagnetic
(TEM)-mode directional coupler with
continuously tapered, non-zero-cou-
pling physical characteristics should
exhibit a highpass type, near- equal—
ripple frequency response.'® The
coupling factor K(z) along the length
of the coupler is a function of the odd-
and even-mode impedances of the
two coupled transmission lines and is
expressed by:

Zoe(2) = Z,55(2)
ZUE(Z) + ZUO(Z)
For loose coupling, the complex

frequency response can be obtained
by the following transform:

K(z)= (1)

Al3 (¥)= j%J!K(x)e_ﬂ’X dx (2)

where:

A13 (W) = the complex voltage cou-
pling from port 1 to port 3,

K(x) = the normalized coupling fac-
tor,

x =z /1 = the normalized displace-
ment,

z = the displacement along the
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Cos, cos?*-type coupling variation

 § 1 1

2. Directional coupler frequency response is illustrated in

the graph.

length of the coupler,

1 = the length of the coupler,

v =281,

8 =2m/\, and

\ = the wavelength.

Extensive analyses have been car-
ried out for exponential and non-ex-
ponential cosine types of coupling
variations."” Exponentially varying
coupling coefficients have produced
large and unequal ripple-voltage cou-
pling responses. To achieve equal rip-
ple responses, tedious and complicat-
ed mathematical procedures are
required. Reasonable improvement of
the large ripples may be achieved
with a cosine variation. However, for
very-small ripple specification, cou-
plers would need large coupling
lengths (Fig. 1). If the coupling varia-
tion is chosen to be a cos® type, then
the same length can lead to a coupling
response with smaller ripple.

The frequency response of a cosine

coupling variation such as:
K(x)=k, cos (bx) (3)

can be found by substituting eq. 3
into eq. 2 and integrating.

k| ¥
2 (P2 -b?)

J b sin b]e‘”’}}
'

At high frequencies, eq. 4 simpli-
fies to:

Al3 (V)= [I—(cos b+

(4)

—>%" [I—(cos b) e'ﬂl]
Y>b

Al3 (V) (5)

Cos, cos*-type coupling variation
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3. Similar to Fig. 2, the directional coupler frequency

response can also be seen here.

with the peak-to-peak ripple given
by e =k, cos b.
If the coupling variation is chosen

as.
K(x)=k, cos®(bx) (6)

and eq. 6 is substituted into eq. 2
and integrated, the following re-
sponse (F'ig. 2) is obtained:

AI3('P)=%”{§(I—e'j"U)

?,2

—_— - 2b
+ 2[?’2 —(2b)2][ (cos +

j% sin 2b) e ¥ ]

lPZ

———— [ ] — v 4b
+ 8[‘1"2 _(4[))2][ (cos +

4b 7
j? sin 4b) e Y]

At high frequencies, eq. 7 simpli-
fies to:

k() 4 -j¥
—>7[I—(cos b)e ] (8)
¥ > 4b

Al3 (V)

with the peak-to-peak ripple provid-
ed by € = k,cos* b.

Compared with the frequency-re-
sponse characteristics of a directional
coupler using a coupling-factor varia-
tion such asin eq. 3, it is apparent that
with the same argument b, consider-
able reduction in ripple level can be
obtained by using eq. 6 (F'ig. 3).

From Figs. 2 and 3, it can be seen

that the cos* design is considerably
flatter with less overshoot at the low
end of the frequency band than the
conventional cos design. Within the
frequency band of interest, the actual
peak-to-peak ripple was 1.6 dB for the
cos design and 0.3 dB for the cos?
design. In addition to the better ripple
response, a very important difference
between the two couplers was that,
with a finite length of the coupling sec-
tion, it was not possible to contain the
ripple level of a cos-type coupler to
within arbitrarily small limits due to
the overshoot and the much smaller
convergence speed of the design equa-
tions. However, with the cos* coupler,
arelatively short length would be suf-
ficient for the ripple of the coupler to
converge to a negligible level. e®
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Test System

Test System Tackles
CATV Components

This tuvrnkey production test system is ideal for
checking the CTB and CSO performance of amplifiers
and other components in a cable-television system.
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Publisher/Editor

ABLE-TELEVISION (CATV) systems grow more complex with time,
as operators seek to boost revenues through additional services,
such as Internet access and high-speed data transmissions, As a con-
sequence, the characterization of CATV system components also be-
comes more complicated, especially as these components must cope with
newer digital modulation schemes. Fortunately, the CTS-1000 distortion
measurement system from RDL, Inc. (Conshohocken, PA) was designed for
testing today’s and tomorrow’s CATV components. This flexible, turnkey
system can automatically perform the most-complex CATV linearity tests,
such as composite-second-order (CS0), composite-triple-beat (CTB),
CROSS-MOD (XMOD), and carrier-to-noise (C/N) measurements, with as
many as 159 discrete channels.
The CTS-1000 distortion mea-
surement system (Fig. 1) builds
upon the company’s model CSG
programmable multi-tone signal
generator (see Microwaves & RF,
January 1996, p. 102), with avail-
able channel frequencies from 44 to
998 MHz. It adds a modified model
ESCS30 receiver from Rohde &
Schwarz (Munich, Germany), with
intermediate-frequency (IF) capa-
bility enhanced to meet the needs
of CATYV linearity testing. The re-
ceiver (a spectrum analyzer) also
provides the video-output signals
required by the CTS-1000 test sys-
tem for performing Fast Fourier
transforms (FFTs). Additional sys-
tem components include a compu-
ter, monitor, keyboard, interface

The CTS-1000 system can be
equipped with as many as 159 synthe-
sized frequency sources or channels,
although the standard version of the
system is supplied with 138 channels.
Each source tunes =3 MHz about a
center frequency, accommodating a
variety of CATYV frequency plans,
such as the 6-MHz channels in the
US and the 8-MHz channels used
throughout Europe. The individual
sources tune with 1-Hz frequency res-
olution. Maximum signal level to the
DUT s +45 dBmV with level repeata-
bility of 0.5 dB. In addition, signal lev-
els for each source (or channel) can be

7 adjusted from +10 to +46 dBmV.

| The system is equipped with as
much as 63-dB attenuation, which
| adjusts all carriers in 1-dB steps.
The output level of the individual
carriers can be adjusted over a 15-
dB range.

ACHIEVING ACCURACY

The CTS-1000 enables opera-
tors to improve measurement re-
peatability by using uniformly dis-
tributed test carrier frequencies.
Measurement repeatability is af-
fected by a number of factors, in-
cluding variations in RF test-sig-
nal amplitude, frequency drift
over time, differences between
multiple test-signal sources, and

1. The CTS-1000 distortion measurement
system flawlessly blends precision test
hardware with control and analysis software
to speed and simplify complex CATV
measurements, such as CSO, CTB, and
XMOD.

module, interconnecting cables,
and software for making measure-
ments, logging data, and perform-
ing analyses. Optional leveling ca-
pability is available with the
addition of a power meter.

out-of-band signal products. By
randomizing the test signals in the
CTS-1000, which is a process of us-
ing precisely programmed fre-
quency dispersion, the measure-
ment repeatability of CATV
testing can be dramatically im-
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2. The use of precisely controlled frequency dispersion can help improve the measurement repeatability of CTB (a)

and CSO (b) tests.

proved (Fig. 2). In addition to the in-
crease in measurement repeatability
and accuracy, the use of randomized
test signals can help reduce test time
and provide more authentic repre-
sentations of the signals experienced
in an actual CATV system. The ran-
domized function can be programmed
in the CTS-1000 in terms of fre-
quency spread (in +Hz) or frequency
deviation (in = PPM) across a user-
selected group of channels.

Along with its impressive hard-
ware, the CTS-1000 is equipped with
powerful, but easy-to-use software.
Two years in development, and com-
bining several C++ programs with
LabView instrument drivers, the
CTS-1000 software provides a true
Microsoft Windows operating envi-
ronment for setting levels, adjusting
controls, making measurements,
gathering and plotting data, and sav-
ing results. The software provides
seamless control of the receiver and
frequency synthesizers, and provides
a rational user interface to a series of
tests that are by no means simple.

DEMO SOFTWARE

For engineers interested in evalu-
ating the CTS-1000’s software inter-
face, the company makes demonstra-
tion compact-disc-read-only mem-
ories (CD-ROMs) available. This is
actually a fully functional version of
the software that can also operate
offline (without the test equipment).
It takes approximately five minutes
to install in a personal computer
(PC), requiring a machine with Win-

dows 95 or Windows 98, at least 16
Mb or random-access memory
(RAM), at least 15 Mb of available
hard-disk memory, and a super VGA
(SVGA) monitor. The CD-ROM is
supplied with a useful booklet with
instructions for measuring CSO,
CTB, and CNR at each frequency as
well as advice on setting up and per-
forming XMOD measurements.
Upon loading the software, the in-
troductory or home screen provides
operators with a menu bar and details
on the current measurement setup.
System configurations include setups
with 77,110, and 159 channels, using
randomized or non-randomized sig-
nals. The menu bar offers choices of
measure, results, frequency plan,
DUT description, carrier powers,
measurement parameters, system
setup, and test scripts. By clicking on
any of these choices, the operator
calls up a new screen with choices
dedicated to that group of functions.
In the carrier powers screen, for
example, individual carrier powers
can be set, as well as the signal tilt (in
decibels). Once selections have been
made, the amplitude shape of the re-
sulting output signal is plotted as a
function of frequency, using a num-
ber of different probe points in the
systems—at the output of the CTS-
1000’s internal signal source, at the
DUT input, at the input to the net-
work (such as a filter) preceding the
DUT, at the DUT output, and at the
output of the network following the
DUT. The plot shows frequencies
from 0 to 1000 MHz, with amplitude

automatically scaled depending upon
the choice of probe point.

The other menu choices (and
screens) are designed for ease of use.
The frequency plan screen offers a
spreadsheet-like view of carrier infor-
mation, including whether the carri-
ers are on or off, the type of mod-
ulation, and the percent modulation.
A choice of modulation sources in-
cludes external, PAL, NTSC, or none.

The DUT description screen in-
cludes a simple block diagram of the
test fixture. It shows how the for-
ward transmission Sy is defined for
the connecting networks before and
after the DUT. Slopes can be defined
across the desired frequency range
to account for cable losses.

The measurement parameters
screen shows the type of detector
(peak or average) used for each mea-
surement (CTB, CSO, XMOD), the
options for expressing power (in
dBmV, dBm, or dBu.V.

The software requires no manual
to operate effectively. It has a true
Windows feel, and provides ready ac-
cess to the full operating power of
the CTS-1000 system. The system of-
fers a variety of advantages over ex-
isting systems, including its ability to
quickly modify the frequency and
power of the carriers, and its ability
to measure nine complete sets of dis-
tortion data in under 85 s. RDL,
Inc., 7th Avenue and Freedley
St., Conshohocken, PA 19428;
(610) 825-3750, FAX: (610) 825-
3530, Internet: http:// www.rdl-
instrumentation.com. **®
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Test Gear

Instrument Makers Adapt
To Evolving Applications

Continual integration of functions and processing
power pushes high-frequency test gear to new levels
of analog and digital measurement capability.

JACK BROWNE
Publisher/Editor

loscope’s internal processing power
then performs a normalization rou-

NTEGRATION is a key to market acceptance not only at the device level,

but for test equipment as well. Users of test equipment are increasingly

seeking more functions and capability within a single box, driving instru-

ment manufacturers to shrink and compress their architectures to sup-
port current requirements and future needs. The end result is more mea-
surement power per dollar then ever before, within instruments that are
increasingly similar to self-contained systems.

One of the greatest challenges fac-
ing current and future designers of
high-speed, high-frequency circuits is
the accurate characterization of sig-
nals that are digital and microwave in
nature. An example of this is the Di-
rect Rambus, where data transfer oc-
curs on the rising and falling edges of
400-MHz clock signals in a controlled-
impedance environment of 28 (). The
bus system achieves peak bandwidths
up to 1.6 GB/s, posing a challenge for
engineers faced with determining sig-
nal integrity. While a traditional logic
analyzer can be used to check
the data levels, a different so
lution is needed to analyze
the integrity of these high-
speed digital signals. One so-
lution offered by Hewlett-
Packard Co.’s Lightwave
Division (Santa Rosa, CA) is
the use of time-domain re-
flectometry based on the HP
54750A digitizing oscillo-
scope along with the HP

N1020A time-domain-reflec- 1. The HP 54750A digitizing oscilloscope works with the

SMA short can be attached to the
probe tip for calibration.

The oscilloscope enables operators
to set the impedance measurement
reference plane at the probe tips, in
order to accurately determine signal
integrity for the fine microstrip cir-
cuit traces found in Direct Rambus
architectures. Before evaluating Di-
rect Rambus designs, the oscillo-
scope undergoes a TDR calibration
at the reference plane of the probe
tip using a two-point calibration with
the termination and short. The oscil-

tometer (TDR) probe kit HP N1020A TDR probe kit to make impedance

(Fig. 1). A special calibration measurements on high-speed digital circuits such as
adapter with a 50-() air-di- the Direct Rambus digital bus. (Photo
electric termination and Hewlett-Packard Co., Palo Alto, CA.)

graph courtesy of

tine to correct test-fixture errors in
the frequency domain.

The increasing importance in tim-
ing measurements is one of the moti-
vations for the development of the
Femto-2000 multisite digital time
scope from GuideTech (Sunnyvale,
CA). It is a time- and frequency-mea-
surement system that combines up to
four time-interval analyzers and
eight measurement channels in a sin-
gle enclosure (Fig. 2). The instrumdnt
is well-suited for testing the jitter
and waveform integrity of semi-
conductors and high-speed circuits. It
offers 1-ps single-shot resolution for
signals up to 800 MHz and makes
measurements at rates to 2 million/s.
The noise floor is 3 ps and the mea-
surement jitter is only 6 ps. The in-
strument covers a voltage range of
*+2.6 V with 1-mV accuracy and ac-
commodates single-ended or differ-
ential signals.

The Femto-2000 can char-
acterize phase-locked loops
(PLLs) more completely
than traditional time-mea-
surement systems—swiftly
measuring frequency, step
response, loop-filter band-
width, start-up time, and
. frequency settling time. For
PLLs that use the spread-
spectrum technique, the
Femto-2000 can directly
measure the modulation
waveform and the attenua-
tion of the loop filter for
modulation and jitter at the
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input, even if the modulation is asyn-
chronous to the clock frequency.

The Femto-2000 can also measure
the timing of all pulses in a sequence
at frequencies up to 2 MHz, thereby
providing a complete test of pulse-
width modulated signals in a single
pass. To enhance viewing, analysis,
and time to actionable data on all tra-
ditional and new measurements, the
Femto-2000 features a proprietary
graphic user interface (GUI) that en-
ables simultaneous viewing of vs-
time graphs, histograms, and numer-
ical displays. The unit also comes
equipped with 8-Mb memory for each
pair of channels.

Much work on communications and
video testing with an oscilloscope has
been performed by LeCroy Corp.
(Chestnut Ridge, NY) which recently
published the application note “Using
Analog Scopes In Video Applica-
tions.” The note discusses the frame
composition of different video stan-
dards, such as NTSC and PAL/SE-
CAM, and explores techniques for
successfully triggering on and analyz-
ing video signals with an oscilloscope.
The note addresses a variety of tele-
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GuideTech

2. The Femto-2000 Multisite Digital Time Scope combines as many as four

time-interval analyzers and eight measurement channels in a single
enclosure. (Photograph courtesy of GuideTech, Sunnyvale, CA.)

vision measurements, including sub-
carrier-horizontal (SCH) phase mea-
surements, jitter measurements, and
the use of multiple time bases for
zoom measurements on different as-
pects of complex video signals.
Copies of the note are free upon re-

quest from LeCroy.
Characterization of television sig-
nals is an important aspect of the
UFX99CA programmable noise gen-
erator from Noise Com, Inc. (Para-
mus, NJ). Designed to set signal-to-
noise ratios (SNRs) for analog

GAINING MEASUREMENT SPEED

peed often determines the usefulness of a production
W test system, but ean also be invaluable for research
and device modeling. In the case of California East-
ern Laboratories (Santa Clara, CA), a new noise-parame-
ter test system not only aids the throughput of the com-
pany’s device testing, but the accuracy as well. The
noise-parameter test system makes the characterization
of extremely low-noise devices, such as pseudomorphic
high-electron-mobility transistors (PHEMTs), easier and
more precise. It also simplifies the characterization of
hard-to-measure high-gain devices.

The system was initially developed for California
Eastern Laboratories by Charlie Woodin while at Mi-
croVue, Inc., based on the firm’s Wavevue software
modules. Woodin became part of ATN Microwave
(North Billerica, MA) following that company’s acquisi-
tion of MicroVue. Two Wavevue software modules are
used in the new noise-parameter test set. The first mea-
sures S-parameters and DC characteristics while the
second handles the noise measurements. The system
eventually became the basis for ATN Microwave’s auto-
matic NP5C noise-parameter system.

The differences between the new system and the old
ways of measuring transistor noise parameters are
staggering, according to Abby O’Connell, manager of

California Eastern Laboratories’ engineering labora-
tory. “This new automated system can do in hours what
used to take us weeks,” according to O’Connell. The old
system was largely manual and required approximately
two hours of test time to measure the noise figures for 12
different frequencies. The new system can make the
same measurements in approximately one minute.

“In addition, the low-frequency performance of the
new system is much better than the old system,” offers
O’Connell. This capability is especially critical for char-
acterizing PHEMTSs which typically have very high gain
at low frequencies, supporting accurate measurements
across the full range of a transistor. Load-pull tuners are
used in the system for proper suppression of low-fre-
quency oscillations, which is a potential for many high-
gain devices. Finally, O’Connell says, “the new system
provides targeted, user-friendly test results, rather than
the overwhelming pile of data from the old system.”

The new noise-parameter test system was used to
evaluate an NE329 PHEMT, which is among the lowest-
noise-figure transistors ever developed by California
Eastern Laboratories’ Asian partner, NEC. With the
help of a low-noise test fixture from Inter-Continental
Microwave (Santa Clara, CA), the test system was able
to measure a noise figure of 0.35 dB at 12 GHz. ee
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cable-television (CATV) sys-
tems and signal/noise (Eg/
Np) measurements for) data-
over-cable systems, the gen-
erator provides white Gaus-
sian noise with a flatness of
typically £0.1 dB in a 10-
MHz bandwidth. The instru-
ment, which covers 5 to 1000
MHz with 0-dBm (+49
dBmV) maximum noise out-
put power, includes 127.9-dB
attenuation with 0.1-dB at-
tenuation control for precise
ratio measurements. The
noise generator can be con-

trolled remotely with GPIB. 4. The models 57318 and 57518 peak power sensors
The 75-{) instrument is work with the model 4530 power meter to provide
equipped with BNC female modulation bandwidths of 17 and 6 MHz, respectively.
(Photograph courtesy of Boonton Electronics Corp.,

connectors.

In preparation for the Parsippany, NJ.)

shift from analog-to-digital
broadcasting, Bird Electronic Corp.
(Cleveland, OH) has developed the
BPM series of broadcast power mon-
itors for use from 54 to 870 MHz (de-
pending on the choice of sensor).
These meters and average-reading
sensors provide minimum headroom
of 10 dB to accommodate the high
peak-to-average ratios (crest fac-
tors) of digitally modulated signals.
The monitors can measure power,
VSWR, return loss, and calculate im-
pedance-match efficiency, with +5-
percent full-scale accuracy for power
and +10-percent full-scale accuracy
for VSWR.

SINGLE SOLUTIONS

As wireless and other high-fre-
quency measurements have evolved,
instrument manufacturers have mod-
ified their basic offerings to
include as many functions as |
practical for a complete set of
measurements. As a result of
this, the capabilities and
bandwidths of individual in-
struments have increased
drastically in recent years.
For example, the MS462x se-
ries of vector network ana-
lyzers (VNASs) from Anritsu
Co. (Morgan Hill, CA) tar-
gets the wireless industry’s

need for a single instrument 3. This self-contained model 37X97 VNA system
with multifunction test capa- provides continuous sweeps from 40 MHz to 65 GHz
bility. These are not only using the coaxial V test connector. (Photograph

dedicated signal sources, but are actu-
ally the equivalent of a large rack of
test equipment in a single enclosure.
The instruments can measure S-pa-
rameters, intermodulation distortion
(IMD), harmonics, gain compression,
and noise figure at frequencies from
10 MHz to 6 GHz. They are also fast,
with measurement speeds to 150
ws/point and as much as 125-dB dy-
namic range. (For more on acceler-
ated measurements, see sidebar.)
They replace up to five separate in-
struments—a pair of frequency syn-
thesizers, a vector analyzer, noise-fig-
ure meter, and a spectrum analyzer.
The company has also reduced the
number of instruments that were
once needed to cover a bandwidth as
wide as 656 GHz. The firm recently an-
nounced the expansion of the com-

measurement receivers and courtesy of Anritsu Co., Morgan Hill, CA.)

pany’s Lightning line of
VNAs toinclude a single sys-
tem capable of coaxial cover-
age to 656 GHz. Using the
firm’s coaxial V connector,
the model 37X97 VNA can
perform continuous sweeps
from 40 MHz to 65 GHz with
more than +5-dBm leveled
output power and greater
than 70-dB dynamic range.
The VNA system (Fig. 3) in-
cludes a four-sampler archi-
tecture and four-channel dis-
play for viewing all four
S-parameters simultane-
ously. It can be equipped
with doubler or quadrupler
modules with GaAs mono-
lithic-microwave-inte-
grated-cireuit (MMIC) out-
put amplifier stages for
active-device testing.

At even higher frequencies, the HP
8510XF VNA system from Hewlett-
Packard Co. offers single-connection
coverage to 110 GHz with the com-
pany’s proprietary 1-mm coaxial con-
nector. Ideal for wideband device
characterization, the system operates
with high-frequency probes from Cas-
cade Microtech (Portland, OR) for
making millimeter-wave S-parameter
measurements on MMICs and dis-
crete devices.

With 2.92- or 1.85-mm connectors
for applications to 40 and 60 GHz, re-
spectively, the probes include reso-
nant-free power bypass connections
for testing mixed-signal devices. Us-
able for signal rates to 80 Gb/s, the
probes offer better than 40-dB cross-
talk at 40 GHz.

NO-HANDS TESTING

In addition to increasing
the measurement capability
of their oscilloscopes,
Hewlett-Packard has also
. made scopes easier to use.
For the ultimate in hands-
free control, the firm’s Infini-
fum family of oscilloscopes is
now available with an op-
tional voice-control interface.
The option enables operators
to control the instrument
through commands spoken
into a collar-mounted micro-
phone. With voice control, an

MICROWAVES & RF « SEPTEMBER 1999

124




Designed for Ultimate Quality

«z'»-n 4
@amﬁm

@CQD

G

Your Complete Switching
Solution from KMW

KMW new 6P7T switch is designed for W-CDMA IMT2000.
Product Code No. |
Switch Type s R e
Frequency Range . pe S L be o ACH:
~ Insertion Loss (max) o EaagE 7 oode
VSWR (max)
Isolation (m:n )

Operatmg Mode Latchlng

Actuating Voltage 12Vdc + 10% 12vdc + 10% 12Vdc £ 10%
/Current (max.) /240mA (@ 12Vdc, 25°C) | /165mA (@ 12V 25°C) | /165mA (@ 12vdc, 25°C)

I/O Port Connector i A(l SMAG) / SMAGF) | SMA(F) / SMA(F)

F Power Handling | 100W ) | 250wcw (@mT

Dimension (inch) 1.339%1.575%0.528 2.441%2.177%2.165 1.626%1.874*1.626

Higher Frequency available, up to 18GHz
Power Handling Capability, up to 250W CW& 4KW Peak @1GHz

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

5 million life cycle SPDT switch available upon request.

13131 East 166th Street, Cerritos, CA 90703-2202 * 1-800-8320-KMW

www.kmwinc.com °* tel: 562-926-2033 * fax: 562-926-6133
CIRCLE NO. 396 RF & Microwave Products




SPECIAL REPORT

Test Gear

operator can manipulate waveform
views onscreen, make measurements,
and print results.

The voice control is expected to
greatly simplify the probing of fine-
pitch surface-mount circuit boards,
which are easily damaged when a
probe slips and shorts two pins
together.

The voice-control option consists of
a natural-language command set in
English to adjust all primary controls,
and is speaker and gender indepen-
dent so that users do not have to train
their instrument to recognize individ-
ual voices. In addition to voice control,
the Infiniium oscilloscopes have a fa-
miliar Windows-based GUI and local-
area-network (LAN) interface for
ease of local and remote applications,
respectively. Infiniium oscilloscopes
are available currently with band-
widths from 0.5 to 1.5 GHz and sam-
pling rates to 8 GSamples/s in two-
and four-channel versions.

THIRD-GENERATION NEEDS

With the spread of cellular and per-
sonal-communications-services (PCS)
communications, many test-equip-
ment suppliers have turned an eye to-
ward the needs of third-generation
(3G) digital cellular systems. These
systems use advanced digital-modula-
tion formats, such as wideband code-
division-multiple-access (WCDMA)
techniques and wider channel band-
widths than earlier systems, requir-
ing that test-equipment suppliers
keep pace.

One who has is Boonton Electronics
Corp. (Parsippany, NJ). The firm re-
cently announced a pair of peak
power sensors with the wide modula-
tion bandwidth needed for WCDMA.
The models 57318 and 57518 peak
power sensors work with the com-
pany’s model 4530 power meter to
provide modulation bandwidths of 17
and 6 MHz, respectively (Fig. 4). Both
sensors operate from 0.5 to 18 GHz
with a 60-dB dynamic range. The
model 57318 offers a typical rise time
of better than 15 ns and triggers in-
ternally to +20 dBm. Model 57518 of-
fers a typical rise time of less than 50
ns with the same internal triggering
capabilities as the model 57318.

By measuring peak and average
power levels, the sensors can gauge

the percentage of power changes and
monitor key digital communications
system performance parameters,
such as erest factor (peak-to-average
power). The company’s 4530 series of
power meters provides an effective
sampling rate up to 50 MSamples/s
for repetitive signals and 2.5 MSam-
ples/s for a single-shot bandwidth of
700 kHz. The power meters can trig-
ger on signals with maximum pulse
repetition rates of 1.8 MHz.

The FSIQ series of signal analyz-
ers from Tektronix (Beaverton, OR)
and Rohde & Schwarz (Munich, Ger-
many) also aim at 3G cellular testing.
With three models covering 20 Hz to
3.5 GHz, 20 Hz to 7 GHz, and 20 Hz to
26.5 GHz, the analyzers achieve re-
spectable —152-dB¢/Hz phase-noise
offset 5 MHz from the carrier. The in-
struments achieve 75-dB dynamic
range for making accurate 4.096-
Mchips/s adjacent-channel-power-ra-
tio (ACPR) measurements. Tektron-
ix also offers a wideband real-time
spectrum analyzer, model 3086, with
a measurement bandwidth of 30 MHz
for true 3G signal-analysis research.
Unlike a conventional spectrum ana-
lyzer, which sweeps across a band-
width in small segments, the 3086 can
capture random bursts and transient
signals across the full 30-MHz chan-
nel bandwidth instantaneously. It of-
fers modulation analysis capability to
5.3 Msymbols/s.

A twist on spectrum analysis is the
Internet-ready testing offered by
Morrow Technologies Corp. (Largo,
FL). The firm’s P9116 spectrum-ana-
lyzer system can be controlled
through Internet connections for re-
mote measurements from 100 kHz to
1600 MHz. When located in the field,
the analyzer acts similar to a network
server to provide data access, stor-
age, and display with a connected per-
sonal computer (PC). The analyzer it-
self is a fully synthesized instrument
with 2-Hz resolution and better than
150-ps tuning speed. The level accu-
racy is +0.5 dB from -120 to +20 dBm.

Emerging wireless standards have
driven the development of new mod-
els for Hewlett-Packard’s ESG line of
RF/microwave signal generators (see
Microwaves & RF, August 1999, p.
157). In addition to new low-phase-
noise models, the signal generators

can be equipped with personality op-
tions for testing according to specific
wireless standards, such as WCDMA
and cdma2000. The generators are
available at frequencies from 0.25 to
4000 MHz.

Similarly, the frequency coverage of
the TAS 4600AH noise and interfer-
ence emulator from Telecom Analysis
Systems (Eatontown, NJ) has been
extended to 2.5 GHz for coverage of
cellular, PCS, and emerging wireless
data applications. The instrument
measures the power of an incoming
RF signal, then adds the specified
amount of additive white Gaussian
noise (AWGN) or interference to ob-
tain a desired carrier-to-noise or car-
rier-to-interference level. The TAS
4500AH can be supplied in signal- and
dual-channel configurations.

Telecom Analysis Systems was re-
cently selected by the Cellular Tele-
phone Industry Association (CTIA)
as the vendor of choice for CDMA mo-
bile-handset evaluation. The firm’s
CDMA-ATS automatic mobile-phone
test system is the CTIA’s specified
mobile-telephone test bench for the
CTIA certification program, which is
designed to ensure user satisfaction
with carrier networks. The CDMA-
ATS system combines the company’s
TAS 4500 RF channel emulator
(which emulates RF propagation con-
ditions) as well as TAS 4600 noise and
interference emulator (which emu-
lates carrier-to-noise and carrier-to-
interference conditions) with the
firm’s TASKIT/CDMA for Windows
software.

When electric-field levels are a con-
cern, the model 2001 RAHAM radia-
tion-hazard measuring instrument
from General Microwave (Amityville,
NY) can check a dynamic range of 10
to 1000 V/m (equivalent power-den-
sity levels of 0.0275 to 265 mW/em®?).
With a frequency range of 3 MHz to 1
GHz, the instrument features a three-
element diode detector which pro-
vides an isotropic (omnidirectional)
response. The alarm-level threshold |
in standard units is set at the factory
to 200 V/m (which is a density of 10.6
mW/cm?), but can be factory repro-
grammed to meet specific customer
needs. Visual- and audio-alarm indica-
tors are activated when the alarm
threshold is exceeded. s e
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Designed by KMW for consistency and stability, these attenuators will be your first choice for
building wireless communication system applications!

KAT1004SA000

B Step-Rotary Attenuators

Product Code No. KAT!OO4SA000\ KAT2004SA000 | KAT1SO45A000 ; 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.) 11531 1.15:1 1.15:1 1150
increm;::;leA(té;r)mation 0~1 0-10 0-1 0-10
Attenuation Step (dB) 0.2 1 0.2 1
Nominal Impedance 50 ohm 50 ohm
1/O 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)

1.9371.56*1.51

1793%1.567%1 51

B Continuously Variable Attenuators

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

A type : KAT1304CA000

Prodibs 0o Mo, B type : KAT1304CA001

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

1/O Port Connector SMAC(F) / SMA(F)
2W @ 2GHz & 25°C, without Heat-Sink
-55'C ~ +85°C

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

Average Power Handling

Temperature Range

KAT1304CA001 Dimension (inch)

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
CIRCLE NO. 397




SPECIAL REPORT

Power Sensor

Wide-Range Sensor Gauges
Power 0f Complex Signals

This avervage-veading power sensov provides
the dynamic range needed for hmzdlmg
the latest digital modulation formats.

Ron Hogan
Development Engineer
Hewlett-Packard Co., Microwave Technology Div., Santa Rosa, CA 95409;
(707) 577-1400, Internet: http://www.hp.com.

OWER sensors have traditionally relied on thermocouples for high-

power (-30- to +20-dBm) measurements or diodes for low-power

(-=70- to —20-dBm) measurements. Both approaches offer a 50-dB

dynamic range for a single sensor making average power measure-
ments, even though many modern complex modulation formats require an
even greater dynamic range. However, a new diode sensor design, based on
a combination of diodes and attenuators, provides the accuracy associ-
ated with diodes operating in their “square-law” region while also achiev-
ing the wide dynamic range needed for measuring the power of complex
modern modulation formats.

1. The modified-barrier-integrated-diode (MBID) sensor uses a diode
pair/attenuator/diode pair topology to make wide-dynamic-range
measurements from +20 to —60 dB.

Traditional diode sensors operate at
power levels from —70 to =20 dBm,
which is commonly referred to as the
diode square-law region. In the
square-law region, a diode’s detected
output voltage is proportional to the
(logarithm of the) input power and so
measures power directly. A common
approach to extend the dynamic range
of diode power sensors above their
square law region has been the use of
correction factors. The correction fac-
tors are derived from measurements
of a continuous-wave (CW) source and
stored in each sensor’s electronically
erasable programmable read-only
memory (EEPROM). While this ap-
proach is fine for measuring CW sig-
nals over a wide dynamic range, it fails
to provide an accurate average power
reading for modulated signals, such as
code-division-multiple-access
(CDMA) signals, when the signal level
is above the diode power sensor’s
square-law region.

NOVEL NEW DESIGN

The new wide-dynamic-range sen-
sor approach is based on a dual-sen-
sor, diode pair/attenuator/diode pair
topology as proposed by Szente et. al.
in 1990." The topology has the advan-
tage of always maintaining the sens-
ing diodes within their square-law
region and therefore will respond
properly to complex modulation for-
mats as long as the sensor’s correct
range is selected.”

This approach was further refined
by incorporating diode stacks in place
of single diodes to extend square-law
operation to higher power levels at

MICROWAVES & RF = SEPTEMBER 1999
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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.

KPH900OSCLO0O

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

Frequency Range ~ 1GHz 1 ~ 2GHz 2 ~ 3GHz
Insertion Loss (max.) 0.15dB 0.25dB 0.35dB
VSWR (max.) 1.25: 1 12511 n2s
Incremental Phase Shift 90 degree min. @ 2GHz
Electrical Delay 125 psec min.
Nominal Impedance 50 ohm
1/O Port Connector SMA(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 + 1-800-8320-KMW / ’5\‘

www.kmwinc.com ¢ tel: 562-926-2033 ¢ fax: 562-926-6133
CIRCLE NO. 398 F(F & Microwave Products




Phase Locked Sources
Operational, Deployed, Field Proven

FEATURES:
* DRO Compatible Size

o Excellent Phase Noise
¢ Ruggedized for Microphonics
e 2.20 GHz Frequency Coverage

Micro Lambda, Inc. a leader in the
development of next-generation YIG
devices now offer YIG-Based Phase
Locked Sources covering the 2-20 GHz
frequency range. Designed specifically
for harsh commercial environments,
these oscillators offer 3 to 10 dB better
phase noise performance than DROS.
Applications include LMDS, MVDS,
VSAT, Tele-Comm and a multitude of

general applications.

Tele-Comm

MLPE-SERIES PHASE LOCKED
OSCILLATORS:

Utilize external reference oscillators
from 50-200 MHz to generate fixed
frequencies covering 2-20 GHz.

MLPI-SERIES PHASE LOCKED
OSCILLATORS:

Utilize internal reference oscillators
to generate fixed frequencies covering

2-20 GHz.

MLTP-SERIES TUNEABLE

PHASE LOCKED OSCILLATORS:

Utilize external reference oscillators
with the capability of course tuning the
output frequency via the oscillators
main coil or with integrated digital
interface in step sizes equal to the
external reference frequency.

CIRCLE NO. 269

MICRO
LAMBDA, INC.

48041 Fremont Blvd.

Fremont, CA 94538

Phone (510)770-9221

Fax (510) 770-9213

Email: mcrolambda@aol.com
Internet: www.micro-lambda.com
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the expense of sensitivity, as
proposed by Ehlers et al.® As
described in the reference, a

series connection of m diodes |

results in a sensitivity degra-
dation of 10log(m) dB and an
extension upward in power of
the square-law-region maxi-
mum power of 20log(m) dB,
yielding a net improvement
in square-law dynamic range

of 10log(m) dB compared to a single

diode detector.

The approach has been implement-
ed in the HP E-series E9300 power |
sensors from Hewlett-Packard Co. |
(Palo Alto, CA), as a modified barrier !

integrated diode (MBID)*
with a two-diode-stack pair
for the power-power path

from -60to-10 dBm and are- |

sistive divider attenuator and
five-diode-stack pair for the
high-power path from -10 to
+20 dBm (Figs. 1 and 2). Ad-
ditionally, series field-effect-
transistor (FET) switches
were used off-chip to enable
the low-path diodes to self-
bias to an off condition when
not in use.

Figure 3 shows the typical
deviation from square-law
behavior for the low-power
path (-60 to-10 dBm) and the
high-power path (-10 to +20
dBm) for the new HP E-se-
ries £9300 power sensors.
The linearity at the -10 dBm
switching point is specified
as being typically < +0.02 dB.

Table 1: Checking the linearity

of the HP E93000 sensors

: Linearity : Linearity
Power (25 £10°C) (0 to 55°C)
%60 to —10 dBm +3.0 percent +3.5 percent
:-.10 to 0 dBm +2.5 percent . +3.0 percent
'O:to +20 dBm +2.0 percent +2.5 percent

- Switching between the low-power |
- and high-power paths is seamless,
- providing a transparent 80-dB dy- |
| namic range.

The decision for switching between
the low- and high-power paths is |

>y
3

R |

T

Hen
i

Hsense

2. The MBID sensor consists of a two-diode-stack pair
for the low-power path and a resistive divider attenuator
and five-diode-stack pair for the high-power path.

Power Sensor

] made on the basis of the av-
| erage power detected by the
| power meter. For example,

a signal with -12-dBm aver-
age power and a high crest
factor (peak-to-average ra-
tio) would be measured
through the sensor’s low-
power path. For most
CDMA signals, such as
those meeting the IS-95A

standard, the sensor will give better
- than +0.05-dB accuracy for power
levels to —-10-dBm average power us-
. ing the low-power path. However, for
i some CDMA signals used in third-
' generation (3G) digital cellular sys-

tems, with aligned symbols
that represent an almost 20-
dB maximum peak-to-aver-
age ratio, the accuracy of the
measurement during the
high-power crests would be
compromised. This is due to
the sensor being in the low-
power path and the diodes
being operated well outside
the diode square-law region
of the low-power path dur-
ing the crests. Fortunately,
a “Range Hold” function in
the power meter for the
high-power path deals with
this situation as it enables
the peak and average pow-
ers to be measured in the
square-law region of the
high-power path.

To avoid unnecessary
switching when the power
level is near -10 dBm,

1 S 1m0

%’lﬂl 105

A 100 —

8 é : ; 2

5 % 8 %

90 i s : : o0

-0 3 -2 -0 5 N = 0 5 " 15 2

: L Peklm ' Frequency—GHz

3. The sensor linearity is a result of separéting a wide
dynamic range into two measurement power levels.

4. The calibration factor for the low-power path was
determined for a wide range of operating frequencies.
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SPECIAL REPORT

Power Sensor

switching-point hysteresis has been |

added. This hysteresis causes the
low-power path to remain selected as
signal power levels increase until ap-
proximately -9.5 dBm. Above thi
power level, the high-power path i

selected. The high-power path re- |
mains selected until approximately
-10.5 dBm is reached for decreasing
power levels. Below this level, the -

~ Table 2: Réviewing the measurement
uncertainty of the HP E93000 sensors

=30 to

Power range —20 dBm

*+0.90
percent

Measurement uncertainty

low-power path is selected.
To provide sensor information that
is relevant to the numerous power- !

=10 dBm

percent

PoerAmplifiers
 RE and Microwave

' Ghoose:REMEC as part of your
Total Microwave Solution

Applications

» Cellular / PCS / 3G

» VSAT Ground Terminals

» Microwave / mmWave Digital Radios
» EW / Radar Systems

» Hi-Rel / Space

Features
» PidB

* +50 dBm @ PCS
* +43 dBm @ C Band
* +35 dBm @ 28 GHz

» Low intermods (+58 dBm IP3)

» Hermetic enclosures available

» Available within integrated
assemblies - Transceivers and
Switch Filter-Amplifiers

» Broadband or narrowband designs

» Custom MMIC designs for mmWave

REMEC Power Amplifiers are available
for frequencies from 800 MHz to over
40 GHz. REMEC's designs offer
superior performance and are
manufactured to meet the high quality
standards REMEC is consistently
recognized for.

Contact REMEC today regarding your
power amplifier requirements.

The Total Microwave Solution

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

1-877-66-REMEC

REMEC, Inc.

9404 Chesapeake Drive
San Diego, CA 92123
Fax 858.505.3353
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CIRCLE NO. 477 or visit www.mwrf.com
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-20to -10 to

0dBm

- =065
percent

0to +10 to
+10dBm 420 dBm

*£0.55
percent

 +045
percent

+0.80

' measurement scenarios and meaning-

ful to a user, from a temperature-con-
trolled manufacturing or research and
development (R&D) environment to
field installation and maintenance ap-
plications, warranted specifications
for HP E9300 sensors are provided
over the temperature ranges of +25
+10°C and 0 to +55°C. In addition,
supplemental information is provided
at +25°C to illustrate the typical
performance.

The warranted power-linearity
performance for the E9300A (10
MHz-to-18-GHz) and E9301A (10-
MHz-to-6-GHz) sensors, after zero-
ing and calibration, is shown in Table
1. The table shows the typical power

THE FLAT CALIBRATION
FACTOR VERSUS
FREQUENCY RESPONSE
MAKES THE SENSOR
IDEAL FOR AMPLIFIER
INTERMODULATION
DISTORTION (IVD)
MEASUREMENTS, WHERE
THE TWO-TONE OR
MULTI-TONE TEST SIGNAL
CAN BE SEPARATED BY
HUNDREDS OF MHz.

linearity performance at +25°C, after
a zero and calibration, along with the
measurement uncertainty for differ-
ent power ranges. By providing this
type of specification data, users can
better understand how the power
sensor will perform for their particu-
lar application and environment, and
so support informed sensor selection.

The HP E9300 power sensors also
have an exceptionally flat calibration




FIVE YEARS AGOQ,
THE NTS-1000 SET THE *
BENCHMARK FOR THE COMPET\T\ON'S
PHASE NOISE ANALYZERS TO FO\LQW.

THREE GENERATIONS LATER,
- THEY'RE STILL BACK THERE. SOMEWWERE.

INTRODUCING THE NTS-1000 B (3G\:
NOW EVEN FASTER AND EASIER 1O USE,
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/N BOTH RESEARCH AND PRODUCTION.
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Some phase noise analyzers are great in The NTS-1000B performs 10 complete

- the Iab, but too slow for production. Still  measurements, including calibration, in

~ others are easy to use, but limited in 12 seconds - more than twice as fast as

" versatilit% and performance. But only the  the nearest competitor. At 2 GHz and an
NTS-1000B combines exceptionally high 800 kHz offset, the NTS-1000B measures
speed, broad dynamic range, full automa- down to -155 dBc, even on unlocked
tion, and high precision. Its no wonder sources. The NTS-1000B can also be
the NTS-1000 Series continues to be the controlled by IEEE.2 and is supported by
choice for both development and produc- a LabWindows® driver. All this for far less
tion at the world’s largest manufacturers than “competitive” instruments.
of wireless chip sets, mobile phones, and

base station equipment. To find out more about RDLs NTS Series
phase noise test system, contact RDL at
M ‘ (610) 825-3750, or visit our web
requency Generation . e .
el e site at rdl-instrumentation.com.
INC. for Critical Applications
7th Ave. & Freedley St., Conshohocken, PA 19428 Scandinavia: 8 760 83 60 = Germany: 861 166770
Telephone: 610-825-3750 Fax: 610-825-3530 UK: 202-872-771 = Japan: 45-714-6652 = Korea: 2-421-4042
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Power Sensor
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/«+Corrected CW sensor error
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High-path error
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5. The calibration factor for the high-power path was
determined for a wide range of operating frequencies.

factor versus frequency response
across the entire range, as shown in
Figs. 4 and 5. This makes the sensor
ideal for amplifier intermodulation-
distortion (IMD) measurements,
where the two-tone or multi-tone test
signal can be separated by hundreds
of MHz. All users have to do is select
an appropriate, single calibration fac-
tor frequency for the measurement.
The error in measuring single-
channel wideband CDMA (WCDMA)
was characterized at 50 MHz and is
compared to the error measured for a
corrected CW diode sensor (Fig. 6). A
negative WCDMA error means the
sensor reads power levels lower than
it should, and a positive error means
the sensor reads higher than it should.

measurements.

The uncertainty in these numbers is
estimated to be on the order of ap-
proximately =0.01 dB.

The method used to measure
WCDMA error was to compare
power-meter readings for CW versus
WCDMA modulation with an HP
ESG series signal generator at the
level of interest. Attenuation was
then added between the source and
the sensor 10 dB at a time until the
difference read between the CW and
WCDMA measurements stopped
changing. This is the “actual” differ-
ence between the two assuming the
ESG source sees a good 50-02 load
during this procedure (which was not
measured or included in the numbers
above). The difference between CW

6. The WCDMA measurement errors for the HP E9300
power sensor were determined relative to corrected CW

and WCDMA at the power level of in-
terest minus the difference between
CW and WCDMA at the lower level
is referred to as the WCDMA error.

The advantages of the technique
are:

1. This isolates only the WCDMA
component of the error. The total er-
ror is the WCDMA error plus any
other errors, for example, linearity,
calibration factor, and errors in tem-
perature correction.

2. The method is independent of
source-leveling errors for WCDMA.
This was verified using a 2-W ampli-
fier to shift the source level down by
approximately 15 dB for a particular
sensor power level, to get the source-
leveling loop to a more accurate re-

‘ CDMA (1S-95A): 9 Ch Fwd WCDMA: Perch + 50 DPCH
0.10 0.10
0.05 s
T o T of o= |
o L E
5 \\1 2 0.05 L\'\.\
=0.05 0.
% \\ £ \1\
S0.10 ™~ 30.10
o Yt (=]
0.15 o
0.20
0.20 - - = [ 1w 0 30/
s R e | 0 10 % 3 0 1
Power—dBm Power—dBm :
~e—Low-path error  —= High-path error —e—Low-path error  —=— High-path error

7. The new measurement technique and MBID sensor
were used to test an I1S-95A nine-channel CDMA signal

with maximum crest factor of 10 dB.

8. The new measurement technique and MBID sensor
were used to evaluate a WCDMA Perch + 50 DPCH signal

with a maximum crest factor of approximately 11.5 dB.
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With HP’s new RF transistors,
you get the gain you expect
from GaAs at silicon prices.

If you're looking for high-performance RF
transistor technology for your 900-2400
MHz applications, you're in good shape.
That’s because HP's new HBFP series
bipolar transistors offer the high gain and
low noise you need—in silicon—to build
today’s most advanced wireless products.

Manufactured using a 35 GHz fmax IC
process, these miniature SOT-343 surface-
mount transistors have strong gain
performance and are ideal for emerging
higher frequency systems. The result?
A design that perfectly matches your
system’s requirements. All at extremely
competitive prices.

Our RF transistors also come with HP’s
design support tools, including application

Typical Performance @ 1.9 GHz

NF | GA PidB
Products BIAS (dB) | @B (dBm)
HBFP-0405 2V,2mA 12 | 18 5@2V,5mA
HBFP-0420 2V, 5mA 11 17 | 12@2V,20mA
HBFP-0450" |2V,20mA | 13 | 14 | 16 @3V,50mA

“Coming spring 1999

notes, models and demo boards, so that
you can be sure to meet your schedule on
time.

Of course, you also get HP’s commitment
to reliability and continued supply, giving
you the choice you've been waiting for in
high gain silicon bipolar transistors.

All of which means that adding more
muscle into your products is now no
sweat at all.

HEWLETT®

(D PACKARD

( Expanding Possibilities |

No pain, high gain.

Need samples?

Or demo boards,
data sheets and
application notes?
Just visit our
website.

www.hp.com/go/rf
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gion of operation. This resulted in
virtually the same WCDMA sensor
error numbers and also enabled high-
power measurements to be made to
+20 dBm. The peak-to-average ratio
of the modulation had previously
been compromised by source com-
pression at this level.

3. The exact attenuation of the 10-
dB step attenuator does not contrib-
ute significant error since the differ-
ence between modulation on versus
modulation off is being examined.

4. Using the sensor in its square-
law region to compare difference
readings at the power level of interest
eliminates transfer and connection re-

RF AND MICROWAVE
ENGINEERS INVOLVED
IN DESIGN,
MANUFACTURE,
OR SERVICE CAN
NOW SIMPLIFY
THEIR MEASUREMENT
EQUIPMENT
REQUIREMENT WITH
A SINGLE
POWER SENSOR.

peatability errors (versus comparison
to a thermoelectric or another attenu-
ated diode sensor).

Additional measurements of
CDMA signals using this technique
and the new sensor are shown in
Figs. 7 and 8 for an IS-95A nine-
channel signal with approximately
10-dB maximum peak-to-average ra-
tio and a WCDMA Perch + 50 DPCH
signal with approximately 11.5-dB
maximum peak-to-average ratio,
respectively.

Used with the HP EPM series of
power meters, the HP E9300 wide-dy-
namic-range average-reading power
sensors have been shown to provide
accurate power-level measurements
for digitally modulated signals over a
wider range of power levels than is

Power Sensor

References

currently achieved with traditional
1. United States Patent No. 4943764, assigned to
Hewlett-Packard Co.( Palo Alto, CA).

thermocouple or diode-based power

Sensors (Table 2)' RF and microwave an%;;[.ewlett-l:‘ackard Application Note 64-1A, pages 27
engineers involved in design, manu- | § Ebers el private communication to the awher. |
facture, or service can now simplify

their measurement equipment re-
quirement using a single HP E9300
power sensor to measure complex dig-
ital-modulation formats as well as
multi-tone and CW signals. ®®

For more information
on this topic, visit us at

www.microwavesrf.com
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EMI Microwave Filters

m Spec-Mini Press = Low Pass Filters
Creates a mechanical bond Wide range including high
with no solder needed. Ideal current surface mount,
for microwave and RF solder-in, resin sealed bolt-in,
applications where soldering high current/high voltage
- is undesirable resin sealed and hermetically
& Microcircuit Packages sealed case filters
SPEC% Available with both hermetic ~ m Spanner Filter
and non-hermetic seals in Space-saving, requires no
Dielectric Resonators, various shapes, sizes and soldering for installation.
Bandpass Filters materials. Housings, circuits Offers superior insertion loss
and connectors can be over a broad frequency range
& DUplexers specified when compared to surface

m Effective frequency range
from 300 MHz to 3 GHz J

= Temperature stable, ideal CIRCLE NO. 264
for wireless products

# Resonator sizes from
2 to 12 mm cross section

® Bandpass filters available in 2
to 5 section configurations for
thru-hole or surface mounting

® Yields high in-circuit Q,
resulting in low in-band
insertion loss

mount components

CIRCLE NO. 265

SPEC; POWER

Power Products

m Allows for EMI filtering where
the power source enters your
system

® Single line filters, power arrays,
power entry filters, multisection
filters and custom assemblies

= A wide range of AC/DC current
and voltage ratings available

® Providing EMC testing to
optimize filter designs and
verify compliance to EMC
standards

ook to the company focused on finding new
~and better ways to control EMI/RF| and bandwidth
{requencies . . . Spectrum Control. We offi

CIRCLE NO. 266

Ceramic Capacitors
= Single layer chip capacitors

® Ultra Q and ultra high
Q capacitors

@ Multilayer capacitors SPECTRUM CONTROL lNC-

= High voltage multilayer i A Control Products and Systems Company
capacitors www.spectrumcontrol.com
® Temperature compensating Corporate Headquarters European Headquartem

multilayer capacitors

® SMPS capacitors 6000 West Ridge Road

Erie, Pennsylvania 16506

= Specialty capacitors Phone: 814-835-4000 ach, G
= Three terminal ceramic Fax: 814-835-9000 i Phone 49-9122- 795 0
EMI filter chips Fax: 49-9122-795-58
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'ION NOTES

) receiver from Micrel, Inc. (San Jose, CA), helps
Iess desagn, leavmg only the antenna. An apphcatlon

e application note discusses the various antenna op-

parison of three simple wire antennas—straight-wire
‘antennas, and loop antennas.

. _the application note reviews antenna characteristics,

Details are provided for constructmg all three types of wire
MICRF001, with a comparison of the results with each type.
more in-depth treatment of antennas, the application note offers
reference books covering general antenna design as well as spe-
‘antenna impedance matching. Copies of the application note are
' the company’s QuikRadio RF Receiver/Demodulator Handbook,
1849 Fortune Dr., San Jose, CA 95131; (408) 944-0800,
Internet: http:/www.micrel.com.
CIRCLE NO. 194 or visit www.mwrf.com

efficien: y is t.he basis for all new cellular-communications designs. But
bandwidth efficiency can be too expensive for some applications,

nan of Wireless Systems International Ltd. (http:/www.wsil.com)
: e LPRA News. At issue is the recent avaﬂablhty of 11m1t-

' he use of d1g1tal filters as a low-cost solutlon for spectrally effi-
ess telemetry systems at 868 MHz. He provides a table with the
) m;ﬁcatlens for unplementmg the necessary d1g1ta1 filters for

i iz: hﬁpﬁlwww.lpra.org.
L CIRCLE NO. 195 or visit www.mwrf.com

sent a powerful method of building selective filters in digital form.
rocessing (DSP) applications, wavelets are already used for data
e equalization, and in transmultiplexers. Wavelets enable various
0 be implemented, and can be used for multirate signal analysis in
ks. An article in the Summer 1999 edition of MATLAB News &
athWorks, Inc. (Natick, MA), “Wavelets in Real-Time Applications:
tirate DSP Systems,” provides some insights into the use of wavelet
signal-processing systems, using the MATLAB software.
multirate systems are presented, including the use of a sample-by-
fer function where all coefficients with values less than a spec-
removed (for efficient filtering of noise). Several different frame-based
e also highlighted. To learn more about wavelets and how they can
1-based software, ask for a copy of the Summer 1999 MATLAB
MathWorks, Inc., 3 Apple Hill Dr., Natick, MA 01760-
), Internet. http//www.mathworks.com.
CIRCLE NO. 196 or visit www.mwrf.com
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Revolutionary RF IC Performs
RMS-to-DC Conversion

This innovative power-measuvement civcuit
is designed for accuracy evaluation of
complex-modulation signals with high cvest factors.

Eamon Nash
Applications Engineer
John Greichen
Product Marketing Manager, RF/IF Products
Analog Devices, Inc., 804 Woburn St., Wilmington, MA 01887
(781) 937-1292, FAX: (781) 937-1024, Internet: hitp://www.analog.com.

OWER measurements serve almost all communications-system designs.
Receiver dynamic range is influenced by detection accuracy, while trans-
mitters rely on accurate level detection to ensure compliance with regula-
tory emissions limits, control loop stability, and to protect output devices.
Until recently, power detection had been accomplished either by discrete diode
detectors or slower-response thermal conversion for true root-mean-square
(RMS) power detection. But a better way is available by using a patent-pending
silicon (Si) integrated circuit (IC) from Analog Devices, Inc. (Wilmington, MA)—
the AD8361. Part of the company’s new line of True Power Detection™ products,
the IC supports true RMS power measurements on complex waveforms, such as
code-division-multiple-access (CDMA) S1gnals, through 2.5 GHz.

Recent innovations in integrated logarithmic formats (especially in test equipment), and the
detectors have overcome many of the limitations of = capability to support emerging modulation formats.
diode detectors (see “Approach Performs RF Detec- The newer modulation formats, such as CDMA, and
tion Directly,” Microwaves & RF, September 1998, the desire to measure multiple modulated wave-
p. 84). Logarithmic amplifiers solve the power-detec- = forms, reveal the limitation of current detection
tion problem for waveforms approaches. CDMA signals ex-
which have a fairly constant peak- i hibit peak-to-average signal lev-
to-average ratio such as quadra- s els (crest factors) of 14 dB and
ture-phase-shift-keying (QPSK) our

7 Vout = higher, pushing them well be-
and Gaussian minimum-shift-key- V{l)li{ 7Y / R *0\/:2 yond the constant-envelope ca-
ing (GMSK) signals and are X VIN® | pability of existing power-detec-
unique in their ability to measure Y C tion schemes.
signal strength over dynamic 3( i The True Power Detection
ranges of up to 100 dB. = product line was developed to

Yet with changing communica- overcome the limitations of ex-

tions standards, RF circuit and
system designers face many chal-
lenges, including the need to sup-
port multiple standards and fre-
quency bands, the capability to
handle higher-order modulation
schemes, the flexibility to detect
signals with multiple modulation

1. The implicit RMS computation
method uses feedback to perform
the square-root function indirectly
at the input. The average signal

levels are divided by the average of
the output and vary linearly with the

RMS level of the input.

isting power-detection schemes.
The ICs address the difficulty of
measuring the signal levels of
spread-spectrum CDMA signals
and other digital modulation for-
mats. The first RMS-to-DC con-
verter ICs were patented by
Barrie Gilbert of Analog Devices
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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.

TRW Telecom Products -
big advantages in small
packages.

system hardware. All with the
inherent reliability of TRW's

proven millimeter-
wave MMICs.

We back the
high performance
of our GaAs HBT and
HEMT MMICs with more
life test and reliability data
than just about anyone else
in the business.

'F ALY

www.trw.com

© 1999 TRW Inc.
1S0 9001 Registered
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more than 20 years ago. While accu-
rate for a variety of waveforms, these
devices were limited to frequencies
up to approximately 10 MHz. The
devices are based on “implicit RMS
computation,” where feedback is
used to perform the square-root com-
putation function indirectly at the
input of the power-detection circuit
(F'ig. 1). In this circuit, average signal
levels are divided by the average of
the output and vary linearly (instead
of as the square) with the input RMS
level.

The implicit computation method
has advantages of lower complexity
and greater dynamic range than the
explicit RMS method. A critical per-
formance parameter of RMS-to-DC
converters is accuracy as a function
of an input-signal crest factor. A
waveform’s crest factor refers to the
ratio of its peak value to its RMS
value. Simple sine-wave signals have
a crest factor of 1.41 (or +/2). Single-

COVER FEATURE

Table 1: The AD8361’s specifications at a glance

E

receiver and transmitter chains

single supply between +2.7 VDC and

{ pling capacitor, and input coupling
through 2.5 GHz (F'ig. 2). The device = capacitors for many applications. The
is simple to apply, requiring only a
. DC signal at its output port, with
+b.6 VDC, a power-supply decou- |

ADB8361 provides a linear-responding

conversion gain of 7.4 V/Vgzys.

channel (i.e., reverse-link) CDMA
signals have a crest factor of approx-
imately 2, while multichannel, for-
ward-link CDMA signals, with
behavior similar to pseudorandom
noise, can have a crest factor up to 6.

Barrie Gilbert has built a rich ca-
reer innovation by innovation, and
his latest development is an RMS-to-
DC converter that overcomes the
bandwidth limitations of his earlier
designs. The model AD8361 IC is the
first member of the resulting True
Power Detection™ family of RMS-to-
DC products. The low-power IC is
designed for use in high-frequency

7

Output DC
bias control

n% -
IRer ] [szi S A Toams
RFIN [%l,— >] FLTR
50 pF

i

vpos[| SREF

Power
up/down

j coMMm

AD8361

. J

2. The AD8361 performs an implicit root-mean-square
(RMS) computation, with the filtered output of a
squaring circuit being applied to a square-rooting
circuit with a conversion gain of 7.4.

Table 2: The AD8361’s conversion
specifications at a glance

dé 05 a8 a7
: RF in — V RMS :
3. This plot shows that the 1900-MHz CDMA (I1S-95
reverse link) response of the AD8461 is stable and
linear over the standard industrial temperature range.

F i "
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The AD8361 performs
explicit RMS computations.
In operation, RF input sig-
nals are applied to a wide-
band squaring circuit. An
onboard 50-pF capacitor fil-
ters the output of the squar-
ing circuit. Additional filter-
ing can be supplied by
connecting an external ca-
pacitor to the device’s
FLTR pin. The filtered out-
put of the squaring circuit is
applied to a square-root cir-
cuit, which consists of an
operational-amplifier-type
circuit with a second squar-
ing circuit in its feedback
loop. This results in the in-
verse function (i.e., the
square root) in the forward
direction. In addition, a re-
sistive attenuator (1/6.4) in o

kel oz o8

D2 o3 D4 o5

high-crest-factor (CDMA/
WCDMA) waveforms. As the
table shows, the response of
the AD&361 varies only 0.2dB
for IS-95 reverse-link (single-
channel) conditions and 1 dB
for IS-95 forward-link (multi-
channel) conditions, relative
to the CW sine-wave re-
sponse. Very-accurate (0.25-
dB) conversion is possible
over a 14-dB dynamic range.
Reasonable accuracy is possi-
ble to a dynamic range of 30
dB with a +5-VDC supply.
The AD8361 offers out-
standing temperature stabili-
ty, minimizing the need for
calibration during manufac-
turing or normal operation
and improving system perfor-
mance. Figure 3 illustrates
the device’s highly stable

the feedback loop adds a
gain of 7.4 in the forward
direction. As a result, the
ADS8361’s overall transfer
function can be given by:

Vour = 74 Vincrus)

The AD8361 is intended for true
power measurement of simple and
complex waveforms. The device is
particularly useful for measuring
high-crest-factor signals, such
as CDMA and wideband-CDMA
(WCDMA) signals. It is also accurate
for measurement of most other com-
plex modulation waveforms. This first
product offers up to 30-dB dynamic
range.

The AD8361 has three output ref-
erence modes to accommodate a vari-
ety of analog-to-digital-converter
(ADC) requirements—ground refer-
enced; internally referenced, with the
output offset by 345 mV above
ground; and Vpog as the reference,
with the output offset to Vpgg/
7.4. A single external filter capacitor
modifies the response time of the de-
vice. The detector consumes 2-mA
typical current during normal opera-
tion, while a power-down function
reduces current drain to only 1 pA.
(Table 1 summarizes the key operat-
ing specifications.) The AD8361 is
specified for operation from -30 to
+85°C and is available in an 8-pin mi-
cro-SO package. It is fabricated on a

4. The accuracy of a traditional diode detector was
compared with a thermal bridge (top) for CW sine wave,
CDMA (I1S-95), and WCDMA signals. The AD8361 True
Power Detection™ IC was then compared with the
thermal bridge (bottom), with favorable results.

proprietary Si bipolar process.

approach is its accuracy for different

1900-MHz CDMA (IS-95 re-
verse-link) response over a
standard industrial tempera-
ture range.

The value of the True Pow-
er Detection™ approach is
clear when compared with the

. current alternatives (Table 3). Note
An important benefit of the RMS

that the diode detector, a model 51015

' from Boonton Electronics (Parsippa-
modulation waveforms. Table 2 pro- |
vides conversion specifications for
continuous-wave (CW) sine-wave and

ny, NJ), and the thermal bridge, a
model 51101 from Boonton Electron-
ics, are instrument modules costing

+Vs2.7t05.5V

&

7

AD8361 —SJ
VPOS SREF é
. VRMS
C1 IREF VRMS )
RF in 100 pF . 6 e
| - RFIN FLIR——] —o
+Vs
5 C3
R2 2 PWDN COMM 1nF
66.5 0 I
Reference mode IREF SREF VRms range
Ground VPOS COMM 7.4-V RMS
Internal OPEN COMM | 7.4-VRMS +0.345V
Supply VPOS VPOS | 7.4-VRMS + VP0S/7.4

5. The AD8361 requires a single supply voltage between +2.7 and +5.5 VDC.
It consumes only 2-mA supply current in normal operation. The voltages on
pins Irer and Sger set the output offset voltage.
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Switches / Attenuators / Phase Shifters / MMICS / Detectors / Couplers / Modulators / Amplifiers / Subassemblies

Customized Performance-.....,

surface-mount control products with performance that exceeds
MMIC technology, Daico offers customized solutions for your
specific basestation designs. And with over 30 years of IF/RF and

microwave experience, you can switch to Daico to do it right.

Affordable Prices Imagine getting

customized high-performance products that fit your budget. For
your Wireless applications, our surface-mount High Dynamic
Range Power/VSWR Detector provides 27dB dynamic range with
temperature stability of +/- 1db over it's full operating temperature
and goes for under $50 in 1K quantities. Best of all, you can

get this kind of price and performance from Daico’s full line of

wireless components.

Production Quantities ...

delivers quality components in the quantities you need for all
your basestation networks. From switches to detectors to
subassemblies, we offer quantities of 1K, 10K, 50K or more.

And with our fast development turnarounds, you can't lose.

Lower prices, higher volumes, customized performance. If the

application is wireless, the solution is Daico.

Industries

We've Got Your Bases Covered™

1070 East 233rd Street Carson, CA 90745
Tel: 310-507-3242 Fax: 310-507-5701
Web: www.daico.com
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approximately $1000. The logamp
and True Power Detection™ ICs are
less than $10 each in large volumes. In
this comparison, the thermal bridge
was treated as the reference, since it
can measure true power and offers
waveform-independent operation.
The accuracy of the AD8361 com-
pares favorably with that of the ther-
mal bridge, with the AD8361 en-
joying technical and cost advantages
over the thermal bridge. The logamp
IC and diode response is repeatable
despite the effective offset due to
crest factor. The poor temperature
stability of the practical diode circuits
(which are not $1000 instruments) is a
major disadvantage. Further com-
parisons show the differences be-
tween a thermal bridge and diode de-
tector for sine-wave, single-channel
CDMA signals; WCDMA signals
(Fig. 4a); and for the new true-RMS
approach versus the thermal bridge
(Fig. 4b) for the same waveforms.

The operation of the AD8361 is
very straightforward, with some ba-
sic connections (Fig. 5). Supply volt-
age, in the range of +2.7 to +5.5 VDC,
is applied to the Vpog pin which is
decoupled by a single 100-pF capaci-
tor. Supply current of 2 mA in the
operating mode can be reduced to 1
wA by pulling the PWDN pin to a volt-
age of Vpog. The RF input, which is
AC coupled, has an input impedance
of 200 Q. A 66-Q external shunt
impedance combines with the AC-
coupled input to provide an input
impedance of 50 ().

The output voltage is nominally 7.4
times the input RMS voltage. The
three different modes of operation
are set by the pins Sgpp and Iggp. In
addition to the ground-referenced
mode (Where Igpp = Vpog and Sgpp =
GND), where the output voltage
swings from approximately 100 mV
to 3.4 V on a +5.5-VDC supply (Fig.
3), two additional modes enable an
offset voltage to be added to the out-
put. This is useful in applications
where the AD8361’s output is being
digitized by an ADC, where the input
voltage range is not ground refer-
enced (a typical input range on these
devices is 0.5 to +4.5 VDC). In the
first of these modes, the output volt-
age swing can be shifted upward by
an internal reference voltage of 345

COVER FEATURE

45 T I T
4.0{— Vpps = +5.5 VDC g g
35 e
_ 30
125
= /]
220 T &
15 :
nb e
051
0 01 D2 ©3 04 05
ViN—V RMS

6. The output of the AD8361 swings
from 100 mV to 3.4 V when using a
+5.5-VDC supply.

mV. Alternatively, a supply-refer-
enced offset voltage, where the effec-
tive offset voltage is equal to
Vpog/T4, can be added to the output
voltage. The output swings for all
three of these modes were evaluated
for a sine-wave input signal (Fig. 6).
The response for lower supply volt-
ages will look similar (in the supply
referenced mode, the offset will obvi-
ously be smaller), but the dynamic
range will be reduced as headroom
decreases (Fig. 7).

A key quality criterion of an RMS
measurement circuit is its response
to different signal types, such as
CDMA and WCDMA signals at cellu-
lar (900 MHz) and personal-commu-
nications-services (PCS) [1800-MHz]

~ 35
a_n
2.5
S
L__.z._n -
Sla
1.0 V4
0.5 //
0

e 01

! SR e i
| Veos=+285V0C | |

02 03 04 05
Ve

7. The response of the AD8361 for a
supply voltage of 2.85 V is limited by
the output-voltage headroom.

frequencies (Fig. 8). While there is
some shift in response as a function of
frequency, measurements show that
the overall response is fairly inde-
pendent of modulation scheme.

Obvious uses of True Power Detec-
tion™ products include terminal and
base-station transmit power control,
overload protection, receive-signal-
strength-indicator (RSSI) measure-
ments, receiver signal leveling, and
gain monitoring. Creative radio de-
signers will undoubtedly find numer-
ous other uses.

The AD8361 finds use in any appli-
cation where power measurement is
required, especially in applications
where the peak-to-average ratio of |
the signal is continually changing. In

03 o

: S—
Input voltage—V RMS

[+ WeoMA 4 chan s 1585 7 chan (1208) |

8. The AD8361 IC can effectively measure signals with high crest factors,
such as pseudorandom-noise-like CDMA (I1S-95) and WCDMA signals at
cellular (900-MHz) and PCS (1000-MHz) frequencies.
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Performance

A new generation of HBT MMIC Amplifiers

Using Gallium Indium Phosphide/Gallium Arsenide Technology

NGA-489 DC-8 GHz

Designed with InGaP process technology for
greater reliability, this Darlington configured,
high gain, heterojunction bipolar transistor
MMIC amplifier offers value and performance
for all wireless and broadband communication
applications. Outstanding features are:

Cascadable 50€: 1.5:1 VSWR
Low positive voltage supply
Low thermal resistance package
High linearity

SPECIFICATION MATRIX

NGA-489 NGA-589
Frequency (GHz) DC-8.0 DC -6.0

Gain (dB)

TOIP (dBm)  °
N.F. (dB) A
P1dB (dBm)

38.0

Epply Current

Stanford Microdevices is a world leader in meeting the need for high performance
components at market leading prices. Fabless technology allows us to manufacture
over 200 different products covering the following applications: Cellular, PCS, Wireless
LAN, Wireless Internet, GSM and ISM. InGaP represents the latest in design and
innovation for swiftly growing wireless communication technologies. Founded in 1992,
Stanford Microdevices has grown to become the favorite of OEMs worldwide.

5T e

4.5
5
5.0
80
All data measured at 900MHz and is typical.
MTTF @ 150C T; = 2 million hrs. (R, = 110 G/W typ.)

NGA-589 DC-6 GHz

High gain and high output make this heterojunction
bipolar transistor MMIC amplifier ideal for use in
all wireless applications. InGaP HBT technology
improves the reliability and performance and
minimizes leakage current between junctions.
Other features include:

Cascadable 50Q: 1.5:1 VSWR
Low thermal resistance package
High linearity

High gain

High P1dB

Stanford

| Microdevices

1-800-764-6642
Dept. NGMRF1

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.




transmit applications, the need to
accurately control power stems from
two requirements. In many spread-
spectrum systems, particularly those
using CDMA and WCDMA signals,
the amount of power being transmit-
ted from each terminal in a particular
cell is critical to system capacity.

In high-power transmitters, ther-
mal management is another critical
issue. In addition to complying with
emission regulations, a base station
must not transmit more power than
that for which it is thermally dimen-
sioned. In multicarrier base-station
transmitters, therefore, the total
power (the composite RMS energy in
all of the channels) is a measure of a
transmit power amplifier’s (PA’s) safe
operating region.

The need to measure RMS energy
also crops up in single-channel appli-
cations where the modulation scheme
can change. A radio-link platform, for
example, might be designed to trans-
mit and receive multiple phase-modu-
lation schemes. Simple QPSK might
be used to transmit at a low data rate
while a more complex scheme such as
16-state quadrature amplitude modu-
lation (16QAM) or 64QAM would be
used for higher data rates. These dif-
ferent modulation schemes have dif-
ferent crest factors, necessitating the
need for a detector to measure the

COVER FEATURE

Table 3: Comparing true
power-measurement methods

In a typical handset power-control
application (Fig. 9), the AD8361 is
used in conjunction with a directional
coupler. In this application, maximum
power transmitted by the PA is +30
dBm. The coupler samples a portion
of this RF power. With most off-the-
shelf directional couplers for handset
applications that have a coupling fac-
tor of approximately 20 dB, addition-
al attenuation of the signal is required
to translate the power into the range

RMS signal strength. of the AD8361, with the IC running
g Transmit/receive Power
switch amplifier
At R RF input
—
20-dB I\
directional

coupler @—
+Vg = +2.7VDC DAC] | 5
+10 dBm §

sg
5 " AD8361 ; 29

- [~
VPOS  SREF -? 5

+5 dBm IREF  VRMS — /\1—2_1'_‘-—

o PF C11nF ADC
my 3 8
L\ | F—REN  FLTR—] o
66.5 4 -
Bandpass a

filter

g— PWDN COMM 5@

9. In a typical power-control application, the transmitted power is sampled
using a directional coupler and fed into the AD8361 true power detector. An
ADuC812 microcontroller provides ADC, digital-to-analog-converter (DAC),
and control functions for the control loop.

on a +2.7-VDC supply. Also, some
bandpass filtering will generally be
performed before the signal is applied
to the true power detector. The out-
put voltage from the AD8361 may
then be used in an analog automatic-
gain-control (AGC) loop to regulate
the transmitted power. Alternative-
ly, the output voltage may be digi-
tized (as shown). The regulation is
then performed in the digital domain
and any adjustments are made using
a digital-to-analog converter (DAC).
While discrete ADCs and DACs can
be used in this type of application, a
more integrated device such as the
ADuC812 can also be used. The
ADuC812 incorporates an eight-
channel 12-b ADC and two 12-b
DACs along with an 8051 microcon-
troller core. Once digitized, the RMS
voltage can be converted to a value
that is proportional to the power in
watts.

The ADS8361 offers a new approach
to accurate, cost-effective measure-
ment of RMS signal strength at RF.
The IC supports a wide range of appli-
cations. With inherent waveform
independence and temperature stabil-
ity, it eases the RF designer’s task of
measuring complex waveforms. Ana-
log Devices, Inc., 804 Woburn St.,
Wilmington, MA 01887; (781) 937-
1292, FAX: (781) 937-1024, Inter-
net: httpJ//www.analog.com.
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ELINT System

Portahle ELINT System Captures
Data From 0.5 to 18 GHz

This portable system provides sophisticated
signal-captuve-and-display capabilities through
advanced RF and digital signal processing.

JACK BROWNE
Publisher/Editor

LECTRONIC intelligence (ELINT) has gained in importance since

the end of the Cold War. Capturing information can be vital to sur-

vival, and depends upon the agility and flexibility of the signal-col-

lection system. The PSCS-2000 Portable Signal Collection System
from Wide Band Systems (Rockaway, NJ) has been designed for reliability
and accuracy in demanding modern ELINT applications. The system,
which can be configured with a variety of display modes, for signal angle-
of-arrival (AOA) measurements from 0.5 to 18 GHz.

The PSCS-2000 system consists of
the RF/microwave-processing hard-
ware, digital-signal-processing (DSP)
hardware, an antenna assembly with
omnidirectional and direction-finding
(DF) antennas, multiple display
sereens, and dedicated software. The
receiver assembly actually incorpo-
rates multiple receivers. Two wide-
band instantaneous-frequency-mea-
surement (IFM) receivers and a
digitally synthesized tuner are used
to cover the band from 2 to 18 GHz
with —60-dBm sensitivity, 1.25-GHz
frequency resolution, and 2.5-MHz
root-mean-square (RMS) frequency
accuracy. The amplitude resolution is
0.5 dB and the RMS amplitude accu-
racy is 1 dB. The IFM receivers can
resolve a signal pulse-width time of
arrival (TOA) within 25 ns.

A narrowband receiver subassem-
bly switches between intermediate
frequencies (IFs) of 1 GHz and 160
MHz to locate an emitter of interest,
under control of the main receiver as-
sembly and RS-422 bus. The selection
of IF is based upon selected emitter
parameters. Hither IF provides a dy-
namic range of 70 dB with better than

0.5-MHz nominal frequency resolu-
tion and 1-MHz RMS frequency accu-
racy. The amplitude resolution and
RMS amplitude accuracy are 0.5 dB
and 1 dB, respectively. Both narrow-
band channels can resolve a pulse
width TOA to 25 ns.

Detected signals are digitized
through a high-speed 8-b, 1GSam-
ples/s digitizer. The four-channel digi-
tizer is supported by 128 Mb of stor-
age memory per channel. Signals can
be processed and saved to provide
“fingerprints” of specific emitters.
The processor subsystem is based on
multiple 600-MHz Intel Pentium pro-
cessors using the Microsoft Windows
NT operating system. The program-
ming language for the PSCS-2000
systemis C++.

Signals are captured with the help
of the antenna assembly, which in-
cludes omnidirectional and direction-
finding antennas. The omnidirection-
al antennas feature three-band (0.5
to2 GHz, 2 to 8 GHz, and 8 to 18 GHz)
slant linear polarization while the DF
antenna uses two-band (0.5 to 1 GHz
and 1 to 18 GHz) slant linear polariza-
tion. The DF antenna achieves better

than 10.5-dBi gain at 1 GHz and 20-
dBi gain at 18 GHz.

The PSCS-2000 clock is referenced
to the Global Positioning System
(GPS), which is also used for platform
location. The system, with built-in de-
modulation capability, can operate in
a variety of modes, including surveil-
lance mode and communications sig-
nal-analysis mode. In the latter mode,
the system can decipher a wide range
of modulation formats, including am-
plitude modulation (AM), frequency
modulation (FM), pulse modulation,
quadrature amplitude modulation
(QAM), quadrature-phase-shift-key-
ing (QPSK) modulation, and pulse-
width modulation (PWM). In the sur-
veillance mode, the system can handle
pulse widths as narrow as 50 ns, and
perform intrapulse analysis with 3-ns
accuracy and 1-ns resolution. In a ra-
dar signal-analysis mode, the system
can use a wide range of sort parame-
ters to analyze signals, including
AOA, pulse-repetition interval (PRI),
pulse width, frequency modulation on
a pulse (FMOP), and PRI modulation.

The PSCS-2000 shows signals on
two independent color-active matrix
liquid-erystal displays (LCDs). The
system is mounted in a rugged, light-
weight-composite housing for ease of
transport and includes a rugged data-
entry keyboard. Wide Band Sys-
tems, Inc., 389 Franklin Ave.,
Rockaway, NJ 07866; (800) 827-
9433, (973) 586-6500, FAX: (973)
627-9190, e-mail: bilsul@wide-
bandsystems.com, Internet:
http://widebandsystems.com.

CIRCLE NO. 53 or visit www.mwrf.com

MICROWAVES & RF « SEPTEMBER 1999

150




For perfect
balance, 1insist on
Xinger® baluns.

A new 1.8 to 2.5 GHz
balun has surfaced-

i

|
1
f

This model, like all Xinger® baluns, can arrive on a reel. Affording
. you all the manufacturing advantages of a true surface mount.
| > An excellent choice for PCS and DCS applications.
| > Max. insertion loss of 0.30 dB; min. input return
loss of -15 dB.
> Amplitude balance of +/- 0.2 dB; phase balance of
+/- 5 degrees.
> Measures 0.65" x 0.48” x 0.075"
> Power handling up to 150 watts.
> Free samples overnight'd on qualified prototype projects.

800-544-2414 » www.anaren.com

In Europe, call 44-1705-232392. A
Visa/Mastercard accepted (except naren

L in Europe). What'll we think of next?™
Why settle for hard-to-work-with coax baluns? Impossible-to-
heat-sink printed circuit models? Or bulky, low-performance ceramic
alternatives? When our new family of Xinger baluns offers you an unbeatable gug new BDD 1,000 HHZ
balance of performance, manufacturability, and footprint size! ailun .ED.M

> Measures a tiny .65" x .48” x .075", So, there's plenty of board space for
other components and functionality. Or, you can use a smaller, less costly
board or cabinet to begin with.

> Easy to work with. Surface mount Xinger baluns put an end to time-
consuming, wasteful, hand-trimmed, and hand-mounted coax baluns.
And you can heat-sink them for high-power applications.

> Pick 'n’ place! For faster cycle times, higher yield, board-to-board

consistency, and repeatability. :
Y P by Most baluns can’t be heat-sinked to handle 250 watts. But this one

> Excel.lent performance. See speciﬁc—moc.lel performan_ce characteri§tics to cai. 9, 90 ahead 4nd adek Lmph 10 Yol next Sith desigh:
the right — then count on them for a wide range of jobs. From paired > A nice choice for D-AMPS and GSM applications.
cellular amps, to radio applications, to TV transmitters. > M:Xi;njgfﬁcﬂ loss of 0.30 dB; min. input return loss
1 ’ - - e of - <
Ca.ll for your free samplg. Whether you're doing new produc:c R&D > Amplitude balance of +/- 0.2 dB; phase balance of
or looking to simplify an existing product — call or e-mail us. We're eager to +/- 5 degrees.
support you with prototype samples, applications assistance, or a speedy quote. > Measures 0.75” x 0.79" x 0.075"

> Available on pick 'n’ place reels.
> Free samples overnight'd on qualified prototype projects.

800-544-2414 * www.anaren.com
BRI Anare“ 800-544-2414 « mwanarn.on
In Europe, call 44-1705-232392. Visa/Masteraard accepted (except  APHTRGANEN
Visa/Mastercard accepted (except in Europe). What'll we think of next?™ in Europe). What'll we think of next2™

CIRCLE NO. 216



Yractrice s oV R

In a modern era one company has been
at the forefront of advanced electronics
systems for the defense, aerospace,

and communications industries: Zeta. uency Multit
Doing business for over 30 years!

When your system calls for a level of
performance that’s beyond prevailing
standards you need more than a product,

you need a solution.

At Zeta we provide solutibns that inc!u_dé

a full range of microwave products and
subsystems specifically designed for use
in missile guidance, ground support
equipment, radar, satellite communica-
tions, data links and other demanding
applications. Our customers include
United States government agencies,
foreign governments, as well as major

military and commercial contractors.

So, when you are called on to perform,
place your trust in a name you know . . .

Zeta.

ZETA

a division of Sierra Networks, Inc.
2811 Orchard Parkway, San Jose, CA 95134 Tel 408.434.3600 Fax 408.433.0205 e-mail zeta@zeta-sni.com
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Power Module

Power Modules Reduce
Amplifier Design Time

Targeting base-station power amplifiers, these new 200-W
power modules reduce the number of individual stages that
must be combined to achieve power levels of move than 400 W.

PETER STAVENICK
Managing Editor

AST turnaround is a quality that can set a company and its product

apart from the competition. In today’s world, the company that can

get products to market faster wins the most customers. The QPP-017

200-W QuikPAC™ power module from XEMOD (Sunnyvale, CA) pro-
vides cellular-amplifier designers with a building-block approach to
rapidly turn a design into working hardware compared to conventional lat-
erally-diffused-metal-oxide-semiconductor (LDMOS) transistor amplifier
designs. QuikPAC modules improve return-on investment by reducing de-
sign time and lowering material and manufacturmg costs.

The QPP-017 module is 869-to-894-
MHz Class AB amplifier stage for use
in the output stage of high-power lin-
ear RF power amplifiers (HPAs). To-
gether with other surface-mount, flat-
pack modules from XEMOD, it is
designed to be used in a 50-() stripline
assembly that connects the power
modules with couplers, attenuators,
as well as other passive and active
components of the designer’s choice to
create a complete PA (see figure). A
complete system includes a set of RF
power stages that has the capability
to amplify low levels of input power
up to hundreds of watts of output.

The modules truly simplify the de-
sign of cellular HPAs with a power
level that more than matches the
highest-output discrete devices cur-
rently available. In the past, it was
difficult to design these types of high-
power stages due to the difficulty of
developing matching networks. The
new QuikPAC modules, however, re-
duce the stages that must be com-
bined to achieve power levels above
400 W. The combination of a new and
proprietary XeMOS metal-oxide-

The 200-W QuikPAC module with
fixture can be used in sets to create
a complete amplifier or portions of
an amplifier.

semiconductor-field-effect transistor
(MOSFET) and internal impedance
matching circuits solves the problem
of matching to the very low im-
pedances of high-power transistors.
The QPP-017 module is designed
for the output stage of a cellular base-
station linear PA over the range of
869 to 894 MHz. Features include 50-
) input and output impedances, high
gain, low intermodulation distortion
(IMD), and a load impedance that re-
sults in 10:1 maximum VSWR with a

+24-t0-+32-VDC supply (drain) volt-
age range. Maximum control (gate)
voltage is +4 VDC.

At +28 VDC, minimum peak-enve-
lope power (PEP) at 1-dB two-tone
compression is 200 W. Minimum gain
at 200-W PEP is 11.5 dB with a nomi-
nal gain of 12 dB. Nominal gain flat-
ness over frequency at two-tone
PEP is =0.05 dB. Nominal quiescent
current is 2.1 A with +3.1-VDC bias
voltage. Nominal operating current
is 10.5 at 200-W PEP.

The advantages in using the Quik-
PAC modules in amplifier design are
significant. For one, the modules’
gain linearity over a wide dynamic
range enables integration into feed-
forward amplifier designs. Polarity
biasing is used on all RF modules and
the use of the company’s scaled de-
vices improves stage-to-stage track-
ing. As a thermally efficient design, a
feedforward correction-compatible
architecture is used.

The major elements in the Quik-
PAC system consist of power
modules to 200-W PEP, RF driver
modules that are scaled to output
modules, and gain blocks for input and
intermediate stages. Precision-error
amplifiers with a high intercept point
and flat response for high cancellation
ratios are included, along with phase
and amplitude modulators for adap-
tive correction. XEMOD, Inc., 333
Soquel Way, Sunnyvale, CA
94086; (408) 733-7229, FAX: (408)
733-7327, e-mail: info@xemod.
com, Internet: http:/www.xe
mod. com.
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Filter Design

Firm Fosters Co-Military
Filter-Design Approach

Although a startup, this company brings more
than 25 years of experience to the design of
RF/microwave filters and filter assemblies.

JACK BROWNE
Publisher/Editor

ILTER design involves a blend of engineering experience, imagination,
and perseverance. All three of these ingredients can be found at Bree
Engineering (San Marcos, CA), a new firm in Southern California that
was founded by longtime filter developer Dan Bree. Bree uses the term
“co-military” on the firm’s website (at www.breeeng.com) to summarize the
product philosophy: “the best of both worlds, military quality, commercially
marketed.” Bree Engineering offers lumped-element and cavity filters at
frequencies from kilohertz through gigahertz ranges with everything from
bandpass, lowpass, and highpass filters to complex multiplexer assemblies.

The firm features a line of surface-
mount lumped-element filters at
prices that are competitive with di-
electric and surface-acoustic-wave
(SAW) filters. Frequencies can range
from approximately 100 kHz to about
6 GHz, restricted by the bandwidth
limitations of the surface-mount pack-
aging. Filter bandwidths are available
from 1 percent to multi-octave de-
signs. Filter functions need not be re-
stricted to standard equal-ripple
Chebyshev responses, but can also be
Butterworth, elliptical, and time-do-
main responses.

The Southern California facility
accommodates fast-turnaround de-
signs and prototypes, although
higher-volume production-line prod-
ucts are manufactured at additional
local and offshore facilities. Less pro-
cess-sensitive circuit elements (such
as coils and toroid windings) are pro-
duced offshore. More-sensitive pro-
cesses, such as component placement
on the printed-cireuit board (PCB),
are performed by local pick-and-
place PCB manufacturing facilities
that serve as strategic partners with

Bree Engineering. These partner-
ships result in high-quality filters at
low manufacturing costs. Manufac-
turing costs are further reduced by
etching multiple filter patterns on
large pre-scribed PCBs, and separat-
ing the individual filters once PCB
assembly is complete. Housings or
covers are also manufactured on
large sheets of chemically machined

- BREE F]

K
(7603310

A line of surface-mount
RF/microwave filters is available at
frequencies through 6 GHz. The
filters can be incorporated into
larger designs using standard
solder-reflow and pick-and-place
manufacturing processes.

nickel-silver (NiAg) alloys that do
not require plating.

The surface-mount filter product
line (see figure) is assembled with
high-temperature solder, allowing
each filter to withstand a standard 62-
percent tin (Sn) solder-reflow pro-
cess. As results, users can handle
these filters as they would with a
standard surface-mount package, us-
ing pick-and-place assembly equip-
ment and standard solder-reflow
manufacturing techniques. Although
the surface-mount filters are commer-
cial products, all of the process steps
are inspected for the highest quality.
Complete incoming inspection pro-
cesses as well as on-site source inspec-
tions (where practical) are performed
on all of the products.

In addition to the surface-mount
filters, the company also offers a com-
plete line of lumped-element and cavi-
ty filters with connectors for commer-
cial and military applications. A visit
to the website provides specifiers
with an on-line quote request form for
bandpass as well as highpass/lowpass
filters. Additionally, specifiers are
asked for mechanical requirements
and additional electrical specifica-
tions. Request forms can be automati-
cally e-mailed to Bree Engineering
for a quick response. All requests are
modeled at the quote stage to ensure
compliance with a customer’s require-
ments. Bree Engineering, 1269
Linda Vista Dr., San Marcos, CA
92069; (760) 510-4950, FAX: (760)
510-4959, Internet: http://www.
breeeng.com.
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Fine Tune
Your
Like what you see? ?:,9 'iﬂ:1

Need more information? | Ll eV
Filter

Solutions:

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 o
CRF Bree Engineering

RF Microwave Filter

a I‘bnton Manufacturing & Design

1269 Linda Vista, San Marcos, CA 92069

611 Rte. 46 West, Hasbrouck Heights, NJ 07604 (760) 510-4950 * Fax: (760) 510-4959
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Shielding Kit

Engineering Kit Tames
Pesky RF Problems

This free Engineer’s Survival Kit contains six
samples of EM absovber that can be applied to
troublesome designs through 18 GHz.

JACK BROWNE
Publisher/Editor

ONQUERING electromagnetic interference (EMI) can challenge the
best design engineers. It may help to have the Engineer’s Survival Kit
from ARC Technologies, Inc. (Amesbury, MA). It contains six samples
of the company’s standard EM absorbing materials, each backed with
a peel-and-stick adhesive for attachment to circuits and housings. The mate-
rials can be used to control EM radiation at frequencies through 18 GHz.

The Engineer’s Survival Kit offers
six 6 X 6-in. (15.24 X 15.24-cm) panels
of absorbing materials of different
types and thicknesses. The kit sub-
mitted for this review includes ARC-
UD-11554, a urethane-based 0.175-in.
(0.4445-cm)-thick absorber material
with a frequency range of 0.7 to 18
GHz, ARC-DD-10214, a silicone-
based 0.030-in. (0.0762-cm)-thick ab-
sorber material with a frequency
range of 4 to 18 GHz, ARC-DD-10017,
also silicone based, with in a 0.087-in.
(0.22098-cm) thickness for applica-
tions from 2 to 18 GHz, ARC-LS-
10055, a lossy 0.125-in. (0.3175-cm)-
thick foam material with an acrylic
protective coating for use from 4 to 18
GHz, the similar but thicker [0.25-in.
(0.635-cm)] ARC-LS-10211 foam ma-
terial for applications from 2 to 18
GHz, and ARC-ML-10049, a 0.375-in.
(0.9525-em)-thick broadband ab-
sorber with acrylic protective coating
for applications from 8 to 18 GHz.

The “DD” and “UD” products are
resonant-tuned microwave absorber
materials available with a choice of
four binders: silicone (which is the
version supplied in the kit, for maxi-
mum flexibility and good environ-
mental characteristies), urethane (for

improved abrasion resistance and
tear strength), neoprene (for good
economy, durability, and weather re-
sistance), and Nitrile (for resistance
to water and fuel). These materials
are offered for frequencies from 2 to
18 GHz, with an EM absorption of 20
dB or more. Depending upon the
choice of binder, these materials can
handle temperature ranges as wide
as —60 to +375°C (for silicone). Stan-
dard sheet sizes for the “DD” and
“UD” absorber materials are 12 x 12
in. (30.48 X 30.48 cm) and 24 X 24 in.
(60.96 x 60.96 cm).

LOW-DENSITY FOAMS

The “LS” materials are low-den-
sity, high-loss flexible foams that are
precisely and uniformly impregnated
with carbon for good EMI suppres-
sion. They can be used in waveguide
applications as a dissipative material
or within resonant cavities to reduce
unwanted reflections. The LS materi-
als are rated for temperatures from
=70 to +270°C and are supplied in a
standard sheet size of 24 x 24 in.
(60.96 X 60.96 cm). Standard thick-
nesses range from 0.125 to 1.00 in.
(0.3175 to 2.54 cm) [with attenuation
at a particular frequency increasing

as a function of thickness], although
thicknesses to 6.00 in. (15.24 cm) are
available. Non-corrosive versions are
also available. These versions can be
used in hostile environments.

Finally, the “ML” materials are
comprised of multiple layers of foam,
Each layer is loaded with a different
loss tangent to produce a gradient de-
sign. The layers are laminated for
maximum absorption. For weather-
resistant requirements, the multi-
layer foams can be wrapped with a
neoprene nylon fabric or sprayed with
a flexible polyurethane coating. The
ML materials, which can be specified
in thicknesses from 0.25 to 4.5 in.
(0.635 to 11.43 em), are supplied in
standard sheets of 24 X 24 in. (60.96 <
60.96 cm). The thickest materials pro-
vide the lowest-frequency coverage,
down to 0.5 GHz for the 4.5-in. (11.43-
em)-thick ML materials. The ML ma-
terials are rated for temperatures
from -70 to +270°C.

Each Engineer’s Survival Kit in-
cludes a capabilities and cross refer-
ence guide to help engineers with the
selection process. The small sheets,
which are suitable for commercial and
military applications, are ideal for
prototyping as well as experimenta-
tion. In most cases, attachment to a
metal surface is recommended for op-
timum EM absorption. P&A: free;
stock. ARC Technologies, Inc., 11
Chestnut St., Amesbury, MA
01913; (978) 388-2993, FAX: (978)
388-6866, e-mail: sales@arc-
tech.com, Internet: http:/www.
arc-tech.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,5-60 mA 15 14.4 3.5-14.8 (input)

ATF-34143  4V,60mA 05 175 315 (outpud
ATF-35143  2V,15mA 0.4 18.0 21.0 (outpud
ATF-38143  2V,10mA 0.5 16.0 22.0 (outpud
coming soon

“as a switch (amp bypassed):

insertion loss = 2.5 dB, IIP3 = 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 ‘
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[ Expanding Possibilities |
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Coaxial Contacts

Goaxial Contacts Offer Low Loss
And High Repeatability Past 6 GHz

This innovative conxinl connector system
provides velinble electvical connections
with minimal insevtion force.

JACK BROWNE
Publisher/Editor

ONNECTORS are vital to system design, but often overlooked. Poor

connectors can add excessive loss and VSWR to a design, and de-

crease reliability. Good connectors are invisible to the system, form-

ing electrical links without adding their own electrical characteris-
tics. The Hypertac Coaxtac coaxial connectors from Hypertronics Corp.
(Hudson, MA) are an example of connectors that perform almost invisibly,
adding minimal loss and reflections while maintaining high performance
levels over more than 25,000 mating cycles.

The Hypertac Coaxtac components
(see figure) have been designed for re-
liable, low-insertion-force connections
with good electrical performance
through 6 GHz (depending upon the
choice of associated coaxial cable).
The mating mechanism consists of a
pin contact and a sleeve formed by
multiple wires strung at an angle to
its socket’s axis. As the pin is in-
serted into the wire sleeve, the wires
stretch to accommodate the shape of
the pin. Since the sleeve wires wrap
around the pin at multiple contact
points, the electrical resistance is
low, with good power-handling capa-
bility. By maintaining the sleeve
wires at a controlled angle, the en-
gagement and disengagement forces
are kept low. In addition, the smooth,
light wiping action of the wires on
the contact pin results in negligible
wear on the contact surfaces.

WITHSTANDING VIBRATION

The Hypertac Coaxtac contact sys-
tem features a low-mass design. The
contact wires exhibit low insertion
relative to their resilience, enabling
them to follow the most abrupt or ex-

treme excursions of the pin without
loss of contact. Tests performed
across the full 6-GHz operating range
revealed no discontinuities, even

when checked for events as small as 3
ns. The contact area in the Hypertac |

° Coaxtac connectors is not limited to a

single plane, but extends 360 deg.
around the pin and is uniform over its
entire length. This ensures good elec-
trical continuity regardless of the di-
rection or intensity of external or in-
ertial forces.

The Hypertac Coaxtac connectors
exhibit maximum VSWR of 1.20:1 at 3
GHz and 1.40:1 through 6 GHz. Even
with slight misalignment, the VSWR
performance remains acceptable for
most applications (see table). Only 8-
oz. (maximum) force is required to en-
gage the connectors, and only 6-oz.
force (maximum) to disengage them.
The connectors are designed to with-
stand more than 25,000 connect/dis-

The Coaxtac low-insertion-force coaxial contacts provide low-loss
interconnections with good repeatability at frequencies through 6 GHz.
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Building blocks
of the past.

Building blocks of

the wireless future.

SV XXEMOD

Now there’s a cost-cutting, time-saving
alternative to building Power Amps from scratch.

Still designing high-power RF amplifiers the
old-fashioned way? Design with QuikPAC
amplifier components instead. Their consis-
tent quality, outstanding performance and
low unit price make switching to QuikPACs
easy and cost-effective.

Using QuikPACs instead of ordinary transis-
tors shortens design cycles and allows you

to dedicate more time to innovation. Or sim-

ply be more productive. And because we've
done some of the integration for you, your
RF amplifiers will actually be easier and less
expensive to manufacture.

Want more design flexibility? QuikPACs let
you choose how much integration you want
while retaining total control over the stages
that make your designs unique. Replace one
stage with one QuikPAC or many stages with
many QuikPACs. It's up to you.

See how easy it is to switch to Xemod QuikPAC
high-power RF amplifier components—the
building blocks of the wireless future. For
more information, call 1-408-733-7229 or
visit www.xemod.com.

Xemod, Inc. * 333 Soquel Way * Sunnyvale, CA 94086 e+ 408-733-7229
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PRODUCT TECHNOLOGY

Coaxianl Contacts

ecking performance with various
amounts of axial disengag

connect cycles with only negligible The contacts are

available as dis-
crete components

degradation in electrical perfor-
mance. The maximum insertion loss is

0.30 dB at 3 GHz. The connectors suf- or in rack-and-

fer only -70-dB RF leakage at the
connector interface when fully mated.

panel housings.
Optional signal,

15-t0-200-A
power, 50-{) coax-

The connectors feature contact resis-
tance of 8 m{) maximum at the inner

contact and 2 m{) maximum at the
outer contact.

ial connectors, and
8-kV modules are

e

Voltronics
debunks
the myths

Myt

The “J” Series now
includes the world’s
smallest chip trimmer
capacitor.

Surface
mount
trimmers
sacrifice
performance
for size
and cost.

Voltronics | Series
variable ceramic chip
capacitors deliver
unparalleled stability
at a cost no more
than less capable
designs. They
operate through

3 GHz, have Q’s
twice that of the
closest competitor,
are compatible with
all types of SMT
manufacturing and are
supplied on tape and reel.

NEW SMALL SIZE: mm

The JS (2.8mm x 2.2mm x 1mm) the newest member
of the J Series family, combines all of these features,
along with capacitance ranges of 3.0 to 10 pF and 4.5
to 20 pF, and the smallest footprint in the industry.
To find out more about our J Series trimmers, call us
today at (973) 586-8585 for data sheets, samples...

and our new low prices.

ACTUAL SIZE ACTUAL SIZE

50,000 pieces
any model

4 weeks
or less...
Guaranteed!

100 Ford Road

® S, Dl NJ 07834
Voltronics==.
e FAX 973.586.3404
INTERNATIONAL CORP. === c-mail: info@voltronicscorp.com
Visit our web site at:

The Trimmer Capacitor Company http://www.voltronicscorp.com
WRITE, CALL OR FAX FOR CATALOGS
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available for a wide range of applica-
tions. Standard rack-and-panel and
quick-release cable-to-chassis hous-
ings are available to mount three-po-
sition coaxial modules as well as op-
tional signal and power contacts. Up
to 39 coaxial contacts can be mounted
in standard rack-and-panel frames
with a misalignment capability of
0.049 in. (0.12446 cm).

The innovative coaxial connectors
are ideal for applications requiring
blind-mate connectors. They are

THE CONNECTORS
ARE DESIGNED TO
WITHSTAND MORE
THAN 25,000
CONNECT/DISCONNECT

CYCLES WITH ONLY
NEGLIGIBLE
DEGRADATION IN
ELECTRICAL
PERFORMANCE.

rated for operating temperatures
from -55 to +125°C and root-mean-
square (RMS) dielectric withstand-
ing voltage of 500 V.

The coaxial connectors meet the ap-
propriate provisions as defined within
Group C inspection of MIL-C-39012 in
conjunction with MIL-STD-202 and
its test methods. P&A: $20 (mated co-
axial pair) (1000 qty); 4 to 6 wks. Hy-
pertronics Corp., 16 Brent Dr.,
Hudson, MA 01749-2978; (800)
225-9228, (888) HYPERTAC,
(978) 568-0451, FAX: (978) 568-
0680, e-mail: info@hypertronics.
com, Internet: http:/www.
hypertronics.com.
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Not-to-be-missed tutorials given
by proven industry experis.

September 21-22 at the Westin Hotel, Santa Clara, CA

1999 ANALOG WORKSHOPS

Choose from 8 workshops to suit your design needs.

Special Guest,
Keynote Speaker
ROBERT DOBKIN
Join us at the Luncheon and hear
| one of the world’s leading

{ experts on analog design from

| Linear Technology set the tone
for this extraordinary workshop.

—1 Tuesday, Sept. 21, 12:30 p.m.

Analog Workshep Sponsors

BURR - BROWN©®

FAIRCHILD

SEMICONDUCTORT™

il / NEC

RF. Wireless & Optoelectronic Semiconductors

mm UNITRODE

lectronic Design Continuing Education

(EDCE) has instituted an ongoing educa-
tional program for design engineers and engineer-
ing managers. EDCE’s 1999 Analog Workshop is
the first in a series of events to help designers
stay in tune with state-of-the-art and emerging
technology approaches to problem solving.

This is your opportunity to meet, mix, and mingle
with your peers and proven analog experts from
your industry. Explore the inside track and hear
why and how the experts make their design
solution decisions. See for yourself how emerging
technologies help deliver better products to
market faster. Experience the excitement of
learning from those who have found solutions to
new and more complicated
analog design technical
problems. This is a not-to-be-

missed workshop experience.

Ashok Bindra
(left) will chair
this important
two-day
Analog
Workshop
program.
Ashok is
Electronic
Design’s Analog, Power
Supplies & DSP Editor, and has
gained considerable experi-
ence organizing numerous
technical conferences, work-
shops, panel discussions, and
forums. His latest
accomplisment was co-
chairing the World Spring
Design Conference in 1998.

e A T R SRR
Turn page for @

workshop information,

For workshop information, call Fred Sklenar at 201.393.6082

schedules, and
registration forms.



Analog
Workshops
at a glance

Tuesday, Sept. 21, 8:30a.m. - 12:30 p.m.;

Room: Stevens Creek

1. Applying High-Speed Operational Amplifiers
in Communication Systems

Instructor: Michael Steffes, Senior Strategic Engineer, Burr-
Brown Corp.

Topics to be covered:

I. Relative merits of voltage-feedback and current-feedback type
amplifiers: a.) Frequency response; b.) Noise and distortion; c.)
External technigues to improve performance.

Il. Amplifiers in wireless systems: a.) Receiver channel applica-
tions; b.) Transmit channel applications.

I11. Amplifiers in wired systems: a.) DSL line interface options; b.)
Cable modem requirements.

Tuesday, Sept. 21, 8:30 a.m. -12:30 p.m.; Room: Winchester
2. Designing Class D Amplifiers for Audio
Systems

Instructor: Pat Begley, Senior Manager of Audio Programs,
Harris Semiconductor

The workshop agenda includes an introduction and overview of am-
plifier techniques, switching amplifier approaches versus Class D,
benefits of Class D in terms of efficiency, size and weight, future
directions for audio, and demonstration of hi-fidelity Class D ampli-
fier solutions.

Tuesday, Sept. 21, 1:30 p.m. - 5:00 p.m.;

Room: Stevens Creek

3. Understanding the Concepts of Electro-
Magnetic Compatibility (EMC) and PCB
Suppression Techniques

Instructor: Mark Montrose, Consultant, Montrose Compliance
Services

Besides learning EMC fundamental and implementation techniques,
this course will provide an overview of European EMC directives. It
will discuss in a simplified manner how and why electro-magnetic
interference (EMI) exists within a printed-circuit board (PCB) with-
out the use of sophisticated math. It will disclose proper design and

layout techniques to attain first-time compliance with International
EMC requirements.

Tuesday, Sept. 21, 1:30 p.m. - 5:00 p.m.; Room: Winchester
4. Designing With High-Speed Data Converters
Instructor: Paul Hendriks, Senior Applications Engineer,
High-Speed Data Converter Group, Analog Devices inc.

Starting with an overview of analog-to-digital and digital-to-analog
(ADC and DAC) architectures, this workshop will show how to drive
high-speed high-resolution ADCs for direct IF sampling in a variety
of applications, including digital receivers. Understanding DAC speci-
fications also will be covered, as it simplifies the workings of direct
digital synthesis. Optimizing DAC performance also will be dis-
cussed. Finally, this workshop will demonstrate the use of ADCs
and DACs in high-speed communications systems.

Wednesday, Sept. 22, 8:30 a.m. - 12:30 p.m.;
Room: Stevens Creek

5. Performance Verification For High-Resolu-
tion Data Converters: Getting All The Bits You
Paid For

Instructor: Jim Williams, Staff Scientist, Linear Technology
Instrumentation, waveform generation, data acquisition, feedback
control systems and other applications are utilizing high-resolution
ADCs and DACs. 16-,18-, and even 20-bit resolution measurements
are becoming increasingly common. This lecture describes hard-
ware-based methods for verifying high-resolution converter perfor-
mance. In particular, settling time measurements of 16-bit DACs is
covered. Additionally, techniques for testing ADC linearity beyond
20 bits are also presented.

Wednesday, Sept. 22, 8:30 a.m. - 12:30 p.m.;

Room: Winchester

6. Designing Switching Power Supplies
Instructor: Robert A. Mammano,

Vice President of Advanced Technologies, Unitrode Corp.

This workshop will start with an introduction to switching techniques
and topologies, and then go directly into practical topologies for off-
line applications, DG/DC converters, and AC/DC converters. This
discussion will also describe specialized topologies such as com-
pound converter, resonant, and softswitching topologies. Addition-
ally, it will focus on component considerations in the design of switch-
mode power supplies, as well as magnetic fundamentals including
inductor and transformer designs. Finally, the workshop will address
myriad control issues and solutions, as it presents design examples
to highlight the control methodology.

Wednesday, Sept. 22, 1:30 p.m. - 5:00 p.m.;
Room: Stevens Creek

7. Design Of AC/DC Motor Control Circuits

Instructor: Dal Y. Ohm, Principal Consultant, Drivetech Research
The pupose of this workshop is to provide basic concepts and tech-
nical skills necessary to design various types of AC and DC motor
drives. Types of motors to be discussed will include brushed and
brushless DC, stepper, reluctance, and induction motors, with spe-
cial emphasis on low to medium power drives. Practical and useful
procedures in selecting components and control methods, design
rules, and performance versus cost tradeoffs will be discussed.

Wednesday, Sept. 22, 1:30 p.m. - 5:00 p.m.; Room:
Winchester

8. Building the RF Front-End for a Software
Radio

Instructor: Clive Winkler, Vice President, Engineering, Cubic
Communications
There are powerful reasons for providing an analog RF
downconverter prior to digitizing the signal for a software radio.
Amongst them, dynamic range and the signal environment are a
couple of the most important. We start with the need for dynamic
range, phase noise and aperture jitter and derive the theoretical equa-
tions that relate them. Then we develop a clear perspective of the
physical processes and requirements that need to be met for a mod-
ern software radio which is also able to cope with the high accuracy
(amplitude and phase response) necessary for more advanced digital
modualtions (high order m-ary PSK and QAM).

The newer evolving architecures for both the receive and transmit
RF elements are considered along with ways of correcting for the
amplitude and phase errors encountered in practical components.



STEP 1.

Register Today and Save!

Advanced registration with payment must be postmarked or faxed by September 13, 1999. After September 13, please register on site.

Name

Company

Title

Address

STEP 2.

Workshop Selection(s):

Tues., Sept. 21

(] 8:30 a.m. Workshop 1
(] 8:30 a.m. Workshop 2
(1 1:30 p.m. Workshop 3

Wed., Sept. 22

(1 8:30 a.m. Workshop 5
(J 8:30 a.m. Workshop 6
(] 1:30 p.m. Workshop 7

Mailstop/Suite City State Zip (] 1:30 p.m. Workshop 4 (] 1:30 p.m. Workshop 8
F

Phone & (L Yes, | will attend the Keynote Luncheon on Tuesday,

E-mail September 21. (Complimentary for Workshop attendees.)

STEP 3.

Payment:

One Workshop Fee: Two Workshops Fee: Three Workshops Fee:  Four Workshops Fee:

Advanced Registration: $250
On-site Registration:

(J Check enclosed (Please make payable to “Penton - EDCE”)

Account Name

$300

Advanced Registration: $400
On-site Registration:

$500

(Please Print)

Card Number

Expiration Date

Member’s Signature

Advanced Registration: $500
On-site Registration:

$650

Refund Policy:

Advanced Registration: $600
On-site Registration: ~ $800
TOTAL: $

O MasterCard (3 VISA (2 American Express

For full refund, written request must be postmarked by
September 13, and mailed to EDCE Analog Workshops,
611 Route 46 West, Hasbrouck Heights, NJ 07604.

Please allow 6-8 weeks for refund to be processed.
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TUESDAY, SEPTEMBER 21, 1999 ae
TIME WORKSHOP DESCRIPTION LOCATION Do it
REGISTRATION  7:30a.m. - 8:30am.  Continental Breakfast Outside Stevens Creek
WORKSHOP 1 8:30a.m. - 10:15a.m. Applying High-Speed Amplifiers in Communication Systems ~ Stevens Creek Today" :
WORKSHOP 2~ 8:30a.m. - 10:15a.m. Designing Class D Amplifiers for Audio Systems Winchester ] '
BREAK 10:15a.m. - 10:30 a.m. Refreshments In rooms :
WORKSHOP 1 10:30 a.m. - 12:30 p.m. (Continued) Stevens Creek
WORKSHOP 2~ 10:30 a.m. - 12:30 p.m. (Continued) Winchester
LUNCHEON 12:30 p.m. - 1:30 p.m. Keynote Speaker, Bob Dobkin
WORKSHOP 3 1:30 p.m. - 3:15p.m. Understanding concepts of EMC and Suppression Techniques ~ Stevens Creek
WORKSHOP 4 1:30 p.m. - 3:15 p.m.  Designing with High-Speed Data Converters Winchester Registration Online;
BREAK 3:15p.m. - 3:30 p.m. Refreshments In rooms
WORKSHOP 3 3:30 p.m. - 5:00 p.m. _(Continued) Stevens Creek Do it today
WORKSHOP 4 3:30 p.m. - 5:00 p.m. _(Continued) Winchester the fast and
simple way at:
WEDNESDAY, SEPTEMBER 22, 1999 www.elecdesign.com
TIME WORKSHOP DESCRIPTION LOCATION T
REGISTRATION  7:30 am. - 8:30 a.m.  Continental Breakfast Outside Stevens Creek | Or mail this form to:
WORKSHOP 5 8:30 a.m. - 10:15a.m. _ Performance Verification for High-Resolution Data Converters  Stevens Creek EDCE Analog
WORKSHOP 6 8:30 a.m. - 10:15a.m. _Designing Efficient Switching Power Stations Winchester Workshops
BREAK 10:15 a.m. - 10:30 a.m. Refreshments In rooms Penton Media, Inc.
WORKSHOP 5 10:30 a.m. - 12:30 p.m. (Continued) Stevens Creek 611 Route 46 West
WORKSHOP 6 10:30 a.m. - 12:30 p.m. (Continued) Winchester Hasbrouck:thts., NJ
LUNCH 12:30 p.m. - 1:30 p.m. Mezzanine 07604 i
WORKSHOP 7 1:30 p.m. - 3:15 p.m.  Design of AC/DC Motor Control Circuits Stevens Creek : i
WORKSHOP 8 1:30 p.m. - 3:15 p.m. _ Building the RF Front-End for a Software Radio Winchester i ' St
BREAK 3:15p.m. - 3:30 p.m. _ Refreshments In rooms : Refexins form m !
WORKSHOP 7 3:30 p.m. - 5:00 p.m. _ (Continued) Stevens Creek 201.393.6073
WORKSHOP 8~ 3:30 p.m.- 5:00 p.m.  (Continued) Winchester L




Crearmg mtelhgent Ap phonces
for a Networked world

October 4-8, 1999 -

You are the force behind the next technological revolution

— the visionaries who see the possibilities the Internet has yet
to offer. You are the architects behind tomorrow's real-world
applications for Internet devices — from Internet telephony,

to factory automation and process controls, to automotive
and advanced digital set top applications.

Internet Device Builder's premier Conference and Showcase is the
first educational opportunity designed specifically for Internet
Device innovators. A comprehensive slate of exclusive conference
tracks, designed specifically for Engineers and Engineering
Managers, Embedded Developers and Project Managers, ISP
Managers, OEM Executives, and technical entrepreneurs, includes:

* Hardware & * Servers, Browsers & Connectivity

Portability Issues * Java Solutions
* Wireless Solutions * Software Development Issues
* Windows Solutions * Control & Instrumentation

« Market Focus Sessions ¢ Consumer Applications

Jacob K. Javits Convention Center -«

New York City

From hardware and software to advanced networking
technologies and high-speed, mobile Internet access, all the
major companies in this emerging marketplace will be on hand
to preview their next wave of Internet device applications.

In addition, at Internet Device Builder, you will network with
the other engineers and developers of the next phase of the
biggest revolution in technology.

The premier

lnternet

Internet device

showcase for

Produced by:

Worltl 68l 74 [enton

engineers and

developers at:

For more information or to register for Internet Device Bullder at Internet Wor{d Fall ‘99,

log on to

,orcall 1

Immediate fax-back information is available at 1-£

Log on to

n with priority code MWO5 for a 20% discount on early registration fees.

CIRCLE NO. 223




EM Simulator

Free EM Software Analyzes
Spiral Inductor On Silicon

One of the move difficult-to-model components, the
spiral inductor, can be flawlessly analyzed with this
free and powerful electromagnetic simulator.

James C. Rautio
President
Sonnet Software, Inc., 1020 Seventh North St., Suite 210,
Liverpool, NY 13088; (315) 453-3096, FAX: (315) 451-1694,
e-mail: info@sonnetusa.com, Internet: http://www.sonnetusa.com.

PIRAL inductors appear simple but are difficult to analyze. With the
complexity of a conductive silicon (Si) substrate, the problem chal-
lenges the most advanced modern analysis tools. Amazingly, a free-of-
charge electromagnetic (EM)-analysis program called Sonnet Lite

can be used to provide a high-accuracy solution to this problem.

Sonnet Lite performs analysis of
the three-dimensional (3D) EM fields
around planar circuits. It is based on
the industry-standard suite of EM
software tools from Sonnet Software
(Liverpool, NY). Sonnet Lite can be
supplied on a compact-disc read-only
memory (CD-ROM) from Sonnet®
(see phone number at the end of arti-
cle) for only the cost of shipping, or it
can be downloaded free of charge
from the company’s website (also
listed at the end of the article) [the
download requires approximately 14-
MB available hard-disk memory].
This is not a demonstration program
but a fully operating (albeit scaled-
down) version of Sonnet’s em® pro-
gram (see Microwaves & RF', August
1999, p. 152 for a review of Sonnet
Lite). Sonnet Lite can handle all
small-to-medium-size problems using
up to 16-MB random-access memory
(RAM) for a full matrix solution, up to
two metal levels (and three dielectric
layers), and as many as four ports.
With care, a large number of prob-
lems can be solved within these con-
straints. The spiral inductor on Si is
one of these problems.

NN
N

Ryl

7777

1. The baseline inductor has coplanar
ground-return lines for low loss.

The basic characteristic of Sonnet
Lite (and its full-fledged counterpart)
that makes it ideal for analyzing a spi-
ral inductor on Si is the accuracy
when conducting dielectrics are ana-
lyzed. The software is based on Fast
Fourier transform (FF'T) analysis.
Currently, there is no accuracy-de-
grading numerical integration. Also,
all fields in each layer are represented
as a (large) sum of simple rectangular
waveguide modes (the sidewalls of
the conducting box containing the cir-
cuit form the rectangular waveguide).
When loss is present, only the charac-
teristic impedance and velocity of
propagation of each waveguide mode
need to be changed. Since these char-
acteristics are known exactly for rect-
angular waveguide, substrate conduc-
tivity is included with precisely the
same accuracy as seen in an equiva-
lent lossless analysis. This is difficult
to perform in analyses based upon di-
rect numerical integration of an un-
derlying Green’s function. Thus, the
only problem to overcome in analyz-
ing an inductor on Si using Sonnet
Lite is to cast the problem into a form
that satisfies the analysis constraints.

Figure 1 shows the baseline induc-
tor. To reduce substrate loss, a copla-
nar inductor is being used. The wide
conductors in the figure represent
the coplanar ground strips. Ground-
return current flows in these strips.
Thus, the electric field from the sig-
nal line to ground need not pass
through the entire Si substrate. This
results in lower loss.

The inductor’s transmission lines
are 8 wm wide with 8-um separation.

MICROWAVES & RF « SEPTEMBER 1999
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The ground strips are 16 pm
from the edge of the induc-
tor. The substrate is 1000 um
thick with a relative dielec-
tric constant of 12 and a con-
ductivity of 20 S/m. In addi-
tion, there is a 1-pm layer of
silicon dioxide (SiOy) with a
relative dielectric constant of
4.0 on top of the Si. Most of
the inductor is on top of the
Si0, layer. The connection
from the center of the induc-
tor out is below the SiO, on
top of the Si. A metal loss of

flection parameter S, differ-
ing by approximately 0.5 dB
in the two approaches while
forward transmission, S,;,
differs up to 2 dB, but only at
the higher frequencies
where Sy is down to approx-
imately 20 dB. If the differ-
ences are assumed to be
small compared to the design
requirements, it is possible
to adopt the second approach
and proceed with the evalua-
tion of the inductor of Fig. 2.

Using a typical Pentium-

0.04 Q)/square (plus appropri-

based personal computer

ate skin effects) is included.

The task at hand is to sim-
plify the model of the indue-
tor without affecting analy-
sis accuracy. The Sonnet software
meshes only the metal surface and
problem size increases rapidly with
the number of subsections. Thus, the
number of subsections should be re-
duced as much as possible.

The first way this can be per-
formed is by making the subsection
size as large as possible. With 8-pm-
wide lines on 16-pum centers, this is
simple enough using an 8-pm cell
size. Now, all 8-um lines are meshed
one cell wide. The impact of this sub-
section size on analysis error is quan-
titatively evaluated later.

Another way that the subsection
count can be reduced is by reducing
the metal area. Since the coplanar
ground-return lines are wide, it would

be helpful if they could be eliminated

2. The inductor of Fig. 1 was modified so that the box
sidewalls take the ground-return current. Removing the
ground strips results in a faster analysis.

from the analysis. Since Sonnet Lite
places a perfectly conducting box
sidewall at the edge of the substrate,
the coplanar ground-return lines can
be eliminated. This i{s performed by
removing each ground strip and sub-
stituting a box sidewall in its place.
Now, the ground current flows in the
box sidewalls rather than in the
ground strips.

As a modification, the sidewalls are
placed 24 pm from the inductor (the
ground strips were originally 16 pm
away). Since this is a major modifica-
tion, it is important to analyze the re-
sulting effects, and an EM-analysis
program supports this comparison to
the original circuit conditions. Figure
3 shows a comparison of the two
approaches to this analysis, with re-

(PC) running at a 450-MHz
clock speed, the modified in-
ductor of Fig. 2 can be ana-
lyzed in 1 s/frequency using
only 1 MB of random-access memory
(RAM). The original coplanar induc-
tor requires 2-MB RAM and 2-s/fre-
quency-analysis time. This may seem
like a small difference at this point,
but it could prove to be significant
later. For those who are concerned
with the 0.5-dB difference in analysis
results, trade-offs can be performed
using the basic inductor of Fig. 2.
When the trade-offs are completed,
one final analysis can be performed
with all of the changes incorporated
into the inductor of Fig. 1 if desired.
At this point, it is appropriate to
determine the accuracy of the analy-
sis. While suppliers of EM-analysis
tools claim their programs to be accu-
rate, the analysis errors rather than
analysis accuracy are generally of in-

Convergence and error analysis

]

<DB[S11], half cell size R

<DB[S11], baseline inductor —<—
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3. The inductors of Figs. 1 and 2 were

Sonnet Lite software. Note that the differences in S,
are approximately 0.5 dB while the differences in S,
approach 2 dB, but only at higher frequencies.

compared using

4. By cutting the cell size in half (from 8 to 4 um), it is
possible to determine error bounds. With at most 0.15-
dB difference between the two results, model data
should be within £0.3 dB of the correct answer.
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ADVANCED "C2K"™
TECHNOLOGY...

TRIMMERS 30% - 40% SMALLER WITH
HIGH Q & MINIMUM ESL FOR
POWER AMPLIFIER APPLICATIONS

e Model 57283 * Tape and reel available
Capacitance Range: 0.8 to 4.5 pF
Height: 0.23"

* Model 57273

Capacitance Range: 0.8 to 8.0 pF .
Height: 0.33" * Delivery: Stock to 6 weeks

Tuned To Your Needs

¢ High Resonant Frequency

Rockaway Valley Road
Boonton, New Jersey 07005
Tel 973033402676 Fax 97393342954

www.johansonmfg.com

Johanson Manufacturing Corporation 1S0-9001 CERTIFIED
CIRCLE NO. 249



j( STEL-9954

DIGITAL
SYNTHESIZER
MODULE FEATURES
Low SPURS

e <-60 dBc Spurious Outputs

e 5 MHz Bandwidths

e <0.1 Hz Frequency Resolution

e 400 to 500 MHz Clock Frequency
s +10 dBm +2 dB Output Power

* Rack Mount & Custom Designs
Available

See our website for complete details.

WWW.STELMSD.COM

IR - 08 i}
Microwave Systems
59 Technology Drive, Lowell, MA 01851
Phone: 978-441-0200 ¢ Fax: 978-453-6299

CIRCLE NO. 464 or visit www.mwrf.com

Drop-Ix IsorAToR

© custom-tune

1y . t018-2.7GHz
mo 100,
2H4NFK (o A’ w)

FOR PCS/DCS, UMTS, WIRELESS
INTERNET & MMDS APPLICATIONS

® Frequency Range(GHz): 2.5 - 2.7

@ Isolation (min): 23 dB
@ Insertion Loss (max): ~ 0.4 dB
® VSWR (max): 1201
® Size (inches):  .75x 1.25x .24

® Power: 100 W (fwd), 70 W (rev)
@ Includes Reflected Power Monitor

_wWw:.rea-usa.mm | Lo
S ()
REN ) E CERTIFIED

1 .ELF;C_’_TRON.iCS.CORPQRATION_
New Thinking in Wireless Technology
1300 Mass Ave, ~ Boxborough, MA 01719, USA
(978) 263-4994 ~ Fax (978) 263-4944
Email: sales@rec-usa.com

CIRCLE NO. 401 or visit www.mwrf.com
See us at PCS Show Booth #5200
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terest to high-fre-
quency engineers. It is )

Lossless inductor versus baseline inductor

also desirable to have
a quantitative value
for the error. By com-
paring the estimated

-]

error with the project Z 4 y/f
requirements, it is | 2 7207/
possible to tell if one’s § -25
trust in an analysis ap- | = -30-
proach is justified. l

The error mecha- =35
nisms for the full ver- -40
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<DB[S11], lossless inductor —+——
<DB[S11], baseline inductor—¢—
<DB[821], lossless inductor — 31—
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sion of Sonnet have
been extensively in-
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Frequency—GHz

vestigated. In nearly
all of the cases, the
principal error source
is error that is due to
the size of the cell. A
unique characteristic of this error
source is the fact that the error can be
cut in half by shrinking the cell size in
half (with a few well-understood ex-
ceptions). Error that is due to cell size
is easily evaluated. If the cell size is
cut in half and the circuit is then ana-
lyzed, then the error is also cut in half.

The results of this type of a conver-
gence analysis are shown in Fig. 4.
The original cell size is 8 pm. The sec-
ond analysis uses a cell size of 4 pm
with an analysis time of 6 s/frequen-
cy. The difference between the two
curves is not easily seen, but is less
than 0.15 dB nearly everywhere.
This means that the results obtained
using the 8-pm cell size should be
good to approximately =0.3 dB.

If this level of accuracy (or error) is
sufficient for the needs of a particular
analysis, then further modification is
not necessary. But if more accurate
results are needed, then an approach
known as the “Richardson extrapola-
tion” can be tried. In this technique,
the total error for each data point is
first determined (i.e., double the dif-
ference between the 8- and 4-pm cell-
size results), and then the error is
subtracted from the 8-pm answer. A
spreadsheet is useful for performing
a Richardson extrapolation. The re-
sults should now be accurate to ap-
proximately *=0.05 dB.

To ensure that a Richardson ex-
trapolation is indeed providing in-
creased levels of accuracy, a third
analysis should be performed with a
one-quarter-cell size. While this prob-

5. Comparing the loss of the baseline inductor
(from Fig. 2) with the lossless version of the
inductor shows that there is room for
approximately 7-dB improvement at 40 GHz.

lem is slightly too large for the mem-
ory constraints of Sonnet Lite, it was
performed in the full-featured version
of Sonnet and confirmed expectations
that the results are converging.
There is one exception to the +0.3-
dB error bound—the lowest-frequen-
cy data point for the forward trans-

RS
=

6. The line width was increased from
8 to 12 .m to evaluate the effect on
inductor loss.

b=z , Y Bt

8. Decreasing the line width from 8
to 4 um results in this geometry.
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Limited Space?

Your solution is Dow-Key’s
line of miniature electro-
mechanical switches

: ] . Do you need a miniature switch for
Disroware ? | e [ your matrices, your microwave radio
e N ‘ ' o or to select an alternating antenna?

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

If you do, then Dow-Key’s low cost,
miniature switches, operating to 3
GHz, are your solution. The product
line includes a SPDT failsafe switch,
a DPDT Bypass switch, and a DPDT
Transfer switch. Designed to be PCB
mounted, these 50 ohm impedance
switches can be hot switched at 10W
CW to 3 GHz without performance
degradation and can handle up to
50W CW at 1 GHz.

If unprecedented customer service,
on-time delivery, and the highest
quality switch products with unsur-
passed reliahility at the right prige s

-

4822 McGrath Street e
__Ventura, CA 93003-5641 2 i) Y
Tel: (805) 650-0260 * Fax; (805) 650-1734 = *i+/\™

Visit us at www.dowkey.com

A :iscnnm.nmss COMPANY

CIRCLE NO. 384




In-Building PCS-CDMA Repeater

Cost Effective Solution for Indoor Coverage Problems
Gain: 60 dB Input Level: -100 ~ -50 dBm
¢ Compact + Light Weight
¢ Cost Effective ¢ Easy Installation
¢ Low Power Consumption

€& Ace TecHNoLoGY

21010 Superior Street
Chatsworth, CA 91311
Tel: (818) 718-1534 Fax: (818) 718-2842
e-mail: aceusa@aceantenna.com
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Champion Technologies
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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
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PRODUCT TECHNOLOGY

EM Simulator
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9. Decreasing line width from 8 to 4 um results in the
desired decrease in loss.

mission (S,) at 100 MHz appears to be incorrect.

This can happen in any EM analysis when the cell size is
small compared to the wavelength. The 200-MHz point is
much better than the 100-MHz point, but still appears to
have some error. Due to their smaller wavelengths, fre-
quencies that are above 200 MHz do not pose a problem.
The low-frequency data are included here to show that no
EM analysis can be trusted completely. Some form of con-
vergence test should be applied in order to check the accu-
racy of the software.

Before attempting to reduce loss, it is helpful to perform
an analysis with loss that is completely removed. A com-
parison of this lossless analysis with the baseline lossy in-
ductor should provide an upper limit on how much im-
provement remains for the lossy inductor. In the lossless
analysis, all losses (metal and substrate) were removed
from the inductor model of Fig. 2. Figure 5 compares this
lossless analysis with the original lossy results.

This comparison reveals approximately 7-dB loss in Sy,
and S;; at 40 GHz. Certainly, there is room for improve-
ment. By comparing S-parameter data for the lossless
case, the baseline case, and any case under consideration,
the merits of each alternative can be quickly determined.
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10. By increasing the thickness of the insulating layer
on top of the Si substrate from 1 to 2 um, it is possible
to reduce the inductor loss substantially.
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EM Simulator

Note that there is no need to : : this problem, the full-fea-
calculate inductor quality 0 Effggtof [nxsta)ing Jayar i gkmees tured Sonnet software suite
factor (Q) which, for the com- - ettty was used in the analysis,
plicated equivalent circuits . hY e . .1 | rather than Sonnet Lite.
possible with planar spiral | | _1p- ) ~ 20000000, The resulting current distri-
inductors, is neither 'I ¥ “eooooosd | bution is shown in Fig. 12.
uniquely defined nor simple -151 # Note that there is some dis-
to calculate. é 204 | ruption of the current distri-
Reasoning that wider line 5 <DB[S11], insulating layer erel = 2.0 —+——— bution at the location of the
widths should yield lower | = -251 :g:{g;” ?:ssua[:{li:“;::lro;rel 200 underpass connection to
loss, modifications to the 2 <DBIS21], haseline inductor o A port 2. This is common in un-
baseline inductor of Fig. 2 | ] derpass and overpass situa-
begin by increasing the line -35 , . : . : : - tions and is real rather than
width from the original 8 um 0 5§ 1w 15 20 25 30 35 4| jnpumerical artifact.
to a width of 12 um, with a 4- Froqueney—GHz In Fig. 12, the color red

pm cell size for analysis
(Fig. 6). Figure 7 shows the
results of analyzing this
modified inductor model.
The analysis now requires 11 s/fre-
quency. Note that the loss has gener-
ally increased. While the effect of
conductor loss has undoubtedly gone
down, the effect of substrate conduec-
tivity has increased. The loss drops
unexpectedly around 40 GHz. The
reason for this was not investigated,
but may be due to a resonance above
40 GHz.

Since it did not help to cut losses by
increasing line widths, perhaps it will
help to decrease loss by decreasing
the line widths from the nominal 8 um
to anew value of 4 um (Fig. 8). Figure
9 shows the analysis results (at 5 s/fre-
quency). In these results, it is appar-
ent that the loss has decreased sub-
stantially. If desired, this

11. By decreasing the dielectric constant of the thin
insulating substrate on top of the Si substrate from 4.0
to 2.0, the inductor loss is reduced substantially.

stant of the original 1-pm-thick layer
can be changed from 4.0 to 2.0 and
then analyzed (Fig. 11). Both actions
substantially reduce inductor loss at
all frequencies. Now, armed with the
knowledge of the relative importance
of each parameter with respect to
loss, and with knowledge of manufac-
turing and design constraints, a de-
signer has a variety of options for re-
alizing the lowest possible inductor
losses.

To gain some further insight into
this particular spiral inductor design,
the inductor of Fig. 2 was analyzed
with a small cell size of 0.5 pm. As a
result, each line of the inductor is
now 16 cells wide. Due to the size of

represents a current density
of approximately 1200 A/m.
Port 1is excited with a 1-V
source at 40 GHz connected
in series with a 50-Q) resistor. Port 2 is
terminated in an impedance of 50 ().
The analysis requires more than
12,000 subsections and 305-MB RAM.
Since the PC used in this investiga-
tion has only 256-MB RAM, substan-
tial memory swapping increased the
analysis time to approximately 8 h.
Normally, with adequate RAM for
the problem, about one hour of analy-
sis time would be expected.
Although free of charge, Sonnet
Lite software is quite effective for
solving a difficult and troublesome
problem—the analysis of a spiral in-
ductor on a conductive Si substrate.
Techniques were shown for modify-
ing the inductor in order to reduce in-
ductor loss and characteriz-

process of reducing the line
width and analyzing the re-
sults can continue until the
optimum line width is found.
A spiral inductor on Si usu-
ally has a thin insulating layer
(for example, SiO,) deposited
underneath it. This reduces
the effect of substrate con-
ductivity, especially at low
frequency. To reduce the loss,
the insulating layer can be
made thicker and/or formed
with a material having a
lower dielectric constant. To
investigate the effects of
changing the insulator thick-

ing the analysis error of an
EM investigation quantita-
tively. Richardson extrapo-
lation was shown to be an
effective method for reduc-
ing analysis error even fur-
ther without resorting to
the full Sonnet suite of pro-
grams. Sonnet Software,
Inc., 1020 Seventh
North St., Suite 210,
Liverpool, NY 13088;
(315) 453-3096, FAX:
(315) 451-1694, e-mail:
info@sonnetusa.com,
Internet: http://www.
sonnetusa.com.

ness, it can be increased from

CIRCLE NO. 59 or

its nominal thickness of 1 wm 12. The current distribution for the baseline spiral
to a new thickness of 2 wm, inductor was analyzed with a very-fine 0.5-pm cell size.
then analyzed (Fig. 10). Fol- The disruption near the underpass connection to port 2
lowing this, the dielectric con- is not a numerical artifact but a real phenomenon.

visit www.mwrf.com
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(continued from p. 89)
ters and a few extra components over
a traditional dual-band architecture.

The goal of the frequency plan is to
define a transceiver that will work
for all frequencies in the three tar-
geted frequency bands of a world
GSM radio, preferably using a single-
band RF VCO. By default, the radio
will also be able to operate as a tradi-
tional dual-band transceiver.

A proposed solution for a triple-
band GSM radio incorporates dual
conversion with an IF in the 250-MHz
range. The IF LO frequency was cho-
sen at two times the desired

DESIGN FEATURE
GSM Receiver IC

167-MHz range (with a divide-by-
three), and in the 125-MHz range
(with a divide-by-four). From the
identified transmit IF's, it follows that
the divide-by-three and the divide-by-
four options are possible alternatives.

The GSM-900 transmit operation
can be constructed either by intro-
ducing a divide-by-two, or by intro-
ducing a divide-by-four, resulting in
IF ranges of 145 to 210 MHz or 353 to
367 MHz, respectively. The divide by
two for GSM-900 forces a comparison
frequency in the 167-MHz range,
while a divide-by-four forces a com-

three external LNA transistors.
Desired input signals are converted
to IF through an RF mixer, which ac-
tually consists of two mixers in paral-
lel. One of these mixers processes the
GSM-900 LNA output and the other
handles the GSM-1800/GSM-1900
LNA output. This approach was cho-
sen to ensure proper isolation be-
tween the GSM-900 and the GSM-
1800/GSM-1900 mixers, and to ease
the matching of the different bands.
A 13-MHz crystal oscillator is in-
cluded on the chip. The crystal oscil-
lator supplies a reference signal for
the two frequency synthe-

IF. A divide-by-two brings

sizers as well as a sinusoidal

the LO IF into the 500-MHz | & oo oo ' MKR ~.400 kHz | 13-MHz output as the clock
range and prevents the IF | REF-12.4dBm  At10dB - __ -65.43dB | signal to the baseband pro-
synthesizer from leaking to | S?:L cessor. A programmable ca-
the IF amplifier input, avoid- | 1og pacitor array is included for
ing alarge DC offset. The RF dB MAR production-line tuning of the
synthesizer frequency range A 13-MHz crystal oscillator.

was chosen for high-side mix- -65.43 dB The IC has been character-
ing in the cases of GSM-1800 ized on a stand-alone basis
and GSM-1900, resulting in and as a transceiver in a
an RF LO frequency range of Qgg World GSM radio. A single-
approximately 2050 to 2250 band external RF VCO was
MHz. A selectable divide-by- gc"fg used with the RF PLL for
three circuit at the RF VCO | coRr the measurements, and a
produces an RF LO signal dual-band transmit VCO
usable for GSM-900 low-side WT (GSM-900 and GSM-1800/
mixing. Using the same RF - GSM-1900) was used for the

LO frequency range for the
transmit downconversion

CENTER1.732013GHz VBW30kHz  SPAN5.000 MHz
RES BW 30 kiz o SWP 200 ms

transmitter. Both the RF
PLL’s and the transmit

mixer results in transmit IF's
from 340 to 465 MHz for
GSM-1800 and 200 to 340
MHz for GSM-1900.

It is desirable to run the wideband
PLL at a high phase-comparison fre-
quency. This allows the loop to track
the modulation easily, and ensures a
low-divide ratio in the PLL, thus
reducing in-band PLL phase noise
(which must be better than —-104 dBe
inside the loop). By using a high com-
parison frequency, reference spuri-
ous products will be attenuated sig-
nificantly by the loop filter, so the
harmonics of the comparison fre-
quency will be wider space and will
not cause noise problems in the
receive band. The loop filter must be
wider than 600 kHz to ensure low-
transmit phase error.

Given an IF LO frequency in the
500-MHz range, the possible compari-
son frequencies will be in the 250-MHz
range (with a divide-by-two), in the

6. This typical GSM-1800 transmit spectrum was measured
for the GSM transceiver IC when used in a system
application.

parison frequency of approximately
125 MHz. It should be noted that it is
possible to change the IF between
transmit and receive functions, leav-
ing some flexibility in the transmit
frequency plan. A swapping of the I/Q
inputs/outputs (I/0) is required in the
receive and transmit modes when
changing from high-side to low-side
mixing. Usually, this is orchestrated
by the baseband processor, although
it can be implemented directly in the
transceiver at the baseband ports.

A single chip implementing the
previously mentioned transceiver
architecture has been implemented
with a 0.5-pm BiCMOS process (Fig.
5). It is housed in an 81-pin CABGA
package. The receiver includes a low-
noise-amplifier (LN A) biasing circuit
that can deliver optimum bias for

PLL’s charge pumps operate
at +4.6 VDC while the rest of
the circuits operate at +2.8
VDC. Figure 6 shows a typi-
cal transmit spectrum at the output of
the transmit VCO. The measured
phase error is approximately 3-deg.
RMS. The RF PLL’s phase noise dom-
inates the RMS phase error, so the
GSM-1800/GSM-1900 transmit-opera-
tion is the worst-case scenario. This is
because the RF synthesizer phase
noise is reduced when divided in GSM-
900 mode. Measured receiver perfor-
mance is summarized in Table 4. e®
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Solid-State Oscillators

Table 1: Charﬁng output frequency
and power versus time

(continued from p. 75)
sult, there are two resonant peaks, (f;
and f,) on the measured results of Fig.
3, where the resonant frequency of
the high-Q cylinder is f, and the reso-
nant frequency of the main resonant
cavity is f,. The peak value of f, is bet-
ter than 50 dB. The Gunn diode was
not biased during testing with the
SNA; its junction capacitance will de-
crease with biasing (V4 > 0), although
the resonance frequency of the main
cavity will rise upon being biased.
The junction capacitance (Cgy) of a
Gunn diode can be found from:

C,=(N,,e/2Vd)’A  (18)

where:

V,=0.5(E;—E,), (19)

The total capacitance (C,) can be
found from:

1/C, =1/Cy+1/C,  (20)

where:

C, = the seal capacitance of the
Gunn diode.

Without biasing, V4=0and C4 = .
That is, Cy = C,,. Without biasing, V4
>0, and C, is limited; that is:

Cip =(C4C)ACy +

C,)<C,=C, (21)
The resonant frequency is:
fo=U2r(LC)* ] (22)
and
C,<C, (23)

Thus:

Jo=0<f,>0 (24)
The EM fields within the main cav-
ity are complex, with the Gunn diode
and the biasing wire within the cavity.
As a result, it is difficult to calculate
fiy - o from the above equations. But it
can be found by testing, and the differ-
ence of fi, _ o —fj, _ ; should be between
30 to 50 MHz. Once the output fre-
quency of the Gunn oscillator is
known, the resonant frequency of the
high-Q cylinder, f,, should be the same
as f,, provided that the height and
diameter of the oscillator have been
guided by eqs. 15 and 17. The resonant
frequency of the main cavity (f}, . ¢ is
by 340 to 50 MHz lower than that of f,
due to the positioning of the Gunn
diode and the biasing wire, as well as
the moved position of the tuning
screw when testing with the scalar
network analyzer without biasing.
With bias applied to the Gunn diode,
fi, - o will rise and coincide with f;, and
the output frequency stability and
output power of the oscillator will be
at their optimum (maximum) levels.
An HP 8562A spectrum analyzer
and HP 11970A harmonic mixer from
Hewlett-Packard Co. (Palo Alto, CA)
were used to evaluate the Gunn oscil-
lator’s performance. By slightly shift-
ing the positions of the Gunn diode
and the biasing wire, the difference
between f; and f; as a result of biasing
can be changed slightly, to achieve
higher oscillator stability at the
required output frequency.
When the Gunn diode is biased with

. +4.5VDC and 0.8-mA current at room

temperature (+25°C), the output
power and frequency of the Gunn os-
cillator are P, = +16 dBm and F =
36.800088 GHz. The phase noise of the
oscillator is equal to or better than
-100 dBe/Hz offset 100 kHz from the
carrier and equal to or better than -90
dBc/Hz offset 50 kHz from the carrier.

Table 1 shows the relationships of
the output frequency and the power
as functions of time while Table 2
shows the relationships of the output
frequency and output power as func-
tions of temperature. When evaluated
after operating for three hours over a
temperature range of 0 to +55°C, the
maximum frequency shift (Af;,.,) was
300 kHz, with a resulting frequency
stability of Af,,../fo =8 X 10~ and out-
put-power ripple, AP, .., of 1.6 dB.

In summary, it is possible to build a
highly stable millimeter-wave Gunn
oscillator using a properly dimen-
sioned high-Q Invar resonant cylinder.
The frequency stability of the Gunn
oscillator can be improved further
through preheating for several hours.
The basic design can be applied at a
wide range of millimeter-wave fre-
quencies with maximum frequency
variations of 300 kHz or less. ®®
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Spurious: <-60dBc Typical  7X-40X Stereo Zoom Microscope ® Adjustable Halogen llluminator «
Phase Noise: -95 dBc/Hz @ 10 KHz * Vacuum Accessories ® Compatible with 40GHz+ probes »
. -120 dB_c/l 1z @ 100 KHz Standard and custom chuck plates for testing
DC Power: *12V @ 250mA Typical MICROSTRIP PACKAGES
Temperature: -30To+70C
Size: 3.57x2.5"% 60" J microTechnology

3744 NW Bluegrass PI
Portland, OR 97229
(503) 614-9509
(503} 531-9325 [FAX]
wiwtw. jmicrotechnology.com

@

Phone IS B TSI el com The Standard for Test Correlation
AMERICAN TECHNICAL CERAMICS  CIRCLE 572 | EM RESEARCH, INC. CIRCLE 558 | J MICROTECHNOLOGY CIRCLE 578
SIGNAL GENERATORS I ers 0 z [ SPLITTER AND COM
Seven compact, ® Waveguide
programmable @ Stripline/Microstrip

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

® Transmission Line
® Miniature/Subminiature
® Lumped Constant.

For more information, ask for
our RF Catalog.

NI

MICROWAVE FILTER COMPANY
6743 KINNE STREET, E. SYRACUSE, NY 13057
315-438-4700 - 800-448-1666 * FAX: 315-463-1467
E-MAIL: mfcsales@microwavefilter.com
http:/iwww.microwavefilter.com

APRIL INSTRUMENTS CIRCLE 550

MICROWAVE FILTER COMPANY  CIRCLE 553
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® 50 Ohm interface in all ports
® 600 watt power handling capability
® VSWR guaranteed less than 2:1

ALSO AVAILABLE:
®& POWER SPLITTERS & COMBINERS 2-30 MHz
® RF TRANSFORMERS UP TO 300 MHz

For more information contact: RF POWER SYSTEMS
17827 N. 26th Street
Phoenix, AZ 85032
TEL: (602)867-0389
FAX: (602)971-9295

http://www. rfpowersystems com
RF POWER SYSTEMS RCLE 565
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UMCC's Model AT-O000-HV is a solid state voltage variable atlenuator, Attenuator is
equipped with a high speed linearizer driver with attenuation been set as a Inear function of
the controling voltage (Attenuation = Attenuation Siope x Control Votage). ~Standard
you see ] Ansraton sope i 1008, ferent sopes okivenogaive), WY wilhot ofl can be

offered as an option. Unit is equipped with dual supply regulators and temperature
compensation circuitry to guarantee performance independent from supply voltage
noise/variation or any temperature extremes. Option with D/A converter is available for
complete digital controliing interface. Unit measures 1.6*x 2.0 x 0.5" in size

Key Specifications:
+Insertion Loss: 2.2dB (0 dB Reference)
e +Attenuation Range: 60dBc from Reference
e 3 VSWR (Al Settings): 1,5:1 Max
T = 4 i L <VER (A 5 —
teruation Froquency Flalness: 31-50dB @ =1.60 dB Max

0-15dB @ =+0.25dB Max

 HEATER STABILIZED L.0. e e B oy To 08 o OV
° ® ? THICK FILM HYBRID CONSTRUCTION rmnsv;v T o oo @ st o rian
MACHINED ALUMINUM HOUSING 1-50 dB @ 405 dB M 516008 @ 1508 Max
Information s | |/ smeamens
v IF OUTPUT: 0.1 TO 500 MHz WP “12 to-15 VDC @ 50 mA
/ RF TO IF GAIN: -7dB TO +40dB, Universal Microwave Components Corp.

CUSTOMER SPECIFIED iﬁ:’ﬁ“‘;ﬁ;‘:’“ﬁ;‘l: ""'
o o “ wu n W'I 5350 Kazuko Court, Moorpark, CA 93021 Kl e S e 35 l'] [ [
’ m’co (805) 523-2390 FAX (805) 523-0065 E-Mail: UMCC111@ AOL.Com

Web Site: http://members.aol.com/UMCC111
WILMANCO CIRCLE 559 | UNIVERSAL MICROWAVE CIRCLE 575
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RF Transistors

www.microwavesrf.com

FREQ Ranges (MHz):
1500, .1-150, .4-300, .005-100, 1-1000

GAIN:
V D M O S 15, 20 or 30 dB available (not in all ranges)

VSWR:

1.5:1 max, 1.1:1 Typical
LDM FLATss:

+1dB or better depending on Freg. range

polyfet rf devices PRICE: $111.00 - $550.00
Cantact / View us onthe WEB at WIDE BAND ENGINEERING CO, INC.

YOUR, http: /fiwww polyfet.com www.wbecoinc.com

POWER P.O. Box 21652, Phoenix, AZ 85036

MOSFET 1110 Avenida Acaso, Camarfiio, CA, 83012 Phone & Fax (602) 254-1570

L /
VlSIt the POLYFET RF DEVICES CIRCLE 563 WIDE BAND ENGINEERING CIRCLE 551
Microwaves & RF
website at:

New and Current Products Presented By The Manufacturer

icrowaves

For further information,
circle the appropriate
number on the
Reader Service Card.

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.

&« »

7A [enton

611 Rte. 46 West,
Hasbrouck Heights, NJ 07604

To advertise, Call Joanne Reppas at
(201) 666-6698, Fax (201) 666-0557
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Attenuator covers
DC to 2 GHz

The model AD-280-25 gallium-
arsenide (GaAs) integrated-circuit
(IC), 5-b digital attenuator covers DC
to 2 GHz with a total attenuation of
15.5 dB. Its bit values are 0.5, 1.0, 2.0,
4.0, and 8.0 dB, and its typical inser-
tion-loss ranges from 1.1to 2.2 dB. For
frequencies above 0.5 GHz, its third-
order intercept point (IP3) is +45
dBm. It is well-suited for applications
requiring high attenuation accuracy,
low insertion loss, and low intermodu-
lation (IM) such as cellular radio, wire-
less data, and wireless local loop
(WLL). Alpha Industries, 20 Syl-
van Rd., Woburn, MA 01801;
(508) 894-1904, FAX: (617) 824-
4579, Internet: http://www.alpha
ind.com.

CIRCLE NO. 65 or visit www.mwrf.com

Dual-band diplexer
simplifies installation

The model W9180 diplexer serves
the 860-t0-980-MHz band for Global
System for Mobile Communications
(GSM) and the 1690-t0-1920-MHz
band for distributed communication
systems (DCS). It was designed to
eliminate the need for two tower feed
cables at the base station. The diplex-
er can handle a maximum continuous-
wave (CW) input power of 40 W. It
provides more than 60-dB isolation
between the two bands. Insertion loss
is less than 0.5 dB and return loss is
better than -18 dB at all ports. The
diplexer measures 3.0 X 4.0 X 1.5 in.
(7.62 x 10.16 X 3.81 em) and is avail-
able with SMA or N connectors.
Wireless Technologies Corp.,
4000 Haile Lane, Springdale, AZ
72762; (501) 750-1046, FAX: (501)
750-4657, Internet: http:/www.
diplexers.com.

CIRCLE NO. 66 or visit www.mwrf.com

Frequency doubler
reaches 26 GHz

Model F90K accepts frequencies
from 9 to 13 GHz and produces sig-
nals from 18 to 26 GHz with a typical
conversion loss of 10 dB. Fundamen-
tal isolation is 25 dB. The frequency
doubler works with input-power lev-
els from +10 to +13 dBm. The doubler
is available with in-line or right-angle
port configuration, and hermetic or

non-hermetic topography. Packages
include pin-pack, open-carrier-plate
drop-in, surface-mount, or housings
with SMA coaxial connectors. Mica
Microwave Corp., 7017 Realm
Dr., San Jose, CA 95119-1312;
(408) 363-9200, FAX: (408) 363-
9220, Internet: http:/www.mi
ca-mw.com.

CIRCLE NO. 67 or visit www.mwrf.com

Digitizer
enhances ATE

The Catalyst and A5 family of auto-
matic test equipment (ATE) is now
available with a 1-GHz digitizer for
multisite testing of high-frequency,
system-on-chip (SOC) or mixed-signal
devices such as 1000BaseT local-area
networks (LANSs) and 1.2-Gb/s, par-
tial-response, maximum-likelihood
(PRML) disk drives. The digitizer fea-
tures 1-GHz differential bandwidth
and 12-b resolution. It is designed
with four differential or eight single-
ended inputs for multisite testing. It
also features a programmable termi-
nation voltage that enables users to
test 100BaseT and 1000BaseT devices
without transformers and capacitors
on the device-interface board (DIB).
Teradyne, Inc., 321 Harrison
Ave., Boston, MA 02118-2238;
(617) 482-2700, Internet: http://
www.teradyne.com.

CIRCLE NO. 68 or visit www.mwrf.com

Tiny amps
span to 26.6 GHz

The AGM-series of compact, self-
contained amplifiers spans frequen-
cies from 1.8 to 26.5 GHz. The smallest
of the series is approximately the size
of a postage stamp, measuring 0.50 X
0.78 X 0.22in. (12.7 X 19.8 X 5.6 mm).
They can be used as stand-alone am-
plifiers, either with the supplied SMA
connectors or without the connectors
in drop-in applications. Features
include internal voltage regulation,
reverse-voltage protection, and
open/short-circuit protection. They

are available in all of the popular com-
munications and satellite bands as
well as in octave bandwidths for other
applications. Each band is available
with single-, double-, or triple-gain
stages providing up to 40-dB gain and
output power to 1 W. For example,
the two-stage, 13.75-t0-14.5-GHz unit
has 18-dB gain with +0.75-dB flat-
ness. Its output poweris +20 dBm and
it draws 160 mA from a +9- to +15-
VDC power supply. Typical VSWR
for these amplifiers is 2.0:1, although
some models achieve 1.5:1. Operating
temperature ranges from -55 to
+85°C. Atlantic Microwave Ltd.,
40A Springwood Dr., Braintree,
Essex CM7 2YN, England; 01376
550220, FAX: 01376 552145, Inter-
net: http://www.atlanticmicro
wave.co.uk.

CIRCLE NO. 69 or visit www.mwrf.com

Oscillators sport
new package

The EP1400SJ and EP1500SJ fam-
ilies of programmable oscillators are
now available in a plastic surface-
mount, J-leaded package measuring
9.8 X 14 X 4.7 mm. The oscillators are
available in frequencies ranging from
1 to 125 MHz with a frequency stabil-
ity of £50 or =100 PPM. Options
include tri-state or power-down func-

tion and complementary-metal-
oxide-semiconductor (CMOS) or
transistor-transistor-logic (TTL)
output. The EP14008J is a +5-VDC
device while the EP1500SJ operates
at +3.3 VDC for low-voltage applica-
tions. Ecliptek Corp., 3545 Cadil-
lac Ave., Costa Mesa, CA 92626,
(714) 433-1200, FAX: (714) 433-
1234, Internet: http://www.
ecliptek.com.

CIRCLE NO. 70 or visit www.mwrf.com
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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.ss IP3
LP750S0T89 0.7 dB* 14 dB 24 dBm 40 dBm
LP1500S0T89 0.5 dB* 16 dB 27 dBm 44 dBm
LP3000SOT89 0.5 dB* 15dB 29 dBm 46 dBm
*with optimum Noise Figure biasing

Base Stations Wireless Local Loop

~ W-CDMA/IMT 2000

Visit our website, http://www.FiltronicSolidState.com  «<°
—“°“°“°“ g 05\55
ge\*!°?;x°§g%‘$
10 Zorfeed™

M FILTRONIC) |

SOLID STATE

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

CIRCLE NO. 334




Amplifier covers
PCS band

Model HPA1920-13 power amplifi-
er (PA) covers the entire personal-
communications-services (PCS)
transmit band of 1930 to 1990 MHz
with an average power of 13 W. The
amplifier is designed to boost code-
division-multiple-access (CDMA) car-

riers, It has a gain of 40 dB and gain
flatness of 1.5 dB peak-to-peak or 0.07
dB across a 1.23-MHz bandwidth.
Input/output (I/0) VSWR is 1.5:1. The
amplifier operates on a power-supply
voltage of +26 to +29 VDC and draws
a nominal current of 5 A at +28 VDC.
Baseplate operating temperature

NEW PRODUCTS

range is 0 to +85°C. The amplifier pro-
vides circulator protection for trans-
mission into any load mismatch, and
monitors lines for major fault
status. It is housed in a 12.0 X 5.8 X
1.1-in. (30.48 X 14.732 X 2.794-cm)
package. Applications include single-
channel tower tops and base stations.
MPD Technologies, Inc., 49
Wireless Blvd., Hauppauge, NY
11788-3935; (516) 231-1400, FAX:
(516) 231-8081, Internet: http:/
www.mpd.com,

CIRCLE NO. 71 or visit www.mwrf.com

NPL offers waveguide
noise-measurement service
The United Kingdom’s National
Physical Laboratory (NPL) now of-
fers microwave noise measurements
in waveguide type WR22 (WG23)
between 33 and 50 GHz. The test lab
can measure noise temperatures
from 77 to 105 K +1.1 to 1.5 percent
(excess noise ratio to 25 dB =0.05 to
0.07 dB). This service complements a
well-established range of RF and

YOU DON’T HAVE TO REINVENT THE WHEEL!
Compac has the largest selection of:
v High Quality Low Cost
v Full Custom Manufacturing

v Off the Shelf Shielded Enclosure
v Shielding Capabilities to 80 dB @ 20 GHz

From Prototype Thru Production

Shielding Specialists
Tel: (516) 585-3400 « Fax: (516) 585-3534
Visit our Website: www.compac-rf.com

CIRCLE NO. 450 or visit www.mwrf.com
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microwave calibration services in-
cluding noise in other waveguide
sizes, complex noise parameters of
amplifiers, and phase noise. The new
service will be of particular interest
to systems integrators operating in
the 33-t0-50-GHz band. National
Physical Laboratory, Tedding-
ton, Middlesex TW11 OLW, Unit-
ed Kingdom; 0181 977 3222,
FAX: 0181 943 6458, Internet:
http//www.npl.co.uk.

CIRCLE NO. 72 or visit www.mwrf.com

Bias tee features
high RF isolation

The model BTSMSFD bias tee
operates from 10 to 500 MHz with a
minimum RF/DC isolation of 50 dB.
It is specifically designed to enable
DC injection or retrieval on a coaxial
line, but can also be used for DC
blocking. Maximum insertion loss is

0.2 dB, maximum VSWR is 1.15:1,
and intermodulation (IM) is -80 dBe.
It can handle an average RF power of
300 W and a peak power of 2 kW. Its
DC power-handling capability is 100
V and 3 A, with a maximum voltage
drop of 300 mV at 3.75 A. The weath-
erproof tee measures 1.5 X 1.25 X 1.0
in. (3.81 X 3.175 X 2.54 em) and can
operate at temperatures from —40 to
+100°C. Applications include biasing
of amplifiers and analog/digital cir-
cuits or general lab use. NexTek,
Inc., 439 Littleton Rd., West-
ford, MA 01886; (978) 486-0582,
FAX: (978) 486-0583, Internet:
http://www.ultranet.com/~
nextek.

CIRCLE NO. 73 or visit www.mwrf.com
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B Switches for AII Your Needs
H Up to 5 Million Cycle Life
B Over 35 Years of Experience . o 2&‘»
B Stock to 4-Week Delivery <" "
B Low Cost, Volume Production
H Teledyne Reliability with a 2-Year Warranty

Contact Teledyne today with your requirements!

I“ATELEDYNE 1274 Terra Bella Avenue

Mountain View, CA 94043
ELECTRONIC TECHNOLOGIES Phone: 650.962.6944 Fax: 650.962.6845
Microwave Components Web: www.teledynemicrowave.com
An Allegheny Teledyne Company CIRCLE NO. 270 e-mail: switches@teledyne.com
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Portable by Design

February 21-25, 2000
San Jose Convention Center

www.WirelessPortable.com

You're invited to take a leadership position at one of the fastest growing forums in design and engineering. Wireless/Portable has been
fixture in Silicon Valley for over eight years, making it the preeminent technical conference for designers and engineers of portable an
wweless products We re looking for mdustry professmnals to propose a paper or tutorial session for presentatlon at the 2000 event

‘ Ntendees are Silicon Valley’s wweless and portable pioneers
;.ers tq the complex challenges they face due to the
‘:epan ef products and the chalienges 01 qulckiy getting

akm Are Salactad . :
r we survey the mduetry to %dent:fy our aumence s mest current

right _n target We will not duplicate pregrams g?ven at ether shows.
‘Each presentaﬁon must be original, and intended to iniorm net sell.

Types of Sessions Uﬁared

Wireless/Portable offers three types of sessions: .

Paper Presentation Sessions: These sessions are !ed by a “session chair”
and usually include 4-5 research papers that focus on a general topm 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 dlsclphne or
“tips and tricks”. Sessnons are 1 hr. to 1.5 hrs. in Iength

Warkshop Tutorial Sessions: 1 or 2-day sessuons featuring in-depth,
discussions, presented by an expert instructor, and reqmre separate or
VIP regtstranon for attendance. -

Speaker Reimbursement Guidelines

Penton Media, Inc. reserves the sole right to determine honoraria allotment will be split equally.

workshop tutorial with multiple speakers, the honorarium and expense

conterence Tracks

speakers should indicate the most appmprlate tmck for their papemr tbplc

~ Cellular, Cordless & PCS Design
Digital Communications Systems
Modulation Technigues
Wireless Data Transmission
- Wireless Local Area Networks
Point-to-Point and Base Statmn Design
High Power Design =~ _
Wireless IC Solutions
- Automotive Systems
- Satellite Systems
Test & Measurement Solutions
. Embedded Internet Systems ‘
Keynote Presentation = .
* Software Radio/Advanced ereiess Systems .
. Portable-System Software Issues
~ Systems, Buses and Architectural Issues
Batteries, Power Management & Charging Clrcusm
CPUs and DSPs for Portable Devices
_ _Moblle and RF System Packaging Technologles
' Infrared Data Connectivity
Electronics Manufacturmg

an Be Cunskiered

Please submit the fullowmg 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 Conference Track.)

- 5. If and where you are speakmg in the next 18 months
Al submissions will receive a response (please allow four weeks.)

Conference schedule will be completed in November.

honorarium will be split equally.

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

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 muttiple instructors, the

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: - :
Wrreless/Pnrtahie 2000, 611 Route 46 West, Hasbrouck Heights, NJ 07604
: Fax: 201/393—6297 or e-mail information to: btapp@pemnn com 5

?}Raninn



Frequency multipliers

A b2-page catalog features an as-
sortment of passive and active multi-
pliers. Doublers, triplers, and higher-
order products are listed. Complete
specifications are provided. MITEQ,
Inc.; (516) 436-7400, FAX: (516) 436-
7430, Internet: hitp:/hwww.miteq.com.

CIRCLE NO. 74 or visit www.mwrf.com

RF design

An RF-design handbook focuses on
high-voltage, high-power, and metal-
oxide-semiconductor-field-effect-
transistor (MOSFET) technology.
Data sheets for all of the newest high-
voltage RF MOSFETSs, Simulation
Program with Integrated Circuit
Emphasis (SPICE) models, and appli-
cation notes for uses up to 81.36 MHz
are included. Advanced Power
Technology; (800) 522-0809, FAX:
(541) 388-0864, e-mail: custserv@
advancedpower.com, Internet: hitp://
www.advancedpower.com.

CIRCLE NO. 75 or visit www.mwrf.com

Microwave connectors

A four-page brochure describes a
line of custom and standard RF/mi-
crowave coaxial-connector products.
Adapters, receptacles, high-frequen-
¢y connectors, cable connectors, and
interface gauges are described. SRI
Connector Gage Co.; (407) 259-
9688, FAX: (407) 259-9681, e-mail:
mfo@sriconnectorgage.com.

CIRCLE NO. 76 or visit www.mwrf.com

Capacitor assemblies

Power-capacitor assemblies are
overviewed in a 12-page brochure.
Performance advantages, typical ap-
plications, capabilities, configurations,
special test options, and component
specifications are offered. Perfor-
mance data are provided. American
Technical Ceramics; (516) 622-
4700, FAX: (516) 622-4748, Internet:
hitp:/fwww.atceramics.com.

CIRCLE NO. 77 or visit www.mwrf.com

Low-noise VCOs

A catalog features low-noise volt-
age-controlled oscillators (VCOsg)
and low-phase-noise synthesizers for
wireless communications applica-
tions. Specifications and outline
drawings are provided. Princeton
Electronic Systems, Inc.; (609)

. __________ I

275-6500, FAX: (609) 799-7743, In-
ternet: http://www.pesinc.com/~pes
mncl.

CIRCLE NO. 78 or visit www.mwrf.com

Power-supply test

AC-to-DC and DC-to-DC power-
supply test systems, test-system soft-
ware, power-supply test systems for
unipolar DC-to-DC converters, a volt-
age-regulator-mode (VRM) adapter
card, power-supply measurement
boards, electronic-load controller
boards, and test manifolds are de-
scribed in a 24-page catalog. Interface
boards and multichannel analog-to-
digital and a digital input/output (1/0)
board are also featured. A glossary of
power-supply tests and terms is pro-
vided. ELTEST; (800) 701-9347,
(508) 339-8210, FAX: (508) 337-4789,
e-mail: sales@eltest.com, Internet:
hittp:/hwww.eltest.com.

CIRCLE NO. 79 or visit www.mwrf.com

Frequency synthesizer

A 16-page catalog examines prod-
ucts for RF/frequency synthesizer
solutions. Direct-digital-synthesizer
(DDS) and phase-locked-loop (PLL)
products, including a digital chirp syn-
thesizer, low-cost personal-communi-
cations-services (PCS), synthesizers,
a fractional-N evaluation board, and
static microwave prescalers are
offered. Specifications and features
are provided. Osicom Technolo-
gies, Inc.; (888) OSICOM-8, (619)
558-3960 (outside the US), FAX: (619)
558-3980, e-mail: info@osicom.com,
Internet: hitp://www.osicom.com/
products/rf.html.

CIRCLE NO. 80 or visit www.mwrf.com

Synthesis modules

An 18-page brochure overviews
high-speed circuit simulation, sche-
matic entry, PWB layout, inductive-
capacitive (LC) filter synthesis,
microwave-filter synthesis, and ac-
tive-filter synthesis. Oscillator syn-
thesis, match and amplifier synthesis,
phase-locked-loop (PLL) synthesis
and simulation, as well as export and
interfaces are discussed. Eagleware
Corp.; (770) 939-0156, FAX: (770)
939-0157, e-mail: eagleware@eagle
ware.com, Internet: hitp:/fwww.eagle
ware.com.

CIRCLE NO. 81 or visit www.mwrf.com

Integrated circuits

A 12-page brochure covers inte-
grated circuits (ICs). Application-
specific ICs (ASICs), application-
specific standard products (ASSPs),
standard ICs, and power-manage-
ment ICs are described. Specifica-
tions are included. Ricoh Corp.,
Electronic Devices Division;
(408) 432-8800, FAX: (408) }32-
8375.

CIRCLE NO. 82 or visit www.mwrf.com

Crystal oscillators
Fixed-frequency and voltage-con-
trolled crystal oscillators (VCXOs)
are presented in a 122-page catalog.
New generations of extended tem-
perature-range oscillators, low-jitter
oscillators, low-height surface-
mount-device (SMD) units, and oscil-
lator-building application-specific
integrated circuits (ASICs) are cov-
ered. Application information is
included. MF Electronics; (914)
576-6570, FAX: (914) 576-620).
CIRCLE NO. 83 or visit www.mwrf.com

Test equipment

AC voltage sources; amplifiers;
analyzers; calibrators; component
testers; data-communications equip-
ment; frequency counters/timers;
generators; as well as light, laser, and
optical equipment are provided in a
52-page catalog. Directional cou-
plers, multimeters, voltmeters, oscil-
loscopes, and temperature-measur-
ing devices are also listed. Pricing
information is included. Test
Equipment, Inc.; (800) 336-7723,
FAX: (707) 995-7151, e-mail: sales@
naptech.com, Internet: hitp:/lwww.
naptech.com.

CIRCLE NO. 84 or visit www.mwrf.com

RF switching

A 126-page catalog offers pro-
grammable attenuators, fixed atten-
uators and terminations, manual
variable attenuators, RF coaxial
switches, power dividers, and test
accessories. Outline drawings are
included. A model-number index is
provided. JFW Industries, Inc.;
(817) 887-13,0, FAX: (317) 881-6790,
e-mail: sales@jfwindusiries.com,
Internet: http:/fwww.jfwindustries.
com.

CIRCLE NO. 85 or visit www.mwrf.com
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MICROWAVES & HF 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

(216) 931-9589

Fax: (216) 696-8206
Email:czielinski@penton.com

in the dark about how to
find a new position in the
technical or engineering area?

Get on the road
to high-tech excitement at
NOKIA Mobile Phones! With
headquarters in Finland and
a state-of-the-art R&D Center
in SAN DIEGO, we are the
#1 wireless company globally.
Through innovative and break-
through thinking, and a style
all our own, we are driving
the digital revolution forward
with products like the NOKIA
6100 series, operable on both
analog and digital CDMA
networks, and the NOKIA
9000iL, the first all-in-one
wireless communicator offering
voice, data and electronic
organizer capabilities. Join us
now through the following
opportunities and be part of
the lifestyle and adventure in
our beautiful seaside location!

* Audio DSP Engineers

* CAD/CAE System
Administrators

* Cellular Software
Engineers

* Communication
Systems Engineers

* Digital ASIC Design
Engineers

* DSP Software
Engineers

* DSP/Multimedia
System Engineers

* Field Test Engineers
* Hardware Engineers

{)umor RF/Analog IC
esign Engineers

* Mechanical Design
Engineers

* Operations Project
Engineers

* Production Test
Designers

* Quality Engineers

* RF/Analog IC Design
Engineers

* RF Engineers

* RF Frequency/
Synthesizer Design
Engineers

* RF Test Engineers

¢ Software PC Tools
Engineers

* Software Test
Engineers

* Speech/Audio Coding
Engineers

* Systems Software
Engineers

* Systems Test Engineers

* User Interface
Software Engineers

Make the most of your time
and talents by joining a
growing industry leader!

We offer competitive compen-
sation, excellent benefits and
a supportive, state-of-the-art
environment. Send your
resume to: NOKIA Mobile
Phones R&D, Dept. MRF,

9605 Scranton Rd., Ste. |50,
San Diego, CA 92121;

Fax: (858) 558-6390; E-mail:
sandiego.resumes @ nmp.nokia.
com See us on the web at
www.nokia.com Principals
Only, Please. An Equal
Opportunity Employer.

NOKIA

CONNECTING PEOPLE
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Leading the

SYSTEMS INC.

wayin SATELLITE
TECHNOLOGY

LONG ISLAND, NY

For aver 50 years, the name AIL has been synanymous with advanced electronics and systems. As we
continue to expand on our expertise in commercial satellite and space-borme electronics, the atmosphere
is more exciting than ever. We are building on our reputation for innovation, high quality, and customer
satisfaction. Our business is booming, our technology is cutting edge, and our capabilities are unparalleled.

*Microwave Design Engineers

Immediate openings for candidates with a BSEE (MSEE desired) and 5+ years of experience, including at
least 3 years of design and development experience with Hi-Rel, MIC and MMIC components and sub-
assemblies; Low Noise Amplifiers; Oscillators; Mixers and passive components which operate in the 1-40
Ghz range. Knowledge of software analysis tools helpful.

* Analog Design Engineers

Requires BSEE, or advanced degree and 5+ years of experience, including at least 3 years of design and
development experience with Hi-Rel, MIC and MMIC components and sub-assemblies; Low Noise
Amplifiers; Oscillators; Mixers and passive components which cperate in the 1-40 Ghz range. Knowledge
of software analysis tools helpful.

» Mechanical Design Engineers-Microwave Packaging

Requires a BSME (MSME preferred) and 5+ years of experience, including at least 3 in packaging
Microwave equipment for space applications. Working knowledge of SDRC a plus.

*Process Engineers

Seeking candidates with a BS in Electrical, Chemical, or Material Engineering, or Physics, and 3+ years of
experience in a manufacturing process environment. Positions also require knowledge of hybrid micro-
electronics assembly, with an emphasis on thin film hybrids; processes for substrate attachment (Eutectic,
Epoxy, etc); wire bonding (wedge Ball, weld, thermosonic) and Hermetic sealing techniques.

*Parts Engineer

Requires a BSEE, familiarity with applicable specifications and documentation, and strong interpersonal
skills.  Experience with High Reliability and Space Programs desired. Microwave, Electro-Mechanical &
Passive Components.

*Reliability, Maintainability & ILS Engineers

Perform reliability prediction, stress analysis, modelling, and system level analysis. Requires a BSEE and
preferably, a background in radiation effects and microwave hybrids.

* Quality Engineers

Requires a BS degree and 5+ years of experience with preparation of QA plans, design review, sup-
plier quality interface, corrective action implementation, test procedure review, defect analysis, cus-
tomer interface, process control activities, and contract reviews. Knowledge of 1SO 9001, MIL-STD-
2000, MIL-STD-883 desirable.

In addition to the challenges of working in a fast-paced, ISO 9001 registered environment,
at AlL you will enjoy a competitive salary, pride in ownership, and excellent benefits—
including tuition reimbursernent and relccation assistance. For consideration, please
contact Dan Brennan at (516)595-5140, fax (516)595-6517, or send your resume,
indicating position of interest, to: AlL Systems, Inc., HR Dept, 455
Commack Road, Deer Park, NY 11729-4591. Visit our web-
site at wwwail.com. EOE

S

SYSTEMS INC.
An Employee Owned Company
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A World of Possibilities

A Window of Opportunity

The number of opportunities in today's market is overwhelming...
However, identifying the best and timing it right is the challenge. NES
has strategic alliances with the people who are creating technology,
not just using it. If you're looking for the inside track on tomorrow's
best opportunities (not yesterday's), then you should be talking to us!

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 to new  GPS), Digital Imaging, CATV,
emerging technology companies.  Medical, Computers, Defense,
Contact us today for tomorrow’s  Consumer Electronics

best opportunities! Skills in any of the following:

800.248.7020 High Speed Digital & Analog
Fax: 800.838.8789 Design, Mixed Signal, ASIC,
|::I‘@ nesnet.com FPGA, MMIC, AD/DA, BiCMOS,
See many of our opgcrtu.nities on-line: Synthosizers, WCDMA, GSM,
" Spread Spectrum, VHF/UHF,
nesnet.com  Antennas, Embedded Software

What are you Worth?
See our On-Line Salary Survey!

NEeXT ISSUE...
NOVEMBER 1999

Microwaves
&K‘RF

ELECTRONIC DESIGN

WIRELESS
SYSTEMS DESIGN
v Reach 173,000 Electronic Engineers
v Customized Editorial Environment

Visit our new career site at
WWWw.eecareers.com

Call » Email ® Fax
Chet Zielinksi for your free media kits.
RAENABN .« cassified Account Manager
Chet Zielinski
*P: 216.931.9589
= F: 216.696.8206

« email: czielinski@penton.com

7A [nton

In most cases, 1ts contained in Mi & RF employ-
ment section indicate that the companies are equal opportunity
employers. The Federal Civil Rights Act of 1964, and other laws, pro-
hibit discrimination in employment based on race, color, religion,
national origin, sex or for any reason other than lack of professional
qualification for the position being offered. It should be noted that

dverti its in Mi & RF are publ forthe
readers convenience and in no way, to the best of our knowledge, pro-
mote unlawful diserimination.




SR. PROJECT 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

| |
Are you ready to join
a technical leader?

Bring your knowledge, your skills and your attention to detail to an
organization which is dedicated to shaping the global surface

SaALES RePs
Chicago & Dallas, Area

Dynawave, a leader in the design and manufacture
of RF and Microwave Cable assemblies, Delay
Lines and Harnesses is aggressively seeking sales
representatives for the Chicago and Dallas areas.

Please contact:
Mark Lewis VP Sales & Marketing Dynawave
Haverbill MA
Phone: 978.469.0555

www.dynawave.com

combatant industry for the 21st Century. Then prepare to do a job you
can take pride in.

OIN THE RF ANALOG DESIGN TEAM

We are looking for several outstanding RF/Analog Design Engineers to
support the Lockheed Martin-GES vision of industry leadership in the
development of RF Receiver/Exciter modules and subsystems. Join us
as part of a team leading IR&D and contract efforts in critical enabling
technologies including:

¢ High Dynamic Range Sigma-Delta Digital Receivers
and A/D converters
* Low phase noise oscillators

* High performance receiver/exciter subsystems

Be part of achieving these goals while satisfying demanding cost,
quality, and schedule objectives.

“Is YOUR cOMPANY
HAVING A HARD
TIME REACHING

PROFESSIONALS IN THE
RF FIELD?”

Tell your Human Resources
Department and Recruiters
about reaching out to
more than 57,000 in

Microwaves & RF.

CONTACT:
CLASSIFIED
AcCCOUNT MANAGER
CHET ZIELINSKI

PH 216.931.9589
FX 216.696.8206
email
czielinski@penton.com

SUBSYS Gi
ANALYSIS EXPERTISE

TEC Y,

The candidate must have a minimum of eight (8) years experience in
the design and development of radar related subsystems with a focus on
RF and signal processing chains. A BSEE/MSEE preferred. Specific
experience in the concept and design of RF Receiver/Exciter
subsystems with signal processing expertise is of particular value.
Demonstrated analytical skills and graduate level mathematical skills are
required. Experience in the development and simulation of radar signal
processing algorithms is also required.  Strong skills in the
analysis of Receiver/Exciter clutter performance and signal processing
performance preferred.

RF/ANALOG DESIGNER WITH INTEGRATION EXPERTISE

The candidare must have a minimum of five (5) years experience in
hardware design and test including system integration of RF/Analog
subsystems. A BSEE/MSEE preferred.  Familiarity with Industry
available technologies for RF components and subassemblies is required.
This includes a working knowledge in design, build, test, and performance
analyses of low phase noise and high dynamic range RF/Analog assemblies
consisting of RF subassemblies, components, and integrated circuits.

Lockheed Martin offers a competitive compensation and benefits
package. Contact us today, Lockheed Martin Government Electronic
Systems, Code: MicroRF, 232 Strawbridge Drive, Moorestown,
NJ 08057-0910. Fax: 609-866-6510. E-Mail: staffing@motown.lmco.com
Equal Opportunity Employer.

A
LOCKHEED MAHT'N%l
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This is your opportunity to achieve
unparalleled career growth while still
having the freedom and flexibility to
pursue your personal interests and
activities outside of work. Welcome to CEL,
a company that's created a corporate
culture that helps make the most of your
fime and talents, both on and off the job.
Our unbelievable benefits package —
including a schedule that gives you every
other Friday off — is just one of the
advantageswe have to offer...andjust one of
the ways we show how we, like you, believe
your time is an invaluable investment.

CAREF

N

9LIFE

Si and GaAs MMIC Design Engineers

Si and GaAs Applications Design Engineers
RF Systems Design Engineers

RF Systems Production Engineer

Field Sales Engineers - Dallas & Chicago
GaAs Applications Design Engineer - Chicago
Senior Unix Administrator

Product Marketing Manager

Product Marketing Specialist

Marketing Communications Supervisor

The time you spend with us will be rewarded with full medical /dental coverage, comprehensive insurance, 401(k), quarterly
bonus plan, ESOP, educational assistance, a fitness program and more. Ifyou'd like fo get into a position that'll allow you to
make the most of your time, send your resume to: CEL, Attn: MW, 4590 Patrick Henry Dr., Santa Clara, CA 95054;
FAX (408) 235-8897. E-mail: hr@cel.com. From diverse lives come diverse ideas: an Equal Opportunity Employer.

California Eastern Laboratories
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CAREER OPPORTUNITIES NATIONWIDE
Engineers & Tech's

Systems and Components, RF, PCS, Microwave,
Antenna, Network, Software, Sales, Dig, & Analog.
Mixed Signals, many more. Resume to: Peter Ansara,
c/o ABF, P.O. Box 6037, 50 Resnik Road, Suite 104,
Plymouth, MA 02360. Tel:(508)830-0079, Fax: (508)
830-1424 or email pa@ansara.com,

See our website: http//www.ansara.com

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

wWwWw.e@ecareers.com
WWW.eecaresers.com
wWww.eecaresrs.com
WWWwW.eecarears.com
WwWWw.egcarears.com
WwWw.eecareers.com

Log on and watch
your career take off

At Power Technology Associates, Inc. we're revolutionizing
staffing in the Power, Motion Control, Analog, RF and Microwave
Electronics industries. Qur new powercareers.com web site brings

today’s best opportunities to the fingertips of technical professionals.

Nationwide Openings Partial Client list
$50-3120K

* RF Test Engineering * Raytheon
* RFIC Design * M/A-COM
* RF Amplifier Design * Analog Devices

* Oscillator Design * Nokia Telecom

* MMIC Design * Fujitsu Microelectronics
* RF/Analog IC Design * Lucent Technologies

¢ Electro-mechanical Engineering ¢ Samsung Semiconductor
* RF Systems Engineering + AIL Systems

* ASIC Design Center Engineering * Philips Semiconductor

Power Technology Associates has been leading the industry for over
20 years. So log on to powercareers.com today and log on to success!

,. - i

1200 Providence Highway, Sharon, MA 02067
Phone: (781) 784-4200 Fax: (781) 784-4302
Email: info@powercareers.com

_ Www.poweicareers.com

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

www.microwavesrf.co

Visit the Microwaves & RF website at:
www.microwavesrf.com and click the
instant inquiry button to request informa-
tion seen in this issue or visit the manu-
facturers links for direct access to all
Microwaves & RF advertisers.

Microwaves

CXRIF
74 [bnton

611 Rte. 46 West, Hasbrouck Heights, NJ 07604
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£ STEL-2375

SYNTHESIZER
HyBrID CLOCKS
AT 1TGHZz

* 0 to 400 MHz Output Range

« 32 bit Frequency Resolution
(0.23 Hz Steps)

« Chirp and CW Modes

« Windows Compatible Evaluation
Board

¢ Custom Designs Available

See our website for complete details.

WWW.STELMSD.COM

SIANFORD
Microwave Systems
59 Technology Drive, Lowell, MA 01851
Phone: 978-441-0200 ¢ Fax: 978-453-6299

CIRCLE NO. 484

www.microwavesrf.com

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
C<RIF

7A [bnton

611 Rte. 46 West, Hasbrouck Heights, NJ 07604

LOOKING BACK

Approximately 1}, years ago, the lead news
story and cover detailed the shortcomings of
this country’s educational system to prepare

students for a career in microwave engineering.

In special cases, such as Hewlett-Packard’s grant
of an HP 8510 vector analyzer to Cornell

University (Ithaca, NY), industry helped pave

the way for future educational successes.

Microwaves & RF

October Editorial Preview
Issue Theme: Integrated Circuits

News

Canada is home to majestic moun-
tain ranges and untamed wilderness.
It is also home to a growing micro-
wave industry with technology cen-
ters in Montreal, Toronto, Ottawa,
and Vancouver. The lead News Re-
port in October will explore the ca-
pabilities of Canada’s high-frequency
industry, and highlight some of the
key individuals who are helping the
high-frequency industry to grow
north of the border.

Design Features

Design Features in October sup-
port the issue theme of integrated
circuits (ICs) from software and
hardware standpoints. Software-
based articles describe techniques

for developing small-signal silicon-

germanium (SiGe) device models
and methods for extracting large-
signal device parameters. Hard-
ware-based articles show how to
measure and set signal levels in
high-speed digital systems, and how
to design GaAs ICs.
Product Technology

In keeping with the silicon-germa-
nium (SiGe) and Canadian themes, a
Product Feature will highlight a
SiGe power amplifier (PA) for Global
System for Mobile Communications
(GSM) applications. Developed in
Ottawa, the 2.4-GHz device offers
45-percent efficiency. Additional
product articles will examine a new
line of phase-locked loops (PLLs;
and a choke capable of supporting
circuits to 8 GHz.
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We’ve kept these AhhA Attenuators
under our hat long enough...

';j":,:‘
~ & ' Phaseless
Variable
Attenuators

Low Freq.’
Variable
Attenuator;

The “no-nonsense” attenuator... The “incredible” attenuator. ..

For Audio, IF, and VHF. Elegant, classic, exceptional. With all the
Simple, straight forward, no frills. Not bad extras you'd expect at the top of the ARRA
when this economy model performs in the line. So uniquely new in its approach,
same classy manner as other ARRA high it’s one of a kind. Nothing else like it on the
precision units. market. It’s got everything. ..
e SMA connectors, others available e Low phase
o Off-the-shelf delivery e High RF Power
® 50 ohm impedance, 75 ohms available e Low VSWR & Insertion loss
e Specs that beat the competition’s e Extremely flat frequency response
¢ (-3 dB & high attenuation models
Directly calibrated models ¢ Bands from 350-5000 MHz
i | Ranee(dB) | Freq(dB) | Model No. CIRCLE NO. 209
DC-60 H_] +1.0 06!?2--11}[‘:
gf}gg - ol o ... the last word in variable attenuators
DC-250 10 0.5 0682-10F
Uncalibrated models A R R A
DC-60 10 £1.0 0682-10 INC.
DC-100 20 H0.6 0682-20
DC-100 30 H0.5 0682-30 rNTENNA & RADOME RESEARCH ASSOCIATE—I
b | e | | e
DE-500 10 025 068210 15 Harold Court, Bay Shore, N.Y. 11706 o 516-231-8400
FAX (5]6) 4%4 1116 ® Visit our website at www.arra.com
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GDTO I http://www.rf-power.com

¢ ISO 9002 registered * Professional service and

* 48 Hour shipment for most competitive pricing
standard products ¢ Complete value added and

« Comprehensive custom design capabilities
technical support

Flanged/Flangeless
Hesistors & ferminations

Aluminum Nitride

- FLANGED RESISTORS & TERMINATIONS

Coaxial . t : Cap?gi:lfnce P?mer RI;rl:z;:o(:Ec A VSWR Tl?ﬂ'c?c‘lie']la:li{?.n
High Temperature . 8 3. wu i
Surface Mount
Fianged/Flangeless

tenuators )

8-150 Watts, DC - 4 Ghz, SMD, flanged, coaxial

o0 i oo ).

100-2000 Watts, 50 - 4200 Mhz, SMD, caseless, coaxial

Directional Couplers ) ()

100-2000 Watts, 4 - 6000 Mhz, SMD, caseless, coaxial

Comhiners/Dividers )\-)

50-1500 Watts , 25 - 2000 Mhz, SMD, caseless,
resistive, coaxial

__Custom Devices )\~

Custom devices and assemblies

" FLANGELESS RESISTORS & TERMINATIONS o
- Resistor Capacitance Power Frequenc VSWR Termination
Model No. (pF) (W) Range (GHz) Model No.

Call toll free 877-RFPC-INC (877-737-2462) for nearest representativga
@0.200,

Catalog
request

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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