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ssign Seminar Series (co-located at IWCE)
April 21-23, 1997 * Sands Expo Center
Las Vegas, NV

The most cost-effective educational experience
available 0 thy industry.

s today's wireless marketplace continues to
be redefined, so do the strategies needed
to bring these products to market. The RF
Design Seminar, co-located with the
International Wireless Communications
Expo (IWCE), provides design engineers,
engineering managers and other Rf
professionals the tools and information
they'll need to stay ahead of the changing
marketplace.
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The conference and exhibit include:
Basic and Advanced RF and Wireless
Engineering Special Courses

Technical Paper Presentations

Tigv-82ees 14

An RF Design Pavilion on the IWCE Show
Floor, Devoted Solely to an RF Design
Products and Services

April 22 - 24, 1997
Sand Expo Center
Las Vegas, NV

The RF Design Seminar and RF Pavilion
happen at IWCE, the mobile wireless industry’s
premier event. Over 350 suppliers on display.
Come and profit by this two-in-one event!

Unlimited Networking Opportunities with
Key RF and Wireless Users and Suppliers

REGISTER TODAY! See the program line-up
inside, then look for the registration form on
the inside back cover.




SCHEDULE *
at-a-GLANCE

@ track one: Engineering Fundamentals (Instructional Level: Introductory)
track two: Engineering Applications (Instructional Level: Intermediate)

track three: Advanced Applications (Instructional Level: Intermediate to Advanced)

Monday, April 21, 1997

7:00am - 6:00pm Registmation Open

8:00am - 5:00pm l RF and Wireless Engineering Part I:
Fundamental Concepts

@ Practical High-Frequency Filter Design

@ Digital Modulation and Spread Spectrum

for Wireless Communications

Tuesday, April 22, 1997

7:00am - 5:00pm Registration Open

8:00am - 5:00pm m RF and Wireless Engineering Part 1I:
Fundamentals of Amplifier Design

E Oscillator Design Principles

RF Power Transistors and Amplifiers:
Principles and Practical Applications

Wednesday, April 23, 1997

7:00am - 5:00pm Registration Open

8:00am - 5:00pm RF and Wireless Engineering Part I11:
I Amplifier Design
8:00am - 4:00pm Special Course for Management,

Marketing and Purchasing Personnel

Inay® ] Management:

m l Wireless Communications For
Non-Engineers Track
(Instructional Level: Non-Technical)

* Subject to change.

See the registration form on the inside back cover. For complete course descriptions and IWCE
program information, call our FAX-ON-DEMAND line at 800-601-3858. Or Intertec Presentations
at 303-220-0600. You can also FAX your request to 303-770-0253.
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There's only one real king
in the world of CDMA testing...
Noise Com.

The WIS Series
(Wireless Impairment System) —
A complete CDMA testing solution that
tums in a great performance...every time.
To completely characterize the performance
of CDMA base and mobile stations, a hodge-
podge of general-purpose test equipment just

AWGN generator that can precisely set Eb/No,
C/N, and C/I ratios. The WIS Series can be
configured with either base or mobile station
interface or both, providing a complete
impairment solution.

Combine the WIS Series with either a
base station or mobile transmitter, or a base
or mobile station simulator, and

won't do. You need an integrated
solution designed to satisfy all of the

you have the most accurate,

demands of test standards such as

comprehensive CDMA

I1S-97A and IS98A for cellular, and
ANSH-STD-019 and ANSIJ-STD-018
for PCS applications. That's precisely
the job Noise Com's WIS Series is
designed to do.

The WIS Series is the only test
station to combine so many

automated CDMA measurement
capabilities in a single, rack-mount
system. It can provide emulation of
wireless channel impairments such as
additive white Gaussian noise
(AWGN), multipath fading, as well
as interference.

Performance that meets
all the standards.

To emulate multipath fading, the WIS Series
can model wireless communication channels
between base stations and mobile transceivers
using Rayleigh, Rician, Log-Normal, Suzuki, and
Nakagami fading statistics. The WIS Series is
also the only CDMA test solution with an

measurement solution available.

The configuration of the WIS
Series is flexible, too, so you can pick

and choose the capabilities you want
right now, with the option to modify
or upgrade them later. So, whether
your measurement needs are in
product development and design veri-
fication, production testing, or quality
control, the WIS Series is the system
you can rely on today... and tomorrow.
Call us about our entire
line of wireless test solutions.
When you’re ready to rock and roll in
CDMA, there's only one name to remember:
Noise Com. For more details, call Alex Kim
today at (201) 261-8797, fax us at (201) 261-8339,
e-mail: noisecom@haven.ios.com, or write
us at E. 49 Midland Ave., Paramus, NJ 07652.
Noise Com. We're your global partner for
wireless, telecommunications and noise
testing solutions.

' NOISE/COM

A WIRELESS TELECOM GROUP COMPANY
INFO/CARD 8



THE WORLD'’S LARGEST SELECTION

2""1' '06"1 from$295

Choose from over 480 standard off-the-shelf models from

2-way to 48-way; 0°, 90° and 180°; 50 and 75 ohms; covering

2kHz to 10GHz. Mini-Circuits will also supply your special needs such as wider
bandwidths, higher isolation, lower insertion loss, and phase matched ports. . .all at catalog
prices with rapid tumaround time. Models include surface mount, plug-in, flat-pack and
standard connectorized designs such as SMA, N, TNC, C, and F connectors as well as
custom designs. Uttra-miniature surface mount units provide excellent solutions in

cellular communications, cable systems and countless wireless applications. All units
come with a Tyear guarantee and “skinny” 4.5 sigma repeatability unit-to-unit and
production run to production run. Catalog models are guaranteed to ship within one week.

Mini-Circuits...we’re redefining what VALUE is all about!




Mini-Circuits RF/AF Surface Mount Designer's Guide features s

48 pages of the most up-to-date and complete product and ..,f_“_ -

specification information about Mini-Circuits surface mount Y
components. The RFAF Microwave Handbook is packed with
740 pages of articles, selection guides and detailed
specffications for Mini-Circuits components.

Call, write or fax for your free Surface Mount Designer’s
Guide and Handbook today!

mMini-CirCUitsG’ & @

CIRCLE READER SERVICE CARD

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com
For detailed specs on all Mini-Circuits products refer to » 740- pg. HANDBOOK <« INTERNET « THOMAS REGISTER ¢ MICROWAVE PRODUCT DATA DIRECTORY ¢ EEM

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 194 Rev Orig




M DC to 8GHz 5119

(up to +18.50Bm output) From (1000 aty)

Mini-Circuits ushers-in a new era of technology and economy with ERA

monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in
amplifiers cover your applications to 8GHz with higher gain, more output, and

flatter response. Characterized with S-parameter data, these amplifiers are very
easy to use. Simply sketch an interconnect layout, and the design is done.

And ERA's are engineered with wider bandwidths to eliminate your need for costly
compensation networks and extra gain stages. So, review your present design

and replace with Mini-Circuits new ERA technology. Lower overall cost,

wide bandwidth, and lots to...gain!

Mini-Circuits...we're redefining what VALUE is all about!

*Freq.  Gain Max. Power Out Dynamic Range @Device ®Price
Model (MHz}  (dB) ({dBm, @ 1dB Comp) NF(dB) IP3(dBm) Current(mA) $ea.(10 Qty.)
ERA-1 DC-8000 11.8 "7 1) 260 40 1.80
ERA-1SM  DC-8000 11.8 1.3 5.5 2.0 40 1.85
ERA-2 0C-6000 156 128 47 26.0 40 1.95
ERA-2SM  DC-6000 152 124 46 260 40 200
ERA-3 DC-3000 208 121 38 230 35 210
ERA-3SM  DC-3000 202 115 38 230 35 215
ERA-4 DC-4000 135 al70 §:5 a5 65 415
ERA-4SM  DC-4000 135 2168 52 4330 65 420
ERA-5 DC-4000 188 a184 45 4330 65 415
ERA-5SM  DC-4000 185 al84 43 a5 65 42
ERA-6 DC-4000 113 4185 84 a365 70 415
ERA-6SM  DC-4000 113 al79 8.4 a36.0 70 4.20

Note: Specs typical at 2GHz, 25°C. Exception: a indicates typ. numbers tested at 1GH2.
* Low frequency cutoff determined by external coupling capacitors.
@ Price (ea.) Qty. 1000: ERA-1$1.19, -2 $1.33, -3 $1.48, -4, -5 or -6 $2.95. SM option same price.
DESIGNER'S AMPLIFIER KITS:
K1-ERA: 10 of each ERA-1,-2,-3 (30 pieces) only $49.95
K1-ERASM: 10 of each ERA-1SM,-25M,-3SM (30 pieces) only $49.95
K2-ERA: 10 of each ERA-4,-5 (20 pieces) only $69.95
K2-ERASM: 10 each ERA-4SM,-5SM (20 pieces) only $69.95
Chip Coupling Capacitors at 12¢ each (50 min.}
Size (mils) Value
80x50 10, 22, 47, 68, 100, 220, 470, 680, 1000
2200, 4700, 6800, 10,000 pf
120x60 .002, .047, .068, .1 pf

R bias (Required)

Typical Biasing —W—o
Conﬁguration ERA Voo
‘/ a } RFC(Optionaly
p . - block a | C
" ——— JAERSM -
\ \ ACTUAL |No—||-o— . Wi—oOUT
SIZE Va

For ERA models, pin 1
identified by Red dot

l,.',.]Mini-Circuits“

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com  CIACLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to » 740- pg. HANDBOOK » INTERNET « THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY * EEM

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 214 RevC
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A high-accuracy I-Q
demodulator and modulator

A circuit performs with considerable accuracy both
in-phase and quadrature (I-Q) demodulation and
modulation at intermediate frequencies of the order
of 5 MHz. Errors of phase and amplitude are
reduced to less than 0.1% over a 10 kHz bandwidth
so that small “ghost” signals associated with this
type of detection become comparable to other spuri-
ous signals produced by harmonic distortion. A
phase-shift method removes ghosts and harmonic
signals and can be used with direct intermediate fre-
quency digitization. The circuit can be used to imple-
ment a novel narrow bandpass filter.

—David I. Hoult

cover story — p. 44

cover story

44

Global positioning systems—technology into the 21st century

The Global Positioning System (GPS), long the domain of government and law enforcement, is beginning to come into
the mainstream. Seven years ago, some of the first hand-held GPS receivers from Trimble Navigation drew a lot of
attention at the International Mobile Communications Expo (now the International Wireless Communications Expo).
Once reserved for only high-end geographic applications, this technology is finding its way into K-Mart, Wal Mart,
sporting-goods stores and mail-order catalogs.

—FErnest Worthman

tutorial

56

RF and microwave mixers—a tutorial

Mixers are an essential and fundamental part of high-frequency communication systems. This tutorial describes a
mixer’s function, its theory of operation, the semiconductors used, types of mixers and key specifications along with a
design example. This article is meant as an introduction for individuals who want a general understanding of mixer

principles and operation.
—Roland K. Soohoo

8
14
18
22
24
79

departments Coming_in April

Editorial 80 Products

Letters 84 Literature
Calendar 85 Software
Courses 86 Marketplace
News 94 Editorial Index
Product Forum 94 Advertiser Index

DSP

Tutorial: Crystal oscillators

Cover story: Integration

This month’s cover art shows the GPS satellite constellation
(provided by Trimble Navigation) sending signals to a GPS
receiver (provided by Eagle).

Product forum: Modulators

RF Design 7



A DREAM COME TRUE!

DIRECT ACAD>GERBER>ACAD
No DXF Required!

GerbARX

» The creators of GerbArt Pro offer
the first Complete, Accurate & Easy to
use Gerber Code Generator.

» High Speed Translator runs inside
AutoCAD®.

+ Stores all settings in the ACAD DWG
for future Conversions.

* Runs in ACAD 12 & up 3.1/NT/ 95

"PCB DESIGN IN AUTOCAD!
#

Wi

Electronics Packaging Designer.
Includes GerbArx.

Design: Hybrid/MCM, RF & Microwave,
BGA Chip Packages, Flex and Digital.
UNCHALLENGED HIGH SCORE!
BENCHMARK PHASE III 1995

+ Full net list and DRC intelligence to any
shape net.

» Boundaries are intelligent nets.

* An RF program by RF designers.

CALL Today for a Free Evaluation Kit
408-748-0124

beos

Y
A utodesk rmoresore W

| REGISTERED APPLICATION DLVELOVER
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Return Loss Bridges

Frequency: 1-500 MHz, 1-600 MHz,
1-1000 MHz, .03-30 MHz, etc.

Directivity: 40 dB to 55 dB

Fixed Impedance Bridges for Bench Test
Measurements.

Variable Impedance Bridges for
Measuring Coaxial Cable.

Impedance Converted Bridges for
making measurements of one impedance
with a system of the opposite impedance.

Wide Band Engineering Company, Inc.
Phone/Fax (602) 254-1570

INFO/CARD 2

RF editorial

Wireless
networks
that croak

By Don Bishop
Editoricl Director

The cover of Uyless D. Black’s latest
book, Mobile and Wireless Networks, has
pictures of frogs. You see, the science of
telecommunications imitates nature—
the communication skills of the tiny
coqui. Quoting (and condensing) Black:

“In the tropical rain forests of Puerto
Rico, where the coqui makes its home,
there are many frogs in each part of the
forest. Because of population density,
coqui share audible frequency spectrum
with other frogs. Each frog uses a vari-
ety of frequencies when it croaks. This
little animal is capable of spectrum-
sharing and frequency-division multi-
plexing. The listener filters extraneous
signals and processes relevant signals.

“These frogs exhibit time-division
multiplexing capabilities, too. Different
species ‘place calls’ (emit croaks) at par-
ticular times to make better use of the
limited frequency spectrum and to
reduce ‘co-channel interference.’

“The coqui uses these time slots not
only during a particular time of day but
during each moment of the day. Each
frog knows when (and when not) to
croak to reduce or eliminate possible
interference with a neighbor. In mobile
and w:reless jargon, this capability is
called a talk spurt. Perhaps we can dub
the time-division multiplexing capabili-
ties of these frogs as croak spurts.

“...[Slome frogs add redundancy to
their transmissions just as we do in
some wireless systems. Certain species
of frogs can produce a ‘periodic stereo-
typed’ call that exhibits redundancy in
the ‘signals.’ If certain frogs happen to
interfere with each other’s croaks, ex-
tra information is provided in the sig-
nal to help the listener figure out the
information contained in the croak.

“Finally, certain frogs are tuned to
the tone and characteristic periods of a
specific croak. In case some frog is
croaking at the same time as its neigh-

bor, the listener can discern the desired
signal from the undesired signal. In
other words, these little animals have
selective coders and decoders so that
they can glean the relevant information
in a composite accumulation of croaks.

“...0ur society has invested extensive
research and committed an immense
amount of money in developing the
sophisticated technology called mobile
wireless communications. Yet, in the
reaches of a primitive rain forest, the
frog has been developing and refining
these communications capabilities for
millions of years.”

Many people benefit from what
Black says about frogs. Scientists who
study frogs and who sometimes receive
criticism from people who think such
studies are silly can cite Black’s book
and say, “Ah-hah!”

People who think engineers charge
too much to design communications
networks can cite Black’s book and say,
“A frog can do it cheaper!”

At Prentice Hall, they can say, “Look
at the ink it got us!”

Uninspired magazine editors who
nevertheless must deliver a commen-
tary about telecommunications can
quote Black’s comments about frogs
extensively. The book can be ordered
by your book dealer by ISBN 0-13-
440546-3, or call the publisher at 201-
236-7000.

Call for papers

Come to the RF Design ’97 Con-
ference & Exposition Sept. 10-12 at the
Santa Clara Convention Center, Santa
Clara, CA. Visitors are welcome, but
you have an opportunity to take an
active part, too. Look for our call for
papers on page 42. Your colleagues
will be there for the presentation of
technical papers, and your paper can be
among them. RF

March 1997



THE ONLY SOURCE FOR RF AMPLIFIERS FOR...

EMC Test - Amplifiers from 1 to 3000 Watts

¢ EMC frequency spectrum from 10kHz to 1GHz and RF
power levels to 3000 Watt CW

¢ Manual/remote control as well as GPIB interfacing of all
front panel functions

¢ Qutput power may be set at user defined levels and saved
without readjusting signal source

¢ VSWR protection guards against load mismatches and
maintains a safe output level

Communications - Amplifiers from 200 to 1000 Watts
¢ Communication bands from 1 - 1000 MH:z

¢ Model M200U-BPA covers UHF Satcom band

e Communication systems also cover HF

¢ Multi-band with built-in harmonic filters and T/R

Dual Band - Amplifiers from 10 to 100 Watts

¢ Coaxial relay switching permits use of two individual
RF amplifiers in a single enclosure

¢ Common power supply, control circuits and /O
connections to yield a GPIB controllable ultra wideband
amplifier greater than 16 octaves

* User-friendly, cost-effective

Distributed Tube - Amplifiers from 200 to 2000 Watts

¢ Power delivery into severe impedance mismatch without
shutdown or foldback

¢ Solid state drivers

* 200, 250, 500, 1000 and 2000 Watts available

OEM Amplifier Modules - 1 to 250 Watts

* Frequency ranges from 50 kHz to 1 GHz at power output
levels to 250 Watts

* Available direct from stock or customized to meet specific
application

® Proven reliable performance worldwide

For over 25 years, Kalmus has been providing RF Amplifiers to meet the needs of EMC test, medical
device, communications and laboratory applications. Kalmus RF amplifiers are the choice of many
manufacturers in their OEM applications. With a range of over 125 models, Kalmus has an amplifier
to meet your specific requirements.

Kalmus

11807 N. Creek Parkway South [ v BAEY qg'
Suite #109 -yt ol

Bothell, WA 98011 USA
(800) 344.3341 » Tel: (206) 485-9000 ¢ Fax: (206) 486-9657
http:/fwww.thermovoltek.com ® E-Mail: kalmus@kalmus.com

Thermo Voltek

In Europe, contact Onno de Meyer, European Regional Manager, EMC Products, Thermo Voltek
Tel: +31 71 541 3910 ® Facsimile: +31 71 5 416 310

Kalmus is a division of Thermo Voltek, a Thermo Electron Company. Offices and service centers worldwide. ©Thermo Voltek Corporation.
Specifications are subject to change without notice.

COMTEST ¢ KALMUS » KEYTEK * PACIFIC POWER SOURCE ¢ VERIFIER « UVC

INFO/CARD 6



HF LINEAR AMPLIFIERS - BROADBAND

TRANSFORMERS

100 WATT 420-450 MKz PUSH-PULL LINEAR

AMPLIFIER — SSB-FM-ATV

HF AMPLIFIERS per MOTOROLA BULLETNS
< ~ Compiete Parts List tor HF A iers_D
g in the MOTOROLA R.F. Device Data
. AN758 300W EB63 140W
’ ’ ANT52 140W EB27A 300W
AN77RL 20W EB104 600W
ANT79H 20W AR305 300W
AR313 300W

NEW!! 1K WATT 2-50 MHz Amplitier
MOTOROLA ARJ47

POWER SPLITTERS and COMBINERS
2—30MHz

2 METER VHF AMPLIFIERS

KEB&7—PK (Kit}
KEB67—PC8 (PC Board)
KEB&7—| (Manual) 3
We also stock Hard-to-Find pum

SBL—1 500Mz)
SBL~1X (10—1000Mz)

ARCO TRIMMER CAPACITORS

35 Watt Model 335A ..
75 Watt Model B75A ..
Avalabie In | o wiredested

1200 Watt PEP 4—Port ..

For detailed information and prices, call or write tor our tree catalog.

- T

CCI [Sriimi i
Inc. |

Broadband HF Transformers

Add $4.50 for shipping and handling.

™ v W

_ 508 Millstone Drive « Beavercreck, OH 45434-5840 « (937) 426-8600 |

FAX (937) 429-3811 » E-mail: cci dayton@pabox com

INFO/CARD 3
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Few companies

introduce oscillator

solutions with
greater frequency.

Now in its third decade, SaRonix is a leader

in frequency control technology. Our four new

families of high performance SMT oscillator
and VCXO control products are available in
industry standard “6-pin plastic J-lead-
¢d packages. We support our worldwide
customer base with engineering, sales

and manufacturing facilities in the U.S.|
Europe and Asia. We are an ISO9001/9002

certified manufacturer. For more informatio

about SaRonix and our new frequency control

products, call today 1-800-327-4032.
Email saronix@connectine.com

or visit www.saronix.com.

1

New SaRonix Product Families

FREQUENCY
RANGE

SERIES

SEL3600  ECL OsciLLaTOR 70 10 155.52MHz

§1228 HCMOS/TTL OsciLLator 1 10 70MHz 5V
S$1528 HCMOS/TTL VCXO 1.6 To 27MHz 5V
S1518 HCMOS/TTL VCXO 27 10 120MHz 5V

SuppLy

3.3v/5V

PULLABILITY
APR

TO +100PPM
TO *75PPM

“Also available in 4-pin package

S RepEFnli X

In sync with your needs

151 Lavra Laxg, PaLo ALto, CA 94303
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MICROWAVE & RF Division
MICROWAVE DIODES

FERRITE DEVICES

MICROVAVE MODULES
WAVEGUIDE COMPONENTS

TIME & FREQUENCY Division
QUARTZ RESONATORS

QUARTZ OSCILLATORS

QUARTZ FILTERS

RusipiuM

SMD
XO and VCXO

QE has developed a range of
MD oscillators suitable for both
ymmercial and military
»plications.

Frequency range : 3 kHz to 100 MHz
Stability : <25 ppm

Output HCMOS/TTL

Tristate option available

Resistant to very high shock and
/ibration.

] - leaded ceramic holder

Types QEN 79

Types QEV 79

~_ WORLDWIDE
& SALES OFFICES

Belgium

Tel: +32 (0) 2 715 90 20
France

Tel : +33 (0)1 49 88 49 00

Tel : +33 (0)3 25 76 45 00
Germany

Tel : +49 (0) 89 51 64 0

italy

Tel: +39 (0) 2 761 10 168
The Netherlands

Tel: +31 (0) 79 331 01 00
Nordic countries

Tel : +46 (0) 8 756 70 40
Spain

Tel: +34 (0) 1 320 41 60
United Kingdom

Tel : +44 (0) 1256 883 340

™! CERAMICS & CAPACITORS Division

TEKELEC |

TEMEX

S."_omponents Branch

IT'S THE CRYSTAL
THAT COUNTS !

_— - S —
.,,.",,.' A 50009, ;

2.20.09

9638/0531

; d3 1. g 'eru,. o
g £-11 - 689.gg 081T)
w4y’ 15814 Jomth: g, 5E-1B: nn: gégaa
oneh: 3, 4E-19 “’" 1, Esmﬂa 633 iz
"“ a. SE-g2

AGE,
ING/RESUL TS/ CURVES /20

enown for the quality of our products,
B RTEMEX is a world leader in piezoelectricity,

and we offer a complete range of products :

AT AND SC-cur RESONATORS,
110200 MHz Qua
--IITHIUM TANT
(CHEMICALI.Y
XO - VCXO - TCXO - DTCXO 0,.0,(0)

Let us provide custom solutions for your
resonator, oscillator and filter requirements !
You will be surprised by our performance

and service level !
INFOICARD 12

CERAMIC CAPACITORS

TRIMMER CAPACITORS

FILTERS AND DUPLEXERS
DIELECTRIC AND FERRITE MATERIALS
TANTALUM CAPACITORS

MiCA CAPACITORS

Ultimate
stability :

OCXO 1 to 130 MHz
SC-cut crystal
Glass holder

High stability ovenized crystal
oscillator

*Fast warm-up : <5’ for 5.10°
*Freq. / Temp: £3.10°
*Phase Noise (5 MHz) :
120 dBc/Hz - 10 Hz
150 dBc/Hz - 1 kHz
155 dBc/Hz - 10 kHz
* Ageing : 3.10"/day
*100% screening
*Low power
* International holders

TEMEX ELECTRONICS

3030 W. Deer Valley Road
PHOENIX AZ85027 USA
Phone : 602.780.1995
fax : 602.780.9699



OUR STANDARD MONOLITHIC CRYSTAL FILTERS
All 2 pole and 4 pole monolithics ship from stock on hand.

NO. |TEMEX | PASSBAND STOPBAND LOSS RIPPLE | ULT. REJ.] TERM. European
POLES! PN +*KHz dBixKHz | dB |:KHz | dB | dB-MAX| dB-MIN. | Q/PF contacts:
2 TE5000 3 | 315 20 | 18.0 - 5 2 | 10 50 1800/+4
4 | TE5010 3 | 375 30 [140 | - - 3 | 20 60 1500//4+3
6 | TES€20 | 6 | 375 | 60 | 125 - - 4 | 20 70 1500//43
N 8 TE5030 6 | 375 60 | 10.0 | 90 | 125 5 | 20 80 1500//+3 France or
X 2 TE5040 3 | 650 20 | 300 5 s 1 ‘ 10 | 50 2700//0 Benelux
= 4 TE5050 3 | 650 30 | 15.0 - 5 2 2.0 75 3100/0 | |r7e))
6 TE5060 6 6.50 60 | 19.5 - - 3 ' 2.0 | 90 3100//0 (33)25.76.45.00
N~ 8 TE5070 6 | 650 60 {130 |80 | 175 4 20 | 100 3100/0 | |(Fax)
=3 2 TE5080 3 | 750 20 | 35.0 - - 1 ‘ 1.0 50 3000/0 | |(33195 80.34 57
_— 4 TES5090 3 | 750 30 (175 - - 2 20 | 75 3300//0
6 TE5100 6 | 750 60 | 22.5 ‘ - - 3 | 20 %0 3300//0
8 TES5110 6 | 750 60 | 150 | 80 | 200 3 2.0 100 3300//0
2 TE5120 3 | 150 20 | 70.0 . - 1 ] 1.0 35 | 5000/-1
4 TE5130 3 | 150 30 | 35.0 - . 2 2.0 60 | 5000/t
6 |TESNM0 | 6 | 150 | 60 (450 | - | - TE ST 90 5080/-1| [United Kingdom
8 TE5150 6 | 150 60 /300 |80 | 400 | 3 | 20 100 | 5080//-1 el)
(44)1.734.258.040
NG. [TEMEX | PASSBAND STOPBAND LOSS| RIPPLE [ ULT. REJ.| TERM. | ((Fax)
POLES PN dB|/sKHz | dB [ 2KHz | dB [tKHz | dB | dB-MAX | dB-MIN. | Q/PF | |(44)1.734.258,050
2 TES5180 3 375 15 | 125 - - 2 1.0 ‘ 50 | 850/46
4 TE5190 3 | ars 30 |[125 d g 3 2.0 70 850//+5
6 TES5200 6 | 375 60 | 125 ¢ 5 4 2.0 90 850//+5
N 8 TE5210 6 | 375 60 (100 |80 | 125 5 2.0 100 850//+5
o 2 TE5220 3 | 650 15 | 20.0 v . 2 | 10 50 1300//+2 Germany
- 4 | TE5230 3 | 850 0 (25 | - - 3 2.0 70 1a00m0 | o
6 TE5240 6 | 850 60 | 225 * - 4 2.0 90 1400//0 (4)89.51.640
- 8 TE5250 6 | 650 60 |175 |80 | 225 4 2.0 100 1400//0 Fag
2 TE5260 3 | 750 15 | 25.0 - g 2 1.0 50 1500//0
| 4 |TEs2r0 | 3 | 7s0 3 (250 | - > 3 2.0 70 1600/0 | |(49)89:51.64.194
6 TE5280 6 | 750 60 | 25.0 = . 4 2.0 90 1600//0
8 TE5290 6 | 750 60 |20.0 |80 | 250 4 2.0 100 1600//0
2 TE5300 3 | 150 15 | 50.0 - E 2 1.0 45 3000//0
4 TE5310 3 | 150 30 | 45.0 : . 3 20 | 60 3000//-1
6 TE5320 6 | 150 60 | 45.0 - 5 3 2.0 90 3000//-1 Nordic
8 TE5330 6 | 15.0 60 1330 |80 | 450 4 20 | 100 3000//-1 G
& LSO 146)8.756.70.40
NO.  [TEMEX | MODE | PASSBAND | STOPBAND | LOSS| RIPPLE | ULT. REJ.]| TERM. (F;x) 7
N | POLES, PN dB| tKHz | dB | :KHz dB ' dB-MAX dB-MIN. QIPF (46)8.756.70.44
o 2 TES420 30T 3 | 375 18 16.0 3 1 40 2000/-1.0
-] 4 TE9310 | 3-OT7 3 | ars 30 | 125 3 1 70 2090//-1.0
2 TE7420 30T 3| 750 18 28.0 2 1 40 3000//-1.0
S| 4 |[TENso | sor 3| 750 | 40 | 300 3 1 70 3000//-1.0
Ty 2 TE7440 3-oT 3| 150 15 47.0 2 1 40 8000//-1.5
< | 4 |[TEZ4S0 | 30T 3| 150 |30 | 500 R IR 70 | sosa1s | [ltaly
2 TE7730 FUND 3 15.0 15 50.0 2% | 1 i 40 | 1100/+1.5 (Tel)
4 TE7740 FUND 3 15.0 40 60.0 3 1 70 | 800/+1.0 E29)2;-761-101-68
4 il ax
> > 39)2.738.54.62
£‘ NO. [TEMEX | MODE | PASSBAND STOPBAND LOSS | RIPPLE | TERM. e
= POLES| PN dB | :KHz | dB tKHz/ dB| KHz, dB  dB-MAX Q/PF
2 TE10400 | 3-OT 3 7.5 18 /730 | 35 | -910 2 1 2000//-1
L= 4 TE10410 | 3-OT 3 7.5 35| 25 | 80 | -910 3 1 2000//-1
2 TE10420 | 3-OT 3 10 4" 15| 30 | 35 | 910 2 1 2500//-1 ’
E 4 TE10430 | 3-OT 3 10 35 40 | 80 | -810 3 1 2500//-1 All Others:
- (Tel)
ST N (33)25.76.45.00
N NO. [TEMEX | MODE | PASSBAND STOPBAND LOSS | RIPPLE | TERM. (Fax)
X |P S| PN : dB | :KHz | dB #+KHz| dB| KHz| dB . dB-MAX | YPF | [(33)25.80.34.57
—— 2 | TE10440 | 3-OT 3 7.5 18| 30 | 35 | 910 2 1 2000/
4 TE10450 | 3-OT 3 75 35| 25 | 80 | -910 3 1 2000//-1
< 2 | TE10460 | 3-OT 3 10 15| 30 | 35 | -810 2 1 2500//-1
) 4 TE10470 | 3-OT 3 10 35 | 40 | 80 | -910 3 1 2500//-1
N 4 TE10480 | 3-OT 3 15 3 | 50 | 80 | -910 3 1 4000//-1
— 7 ] VISA AND MASTERCARD ACCEPTED
P - MONOLITHIC CRYSTAL FILTER PROTOTYPING KITS ARE STILL AVAILABLE
B g et CONSULT TEMEX FOR ALL YOUR FREQUENCY CONTROL PRODUCTS
IN THE UNITED STATES CONTACT: TEMEX ELECTRONICS, INC.

3030 W. DEER VALLEY RD. PHOENIX, AZ USA 85027
(602) 780-1995 FAX (602) 780-2431
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NEW FROM OUR FACILITY IN
NEUCHATEL, SWITZERLAND.

FEATURING:
LOW TEMPERATURE
SENSITIVITY
LOW PHASE NOISE
EXCELLENT SHORT &
LONG TERM STABILITY
LOW POWER
CONSUMPTION
FAST WARM-UP
SMALL VOLUME

INFO/CARD 22

15 YEAR Rb LAMP LIFE
EXPECTANCY

PLUG-COMPATIBLE

WITH AN INDUSTRY
STANDARD

RS 232 INTERFACE FOR
CENTER FREQUENCY
ADJUSTMENT AND
MONITORING OF THE
WORKING PARAMETERS




SINCE1951

eliabili

Custom Crystals,

Filters & Oscillators

e Expedite Service
* Small & Large Quantities
* Engineering Assistance
* TCXO, VCXO,
TCVCXO,
8 & 14 Pin DIP

(Customer Serviee & Sales
1800-725:1420
Customer Fax
18003229426
Visit Our Worldwide Web Nite:

http: ' www.icmfg.com
e-mail: freelandeibs net

Lifetime Warranty

15

INTERNATIONAL CRYSTAL

MANUFACTURING CQ. INC

P.0. Box 26330. 10 North Lee
Oklahoma City, 0K 7:3126-0330
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Cut Your RF *““Losses” with
Hitachi Metals’ Components

~

Hitachi Metals’ RF and microwave components
can increase your product performance and com-
petitiveness in this tough international market.

Want better impedance matching perfor-
mance? Hitachi components are optimized to
provide better matching. Specify Hitachi.

Want to save circuit board area and package (@
volume? Designed with our superior ,
“Multi-Layered” technology, Hitachi s
components require minimal volume and
circuit board area. Specify Hitachi.

Specify Hitachi, a major international
supplier of electronic components.
Hitachi, setting the highest quality
and reliability standards in the world. 4,

AF TRANSFORAMERS
CIRCULATORS, ISOLATORS
COMBINERS AND SPLITTERS
COUPLERS

DOUBLE AND SINGLE
SALANCHED MIXERS

LOW PASS PILTERS
ANTENNA SWITCHES

Hitachi Metals America, Ltd.
2101 S. Arlington Hts. Rd., Suite 116

Arfington Heights, IL 60005

Tel: (847) 364-7200 Fax: {847) 364-7279
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RF letters

Coaxial standard
and other notions

Thank you for your November 1996
editorial “Coax, Haarps, Solutions
...and More Harping.” I enjoyed the let-
ters about of the origins of the 50-ohm
lines. Please continue these discussions.
As a senior engineer, I get asked these
questions from less-experienced engi-
neers, and it is good to have some kind
of answers. A few years ago, the IEEE
Microwave and Guided Wave Letters,
and Microwaves & RF magazine had a
spirited discussion on whether a signal
could propagate faster than the speed
of light. This type of discussion is both
entertaining and may inspire creative
ideas for new products.

Mark McDonald

Milpitas, CA

Basic physics

I continue to be amazed at the way
beta (current gain) hangs around for
devices for which beta is meaningless.
It is a secondary parameter for bipolar
devices and totally meaningless for
FET-type devices. Basic physics shows
that a modification of the diode equa-
tion applies for all these devices. All it
requires is application of the diode
equation to a pair of simultaneous lin-
ear equations to get the correct result. I
even have had letters in RF Design and
many other publications showing the
validity of the fact that g, is the proper
parameter, and it is proportional to the
output current for two-port semicon-
ductor-type devices.

The equation takes the form: g, = K
x {(g/kT) x I,, where K is an efficiency
factor that is particularly important
with electron tubes and FET devices; q
is electron charge, k is Boltzmann con-
stant, and T the absolute temperature.
Beta where it applies is a geometrical
factor that depends very precisely on
matching of device doping to match g,
and identity of specific design to
achieve the kind of operation required
for such microprocessor as the 80X86
and pentium chips.

The false application of beta contin-
ues unabated, nonetheless. See, for
example, Mr. Staudinger’s article on p.
20 of the December 1996 issue. I had to
do a bit of research to be sure that the
beta he mentioned in the article for a
MESFET was in fact a current gain.
Like a rube operated with negative
grid bias, the input current is almost
entirely a charging current. (See equa-
tion on the bottom right of p. 24.) But
the most amazing thing about this
equation is the fact that a partial de-
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P> YOUR SOURCE FOR
M/A-COM PRODUCTS

We've got the R/F microwave components
you need. We are a full line distributor of
M/A-COM products from GaAs IC's to

coaxial connectors.

P> THE KNOW-HOW COMPANY
Our field support is the most highly

regarded in the industry. We can give
you fast expert advice, whether you're
developing applications like CDPD, inter-
active CATV, wireless telemetry or MMDS.
ISO 9001 SUPPLIER %
CERTIFIED

We are certified in accordance with the
highest international standards of ISO 9001.

(1.800.736.7862) I northem Coliformia, contact us ot 1.408.745.8100. And in Conoda, coll 1.800.736.7862. In Europe coll: United Kingdom ond Eire 44-1622-882467 / Germany Ausiria ond Switzerlond

We've Got Ev
You Could Ask For
In Surface Mount

Small Size, Low Pnce,
And Quick Dehvery

You know that M/A-COM has earned
a reputation as a world leader in RF
Devices. And at Penstock, we make it
our business to be the leader in product
availability, ease of ordering, on-time
delivery and customer service. It's a
combination that OEMs of any size demand
today. What's more, our technical support and product
knowledge are unmatched in the industry.

& 7 no
Qt-:{? Sendme ﬁ-mq iton i .
P (08)  loss(dB) Podoge PN
~ [] 2 ®mew 2 s soce pssom
D 7 1850199 2 05  SOIC8  DS52-0002
B ge D 2 150660 20 04  SOIC8  DS52-0004
-
E] 3 8490 1 06  SOIG-8  DS53-0001
[] A M B 10 SOW-16 DS54-0001
[:] 4010 B 10 SOW.16  DS54-0003
D 6 M B 13 SOW16 DS56-0001

To see if you qualify for FREE samples, simply fill in this

coupon and fax this ad back to us at 617-229-2429,

Name

Company

Address

City State Zip
Phone Fax

Application Time Frome of Program
Estimated Annual Usugg
PENSTOCK  BFi
Penstock is an Avnet Company ‘I_B_Q'XQS_A

49.89-3197670 / France 33-1-69337400 / baly 39-2-336231 / Denmork 45-46753131 / Sweden, Norwoy, Finlond 46-8-6269900 / Spoin 34-1.3588516 / Belgium, The Netherlands, umemburg 31-20-6531350
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rivative of I, is taken with respect to
I... It is important that we make cer-
tain that our basic physics is sound
(one of the editor’s jobs), as these kinds
of flubs do not help the reputation of
the magazine.

Keats A. Pullen Jr.

Kingsville, MD

Staudinger replies

I'd like to thank Mr. Pullen for point-
ing out a small typographical error that
appeared in the article, “Bias-circuit
Methods to Reduce Process and Tem-
perature Variations in GaAs MESFET
ICs Are Compared,” in the December
1996 issue. Clearly, Equation 4, which
defines output conductance of an FET,

is given by the derivative of I, with res-
pect to V,, (i.e., g, = d I,/ 0 Vg,) and not
as the derivative of I, with respect to I,
as was erroneously stated. Equation 4 is
correct in all other aspects. I hope this
typographical error was obvious to the
magazine’s readership. Mr. Pullen’s
other comments regarding P, are at best
difficult to interpret, especially in the
context of this article. Many of the
empirical MESFET large signal models
that have been proposed as well as ones
that have found wide acceptance in RF
and microwave circuit design, use a
parameter B to describe, in part, the
nominal square law relationship be-
tween drain current and applied termi-
nal voltages, e.g.:

I, = BV — Vo (1+A Vytanh(aVy,).

It should be emphasized that thi:
model is empirical in nature and tha
model parameters such as B, a, and ’
should not be assigned undue physica
significance. Nonetheless, variations o
B, A, Vyo...can be used to evaluate varia
tions in underlying physical parameter:
of the device, as well as estimate hov
these variations influence circuit perfor
mance. Lastly, regarding current gain
a simple derivation of current gain for ¢
MESFET (defined in terms of hybric
parameter h,;) shows a contributior
caused by large signal model paramete:

B.
Joe Staudinger
Phoenix, AZ

S D aconing i the i

/ 2399 183~ 1113999 ¢
"i?s;;;:#;"-fw LAY AT,
.
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WHEN IT COMES TO RF SAW FILTER
TECHNOLOGY, THE CHOICE IS CLEAR.

BUILDING THE SMALLEST SOLUTION

You want your wireless designs to out

perform the competition. That’s why Fujitsu
delivers the most comprehensive selection of
superior, low loss, subminiature RF Filters in
the industry—internally matched to 50 Q

for system design simplicity.

Our Lithium Tantalate Bandpass SAW Filters
provide broad support for wireless applications
from 100 MHz to 2500 MHz and offer
compatibility with major cellular standards
including AMPS, GSM, E-GSM, NMT,
ETACS, NTACS and PDC.

Fujitsu’s latest product developments include
our revolutionary Antenna Duplexer for

AMPS, TDMA and CDMA cellular systems.

Also our high-performance SAW Filters for
Visit us at CTIA booth #4319 — March 3-5, San Francisco

PCS and DCS1800 systems and wireless
LAN:s feature extremely small 3 mm x 3 mm

packages for space critical applications.

We’re working hard to meet all of your price/
performance needs with exceptional SAW
Filter solutions. So if you’re looking for the
best way to achieve high performance while

reducing size and weight, choose Fujitsu.

Call Fujitsu Microelectronics today at
1-800-866-8608, or visit our web site at

http: / /www.fujitsumicro.com.

o)
FUJITSU

COMPUTERS, COMMUNICATIONS, MICROELECTRONICS

Fujitsu Microelectronics, Inc., 3545 North First Street, San Jose, CA 95134.
©1996 Fujitsu Microelectronics, Inc. All trademarks or registered trademarks are the property of their respective holders.
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ALL CHIPS ARE SHOWN AT
ACTUAL SIZE



MINIATURE CELLULAR DIPLEXERS

<1.5dB 1. Loss
16 dB R. Loss

Small
3" X ]ll x 6"

Silver Plated

$199.00 15y

Stock Del. 1-2 weeks

* Model IC853D, rugged, hi performing, low cost diplexer.

* For use in Micro, Nano and Pico cells in AMPS, ETACS &
TACS bands. Custom frequency pairs available.

* Ripple < 0.2 dB. Tx to Rx isolation typically 60 dB.
Stop band attenuation typically 90 dB.

* 3rd order response better than - 60 dB. Power rating, SMA
connectors, > 80 W CW

Product information:
www.indutec.com email: penny@ipa.net

Indutec Corp.
Fayetteville, AR 72702
Tel. 501 444 6548 < Fax 501 444 6546
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Our Capacitors Take Your
Requirements To The Limit

High Energy Corporation’s broad range of
ceramic RF capacitors have been designed
for applications requiring high currents,
high KVA ratings and high voltages. With
a capacitance range of 1-10,000 pF and a
voitage range of 1-40 KV, our capacitors
have been used extensively in broadcast
transmitters, antennas, MRI, semiconductor
manufacturing equipment, power supplies
and induction applications to name a few.
All capacitors carry our unconditional
warranty. For the latest in catalogs or
samples, contact us at 1-800-332-2985,
or call one of our sales reps.

4 F HIGH ENERGY CORP.

P.O. Box 308 * Lower Valley Road ¢ Parkesburg, PA 19365

800-332-2985 » 610-593-2800 « Fax: 610-593-2985
INTERNET http:\\www.highenergycorp.com
E-MAIL sales@highenergycorp.com
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RF calendar

March 25-27

25-27

April 2

14-17

21-23

22-24

22-24

23-26

May 5-7

13-15

DSP World Design Conference—Washing-
ton, DC. Information: Miller Freeman. Tel.
415-278-5322; E-mail dsp@ exporeg.com.
Web site http:/ www.dspworld.com.
Communication Design Engineering
Conference—Washington, DC. Informa-
tion: Conference, 600 Harrison St. 4th
Floor, San Francisco, CA. Tel. 617-821-
9219; Fax 617-828-8198; E-mail
cdec@exporeg.com.

Surface Mount Technology Association
Exhibition and Sessions—Atlanta. Exhib-
iting information: Lynda Kelly, Tel. 770-
518-9039; Fax 770-642-1288; Sessions
information : SMTA National. Tel. 612-
920-7682; Fax 612-926-1819; E-mail smta@
smta.com; Web site http:/www.smta.org.
International Conference on Antennas
and Propagation—Edinburgh.
Information: ICAP Secretariat, IEE
Conference Services, Savoy Place, London
WC2R 0BL, United Kingdom. Tel. +44 (0)
71-344-5467/5473; Fax +44 (0) 71-240-
8830; E-mail lhudson@ iee.org.uk or
mswift@iee.orguk.

RF Design Seminar Series—Las Vegas.
Information: Intertec Presentations, 6300
S. Syracuse Way, Suite 650, Englewood, CC
80111. Tel. 800-288-8606 or 303-220-0600;
Fax 303-770-0253.

International Wireless Communications
Expo—Las Vegas. Information: Intertec
Presentations, 6300 S. Syracuse Way,
Denver, CO 80111. Tel. 800-288-8606 or
303-220-0600; Fax 303-770-0253. RF
Pavilion—Manufacturers’ exhibits within
IWCE. Components, test equipment, soft-
ware and services for RF equipment manu-
facturing.

Convergence Tech and IC Expo for micro-
electronics, communications and comput:
er professionals—Dallas. Information:
Electronic Conventions Management, 8110
Airport Blvd., Los Angeles, CA 90045. Tel.
800-877-2668, ext. 243; Fax 310-641-5117.
Broadcast Technology—/akarta, Indone-
sia. Information: Eileen Lavine, Infor-
mation Services, 4733 Bethesda Ave., Suite
700, Bethesda MD 20814. Tel. 301-656-
2942; Fax 301-656-3179.

Vehicular Technology Conference for cel-
lular & mobile wireless communications—
Phoenix. Information: Wendy Rochelle,
Registrar, IEEE Conference Service, 455
Hoes Lane, P.O. Box 1331 Piscataway, NJ
08855-1331. E-mail w.rochelle@ieee.org.
Electronics Industries Forum of New
England—Boston. Information: Linda
Hanson. Tel. 914-779-0696.

ID Expo, bar code and automatic data
capture trade show—Philadelphia.
Information: Advanstar Expositions. Tel.
800-331-5706 or 218-723-9130.
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SIEMENS

Bad news for the birds of North America.

Advanced wireless ICs are here.

Siemens Wireless Communication ICs

SIEMENS | pACKAGE
PART DESCRIPTION FEATURES
NUMBER | TYPE(S)
0. drature modulater vath 1
PMB2201 [P-TSSOP-24|  VECTOR e e ach
MODULATOR LO timasmry rangw from 8O0 MH2 to 1.5 GH
-Jowion seria! Comire! bus3 for fest programe
PMB2307 [P-TSSOP-16]  PLL {max ciack frequamcy 10 Mz}
Phase detscter e vath adstable snt-tscilssh pulses
~Extracaly fael pissa dstection (<100
-High mput freaveney (220 MH:2)
PMB2314 P-DS0-8 PRESCALER Switchable divide fatios 1.64/65 and 1128/129
for single and dual modulus frequency synthestzer
-Wide input frequency range {100 MHz-2 3 GH|
PMB2333 | T-SSOP-16 | MIXER WITH | -integrated INA/Driver Ampfifeer
DRIVER Frequency range up to 30 GHz
AMPLIFIER Very highly isolated RF, If and LO ports
PMB2402 P-DS0-24 RF RECEIVER -Heterodyne recerve: with on-board quadrature
demodulation
Downward mixing from 1 MHz RF to the base band
Two balanced operational amplifiers for additional
signal conditioning
Qutput bandwidth of 135 MHz

Changing the communications
landscape.

Wireless has taken off. And Siemens
leads the way with the RF solutions
you need to make your ideas fly. With
our distribution partner, Richardson
Electronics, we provide the products
for all your applications and standard
requirements.

Unique Bipolar technology means
superior performance.

B6HF is a 32 GHz process, enabling our
ICs to operate at supply voltages as low
as 2.7V, with low current consumption
and a high level of integration. Our
PMB2201 Vector Modulator/ Mixer com-
bines a 0.8 - 1.5 GHz modulator with 0
dBm output power, and a DC

to 2.5 GHz mixer. The PMB2333 Mixer/

1996 Siemens Components, Inc. 1-800-77-SIEMENS http
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Amplifier may be used as an LNA with
a noise figure of 1.7 dB at 1.8 GHz, or as
a driver amplifier with 12 dBm output
power at the 1dB compression point
and an AGC range of 30dB

And our high level of integration, SMT
packaging and experience in high-volume
production gives you a smaller footprint
and better reliability — saving money
across the board.

So call Richardson Electronics and
ask about Siemens wireless ICs. And
you’ll never be stranded without the
right wireless design solution again.

Richardson
Electronics, Ltd.
(800) RF-POWER http://www.rell.com

www.sci.siemens.com
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MIXERS
UNPRECEDENTED

‘ IN VALUE.

5125

| —
L e,
l ‘ : A" Ceramic 2t01900MHZ from W (qty. 10-49)

JMS mixers mean unparalleled performance and reliability. Solder plated

J leads provide improved reliability of the solder connection while

= significantly reducing thermal stress and leaching. All-welded
o v internal construction withstands reflow temperatures up
N s to 240°C for 5 minutes, and rugged construction enables
JMS mixers to pass tough MIL-M-28837 shock and

vibration tests. Additionally, the all-ceramic surface mount
package has a cover pull strength of 20 pounds! Other quality
features include 4.5 sigma repeatability unit-to unit,

automated assembly for low-cost and fast, guaranteed 1 week
shipment, tape and reel availability plus a 5 year Ultra-Rel™
guarantee. If value is a must...specify JMS mixers from Mini-Circuits.

Mini-Circuits...we’re redefining what VALUE is all about!

SPECIFICATIONS MIDBAND (dB, typ.)

Lo FREQUENCY (MHz) Conv. Isolation $ea.
MODEL (dBm) LO/RF I Loss LR LI (qgty.1-9)
JMS-1 +7 2-500 DC-500 5175 45 45 4,95
JMS-1LH +10 2-500 DC-500 8.75 55 45 8.45
JMS-1MH +13 2-500 DC-500 ) 60 45 9.45
JMS-1H +17 2-500 DC-500 5.90 50 50 11.45
JMS-2L +3 800-1000 DC-200 7.0 24 20 7.45
JMS-2 +7 20-1000 DC-1000 7.0 50 47 7.45
JMS-2LH +10 20-1000 DC-1000 6.5 48 35 9.45
JMS-2MH +13 20-1000 OC-1000 040 50 47 10.45
JMS-2H +17 20-1000 DC-1000 70 50 47 12.45
JMS-2wW +7 5-1200 DC-500 6.8 60 48 7.95
JMS-11X +7 5-1900 5-1000 6.7 35 37 425"

Note: *10-49 qty

[ JIMini-Circuits L6

P.O Box 350166, Brooklyn New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com  CIRCLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to » 740- pg. HANDBOOK ¢ INTERNET « THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY ¢« EEM

CUSTOM PRODUCT NEEDS .. LetOur Experience Work For You. F 205 Rev Orig



210 76Hz MIXERS ...

They're herel Low cost level 7,10,13 and 17 (LO) frequency mixers offering high

IP3 performance over the 2 to 7GHz frequency range. It's Mini-Circuits wide
band SKY mixers typically featuring high 28dB isolation and low 6dB
conversion loss over the entire band. These miniature 0.10 inch high units
are flat as a pancake for today’s smaller, high density designs such as
PCMCIA's, and are housed in a rugged, J leaded package built to withstand
high temperature reflow. When your project demands a reliabie surface
mount mixer with high performance and value...Reach For The SKY,
Mini-Circuits tough SKY mixers, with the 5 year Ultra-Rel® guarantee.

Mini-Circuits...we're redefining what VALUE is all about!

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com
For detailed specs on all Mini-Circuits products refer to » 740- pg. HANDBOOK ¢ INTERNET « THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY » EEM

Model
SKY-5G
SKY-7G
SKY-60
SKY-60LH
SKY-60MH
SKY-60H
SKY-53R
SKY-53LHR
SKY-53MHR
SKY-53HR

oF
Wi
2000-5000
2000-7000
2500-6000
2500-6000
2500-6000
2500-6000
28005300
2800-5300
2800-5300
2800-5300
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e IF: DC-500MHz min.

[ Mini-Circuits

(5000 qty.)
LOPWR Conv. Loss Isol(lf

dBm  dB, Typ. yp. Seau -9
+7 6.6 28 14,95
+7 70 28 16.95
+7 6.2 28 14.95
+10 6.2 28 16.95
+13 6.2 28 17.95
+17 6.2 28 18.95
+7 8.7 28 14.95
+10 5.7 28 16.95
+13 5.7 28 17.95
+17 5i7 28 18.95

Actual

Size
£y INT'L
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RF courses

Arizona State University—Wireless Digital Communi-

cations: Access, signalling and management aspects;
mobile, cellular, voice and data networks—April 28—
May 2. Information: Professional Development, ASU,
P.O. Box 877506, Tempe, AZ 85287-7506. Tel. 602-965-
1740; Fax 602-965-8653.

Besser Associates & Microwave Online Services—RF

and Wireless Made Simple-—May 5-6, Los Altos, CA; May
12-13, Dallas; RF Measurement Techniques—May 5-8,
Dallas; Wireless RF System Design—May 5-9, Dallas; RF
Component Modeling—May 12-16, Dallas; Applied RF
Techniques [—May 12-16, Los Altos, CA; Appliea RF
Techniques II—May 12-16, Dallas; RF Productivity
Improvement—May 14-16, Dallas; May 19-22, Los Altos,
CA; EM Field Simulator Made Practical—May 15-16, Los
Altos, CA; Nonlinear RF Circuit Design and Modeling
with Spice—May 19-20, Los Altos, CA; Digital Signal
Processing—May 21-23, Los Altos, CA. Information:
Annie Wong, Besser Associates, 4600 El Camino Real,
Suite 210, Los Altos, CA 94022. Tel. 415-949-3300; Fax
415-949-4400. RF and Microwave courses are available on
the World Wide Web exclusively through RF Glotalnet.
The courses will be given over a two-to-three week period.
Applied RF Techniques I: Linear Circuits. Information:
Larry Black, Microwave Online. Tel. 303-415-9233; E-
mail larry@mosco.com; Web site
http://www.rfmicrowave.com.

CKC Laboratories—EMC for Medical Electronics—April

22-23; Immunity to ESD—May 12, Orange County, CA;
CE Mark Design and Compliance Routes—May 13-14,
Orange County, CA; Core EMC Design—dJune 17-18,
Hillsboro, OR; . Information: Linda Grunow or Todd
Robinson, CKC Laboratories, 5473-A Clouds Rest,
Mariposa, CA 95338. Tel. 800-500-4362 or 209-966-5240;
Fax 209-742-6133; E-mail Igrunow@cke.com.

Georgia Tech Continuing Education— Advanced

Electronic Warfare Principles—March 25-28, Atlanta;
Radar Cross Section Reduction—March 25-28, Atlanta.
Information: Department of Continuing Education,
Georgia Institute of Technology, Atlanta, GA 30332-0385.
Tel. 404-894-2547; E-mail conted@gatech. edu; Web site
http://www.conted.gatech.edu.

Mead Microelectronics—Architectural and Circuit Design

for Portable Electronics Systems (3-days digital, plus 3-
days analog)—March 31-April 5; RF IC Design for
Wireless Communication Systems-May 12-16; Data
Communication ICs-May 14-16. Information: Mead
Microelectronics, 7100 Grandview Dr., Corvallis, OR
97330. Tel. 541-758-0828; Fax 541-752-1405. In Europe,
contact Mead Microelectronics, Venoge 7, 1025 St.
Sulpice, Switzerland. Tel. +41-21-691-0244; Fax +41-21-
691-0245; E-mail mead@netgate.net or valence@mead.ch;
Web site http://www.netgate.net/~mead.

Miller Freeman—ICSPAT Online, an interactive,
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If You Need Goaxial Switching...

You Need Matrix Systems!

Some Product Line Applications:

Call us today at (818) 222-2301,

The #1 Source For Coaxial Matrices, Relay Modules, Solld
State Relay Modules, Complete Switching Systems and More.

* RGB video and audio routing and distribution
* Uplink/Downlink switching, IF signal switching
o ATE test stations for routing test points

e NTSC, PAL and Digital video switching

» [ ow noise antenna routing to HF receivers

So whatever your switching needs, switch to Matrix
Systems for experience, quality and performance.

or FAX us at (818) 222-2304, or E-mail us at
tech@matrixsystems.com, or better yet, find us on
the world wide web at www.matrixsystems.com.

» Airborne surveillance signal switching

e fladar X-Y-Z data, and radar video routing

e Telecommunication routing and broadcasting
* High speed ‘422, 232 and ECL data switching
e Security video systems ‘
* Instrumentation control and monitoring '

MATRIX

SYSTEMS CORPORATION

5177 N. Douglas Fir Road
Calabasas, CA 91302

We Specialize In Specials
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educational forum for signal processing engineers. The
virtual conference provides the experience of attending a
conference via the World Wide Web. The web site includes
the 1996 white papers covering 40 application areas;
interactive author Q & A; industry news; guest
columnists; interviews with prominent thinkers in the
field; a chat forum; design challenge contests; and future
conference dates and speaking opportunities. Web site
http://’www ICSPAT.com.

National Institute of Standards and Technology

—Boulder, CO. Time and Frequency Seminars:
Introduction-Level I, June 23-24; Fundamentals-Level II,
June 25-27. Information: Wendy Ortega Henderson,
National Institute of Standards and Technology. Tel. 303-
497-3693; Fax 303-497-6461; E-mail
ortegaw@boulder.nist.gov. Web site:

http://www boulder.nist.gov/timefreq.

Northeast Consortium for Engineering Education—

Principles of Electronic Counter-countermeasures—
April 8-10, Atlanta; Infrared Technology and
Applications—April 15-18 Atlanta; Phased-array Radar
System Design—April 29-May 2, Atlanta; Antennas:
Principles, Design and Measurements—May 19-22, St.
Cloud, FL. Information: Kelly Brown, Northeast
Consortium for Engineering Education, 1101
Massachusetts Ave., St. Cloud, FL 34769. Tel. 407-892-
6146; Fax 407-892-0406.

RF Design Seminar Series—April 21-23, Las Vegas; Sept.

9-11, Santa Clara, CA. Information: Intertec Presentations
6300 S. Syracuse Way, Suite 650, Englewood, CO 80111.
Tel. 303-220-0600 or 800-288-8606; Fax 303-770-0253. RF
Pavilion—Manufacturers’ exhibits within IWCE.
Components, test equipment, software and services for
RF equipment manufacturing—April 22-24, Las Vegas.

University of Missouri-Rolla—Grounding and Shielding

Electronic Systems: How to Diagnose and Solve Electrical
Noise Problems—May 19-21, Boston; June 25-27,
Research Triangle Park, NC, August 13-15, Dallas;
Circuit Board Layout to Reduce Noise Emission and
Susceptibility—May 21, Boston; June 27, Research
Triangle Park, NC; August 15, Dallas; Electromagnetic
Compatibility Certificate Program—Combination home
study 40-hour video taped lecture and one-week on-
campus laboratory course. Information: Continuing
Education Coordinator, University of Missouri-Rolla, 103
ME Annex, Rolla, MO 65409-1560. Tel. 573-341-4132.
Fax 573-341-4992; E-mail buddyp@ shuttle.cc.umr.edu;
Web site http://www.umr.edu/~conted.

Z Domain Technologies—DSP Without Tears—

April 9-11, San Jose, CA; April 30-May 2, Atlanta.
Information: Z Domain Technologies, 555 Sun Valley
Drive, Suite A4, Roswell, GA 30076. Tel. 800-967-5034 or
770-587-4812. Fax 770-518-8368; E-mail dsp@zdt.com;
Web site http:/www.zdt.com/~dsp.

Antenna AnaIVSIs Software with the User in Mind!

NEC-Win Basic

« Easy data entry
« Cut. copy. and paste commands
« Different conductivities for each wire

Visualize the antenna structure as you design it! B —
Output your analysis with fantastic plots! L& ‘
Simplify your design process - Save time and money! | i~

N odatron P oerm Parer Gain (609 73 Angie.

i }
s \
2 ' ik VY |
‘ 100 . Bt 0 0
SENEPE—. |

NEC W|n Pro

NEC-Win Pro includes all of NEC-Win
Basic plus the full NEC2 command set.

* Arc, Helix, Cylinder, Wires. Surface Patches
* Source/Load/Wire/Current Identification

* Built-in defaults for wire diameter

* Graphical ground plane selection

* Built in defaults for ground planes

« Transmission lines and Networks

* Automatic wire scale, rotate, and translate
* Graphical placement of sources and loads
« 3-D visualization of anlenna structure

* Rotate. Zoom and Pan antenna structure

* Tabular data for VSWR & impedance

* Polar plots of power gain

*» Antenna analysis with Gain and Delta probe

» Color display of currents on structure

*» Numerical Green’s Function

* Smith Chart. Polar and Rectangular plots

» 3-D surface plot - antenna displayed in center
* Near Electric and Magnetic Fields

* Dialog box input for each command

Plotting includes:

Power Gains Electric Fields
VSWR Currents

Input Impedance Axial Ratio
Near Fields Receive Patterns

« Comparison of multiple antenna files
* 3-D surface plots of antenna patterns
Nittany :

17 | z

Hollister, CA 95023

Phone/Fax: (408) 634-0573
sales@nittany-scientific.com

RF Design

NEC-Win Basic and NEC- Win Pro mclude the popular NEC2 core. NEC-Win Pro includes an optimized
32-bit core which supports dvnamic memory allocation to handle any size pmb/em

cards accepted!
Orders shipped via UPS or Airmail
within the United States or Overseas!

NEC-Win Pro and Basic were formerly owned by Paragon Technology
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RF news

NTIA offers strategic spectrum
planning program

A report from the Commerce
Department’s National Telecommuni-
cations and Information Admin-
istration (NTIA) proposes spectrum
management measures to allow more
user access to the 3-30 MHz, high-

frequency portion of the electromagnet-
ic spectrum. High Frequency (3-30
MHz) Spectrum Planning Options dis-
cusses future U.S. high-frequency spec-
trum requirements and long-range
planning options to satisfy additional
high-frequency spectrum requirements.

Current high-frequency spectrum is

Features include

sinusoidal input signal.

MEETS STRINGENT SATELLITE
GROUND STATION REQUIREMENTS

LOW
COST

HIGH

ISOLATION

DISTRIBUTION
AMPLIFIERS

The FE-7923A from Frequency Electronics...
An economical, 10-channel sinewave distribution
amplifier operating from 1 MHz through 10 MHz.

* Low Phase and amplitude noise bursts
with isolation in excess of 100 dB.

« 1.75in. height and 19” rack mounting.
* Input and Qutput VSWR <1.5:1
« Unity gain linear operation with a

» High isolation cascode amplifiers for
output phase shifts less than 0.001°

« Operates from a 115VAC or +15VDC.

F Frequency Electronics, Inc.
E 55 Charles Lindberg Blvd. Mitchel Field, NY 11553
516-794-4500 » FAX: 516-794-4340

Call or write for
more information.
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congested in many countries and vari-
ous parts of the world, and the number
of systems is expected to increase in the
next ten years. There are increased
demands for safety for maritime and
aeronautical operations, for greater
international broadcasting capabilities
and for more recreational uses of the
high-frequency spectrum.

The report discusses four long-range
spectrum planning options: 1) making
more efficient use of the current alloca-
tions; 2) reaccommodating incumbent
spectrum users; 3) using non-spectrum
technologies such as fiber optic cable
instead of radio spectrum; 4) using
higher frequencies.

Copies of all NTIA reports are avail-
able on the Internet at http://www.
ntia.doc.gov. A limited number of print-
ed copies are available from NTIA’s
Office of Public Affairs at 202-482-3999.

Contracts:

Co-developer of embedded test
and measurement technology—
Tektronix has selected LogicVision to
jointly develop a prototype embedded
test and measurement technology. This
is part of Tektronix’s effort to investi-
gate technologies capable of making
measurements in areas that are becom-
ing inaccessible by current probing
technologies. Through a defense ad-
vanced research projects agency
(DARPA) contract, Tektronix and
LogicVision will develop technology for
embedded at-speed test, burn-in at the
wafer level and post-assembly diagno-
sis. The joint development is designed
to establish an infrastructure to support
the embedded test-based methodology
to reduce the production cost of known
good die for multichip modules (MCMs).

Warth appoints Cambio Interna-
tional as agent—Warth International,
East Grinstead, Sussex, United King-
dom, has appointed Cambio Inter-
national, Laconia, NH, as exclusive
sales agent of all Warth products.
Warth’s line includes electromagnetic
shielding products and thermally con-
ductive insulators. The products serve
U.S. telecommunication, computer and
medical electronics markets.

MCI approves MSI Services as ven-
dor—MSI Services, a subsidiary of
Mobile Systems International, has
established a service agreement with
MCI to provide RF and network design,
site acquisition, construction manage-
ment, microwave relocation and project
management services to MCI's wireless
support services clients.
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DESIGN FROM START-TO-ART

1 GENESYS synthesis b
modules make it easy to 1 I

create initial designs for
L-C filters. matching
networks, active filters,
oscillators, printed and
machined filters,
amplifiers and group delay

equalizers. The many design alternatives and

. I
Wrnin
¢ T

i

quick evaluation of each help you save time
and achieve higher performance.

SPICE NETUST §

3 =SuperStar= Professional redefines the circuit simulator
standard. Step up to real-time tuning. statistical analyss,
unrestricted global noise analysis, adaptive optimization.
accurate models, unparalleled execution speed and the
industrys easiest to use interface. Non-linear and time
domain analysis is supported through the Spice interface.

Obur first program shipped in 1985.

1ith A Today..with thousandf of users

worldwide. Eagleware is a
recognized leader in RF and microwave

design software for IBM and compatible PCs.

Here are a few reasons why we feel GENESYS

provides unequaled value:

* Start-to-art solution including synthesis

* One casy to learn interface for all programs

~ Industry’s fastest execution means less waiting

* Accuracy verified with in-house lab

* Reads industry standard S-parameter files

* Free technical support with no annual fees

* Low cost

* 30 day moncy back satisfaction guarantee

Eagleware products run on standard IBM and

compatible PCs under DOS. Windows 3.1.

Windows NT and Windows 95. Windows

versions are 32-bit for even faster execution.

2 Schematics make it easy to enter your own designs, modify
synthesis created designs and merge subcircuits. Schematics and
simulation are integrated

for back annotation. The g
GENESYS schematic s
module also writes TD L =
Touchstone and Spice C[j =7 %;
files. / BPE

NEW!
\

4 The new layout
module creates artwork
on your plotter or
printer and in DXF
(AutoCad) and
optimized Gerber file formats. Discontinuity and
transmission line dimensioning. coplanar ground pours,

multilayers. arbitrary polygons and user footprint libraries
make RF and microwave layout easier than ever before.

GENESYS

VERSION 5.4

=SuperStar= Professional simulator $999
Simulator with schematic entry and layout $1990
Complete GENESYS package with synthesis $5990

Layout upgrade for current customers $699
(Upgrade discounts available for a limited time)

T = =t
170 B AL B X F b E3-1-1 DALCT GAES § S SOPPORT
TEL 03-3988-1731 FAX 03-3988-1706

EAGLEWARE=

Eagleware Corporation * 1750 Mountain Glen # Stone Min, GA 30087 * USA
hitp://www.eagleware.com * eagleware@eagleware.com

TEL (770) 939-0156 # FAX (770) 939-0157
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RF modulation

A high-accuracy I-Q
demodulator and modulator

By David I. Hoult

A circuit performs with considerable
accuracy both in-phase and quadrature
(I-Q) demodulation and modulation at
intermediate frequencies of the order of
5 MHz. Errors of phase and amplitude
are reduced to less than 0.1% over a 10
kHz bandwidth so that small “ghost”
signals associated with this type of
detection become comparable to other
spurious signals produced by harmonic
distortion. A phase-shift method es-
sentially removes ghosts and harmonic
signals and also can be used with direct
intermediate frequency digitization. Use
the circuit to implement a novel narrow
bandpass filter.

Despite the prevalent trend in radio
architecture toward digitization of
the intermediate frequency signal, a
good argument can be made for re-
taining the classic superheterodyne de-
sign when the ultimate in dynamic
range over a narrow bandwidth is
needed. This is the case in the author’s
field—medical nuclear magnetic reso-
nance. In this equipment, a huge dy-
namic range of 120 dB occasionally can
be encountered in the received signal.

Formally, at least, magnetic resonance
equipment is similar to that employed
in radar. The received radio frequency
(RF) signal is a transient response to a
short-amplitude or phase-modulated
RF pulse. The latter may be a 10 kW
peak burst of 50 pns duration at 130
MHz that elicits responses from var-
ious resonant atomic nuclei in a
sample. (See Figure 1.) These nuclear
magnetic resonances (sometimes as
many as 100 or more) may have fre-
quencies spread out over a bandwidth
of 10 kHz and may have incredibly high
Q-factors—occasionally as great as 10°.
As a result, the ringdown following the
impact of the pulse may last anywhere
from a few milliseconds to seconds, de-
pending on the sample under study
(sometimes a human being). Coupling
to the nuclear resonances is achieved
by mutual induction because the phe-
nomenon is magnetic. It follows that,
unlike radar, the signal is not received
as a radio wave, but bv near-field in-
duction in an optimally matched pick-
up coil. The induced electromotive force
(EMF) from the hydrogen atoms in
water in a human head initially may be

as large as 10 mV at 130.0005 MHz.
The signal from the hydrogen atoms in
some low-concentration metabolite may
be as small as 10 nV at 130.0002 MHz,
and comparable to the ever-present
background thermal noise. From then
on, though, the received signal is
treated just as any other. It is passed to
a low-noise preamplifier and then down
converted in one or two stages until
final quadrature (I-Q) demodulation
and filtering results in two audio-
frequency transient decays that are dig-
itized and analyzed with a computer.
Our task is to pick out accurately
and unambiguously the small in the
presence of the large, and not surpris-
ingly, to reduce the dynamic range.
Many fancy tricks of physics that “tor-
ture” the atomic nuclei have evolved
over the years. At bottom though, the
experimental results are only as good
as the transmitter and receiver elec-
tronics and the digital signal processing
that follows. The heart of the com-
puting process that classifies the var-
ious nuclear signals is a fast Fourier
transform (FFT) that delivers the spec-
trum from the two audio-frequency de-

MODULATOR
TRANSMITTER |
—
RF PULSE ’ FILTER | 3
2ND IF - [
\ POWER
AMPLIFIER
SUPERCONDUCTING
MAGNET SGMNDZCS
“SAMPLE"
RF ,\I
SWITCH
VARIABLE LO FIXED LO FIXED LO
o
TRANSMIT/RECEIVE t
RF PROBE FILTER
E.G. 130 MHz S
FILTER FILTER
P& —>
1STIF 2ND IF 7
LNA FILTER
NMR TRANSIENT
SIGNAL
RECEIVER DEMODULATOR A0S
Figure 1. Nuclear magnetic resonance spectrometer architecture.
26 March 1997



Add one of these low cost, high performance filters
and you can kiss your conducted EMI goodbye!

All Coilcraft filters use a single magnetic structure to
filter multiple lines. Which makes them the fastest,
most effective way to eliminate common mode noise
in your circuits.

They deliver >20 dB noise reduction from 30 to
300 MHz. Or add a capacitor to increase attenuation
to 40 dB or more. And unlike simple ferrite beads,

RDER D‘ 645

you achieve this EMI attenuation without any affect
on your signal.
Try them out by ordering our $75 Designer's Kit
D103 with samples of many of the filters shown.
Or for complete specifications, visit our Web site
at www.coilcraft.com, use our Data-by-Fax system,
or call us at 800/322-2645 for a free brochure.

Cotlerakt

CaryIL60013 800/322-2645 Fax847/639-1469
WWWhitp:/www.colcroft.con - DRIARAX 800/651-6974

BY S cst.
OVERN\GHT DE\.\VERY\ CA\.\.
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Figure 2. a) Lissajous figure of the outputs of a perfect I-Q demodulator, b) the corresponding spectrum.
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b)

ORIGIN PEAK \
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-4000 -2000 0 2000 4000 Hz
Figure 3. a) Imperfect I-Q demodulator output, b) the corresponding spectrum.
cays. It is worth spending a few mo- Wt
ments looking at the mathematics of & =Aexp T cos(Bwt )
the signal reception, because it paves ) (2)

the way for a graphical method of
looking at some of the problems that
arise. Let us assume that the pulse has
excited a strong single resonance &:

E=A exp{ ;t}cos(mot +0) (1)
2

where A is the initial amplitude of the
signal; T, is the time constant of the
decay, typically 100 ms; o, is the angu-
lar radio frequency (say 2n times
130.0005 MHz); phase ¢ is a function of
the electronics (cables lengths and the
like) and generally is known and
adjustable. For example, and most
importantly for what follows, ¢ may be
changed by altering the phase of the
transmitter pulse.

The essence of the I-Q demodulation
process is the multiplication of this
signal by in-phase and quadrature sine
waves at the transmitter frequency w,
(say 130 MHz), followed by a filtering
out of high frequencies, giving us the
two signals:

28

N exp{}j}sin(&mt)

where 60 =0, — w,.

It is convenient to regard these two
analog signals both mathematically
and graphically as components of a
single complex signal Eq= &+ j,, where
j = V-1. The resulting complex signal is:

E.=A exp{j&m S }t 44
T2

If we draw this on an Argand dia-
gram—essentially a Lissajous figure of
the two signals—it is simply a decaying
spiral. (See Figure 2a.) When the time
constant of the decay is long, the
Argand plot of one cycle essentially is a
circle. When we digitize this complex
signal and Fourier transform it, we ob-
tain a Lorentzian line:

F(o)= A‘j'exp{jﬁa) o }t-exp{-jmt}dt
‘ E @
AT

TG}

(See Figure 2b.) As mentioned earlier, a
typical magnetic resonance spectrum
might contain many such spectral
lines, some large, some small.

A better I-Q demodulator

It has been known for many years
that quadrature demodulation is prob-
lematic, especially when a large dy-
namic range is needed. It is partly to
get around these problems that the
communications industry is turning to
intermediate frequency sampling.
Problem number one is that zero fre-
quency—DC—is part of the spectrum.
The spiral of Figure 2a changes direc-
tion when 8w < 0. If 8w = 0, the plot
does not spiral at all. It simply decays
in a straight line. This does not present
difficulties if the decay is to the origin,
but if there is a DC offset, as shown in
Figure 3a, the computer interprets the
offset as a genuine signal and gives a
spurious line at zero frequency.

Problem number two, also shown in
Figure 3a, but in exaggerated form, is
that it is notoriously difficult with con-
ventional phase-sensitive demodula-
tors (e.g., diode-ring mixers) to pre-
serve a 90° phase difference between
the two sinewave references, and
hence the two audio frequency tran-
sients. Over time, there may be drift,
and even a phase error of 1° can have
serious consequences.

Problem number three is that even if
the 1-Q demodulator is perfect, the fil-
ters that must follow (typically 4-pole
Butterworth with cut-off frequencies of
about 5 kHz) must be matched closely
if the two audio signals are to be ortho-
normal, i.e., exactly equal in amplitude
and 90° apart in phase over the re-
quired bandwidth. Problems two and
three both generate a spurious signal
or “ghost” at the negative frequency, as
shown in Figure 3b, and we will con-
sider these errors in more detail later.
The problems disappear when the final
demodulation is avoided and the inter-
mediate frequency is sampled. Ex-
cellent articles on this subject may be
found in the September 1994 and May
1995 issues [1,2]. On the other hand,
the price paid is a loss of dynamic
range because the resolution of analog-
to-digital converters (ADCs) drops con-
siderably with the necessary higher
sampling frequencies needed. For ex-
ample, two 16-bit ADCs, such as
Analog Devices’ AD1382, sampling
quadrature data may have a maximum
sampling rate of 500 kilosamples per
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CW & Peak Power Meters

Performance

't

TR '8 2 b RF & Microwave Synthesizers

Reliability
Microwave Synthesized Sweepers
Service

VXlbus Synthesizers & Power Meter

Giga-tronics May Not Be The First Name
You Think Of For Test Equipment.
But It Should Be.

Giga-tronics has a 16-year history of building worldwide service and support organization.
test and measurement gear for the most If you're looking for a synthesizer, sweeper
demanding requirements. We've shipped or power meter for the bench, rack or VXlbus
thousands of instruments for use in testing chassis, take a look at Giga-tronics.
communications, radar and EW systems. For more information, call us toll free at

We're ISO-9001 qualified. And we back our  1-800-726-GIGA (4442). Outside the U.S. and
proven performance and reliability with a Canada, call 1-510-328-4650.

Giga-tronics Incorporated ® 4650 Norris Canyon Road ® San Ramon, California 94583 ® Telephone: 510-328-4650 ® Telefax: 510-328-4700

INFO/CARD 25



BUFFER

D2or 02 —I
4;/2‘% B
187
LT 1

M A

ALL SWITCHES: YSWA-2-50DR

5-WAY RF SWITCH

3 TIMING DIAGRAM
¥
+5v SIGNAL T v DS
*V  scumm I \_/ 200 \_/ 400
AERRNEN
1345678910 Do
80 MHz C. I CLK |5 BINARY COUNTER D1
Lo T4F183 D
330pF 14 13 12 11
68 D2 ey | R | Jox_iohy PRt [
D3
v
(o0 S sAupLEstv'lAIa ¢ o TAT e 0~ £
e ko T T T
romoputator | % | 8] 200 ~1Bl " w0
Dt
D2
+8v D3
S —@
1K D-TYPE FLIP FLOP $-{CirClk
4 5
74F86

MATCHED INSTRUMENTATION AMPLIFIERS

* MATCHED COMPONENTS

Figure 4. The I-Q demodulator circuit.

second (kSPS) and a bandwidth of + 50
kHz, i.e., 500 kHz. When sampling at
40 megasamples per second (MSPS)
with a single ADC, a bandwidth 40
times greater can be accommodated,
and thus the noise floor is V40 times, or
nearly 3 bits, larger. To maintain the
same dynamic range, a 13-bit ADC is
needed. Typically, only a 10-bit ADC
can function this quickly, so there is a
loss of approximately 20 dB in dynamic
range.

The challenge was to build a better I-
Q demodulator, not forgetting that to
generate the transmitter pulse, a good
I-Q modulator was also needed. The de-
sign finally adopted was to sample ana-
logically the IF signal at four times its
frequency, then to route the analog
samples appropriately to two instru-
mentation amplifiers with the aid of
GaAs RF switches. The principle is
shown in Figure 4. Using fast
transistor-transistor logic (TTL) and an
IF of 5 MHz, the 74F163 binary counter
divides an 80 MHz reference signal
from a high-stability source (in our
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case, a frequency synthesizer) to obtain
three controls, DSAMple, D2 and D3,
for the Mini-Circuits YSWA-2-50DR
absorptive GaAs single-pole, double-
throw (SPDT) switches. (The use of 80
MH:z with division by 16, rather than
40 MHz with division by 8, will be dis-
cussed later.) These switches have rise
times of typically 1.5 ns, so the routing
performed by switches Sw 2, 3 and 4 is
well in place before switch Sw1l opens
for 25 ns. The figure shows how the
four outputs from the switches, points
A-D, each receive a sample of the IF
signal once per cycle. Because the in-
strumentation amplifiers (Analog
Devices AMP-01) that follow cannot
pass frequencies higher than about 200
kHz, they put out the average of the dif-
ferences A minus B, and C minus D—
in other words, direct voltages. Clearly,
with the phase relationship shown be-
tween the IF signal and the switch con-
trols (essentially the reference for the
detector), there is a large output at E
and no output at F. On the other hand,
at a later time, if the IF is not exactly 5

MHz, the phase relationships will have
altered, and with them the voltages at
points E and F. A full analysis shows
that a normal I-Q demodulator has
been made where the outputs at E and
F depend on the cosine and sine of the
phase differences between the refer-
ence and the IF. The key point is that
because of the exactly repetitive sam-
pling, the two outputs are exactly 90°
apart in phase. Further, because the in-
strumentation amplifiers are high-
quality, low-noise devices with little
offset and drift, the outputs are highly
stable.

The circuit is not without its sub-
tleties. Like many demodulators, it re-
sponds to odd harmonics of the IF, so a
good filter (not shown) is needed ahead
of the demodulator to remove any
higher-frequency spurious signals or
noise. Second, the RF switches must
pass only small currents to avoid non-
linear, on-resistance effects; thus, 10
kQ resistors are included between the
switches and the instrumentation am-
plifers to minimize high-frequency cur-
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Figure 5. The FQ modulator circuit.

rents that could be passed by the am-
plifiers’ input capacitances. On no ac-
count should capacitors-to-ground be
placed at points A through D in an at-
tempt to filter the signals. The capaci-
tors charge and discharge through the
switches, and if the various time con-
stants in the two channels differ, the
average voltage output amplitudes also
will differ. At first sight, this behavior
seems bizarre, because any lowpass
filter surely must give the average
voltage as its output. But, because
switching can change the source imped-
ance, a simple linear analysis cannot be
applied. The circuit is non-linear, and
the high-frequency behavior “mixes”
with the low-frequency behavior.

At higher frequencies, the phase dif-
ference can depart from 90° if the in-
strumentation amplifiers are un-
matched. Lack of matching causes
errors to be greatest at high frequen-
cies close to the amplifer cut-offs of
about 100 kHz. On the other hand, the
greatest dynamic range is obtained by
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running the ADCs at or close to their
maximum sampling rate, and then
using digital signal processing methods
to reduce the bandwidth to that de-
sired. For this reason, a compensation
network is included with the gain re-
sistor R, of each amplifier. Adjustment
of the capacitor C,, changes slightly the
mid-frequency gain and phase (at about
50 kHz) while the value of the resistor
R, determines the bandwidth.

With the values shown, the conver-
sion gain is about +17 dB with a max-
imum output of +5 V (see below) and a
cut-off frequency (-3 dB) of 250 kHz.
The addition of resistor R, not only tai-
lors the frequency response to the ADC
Nyquist frequency, but also prevents 5
MHz components in the switched sig-
nals from overloading the front ends of
the amplifiers. The spectrum of mag-
netic resonance signals (a range of 10
kHz was mentioned earlier) typically
covers less than the available ADC
bandwidth of 500 kHz, and within the
spectral range, the phase error was less

than our current measurement accu
racy of £0.2°. (A 16-bit data acquisitior
system is being built.)

A 1% gain trim is included with the
instrumentation amplifiers, and this al
lows the gains of the two signal chan
nels to be set to considerably bette:
than 0.1%. The DC offsets on the out
puts were —2.7 mV and -0.3 mV anc
changed by less than 0.3 mV when the
demodulator was turned off with the
aid of control line DOFF/. If desired
these offsets easily can be annulled by
the addition of a potentiometer to the
AMP-01s’ nulling connections, but ar
alternative method of dealing witl
them is described below. Finally, the
mostly low-frequency noise on the out
puts was less than 200 pV.

An |-Q modulator
and precision RF filter

Exactly the same sampling princi
ples can be used in reverse to build ¢
precision, narrow-band I-Q modulator
The schematic is shown in Figure 5
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the stability of the 80 MHz local os-
cillator. The trick is to pass the I and
Q outputs of the demodulator
through identical lowpass filters
having half the desired transfer func-
tion and thence to the two inputs of
the modulator. Figure 6 shows the
transfer function obtained with a
network analyzer when two simple
resistor-capacitor (RC) filters of nom-
inal t:me constant 200 ps were used.

The transfer function is Lorentzian

Figure 6. The transfer function of the down-up conver-
sion passband filter.

Once again, three control lines
MSAMple, M2 and M3 govern the
switches, selecting in turn, from the
OP-16 buffers, voltages +V;, +Vg, -V,
and -V, to be presented to an AD811
buffer amplifier. This is followed by a
six-pole elliptic bandpass filter (not
shown) at the intermediate frequency.
Note that the OP-16 outputs are atten-
uated as a simple means of protecting
the switches from excess voltage. The
in-phase and quadrature components of
the 5 MHz signal are accurately 90°
apart, and the trims on the high-
quality op-amps allow adjustments of
the two components’ amplitudes to
better than 0.1%.

The output of the modulator was ad-
justed to 7 dBm into 50 Q, obtained
when either input voltage was +5 V,
and the non-linearity at this level, as
assessed by a test described below, was
less than 0.5%. It is possible to change
the phase of the modulator output in
discrete increments, relative to the
phase of the I-Q demodulator reference,
by clearing the counter in Figure 5 at
different points in the counting cycle of
the counter in Figure 4. The 74F85
comparator compares the state of the
demodulator count D0-3 with a 4-bit
control byte P0-3 and when the two are
the same, the 74F163 counter is reset.
This allows the phase of the modulator
output (and ultimately that of the
transmitter) to be set in 22.5° incre-
ments and is the reason for the 80 MHz
reference frequency. The maximum fre-
quency tolerated by the logic circuitry
was about 100 MHz, so if the incre-
mental phase-shifting is not desired,
the IF can be as high as 12.5 MHz.

An unusual application of the modu-
lator and demodulator together is to
make an RF bandpass filter with a spe-
cific symmetrical transfer function that
can be as narrow as desired. The min-
imum bandwidth is determined only by
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with the expected width at the -3 dB

points of 1.56 kHz and an effective Q-

factor of 3,200. Of course, one must
be careful not to reverse the I and Q
connections. This will cause the fre-
quency spectrum to be reversed, and an
input at 5.001 MHz will be passed as
4.999 MHz with interesting conse-
quences. The error can be corrected by
asserting low either the MCONJ/ or
DCONUJ! signals, which reverse the op-
eration of the middle switches and gen-
erate the complex conjugate signal, al-
beit with a phase shift.

A sensitive test of the combined mod-
ulator and demodulator can be made
with the above configuration at max-
imum bandwidth, i.e., no RC filters,
and with the IF input set at various
frequencies dw + 5 MHz. Any gain or
phase imbalance in the two audio fre-
quency chains of the combined system
will result in amplitude modulation of
the output at a frequency of 26w. It
easily is seen that a difference of o in
the amplitudes of the two channels pro-
duces a peak-to-peak modulation of o
cos(28wt), while a phase error of p ra-
dians gives a peak-to-peak modulation
of B sin(28mwt). Triggering an analog os-
cilloscope off one of the demodulator
outputs and viewing the bandpass-
filtered 5 MHz modulator output at
high osc:lloscope gain, no modulation at
frequency 28w could be seen, to an ac-
curacy of 50 dB between DC and dw =
10 kHz. At 100 kHz, an error of 5 mV
in 1 V that could not be removed by
gain adjustment was seen, implying a
phase error of 0.5°. Reversal of the
modulator inputs gave the same re-
sults. Although it is possible that phase
errors in the demodulator and modu-
lator could cancel, this is unlikely, and
the results confirm that the sampling
principle gives excellent phase perfor-
mance. This test also revealed at full
output power 0.5% second-order distor-
tion giving modulation at frequency
4dw. This disappeared with 3 dB atten-
uation. A note of caution with regard to

the measurement: because the modu
lator output is designed to be fed into ¢
5 MHz filter, no serious attempt was
made to zero the common mode output
of the differential buffers. Any sucl
output is fed directly to the outpuf
buffer, and because the latter is DC
coupled, if the filter is lowpass rathe
than bandpass, measurement accuracy
can be compromised.

Distortion and its removal

Over the desired bandwidth of +1(
kHz, the sampling demodulator de:
scribed above effectively reduces the
ghost and DC artifacts to less than —6(
dB relative to the signal, the residua
error mainly being caused by drift ir
the gains of the two channels. This is ¢
good performance, but in the face of ¢
possible (and probably unattainable
dynamic range of 120 dB, it is not gooc
enough. Indeed, when confronted witk
such a dynamic range, we also must se
riously consider the effects of distor-
tion. Thus, the buffer amplifier prior tc
the switches is a high-speed, low-noise
video op-amp (AD 811) with a higt
third-order intermodulation distortior
intercept (IMDI) at 5 MHz of about 47
dBm. The buffer consistently sees ¢
high impedance from the switches, for
the switches are terminated with af
least 10 kQ at 5 MHz. In this manner
only a small current flows througt
them to eliminate the distorting effects
of current-dependent switch on
resistance.

Using a carefully constructed two-
tone test [3] with signals at w, = 5.01¢
MHz and o, = 5.021 MHz, each having
a power of 1 dBm into 50 €, all distor-
tion products were at least 60 dE
down—the limit of our current mea-
suring ability. Even so, with a power
increase of only 2 dB, many harmonic
spurs were seen, those dominant being
fifth-order at only 44 dB less than the
tones. Thus, no accurate measure o}
third-order intercept could be made
nor, in fact, would such a measure be
meaningful. Not surprisingly, the
source of the distortion was the RF
switches that were beginning to bottom
on the negative RF signal peaks
Accordingly, a limit of 7 dBm was set
as the maximum input power. With the
RF switch insertion loss of 12 dB and
the amplifier gain set to 29 dB (x 30
the value shown in the schematic), s
maximum permissible output of 24
dBm, or about 10 V p-p (available
without clipping over a bandwidth of
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Figure 7. Correction of first-order distortion with a 90° phase shift in the
signal.

100 kHz), was obtained. This is suitable for many ADCs.
When our 16-bit quadrature digitizer is complete, we
should be in a better position to assess distortion further. No
matter what the results, there is a technique that can be used
successfully to remove distortion harmonics when small sig-
nals must be detected in the presence of only one large tone,
rather than the two normally used for test purposes. Let us
assume that the single, large magnetic resonance signal from
water has an initial amplitude of 7 dBm at the input to the
demodulator. The harmonics of the output are then about the
same size as the ghost (< 60 dB), and there is a real sense in
which the ghost can be considered a consequence of distor-
tion—a minus first harmonic is created. This interpretation
fits well with the graphical representation of the transient
signal shown in Figure 2a. Figure 7a shows the Argand plot
obtained when large I-Q gain and phase errors of about 10%
are present. Nor-
mally, this should
1 not occur, but it
highlights the fact
that a gain or
o5l phase error is re-
ally a form of dis-
tortion. The circle
of Figure 2a has be-
come an ellipse,
and along with this
distortion goes the
0.5 corresponding spu-
rious harmonic
ghost signal in the
-1 spectrum, as was
already shown in
Figure 3.
Provided the
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Figure 8. Correction of third-order distortion with
a 45° phase shift in the signal.
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ghost is small (e.g., -60 dB), the way to remove it was discov-
ered many years ago [4 5). The method relies on the fact that
the signal, as in radar, is a response to a stimulation and con-
tains phase information. Suppose we store the transient
decay in the computer, then repeat the experiment with the
phase of the transmitter changed by 90°—an easy thing to do
with the I-Q modulator described above. The Argand diagram
of the signal again would be an ellipse. Following the trans-
mitter, it too would suffer a 90° phase change and would start
near the y axis, as shown in Figure 7b. We again store this
signal in the computer. But now, we digitally rotate it —90°
(Figure 7c) so that it is back in phase with the original tran-
sient. We then add it to the latter. As may be seen from the
average in Figure 7d, the result is a perfect circle, and the
ghost vanishes. (A httle thought will show that the three
lines not intersecting perfectly is correct.) Mathematical
analysis is simple, though tedious. In the first experiment, we
may write the two outputs of the demodulator as:

A(1+a)exp{ }cos(SmHB)
Eq =A(l- a)exp{ }sm(&a)t -B)

Here, o is the mean fractional gain error and § the mear
phase error in the two signals. In complex form, this firs
transient is then:

b =A"""{; }{exp(jsm)+exp(-iﬁwt)(a-jl3)} €

where we have assumed that o and B are << 1. For the seconc
experiment,

=A(l+ a)exp{ }cos(&nt +B + + y)

=A(l- cz)exp{_r }sm(&nt B+ +y)

Phase ¥ is a small error possibly introduced by the modu
lator—we assume it does not change phase by exactly 90°. Ir
complex notation, and with the (exact) back rotation of 90° in
troduced by the computer, the second transient is:

E,=A exp{;‘}{exp(jamt)(l +jy)-exp(-jdotXl - jy o - jB)} (8

T

When equations (6) and (8) are added, we obtain:
E=A exp{ ;t } {exp(ijtXZ + jv) - exp(-i8wt Xjy X - jB)} ®
2

and the amplitude of the ghost—the term in exp(-jdwt)—
is, to first order, a factor 0.5y (0 + B*)'? less than that o
the main signal. In other words, if o, B and 7y are of the orde:
of 10-3, then the ghost is of the order of 120 dB down relative
to the signal, and we have accomplished our objective. In par
ticular, high accuracy in the transmitter phase shift (y= 0
can override gain and phase errors in the demodulator.
Considering the ghost to be caused by distortion gives in
sight into the reduction of other distortion products [6]. Fo:
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example, Figure 8 shows, greatly exag-
gerated, the effects of third-order dis-
tortion on the Lissajous display of the
strong water signal. For a single signal
at audio frequency 3w, the distortion
produces a third harmonic at frequency
—35w. Here it is clear from the figure
that a rotation of 45° in the trans-
mitter, followed by a back rotation of
45° in the computer, will tend to cancel
the distortion. This principle of Fourier
synthesis relies on the fact that if a
signal changes phase by ¢, its n* har-
monic changes phase by n¢. A subse-
quent phase correction of —¢ restores
the original phase of the signal, but
leaves the harmonic with a phase of
(n-1)¢. If this is 180°, then the har-
monic cancels. In general, to cancel n®
order harmonics, phase shifts of:

_@p+i)n,
¢= g ;ynzl
are needed, where p and n are positive
or negative integers, including zero.
“Zeroth order distortion” is not excluded.
A zeroth order signal is a DC offset.
Repeating the transmitter pulse with in-
verted phase followed by subtraction of
the new transient from the old removes
the offset. (This explains why no effort
was made to annul the small offsets on
the demodulator outputs.)

Figure 9a shows the frequency spec-
trum obtained when two tones, one
large at ®, = 600 Hz and one small at
®, = —650 Hz, pass through a non-linear
demodulator. The true small signal is
impossible to discern. Even so, when
eight data sets, having phases in 45° in-
crements, are phase-corrected in the
computer and then averaged, the re-
sulting spectrum is as shown in Figure
9b, and the true signals are revealed. Of
course, if the large signal can be placed
“on resonance” at 0 Hz, harmonics do
not arise, but this strategy cannot al-
ways be adopted. It might have been ex-
pected from Equation 10 that a phase
shift of 60° would have been used to
cancel harmonics of order n = -2.
However, advantage has been taken of
the integer p in the equation. By setting
it to three, the more convenient value of
180° has been used. As many higher-
order harmonics as is necessary can be
annulled with this technique of ¢ycli-
cally ordering the phases. (CYCLOPS is
an acronym commonly used in magnetic
resonance.) The 45° increments used
above cancel as high as sixth order.
Using 16 22.5° increments (the value
chosen for digitally phase-shifting the I-

(10)
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Q modulator described earlier), as
high as 14th-order distortion may
be annulled, while 11.25° (/16) in-
crements annul as high as 30th
order. Unfortunately, the method
does not cancel spurious signals
whose phases change by the same
amount ¢ as that of the trans-
mitter. For example, the satellites
produced in a third-order inter-
modulation distortion test are at

frequencies 2w,-w, and 2m,-0,, and
the net phase change here is 2¢-¢ =
¢. On the other hand, if one tone
(w,) is larger than the other (), as
is common in magnetic resonance,
only one satellite easily is visible at I
frequency (2m,—0). If the latter is x L
dB down, the other satellite is 2x -401
dB down and normally in the _
noise. The visible satellite, which I

can be seen at +1.85 kHz in Figure i)
9b, easily is distinguishable as t
such, because it is negative. (A | -0

small positive offset was deliber-

N S Lo

-4000 -2000 0

2000 4000 Hz

i

ately left in the plot.) This is a con-
sequence of the minus sign that
normally accompanies the odd
order terms in a Taylor expansion of the
transfer function of an overloaded elec-
tronic device.

Conclusion

With careful design and the use of
modern fast RF switches, the disadvan-
tages of 1-Q demodulation—namely
lack of orthogonality of the two outputs,
unequal gain and DC offsets—can be
minimized. Slower, high-resolution
ADCs with superior dynamic range can
be employed. When the phase of an in-
coming signal can be controlled, it also
has been shown that harmonics caused
by distortion (including the ghost signal
caused by lack of demodulator ortho-
normality) can be removed by appro-
priate digital manipulation. Although
the details of the latter method have
been known to magnetic resonance
practitioners for some years, they ap-
pear not to be known widely outside
that discipline. I hope that this article
will help to rectify the situation.
Finally, the use of the demodulator and
modulator in combination with audio
frequency filters has been shown to
create at the intermediate frequency a
narrowband RF filter with characteris-
tics as easy to control as those of any

audio frequency filter. RF
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NEC MMICs come in a variety of package
styles, including low cost plastic, surface mount,

and on tape and reel. And their quality and relia-
bility is proven. With a production rate exceeding
20 million MMICs 2 month, no one knows this
technology like NEC.

Our Silicon MMIC Selection Guide lists
specifications for these and dozens of other devices.
For a copy, call your nearest CEL Sales Office, circle
the number below, or call our 24 hour fax line.
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UPC2747T

0.5 1.0 1.5 2.0 25 3.0 Faza. (GHz)

GAIN vS. FREQUENCY

NEC

5V WipeBaAND MMIC AMPS —FROM 35¢

PART FREQ. RANGE  GAIN (dB) NF (dB) Pyqg (dBm) Icc (mA)  fresT

UPC1676G 50MHz-1.3GHz 22 4.5 +1 19 500MHz |
UPC1678G 50MHz-1.9GHz 23 6 +15 49 500MHz |
UPC1688G S5O0MHz-1.0GHz 21 L3 (4] 19 500MHz :
| UPC2708T 50MHz-2.9GHz 15 6.5 +7.5 26 1.0GHz |
| UPC2709T 50MHz-2.3GHz 23 5 +7.5 25 1.0GHz ‘
UPC2710T 50MHz~1.0GHz 33 3.5 +7.5 22 500MHz }
UPC2711T 50MHz-2.9GHz 13 5 -3 12 1.0GHz ‘\
UPC2712T 50MHz-2.6GHz 20 4.5 -2.5 12 1.0GHz |
| UPC2713T 50MHz-1.2GH 29 -4

\ 12 500MHz

3V WipeBaAND MMIC AmMPS —FROM 55¢

PART FREQ. RANGE GAIN (dB) NF (dB) Pygg (dBm) Icc (mA)  frgsT
UPC2745T 50MHz-2.7GHz 12 6 -3.7 7.5 500MHz
UPC2746T 50MHz-1.5GHz 19 4 -4.5 7.5 500MHz
UPC2747T 100MHz-1.8GHz 12 33 -11 5 900 MHz
UPC2748T 200MHz-1.5GHz 19 2.8 -8 6 900 MHz
UPC2749T 100MHz-2.9GHz 16 4 -12.5 6 1.9GHz
UPC2762T 100MHz-2.9GHz 14.5 7 7 27 1.9GHz

| UPC2763T 100MHz-2.4GHz 19.5 5.5 6.5 27 1.9GHz
UPC2771T7 100MHz-2.1GHz 21 6 11.5 36 900MHz ]

Prices at 100K quantity



3V AND 5V PRESCALERS —FROM $1.30

3V FREQUENCY CONVERTERS —FROM 99¢
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Modwlator with
up converter

CEL IS ALSO YOUR SOURCE FOR NEC
DISCRETE BIPOLAR TRANSISTORS '

These new devices are ideal for Mops & DEmoDs —FROM $2.70

amplifier and oscillator applications
s ? L0,

in your portable wireless designs. @ 102
O
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RF Frequency Conversion Output 1Py
| { | PART (MH2z) lcc (mA) Gain (dB8) (dBm) ]
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1
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{ UPC2753GR! DC - 400 6.9 79 17
b . 1
' W e ] UPC2768GR' 10 - 450 7 80 17
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UPBS87 (3V) + 2/4/8 [ H 1. Downconverter
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Priced from 31¢.

NE686 BiPOLAR TRANSISTORS

« High f; (15 GHz) O“—Jg—

¢ Low Noise ol RF

« Excellent Insertion Power Gain o Q -—@——OQ
O

NE687 BiPoLAR TRANSISTORS - 101 6|-°q

« Low Noise (1.3 dB @ 2 GHz) -
* High Gain Bandwidth
« Noise match close to 50 ohms UPC8104GR UPC2766GR
NE688 BIPOLAR TRANSISTORS T T e U C S AT VR BB RN ODU HATOR
* Low Phase Noise Distortion W/UPCONVERTER ® RF& L0 —DCto 1 GHz
* Low Noise, High fy * 3-5 Volt operation « IF (10)—DC to 100 MHz
oL Absolute Max Collector Current
arge Absolute Max Collector « Ports for IF filter « 35 4B typ AGC dynamic range
All are available in six different low cost e 10 MHz 1/Q BW * 30 dBc typ distortion
surface mount packages. « 400 MHz IF Bandwidth
* 1.9 GHz RF OQutput * Need Product Information Fast?

Use CEL's Automated Fax System!

[ FAX

California Eastern Laboratories 800-390-3232

(U.S. and Canada Only)

CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 http//www.cel.com
Santa Clara, (408) 988-7846 Los Angeles, CA (310} 645-0985 San Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307
Richardson, TX (214) 437-5487 Olathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 Timonium, MD (410) 453-6600

Middleton, MA (508) 762-7400 Hackensack, NJ (201) 487-1155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774-7682
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SEPT. 10-12
1 9= 9= 7

Santa Clar a
Convention Center
Santa Clara, CA

CALL FOR PAPERS-
CALL FOR SESSION
MODERATORS

Do you have something to share? A unique solution to a common
problem? A new technique or application? Whatever the topic, we
would appreciate hearing from you. The RF Design ‘97 advisory board
is seeking program suggestions and abstracts of fewer than 400
words on relevant RF topics. The deadline is March 31. Suggestions
include:
Applications RF Topics
= GPS = Oscillator design
= \Wireless LANs » Frequency synthesis
= Consumer electronics = Analog/digital modulation
= Personal communications = Power amplifiers
Digital cellular = Microstrip techniques
Design-for-manufacturing = Filter design
Remote sensing = Test systems and methods
Digital transmission = CAD modeling and use
= Wireless communications

Moderators are needed for sessions, or to help organize sessions on a subject of their
special interest. All speakers and moderators receive free admission to the conference
and a copy of the Proceedings (not including full-day short courses, travel or lodging).

All abstracts should be sent
by March 31 to:




'/ STANDARD

¢ Connector Options:

SMA, BNC, Type N

=, * Integrated lelters
L e

* Input Bias Tee 777
for Fiber Optic
Photodetectors

OPERATING GAIN NOISE FIGURE OuUTPUT 1-9
FREQUENCY MODEL GAIN FLATNESS VSWR Fi Fm Fy POWER PIECE
(MHz) NUMBER (dB, Min.) (+=dB, Max.] IN/OUT h : (dBm, Min.) PRICE

0.01-200 AU-1442 ! 2.0:1
0.01-200 AU-1447 . 2.0:1
0.01-500 AU-1310 . 2.0:1
0.01-500 AU-1332 : 2.0:1
0.01-1000 AM-1300 2 2.0:1
0.01-1000 AM-1431 i 2.0:1
0.02-1000 AM-1551 4 2.0:1
1-100 AU-3A-0110 ’ 2.0:1
1-200 AU-1464 : 2.0:1
1-200 AU-1494 ; 2.0:1
1-500 AU-2A-0150 ; 2.0:1
1-500 AU-3A-0150 : 2.0:1
1-500 AU-4A-0150 : 2.0:1
1-1000 AM-2A-000110 b 2.0:1
1-1000 AM-3A-000110 ; 2.0:1
1-1000 AM-4A-000110 1 2.0:1
5-300 AU-1021 ’ 2.0:1
5-300 AU-1525 . 2.0:1
100-1000 AM-1412 : 2.01
100-2000 AM-1526 : 2.0:1
200-2000 AMMIC-1427 . 2.0:1
500-1000 AM-2A-0510 b 2.0:1
500-1000 AM-3A-0510 J 2.0:1
500-2000 AM-3A-0520 . 2.0:1
1000-2000 AM-3A-1020 L 2.0:1
1000-2000 AM-1477 S 2.01
1000-2000 AM-4A-1020 ; 2.01

* Maximum 2 weeks delivery.
For additional information, please contact Bill Pope at extension 282.

‘M IT y 1 100 Davids Drive, Hauppauge, NY 11788
] q

TEL: (516) 436-7400 » FAX: (516) 436-7430
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RF cover story

Global positioning systems—
technology into the 21st century

By Ernest Worthman
Contributing Editor

The Global Positioning System
(GPS), long the domain of government
and law enforcement, is beginning to
come into the mainstream. Seven years
ago, some of the first hand-held GPS
receivers from Trimble Navigation drew
a lot of attention at the International
Mobile Communications Expo (now the
International Wireless Communications
Expo). Once reserved for only high-end
geographic applications, this technology
is finding its way into K-Mart, Wal
Mart, sporting goods stores and mail-
order catalogs.

Cutting-edge technology in compo-
nent development and large-scale
integration, as well as new markets,
have brought about this change.
Satellite-based GPS technology relies
upon differential satellite positions to
pinpoint locations. The navigation
satellite timing and ranging (NAVS-
TAR) system was built and is main-
tained by the U.S. Department of
Defense. The system employs 24 satel-
lites, plus two spares, operating in six
orbital planes 20,200 kilometers
(10,900 nautical miles) above the earth
at inclination angles of 55 degrees with

a 12-hour period. The satellites are
positioned precisely so that a minimum
of four will always be in view of the
user with a position dilution of preci-
sion (PDOP) of six or less.

Each satellite transmits on two L-
band frequencies, L1 (1,575.42 MHz)
and L2 (1,227.6 MHz). The satellites
transmit on exactly the same frequen-
cy. Even so, each satellite’s signal is
Doppler-shifted by the time it reaches
the user. L1 carries a precise (P) code
and a coarse and acquisition (C/A) code.
L2 carries only the P code. A navigation
data message is superimposed on these
codes. The same navigation data mes-
sage is carried on both frequencies. The
P code normally is encrypted, so that
only the C/A code is available to civilian
users. Some information can be derived
from the P code. When encrypted, the P
code is known as Y code.

To locate positions, readings are
taken from different satellites. Three
satellites can be used for a two-
dimensional position fix, although four
are required for height above terrain
(HAT). The receiver takes the data
from each of the four known transmis-
sion sources (the satellites) and deter-

Figure 1. The GPS satellites transmit position data signals and a GPS receiver captures them and com-
putes the time it took for the signals to reach it. From these calculations, four satellites will provide
enough data to pinpoint a single position location.

44

mines the time it takes for the signal to
arrive at the receiver. This range is
called the pseudorange. With this data
known, the formula in Figure 1 is used.
Solving for the four unknowns, Ux, Uy,
Uz, and Cx (clock bias) will provide a
differential time element based upon
the time it took for the signals to reach
the receiver, relative to each satellite’s
position. The data received determine
the device’s position in latitude, longi-
tude, altitude and time. These data are
then converted into latitudinal and lon-
gitudinal coordinates from which posi-
tion, speed and time can be deter-
mined. Because the elements are time,
speed and distance, GPS works in a
three-dimensional plane, allowing for
land, sea and air applications.

Accuracy levels

GPS comes in two flavors: standard
positioning service (SPS) and encoded
precise positioning service (PPS). The
PPS is a non-reduced service, primarily
used by agencies that require extreme-
ly accurate readings, such as the mili-
tary, emergency services, public works,
fleet vehicle services and United States
Geological Survey (USGS) mapping.
PPS is capable of providing accuracy of
16 meters or less in positioning, 0.1
meters in velocity and 90-100 nanosec-
onds in time.

The SPS commonly is used in the
commercial environment and provides
position only to an accuracy of 100
meters. SPS signal accuracy intention-
ally is reduced by the government to
protect U.S. national security interests.
This reduced accuracy, called selective
availability (SA), controls the availabil-
ity of the system’s full capabilities.

As is often common to encryption or
encoding technology, methods soon
develop to defeat these schemes.
Commercial manufacturers have devel-
oped a way to eliminate most of the
effect of SA by what is called differen-
tial GPS (DGPS). DGPS adds station-
ary receivers at known points on the
ground. The receivers transmit low-
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INTRODUCING NATIONAL'S NEW
ULTRA LOW-POWER
FREQUENCY SYNTHESIZERS.

Our newest PLLatinum" single and dual PLLs are the /ow-

PLL

LOW POWER
JUST GOT

0% LOWER.

est low-power frequency synthesizers you can choose for
your wireless designs. As much as 60% lower, in fact, at a
very tight-fisted 2mA for 1 GHz. And they manage such fru-
gality without compromising on performance in any way.

MOVING AND SHAPING THE FUTURE, and PlLatinum are trademaris

With the lowest phase noise floors available (-167dBc/Hz
for singles and -169dBc/Hz for duals) and industry-leading
charge pump leakage and balance specs. Supply voltage
versatility (2.3-5.5V for singles and 2.7-5.5V for duals). And
a broad choice of operating frequencies, from 550MHz to
3GHz.

Check out National’s new ultra low-power PLLatinum

NATIONAL SEMICONDUCTOR®, )

of National Semiconductor Corp

frequency synthesizers. Combining the lowest power con-

1.2 GHz/
510 MHz

2.0 GHz/
;" 510 MHz

2.5 GHz/
510 MHz

sumption and the lowest phase noise floor ever available in
PLLs, they can help you set new highs in wireless RF
design.

For a complete sclection guide to National’s line of
PLLatinum Frequency Synthesizers and information on

g dering your FREE samples, please call 1-800-272-9959
See Booths 1251-1253 s,
s Ext. 716.

at the 1997 Wireless Symposium Visit National’s web site: www.national.com.
“ EM‘ i‘ s.m m- In Europe, fax us at +49 (0) 180-5-12-12-15; in Japan, call 81-43-299-2300

in Southeast Asia, fax us at 852-2376-3901

& National Semiconductor

Moving and shaping the future”
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rate (100 bits per second [bps]) data at
a frequency of about 300 kHz. These
transmitters relay error-correcting data
to the receiver and improve accuracy to
10 meters or better. Accuracy also can
be affected by ionospheric conditions
and ground clutter such as woods,

tions. Under ideal conditions, GPS
receivers are limited to an accuracy of
about 2 meters.

Technology

For a long time, commercial GPS
receivers were stand-alone components.
The end user would be required to

buildings and multipath signal reflec-

http:www.crystals.
oscillators.inductors.

for/RFRECLIPTEK.now*

43
o Design and component engineers that need
crystals, oscillators and inductors specify

ECLIPTEK for quality, availability and value.

You’ll find thousands of hard-to-find, highly
accurate, tight stability products for demanding
RF applications such as:

Cellular
Paging

Satellite
RF/Wireless

SPECIFY

Our engineers are ready to help you find the
right part for your specific application. Every
component has the Ecliptek Seal of Quality
assuring you zero-defect manufacturing.

Call, fax, e-mail or contact us on the web
for accurate answers, extensive inventory,
guaranteed quality anc on-time delivery.

* Use our interactive web
site to quickly generate a
part number or request
price and delivery.

:_!'ECLIPTEK‘
CORPORATION

it e = —— e

_._ ECLIPTHEOIN(“

1-800-ECLIPTEK

/ (714) 433-1234 fax

. ecsales@ecliptek.com
Oscilla}\ ~ ———— http://www.ecliptek.com
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make the receiver integrate with his
application. Today’s GPS systems are
becoming more complete. When a GPS
system is deployed, it tends to include
support data, such as navigation maps
and post-processing software. For
example, a commercial GPS unit sold to
the automotive market may contain not
only the receiver, but also localized
data maps of city streets for the locality
in which the unit is being sold. It also
may contain a car power adapter kit,
external antenna and even software to
allow the user to modify the database.
In this application, the GPS becomes a
component of a complete product. This
trend also is being seen in commercial
markets such as airline navigation and
law enforcement.

Greg Turetzky, a product manager at
SiRF Technology, a GPS front-end com-
ponent manufacturer, says the ap-
proach that SiRF is taking is to apply
very large scale integration (VLSI) tech-
niques to shrink the module and lessen
component count. From a design stand-
point, the GPS modules of the receiver
comprise two chips, an RF converter
module, largely made up of bipolar com-
ponents and the complementary metal
oxide semiconductor (CMOS) digital sig-
nal processor (DSP). The front-end sec-
tion is the RF portion that takes the sig-
nal, which can be as low as —160 dBm
at approximately 1.5 GHz, processes it
and converts it to digital output of a few
hundred millivolts. The digital output is
fed to the DSP section. The function of
the hardwired DSP is to remove the
spread-spectrum encoded portion of the
signal and to convert it into basic in-
phase and quadrature (I and Q) for run-
ning track loops.

This “component only” approach is
typical of many manufacturers in many
industries in which a standard compo-
nent approach is being developed. Tur-
etzky points out that SiRF is attempt-
ing to make the inclusion of a GPS
module easy for the product developer.
SRF’s approach “is to make it easy for
people who aren’t skilled in RF design
to be able to add this to their product.”
By adding a handful of external compo-
nents, such as filters, reference crystals
and bias components, for example, a
complete GPS front-end is made avail-
able. It is this technology approach that
opens doors for commercial GPS.

As this technology develops, it is
likely that we will see an integrated RF
and DSP unit that will offer advan-
tages such as improved signal-to-noise
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HOwW MANY TOKO LL'S CAN YOU PLACE

ON THE HEAD OF A PIN?

And how much board space can you gain?

Such a micro size may seem impossible, but not
to Toko engineers. The LL1005 (inductance range
1.0 to 27.0 nH) is merely the latest addition to
Toko's micro-miniature line of ceramic multilayer
chip inductors available from Penstock. With an
0402 footprint and an 0.05 profile, the LL1005 is
the world’s smallest-by far.

Toko's cutting edge design and leadership in
ceramic muitilayer technology helps in other ways,
too. Toko chip inductors offer higher current hand-
ling capabilities (up to 1 amp) and tolerance as low
as 3% on some values. Plus:

¢ Available 0402, 0603 and 0805 packages
assure wide flexibility

* E-12 series inductance from 1.0 to 470 nH
makes design modification easy

* Reflow solderable
« Tape and reel packaging to ease manufacturing

* Pricing that’s always competitive

Quick delivery

As the world's largest RF/microwave distributor,
Penstock is the design engineer’s link to Toko’s ad-
vanced technology. We inventory more than 5 million
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more readily available— anywhere in the world.
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marine navigation, the compass and
the Loran coastal navigation system
were the only ways mariners could nav-
igate. The compass was not particular-
ly accurate, and Loran only worked in
coastal waters. GPS provided a one-
stop application for both open seas and
coastal navigation and even provided a

ratio, simplified interconnect and bet-
ter immunity to environmental inter-
ference.

Applications and markets

In the early days of GPS, the princi-
ple markets were surveying and tim-
ing. Before GPS systems were used for

OFC Oscillators are recognized Worldwide .~
for Performance, High Reliability
and Cost Effectiveness.

L

We offer a variety of high quality oscillators | AN
designed specifically for wireless applications:

Model SMOCXO0, available from 10-25 MHz,
is a Surface Mount OCXO that features high
stability and reflow process compatibility.
Model 4598S 0CXO, available from 10-25 MHz,
offers a compact, standard package, excellent
stability, low aging and fast warm-up.

Model 4834 0CXO0, available from 4-10 MHz,
offers super-high stability, very low aging, fast
warm-up and an SC-cut crystal.

Model 044 VCXO, available from 1-85 MHz,
features 5V or 3.3V power supply, a miniature
package and a 6-pin tri-state option.

For more information or to receive a copy of
our '96/'97 Data Book, call us at 717-486-3411
or fax your request to 717-486-5920.

You can also e-mail OFC at sales@ofc.com,
or visit our website on the Internet at
ht}g://www.of;.com.
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precise location device for inland wate
bodies. A secondary benefit was tha
the user did not have to learn to navi
gate by stellar. It was necessary only t
take a GPS position fix, look at th:
charts and point the boat to a compas
heading. GPS was simpler than previ
ous methods.

GPS is beginning to find its way ints
people and package tracking. This typ
of application has a unique set of issue:
that other tracking objects do not
First, these objects are not always out
doors. Second, the object is not alway:
moving. Once a person or a package i
surrounded by massive brick and stee
structures, signal reliability drop:
markedly. And if the object is not mov
ing, there is no At. The challenges tha
GPS faces in this arena are to try anc
improve sensitivity to these minima
signal levels, which may be -160 dBn
or greater, and to intelligently sens:
whether the object has stopped moving
A rather ambitious project would be t
attach a GPS receiver to package:
delivered by courier services.

Another technology area that is likel
to see the implementation of GPS i
personal communications. Cellula:
phones are a prime candidate for inte
grated GPS. In an emergency, dialing 9
1-1 from a cellular phone does nothing
to determine the actual location of the
phone (unlike landline phones, whicl
can be traced). According to one indus
try source, the FCC is putting out :
mandate that will call for a certain per
centage of cellular 9-1-1 calls to b«
locatable to within a defined area with
in a set time period. GPS in-building un
reliability, blocked signal areas anc
movement requirements are likely tc
cause debate over this type of technology

The obstacles

Although there have been a grea:
number of advancements, GPS technol
ogy needs further refinements. To use
an industry vernacular, GPS signa
strength at the receiver is in the mud
Imagine you are an integrated, ultra:
sensitive receiver in a cellular tele:
phone looking for a signal at —-160 dBm
All of a sudden a 3 W, 900 MHz cellula
transmitter, only a few inches fron
you, fires off. Even though the trans:
mitted frequency is 600 MHz away, the
power radiated at the proximity of the
receiver is close enough to affect anc
sometimes damage the sensitive front:
end of the GPS receiver. Even witl
today’s high isolation and rejectior
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Higher performance. Lower power. It's what Philips offers you
in the most comprehensive line of front-end ICs available. Philips
gives you this cutting edge across a wide range of standards.
Including the latest SA6ll and SA62I. Specifically designed for
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devices, the super-sensitive GPS receiv-
er is always affected by the proximal
power.

GPS manufacturers face power con-
sumption also. Today’s GPS receivers
have a steady-state power drain of
around 750 mW. Hand-held GPS re-
ceivers usually use 6 V battery configu-

rations (1.5 V x 4 cells). Some quick
math reveals that the current drain is
125 mA. Although this does not seem
like much of a drain, add in the display
(popularly the liquid crystal type) and
some other support electronic, such as
DSP, and it becomes an issue. To im-
prove upon time between batteries

You said

you wanted

0CX0

in a small
cost-effective
package.
Well,

here it is.

vacuum-sealed

performance

The new EMXO.

e-mail:
Only vectron
@vectronlabs.com
Internet:
from  http:/www.
vectronlabs.com
1309001
frm—y R 166 Glover Ave.
S, o shels _~BORATORES.INC. | Norwalk, CT
,.,..:‘.._.,, A VECTRON INTERNATIONAL COMPANY | 06856'51 60

The Crystal Oscillator Company

'NEW
'EMXO0

Evacuated
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: Oscillator

| Vectron's new EMX0
is the ideal osciliator
for high-reliability,

fast warm-up and low-
| power requirements.

| Power Steady State:
<1.0W@-55°C
0.6 W@ +25C

Warm-up Time:
| From -55°C in 2 min.

Temperature Stability:
+1x10°
- over -55°C to +85°C

| Size:
1.33"x1.33"x1.27"
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| Construction:
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| Low Weight:
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Put the power of
Vectron performance
to work for you.
Contact us at:

Tel: 203-853-4433
Fax: 203-849-1423
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(TBB), various power-saving scheme
are supported, such as powering dow:
the components when the unit is not i1
actual receiving mode, or after a specil
ic period of non-use is sensed. Even sc
to maintain updated positioning infor
mation, the receiver still has to mak
periodic calculations, even when th
unit is in standby mode. Ways to re
duce power further are still high on th
list of developmental projects.

The sensitive nature of current RI]
technology still requires careful shield
ing, grounding and component place
ment. Although digital component
have relative immunity to spuriou
emissions, high-frequency RF circuitr;
does not have that luxury. High-spee:
microprocessors running at 100 MH
and higher can wreak havoc with ultra
sensitive RF sections.

The future

As was mentioned earlier, most o
the movement in the GPS industry is it
trying to improve receiver sensitivit;
and to deal with stationary receivers
This translates into the issue of reliabl
signal levels. At a certain level, th:
receiver loses phase lock but not neces
sarily the signal itself. Although main
taining phase lock is required for guar
anteed accuracy, some of the industr
designers are looking at methods tha
can sense signal, even though it is to
low for the phase-lock-loop (PLL) cir
cuitry’s threshold. Even at signal level:
of —180 dBm and below, if the signa
can be identified, some information stil
can be gleaned. And if this informatior
can be identified by using digita
enhancement technology, it is possibl
to make it useful in position location
As Turetzky indicates, part of the new
technology is a paradigm shift in per
ception.

If the position fix is not accurate to ]
meter, but is accurate to 100 meters
does that make the data unreliable? I
you were hiking and got lost in the
woods, would you throw away yow
GPS receiver just because it could fis
only to 100 meters rather than to 1(
meters, or would you rather have the
rescuers looking all over the mountain®
Even though the information is nof
100% reliable, it is not useless. Con-
sider today’s cellular technology. If il
had to be 100% reliable, none of us
would be using it.

GPS appears to be a means to ar
end, rather than the end itself. As ¢
stand-alone product, latitude and longi-
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...this isn’t:

When there’s movement in the wireless field, RF Micro Devices charges forward and leaves the competition in the dust.
We stay ahead of the RFIC herd by combining designer-demanded technologies with below-market prices. We're leading the stampede to
dual-mode CDMA by adding two new IF AGC amplifiers to the RFMD line of champions.
CDMA AGC  The RF2607 beefs up your receive chain with a generous 90dB gain range from -45dB to +45dB. At high
AMPLIFIERS gain settings, the noise figure is <6dB; at low gains, IIP3is >-5dBm. Operating off a single 3.6V power
supply, it draws only 12mA.
In the transmit chain, the RF2609 delivers a power gain range from -45dB up to +39dB and a chain noise that easily conforms to CDMA
requirements at all gain settings. With a single supply voltage of 3.6V, the unit draws 21mA, and, at +35dB power gain, the output IP3 is +12dBm.
You can look until the cows come home, but you won't find a better combination of power, price and performance for dual-mode CDMA
cellular applications.
We're RFMD — we're taking this industry by the horns...and that’s no bull.

RFID

MICRO-DEVICES

Powerful, Efficient,
Affordable Performance

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

7625 Thorndike Road — Greensboro, NC 27409-9421 — Phone 910.664.1233 - FAX 910.664.0454 — Online: http:/www.rfrad.com
* Meet Thor — a Holstein with two serious horns and one seriously bad attitude. (If you're shopping for china, don’t take him along.)
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tude are not hot items outside of sur-
veying and navigation. But as an inte-
gral part of 21st century technology,
GPS has a bright future. For example,
consider using a GPS receiver to keep
your portable computer’s time set or as
a small light emitting diode (LED) on
your automobile’s instrument cluster

that will locate you on any street or
highway and then reference the data to
the local geography and populous.

As with any high-technology indus-
try, GPS is benefiting from the develop-
ments in surface-mount technology
(SMT), VLSI, low-power devices and
other advancements. Another area of

Voltsonces
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must be
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Best of all, the A-1 Series gives you high reliability at
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development is in embedded processors
and microprocessors in general. It is
likely that many of the functions, once
exclusively the domain of discrete com-
ponents, can be emulated and will be
provided in a digital format as processor
speeds approach 500 MHz and eventu-
ally break the GHz barrier. Faster
processors will allow the elimination of
much of the frequency manipulation
and conversion techniques we now use
to bring the frequencies into workable
digital range. The future chipsets likely
will look like a universal asynchronous
receiver and transmitter (UART), just
another component that gets called into
use when needed. Microsoft is designing
a position navigation application pro-
gram interface (PNAPI), so computers
with the operating system can position-
tag data if needed, and GPS manufac-
turers can easily design software driver
interfaces for their products.

The final limiting technology in GPS
is the satellite system itself. Although
it is relatively easy to update earth-
bound hardware, to do the same tc
satellites involves launching new ones
(or going aloft and updating the exist-
ing ones). Either way, it is an expensive
proposition, but the power of the com-
mercial market is one that is hard to

ignore. RF

What’s new
in GPS?

Low-cost GPS technology may be
the next opportunity for consumer
GPS systems. At any time, under
ideal conditions, a GPS receiver could
gather data from 12 satellites. On the
other hand, the system is designed to
permit precise positioning calcula-
tions with data from only four.
Somewhat less precise positioning
can be obtained using three satellites.
The application of digital technology
and VLSI, coupled with innovative
design, makes it possible to continue
calculating position “fixes” with only
a single satellite’s signal.

Single-satellite positioning is criti-
cal for GPS use in urban areas. Au-
tomobiles equipped with GPS-based
accessories often travel on narrow
streets surrounded on two sides with
tall buildings. Such “urban canyons”
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| | one satellite’s signal. With single-

satellite positioning, positions can
VECEHQLOGIES | | continue to be fixed and are corrected
as soon as an automobile enters an
| | intersection, permitting multiple-

IER ISRITE , TR | | satellite signal reception.
EXPERIENCE IN ! A key t?.this capability is the re-
ceiver’s ability to access quickly satel-
THE MANUFACTURE OF lite signals while the automobile pro-
ceeds through the intersection. As a
MONOLITHIC CRYSTAL FILTERS result of the fast movement of vehicles
combined with the canyon effect,
PACKAGE FILTERS acquisition technology must be
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are needed, and parallel spectrum
search is coming on the market.
Another problem associated with
urban areas is multipath errors.
Signals bounce off buildings, intro-
ducing time delays in reception and
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distance, AR offers microwave
amplifiers that let you do it.
With output power from 1 to
1000 watts and frequencies from
0.8 to 18 GHz, our microwave
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bandwidth, and more reliability
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Whether you're testing an automobile for EMI/immunity applications than

you're likely to find any-
where else.
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RF tutorial

RF and microwave mixers—a tutorial

By Roland K. Soohoo

Mixers are an essential and funda-
mental part of high-frequency commu-
nication systems. This tutorial describes
a mixer’s function, its theory of opera-
tion, semiconductors used, types of mix-
ers and key specifications. This article
is meant as an introduction for individ-
uals who want a general understanding
of mixer principles and operation.

mixer is a component that acts as a

frequency converter by “mixing”
two input signals together to produce a
desired output signal. Figure 1 shows
the receiver portion of a typical RF
communications system.

An RF signal is received at the an-
tenna and typically is amplified by an
RF amplifier because the amplitude of
the input signal is usually small. The
amplified signal is applied to one of the
input ports of a mixer, and a second
local oscillator signal is applied to the
other input port. What emerges from
the output port is a sum or difference of
the input frequencies and other fre-
quency components.

Typically, in a receiver it is the dif-
ference frequency that is the desired
signal. A filter is used at the output of
the mixer to remove the undesired sig-
nals and to pass the desired signal to
the rest of the communication system.
As an example, if an 850 MHz signal
were received by the antenna and an
LO (local oscillator) signal of 800 MHz
were applied to the mixer, a signal at
50 MHz would emerge from the output
port, which is much lower in frequency
than the original signal received at the
antenna.

This type of RF receiver also is
known as a downconverter because it
converts a higher-frequency signal to a
lower one. The signal is downconverted
to enable the signal to be processed at
frequencies that are easy to work with.
The sum frequency at the output typi-
cally is used in a transmitter. Because
the RF input frequency is converted into
a higher frequency, this is known as
upconversion. Matching and filtering
networks are used to enhance either the
sum or difference frequencies, de-

MIXER

N
>R

—x
RF AMPLIFIER

Ky
/ > LOCAL OSCILLATOR

pending on the appli-
cation. The mixer is
fundamentally a fre-
quency conversion
device that uses the
> non-linear and swit-
l ching properties of

; semiconductor devices
to achieve the mixing
action.

IF FILTER

{

Operation theory

A mixer can use a
wide variety of semi-
conductor devices,

system.

Figure 1. Typical receiver (downconverter) of an RF communications

such as bipolar junc-
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IF
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>—— FLter —O)

IF OUT

Figure 2. Single-ended mixer.

56

tion transistors (BJTs) and field-effect
transistors (FETSs), nevertheless, diodes
are one of the most popular. The sim-
plest mixer uses a single diode, but
some mixers use as many as 12. A typi-
cal single-diode mixer (also known as
single-ended ) is shown in Figure 2.

The three ports of the mixer include
the radio frequency (RF), local oscilla-
tor (LO) and intermediate frequency
(IF) ports and usually are abbreviated
as R, L and I. For a single-ended mixer,
all the ports are connected to the same
diode. Filters typically are used to elec-
trically separate input and output sig-
nals to achieve port-to-port isolation as
shown in Figure 2.

Assuming that the inputs to the mix-
er are sinusoids and are applied to the
R and L ports and that they can be rep-
resented in the form of :

A cos (wt) (1)
where: A = amplitude of the input sig-
nal voltage and current and ® = 2nf ,

where f is the input frequency.

The current-voltage relationship for
a diode is:

IV) =1, exp -V /V) 2)
where:

V, = applied AC and DC voltages

V., =KT/q

K = Boltzmann’s constant
T = Ambient temperature
q = electron charge

Because two sinusoidal input signals
(R and L) are being applied simultane-
ously, the output current of the diode
will be in the form of:

I(V) = 1, exp (- (Ajcos w,t + A, cos mt)
A'A) (3)

Because of the nonlinear nature of
the diode, as evidenced by the exponen-
tial form of the current, intermodula-
tion products are created. If the expres-
sion in equation (3) is expanded by
using a Power series then:

oo 4)

I =1 Z(Acosot + A, cosmt) */V,!
Separating DC and AC terms:
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some frequency compo-
nents will be higher in
magnitude than others,
because the corresponding
t voltage and current vary as
described in Equation 4.

In addition to the mixing
action caused by the non-
linear characteristics of the
diode, the diode can be
switched on and off to

t enhance the mixing action.
If the LO power >> RF
power and the LO power
are sufficient to saturate
the mixer diode, than the

mixer diode switches on

! and off. The amount of RF

waveform from LO switching action.

Figure 3. RF and LO ideal waveforms and resultant IF multiplication

power needed to saturate
the diode is dependent upon

Lo
2xLO

IMAGE | RF SUM

A T

IF 3xLO

T]T

the potential barrier and
ideality factor of the device.
Because the LO signal
amplitude is much greater
than the RF signal ampli-
tude, as is the usual case
for a mixer, the LO port can
be viewed as a switch.

@y o 0 o @, 20 o,

@, 3w,

What actually causes
the switching action in the

Figure 4. Mixer frequency spectrum (IF and first three spurious

diode is a time-varying
conductance that is caused
by the large LO signal. The

groups).
fr+f.

gkl b

2t+6 2t

instantaneous conductance
of the diode g(t) can be
found by taking the differ-
ential of Equation 3 with

1S

201 204 t 8 204 20 2

respect to voltage (g(t) =
di(v)/dv). After taking the

Figure 5. Mixer spectrum caused by two RF input signals and or

saturation.

vy =L +1, ZXII/V{‘ n!) ((A,cos (w,t) +
Acos(wt) & (5

The magnitude of the higher-order
terms of this expression will be con-
trolled by the amplitudes A, and A, and
naturally will decrease due to the n!
term in the denominator, assuming
small signal operation. If the Fourier
transform is taken of Equation 5, the
expression of the frequency components
will be in the form:

0, = M, + N, (6)

where x, m and n are positive or nega-
tive integers, m and n can take on an
infinite amount of integer values, and
they represent all the different frequen-
cy components that will be contained in
the mixer output signal. Obviously,

58

differential and performing
a series expansion on the
quantity, the expression
for the diode current can be expressed
in the form:
(7
cos ((mw, +@,) t) + cos (m Wyg— ®,) t)

where: 0y is the frequency difference
between RF and LO frequencies (usual-
ly the IF freq.) and m = 1,3,5,7 because
the square wave is an odd function.

Figure 3 shows the RF input wave-
form as well as the LO port waveform.
Because the diode is switched on and
off by the LO signal, the RF signal is
sampled at the rate of the LO frequen-
cy. The resultant IF waveform is a mul-
tiplication of the RF waveform and the
LO waveform.

Therefore, the form of the current
obtained in Equation 7 can be obtained
by noting that the product (mutiplica-
tion) of two cosine functions is of this
form by trigonometric identity. Because

the LO signal is much greater in mag-
nitude than the RF signal, the differ-
ence frequency between the LO and RF
signals appears as sidebands on either
side of the LO signal and its harmonics.
This results in an output spectrum as
shown in Figure 4.

The LO signal and its harmonics
have sidebands spaced at multiples of
the difference of the RF and LO fre-
quency, which is the IF frequency. This
frequency spectrum is valid only if the
RF amplitude is small compared with
the LO amplitude. Additional inter-
modulation products are created when
both signals are large.

Referring to Figure 4, Saleh devel-
oped a useful nomenclature for num-
bering the various IF output signals
with positive and negative subscripts
indicating a difference between fre-
quencies residing above or below the
LO signal and its harmonics.

These signals are of most concern:

o o, is the local oscillator frequency.

® 0;x i the IF or difference frequency.

¢ @, is the RF signal frequency.

* @, = —® + Wy, which is also

known as the image frequency.

e 0y, = 2w +Wyyq., which is the sum

frequency of RF and LO.

Intermodulation products

If two RF signals are applied to the
RF port simultaneously, or if the magni-
tude of the RF signal is not negligible as
compared to the LO signal, then addi-
tional intermodulation (IM) products
are generated by these extra signals.
The general form of the IM products fol-
low Equation 6 if the RF signal is not
negligible compared with the LO signal.
If two tones (two closely-spaced signals)
are injected into the mixer, the situa-
tion gets worse and results in a frequen-
cy spectrum as shown in Figure 5.

This frequency component can be
expressed in the form:

fiy = +/— pf, +/—qf, +/-nf;,

where: p,q and n are integers; f, is the
first frequency; f, is the second frequency.

This is an undesirable spectrum to
have in a receiver because it is difficult
to filter out all these products. For this
reason, most receivers operate in the lin-
ear (non-saturated) state, and substan-
tial filtering is used to remove unwanted
signals before and after the mixer. The
next section describes different types of
mixers and the techniques for in-
termodulation suppression using sym-
metric diode structures.
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3V 1GHz RF AMPLIFIERS ADD
SHUTDOWN AND BIAS CONTROL

Upgrade INA-30311 Designs to Save Power with a 0.1pA Shutdown Mode

Maxim’'s new family of 3V, low-noise wideband amplifiers offers features unavailable from the industry-
standard INA-30311. The MAX2631/MAX2633 add an on-chip shutdown feature, which reduces current
consumption to less than 0.1pA to save power in Time-Division Duplex radios such as cellular, cordless,
and PCS phones. The MAX2632/MAX2633 incorporate an on-chip bias adjustment feature, which allows
the simultaneous control of output power, gain, and supply current with a resistor. This allows you to
achieve the required gain/output power at minimum supply current. Maxim also offers second-source
wideband amplifiers for 3V and 5V applications (see table). All devices are internally matched to 50Q and
are available in tiny SOT packages.
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The MAX2632/MAX2633's supply current can be programmed with a single external
resistor. In this way the gain and output power can be optimized for a particular
application, ensuring that minimum current drain is achieved.

*Output power is shown at the tdB compression point.

**Future i’roduct.

Distributed by Allied, Arrow, Bell, CAM RPC, Digi-Key, Eimo, Hamilton Hallmark, Nu Horizons, and Zeus. Distributed in Canada by Arrow.

REE Wireless Design Guide—Sent Within 24 Hours!
includes: Data Sheets and Cards for Free Samples

CALL TOLL-FREE 1-800-998-8800 for a Design Guide or Free Sample
For Small-Quantity Orders Call (408) 737-7600 ext. 6380

6:00 a.m. - 6:00 p.m. Pacific Standard Time

http://www.maxim-ic.com
MasterCard® and Visa® are accepted for evaluation kits and small-quantity orders.

MAXIMV

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

SUPPLY SUPPLY GAIN (dB) INDUSTRY
PART VOLTAGE CURRENT @ FEATURES PACKAGE m
v) (typ, mA) FREQUENCY (MHz)
MAX2611 5 typ 16 19 @ 500 Low Noise SOT143 HP MSA-0611
MAX2630* | 2.7t055 | 66 14 @ 900 av SOT143 HP INA-30311
MAX2631** 271055 s e 14@900 ~ Shutdown SOT23-5 Maxim Proprietary
[MAX2632 | 271055 6.6 14 @ 900 Bias Control SOT23-5 Maxim Proprietary

MAX2633"* | 271055 6.6 14@900 | Shutdown + Bias Control | SOT23-6 Maxim Proprietary
MAX2650 451055 | 18 18.3 @ 900 | LowNoise | SOT143 | HPINA50511

® ¢ A
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o

MAXIM s a registered trademark of Maxim Integrated Products. © 1997 Maxim Integrated Products
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Figure 6. Single-balanced mixer.

The single-balanced mixer

To improve port-to-port isolation and
to reduce the magnitude of some of the
spurious signals, two diodes commonly
are used to create a single-balanced
mixer as shown in Figure 6. The single-
balanced mixer essentially is two sin-
gle-ended mixers that are interconnect-
ed in a configuration that causes some
spurious products to be reduced great-
ly. This type of mixer typically uses a
four-port, 180° hybrid. This takes an
input signal and splits it into two
equal-amplitude signals that are 180°
apart in phase when a signal enters
one input port and creates two in-phase
signals, if the signal is applied to the
other input port.

Figure 7. Phase of LO and RF signals at mixer diodes results in IF addition al

output.

Figure 6 shows the four ports of a
typical 180° hybrid and the correspond-
ing phases. At RF frequencies, the
hybrid can be constructed with a ferrite
core and small wires. Bifilar is multi-
conductor transmission line that can
split and carry signals in parallel con-
ductors. At microwave frequencies,
printed coupled lines can be used to
create a hybrid. One of the most popu-
lar hybrids is the Lange coupler.

The hybrid is used to achieve phase
cancellation in the two diodes to reduce
the number of spurious products. Fig-
ure 7 shows the phase at various points
in the system and how cancellation
occurs. The LO signal enters the hybrid

at port 1 and creates an in-phase signal
at port 2 and a 180° out-of-phase signal
at port 3. Because of the phase shift
applied to the diodes, the following sup-
pression of signals occur,

1. All (m,n) spurious responses,
where m and n are even are eliminated.

2. The (m,n) spurious responses are
eliminated if m is even and n is odd,
but not if m is odd and n is even.

3. kth order responses where k = m +
n arise only for voltage terms of the kth
power.

In addition, the 180° hybrid inherent-
ly isolates the RF and LO port from each
other, which sometimes eliminates the
need for RF and LO filtering. Because

d Reasons For Switching.

HOW AM | GOING 1O
FIT ALL THESE PUPFIES
INTO THAT BOX?

Requirements.

Solution.

3-wide VXI module.

DC to 18GHz. A combination of 1x2s, 1x4s and 1x6s to
meet the switch demands. VSWR of 1.2:1 to 16GHz. All
in a single VXI module.

ASCOR'’s 3000-2xx Family of Microwave Switches. An
combination of 1x2s, 1x4s and 1x6s (up to 12) in a singf;

Flexibility.

Mix and match and change to meet the ever
changing demands of the application
engineers.

Space Restrictions.
Two wide (6), Three wide (12) or Five
wide (16) the choice is yours. ASCOR
Microwave VXI Switches are truly the

density and bandwidth

leader.
Call ASCOR today:
(510) 490-2300

Model 3000-2xx - e )
Microwave Switching DC to 18GHz up to

six (6) 1x6s in single 2-wide VX1 module.

—— ASCOR Other configurations available.

INCORPORATED 47790 Westinghouse Dive, Fremont, CA 94529-7485, Fax: (510) 4908493 =
A Giga-fronics Company
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Accentyate
psitive.

And, like the song ™™ — uch more than an
says, “eliminate the negative.” upgrade, these 3.3V amplifiers offer
That's exactly what we did with our the next generation of MSAG®-Lite
new single bias RF power amplifier. technology in 16-pin TSSOP and

How? For openers, wenixed ~ SOIC packages. Which means
negative voltages. We also eliminated  you'll get the most performance
the need for negative voltage gener- possible without adding more

ators, high-cost epitaxial wafers, power or weight.

through-wafer vias and air-bridges. In fact, we're so positive

Then, we cut the process to just six ~ that our new amp is right for your

mask steps. designs, we'll send you a sample so
The result is music to your you can prove it to yourself. As you

ears: 65% efficiency at 900 MHz and can see, we've eliminated all of the
60% efficiency at 1900 MHz that's  negatives.

perfect for all kinds of applications, Call us at 540-563-3949
including two-way pagers, [ acrua | OF fax us at 540-563-8616.
DECT and PCS. ‘;E g%ﬂ %:%N DRIVE

ITT GTG
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CERAMIC RF
CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

JENNINGS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 4384420
FAX (619) 4384759
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D4

D3

| GND
RF

Figure 8. Double-balanced mixer implemented
with Baluns.

the signal is split into equal amplitudes
in the hybrid, 3 dB of additional power
is required compared to a single-ended
mixer for the diodes to receive the equiv-
alent LO power. Despite the additional
RF power requirement and the added
complexity, this type of mixer is popular
because it suppresses spurious emis-
sions and it reduces or eliminates the
need for RF and LO filters.

The double-balanced mixer
A double-balanced mixer configura-

tion is shown in Figure 8. This configu-
ration consists of four diodes and twc
balanced mixers connected in a “ring’
configuration. Double-balanced mixers
use two hybrids instead of one, which
improves both the L-R port and R-I port
isolation.

A special type of hybrid called s
balun commonly is used in this type of
mixer. It still provides a phase shifi
between ports, but also provides a vir-
tual ground for the LO signal from
which the IF frequency can be extract-
ed. Because of its highly balanced and
symmetrical configuration, this type of
mixer theoretically supresses 75% of
the possible IM products. The only
products that have appreciable content
are those with either odd LO or odd RF
harmonics (harmonics with n or m =
1538587....)!

In the double-balanced mixer, twc
diodes are on and the other two are ofl
because of the way the signals are ap-
plied to the diodes. Referring to Figure
8, D1 and D2 are on, and D3 and D4
are off. This causes the switching
action that was described before that

ACCURACY, PERFORMANCE, LOW COST, DELIVERY...

: B ALaS gl X
839 Manual Step Attenuator

LS ety

4550 Programmable Attenuator

62

Manual Step Attenuators

837 50Q DC-1500MHz | 0-102.5dB | .5dB Steps
839 50Q DC-2000MHz 0-101dB | 1dB Steps
1/839 50Q DC-1000MHz 0-22.1dB | .1dB Steps
847 75Q DC-1000MHz | 0-102.5dB | .5dB Steps
849 75Q DC-1500MHz 0-101dB | 1dB Steps
1/849 75Q DC-500MHz 0-22.1dB | .1dB Steps
860 500 DC-1500MHz 0-132dB | 1dB Steps
865 | 600Q DC-1MHz 0-132dB | 1dB Steps
Programmable Attenuators
4540 50Q DC-500MHz 0-130dB | 10dB Steps
4550 500 DC-500MHz 0-127dB | 1dB Steps
1/4550 500 DC-500MHz | 0-16.5dB | .1dB Steps
4560 50Q DC-500MHz 0-31dB | 1dB Steps
4580 500 DC-500MHz 0-63dB | 1dB Steps

For price list and FREE catalog, contact:

KAY

Kay Elemectrics Corp.
2 Bridgewater Lane, Lincoln Park, NJ 07035-1488 USA

Tel: (201) 628-6200 © Fax: (201) 628-6363
E-mail: sales@kayclem.mhscompuservecom
Web: www.kayelemetrics.com
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Americas 1-800-366-2266  Europe/Middle East/Africa 44 (1344) 869 595 e Asia/Pacific 81 (03) 3226-1671
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Figure 9. The Schottky diode structure.

LY

Figure 10. Equivalent circuit of a Schottky diode.

causes mixing. Of course,
because two hybrids are in-
volved, an additional 3 dB of
both LO and RF power is
required to drive this type of
mixer as compared to a single
balanced mixer.

In addition, the diode charac-
teristics should match each
other closely or spurious sup-
pression will decrease. To a-
chieve good results, the diodes
usually are fabricated together
on one piece of semiconductor
and interconnected at the chip
level.

Semiconductor devices

As described before, the non-
linearity and switching in the
mixer device are the two most
important factors for mixing. Not
all types of semiconductor de-
vices are suitable for this type of
component. The most commonly
used devices for mixers include

Schottky diodes, FETs and small-signal
bipolar devices.

e The Schottky diode — The Schottky
diode is a specially fabricated device
that is formed from a metal-semicon-
ductor interface. Because the diode is
not made from a p - n junction, it is a
majority carrier device. Figure 9 shows
a typical configuration of the device.
The semiconductor consists of a heavi-
ly-doped substrate with a thin, lightly-
doped layer deposited on top of it and a
layer of metal deposited on top of the
thin layer.

This configuration allows the diode
to have low capacitance caused by the
metal semiconductor interface as well
as low resistance, caused by the highly-
doped n+ layer. Because the mixer
switches at the LO frequency and relies
on the fast-switching action for mixing
it is imperative that the diode has low
junction resistance and capacitance
because its switching time is relatec
directly to the RC time constant of the
junction. The expression for the diode

CINOX Crystals

For over 50 years CINOX
has been supplying high
quality, low aging crystals
to the communications
industry.

CINOX provides custom
crystals built to your
specifications with
SHORT LEAD TIME.
CINOX manufacturers
crystals from 1 MHz to
250 MHz in all standard
coldweld and resistance
weld holders. CINOX
specializes in the TO-5
holder for microwave

QUICK
TURN:

AROUND

| |

crystals are a specialty.

CINOX Corporation

applications. Our crystals are made with the quality and
reliability required for the most stringent communications
and instrumentation applications. OCXO and TCXO

Please ask about our new line of SC-Cut crystals.

4914 Gray Road, Cincinnati, OH 45232
513-542-5555 Fax 513-542-5146

BOMAR CUTS DOWN TURNAROUND
TIME ON CUSTOM FREQUENCIES... STOCKS
COMMON MICROPROCESSOR FREQUENCIES.

201 BLACKFORD AVENUE
MIDDLESEX, NJ 08846

E-Mail: CINOX @horandata.net PHONE: FAX:
Website: www.horandata.net/cinox 800-526-3935 800-777-2197
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capacitance is:

CV)=C;, /(1 - Vi)
where: C,, 1s the zero bias capacitance;
¥bi) the built-in potential of the metal
semiconductor junction

The small-signal diode model is
shown in Figure 10. It consists of a
junction capacitance in parallel with a
junction conductance and a series resis-
tance. The typical capacitance for a
Shottky diode for mixer diodes is typi-
cally 1 pf or less, and the typical series
resistance is 10 Q or less.

Because the capacitance and resis-
tance are quite low, the diode switches
at a fast rate, which facilitates the mix-
ing action. A figure of merit that often
is used is the cutoff frequency, which is:

f. = 1/2nR,C,,

The rule of thumb for mixer opera-
tion is for the LO frequency to be
1/40th of the cutoff frequency to ensure
a quick switching time. As a result, the
RC time constant of the diode would be

RF
low compared to the LO 0 ?i’l:ter
frequency time constant of

Input Match
Match M

one RF cycle.

Key mixer parameters
Conversion loss—
Figure 11 shows a single
diode mixer with match-
ing circuits at the RF and

LO Filter

o0

IF ports. An ideal match
theoretically can be a-
chieved at one frequency. Nevertheless,
in practice there is always a finite mis-
match that results in RF loss. This RF
loss is known as the conversion loss,
which is defined as:

Conversion loss = available RF sig-
nal input power/available IF output
power

There are two components to conver-
sion loss, one caused by circuit mis-
match and another caused by intrinsic
loss in the diode because finite junction
capacitance and resistance (along with
the series resistance) exsist.

Figure 11. Single-diode mixer with input and output matching.

The approximate conversion loss
caused by the diode itself is:

Do = 1 + R/R; + 0®CZ R, R
where R, and R; and C; are the series
and junction resistance and capaci-
tance, respectively.

Assuming a matched condition at the
RF and IF ports, the total mixer con-
version loss in dB is approximated by:

Ly = 10 log (Z (g, + g, + VZ)) (g (g,
+g + UZ) g2-2)

where: Z, is the RF, LO and IF port
impedance; g,, g, and g, are the first

s Low Cost VCOs

=

for Commercial Applications
PV Series, featuring:
¢ Frequency Ranges from 400 to 2800 MHz
* Low Power Consumption ¢ 5V Operation
* Very Low Phase Noise * Wide Tuning Range
* 0.5" x 0.5” Surface-Mount Packages

Ve, < Ultra Small
2y T Package!!!

* 3V operation * 0.30" x 0.30" x 0.08" size!
* designed for PCMCIA applications
* frequency ranges from 1400 to 2800 MHz

P ES Princeton Electronic Systems, Inc.
PO Box 8627, Princeton, NJ 08543

(609) 799-5695 FAX (609) 799-7743

TNF-200 Tuneable Notch Filters 1.5-850 MHz

T Features
— | ® Deep notch to 35 dB

o Low VSWR

o Low loss: <0.5dB

o Passes to 2.4 GHz

o Up to 25 watts power

@ Rugged construction

o Cost : low as 89.10

TNF-200 is a family of nine models notch filters, covering 1.5 to 850
MHz., with low insertion loss over an extremely wide bandwidth. For
example the 30 MHz version passes >500 MHz or 13 times the notch
frequency. This is superior to cavity filters, which also are much larger and
more costly. Most of the models cover more than one octave using one
easily tuned adjustment. High Q circuitry assures a deep notch and low
insertion loss (less than 0.5 dB at 1.0 GHz) thus making EAGLE filters
your best choice.

These filters are useful for high e
performance spectrum measure-] ° 3

range. In harmonic measurements,
for example, simply notch the carrier
and remove some attenuation to view|
low level harmonics.

Notch filters can also be used to
eliminate or identify off-band inter-|
ference in communication systems.

The TNF-200 filters are in stock for immediate delivery!

But EAGLE is more than notch filters. We provide LC filters to 1.0
KW, Power Combiners, Diplexers, Triplexers and Return Loss Bridges.

Call or Write Today!

ments by providing a 20 to 30 dB| -
improvement of analyzer dynamic
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Need More Information?

Phone: (520) 204-2597
Fax: (520) 204-2568
PO Box 4010, Sedona, AZ 86340
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three terms from a series expansion of
the diode conductance.

If the image and sum frequencies are
reflected back into the diode by using
open and short circuits at those fre-
quencies, then conversion loss can be

improved because this reflected power
can be converted into IF power. Typical
conversion losses of a single diode mixer
are usually in the range of 34 dB.
«Noise figure — The other key para-
meter of a mixer is noise figure. The
noise figure of a cascade of circuits is

FLORIDA

-

Neuw...

COAXIAL TERMINATIONS

La bS HIGH POWER

HIGHER PERFORMANCE* LOWER VSWR

Passive Power
Solutions.

I:engineering team at Florida RF Labs
unveils the latest in High Power Coaxial
Terminations. Offering a wider frequency
range with less reflection and lower VSWR.
Innovation, quality and reliable JIT
Delivery. Call or fax today for

more information.

P.O.Box 899

Stuart, Florida

(800) 544-5594

Fax (561) 283-5286
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defined as:

F=F, +F,- 1/G, + F,- 1/G,G,

This equation indicates that the
first-stage noise figure controls the
noise figure of a system. A typica
downconverter cascade that included
mixer was shown in Figure 1. Often-
times, in receivers, the first stage is ¢
mixer. In practice, the noise figure
always is measured in reference to ¢
characterized noise source. Noise ir
mixers is caused by the resistive com-
ponents as well as noise sources relatec
to electron flow in the diode. Typica
noise figures for a diode mixer are ir
the 34 dB range.

« Port-to-port isolation — Port-to-por
isolation is defined as the amount of RF
power that leaks from one port of ¢
mixer to another. These include RF-to
IF, RF-to-LO, LO-to-IF, LO-to-RF, IF
to-LO and IF-to-RF isolation. This iso
lation nomenclature defines the firsi
port as the source of the RF signal anc
the second port as the port where the
leakage is measured. As described earli
er, single-diode mixers have the worst
isolation, and double-balanced mixer:
have much better isolation. This is
caused by the natural isolation of ¢
hybrid or balun in balanced configura:
tions. This parameter also can be im-
proved by using filters at the various
ports to improve the frequency selectivi-
ty of the mixer. Typical isolation values
range from 10 to 25dB depending on the
type of mixer.

Conclusion

An introduction to mixers has in-
cluded the role of mixers, theory o}
operation, types of mixers, semiconduc:
tor devices and key figures of merit. RF

About the author
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Take Part in

the Main Event!

For 21 years, the International
Wireless Communications Expo has
been the industry source for the latest
technology, insights and product
introductions for maobile wireless com-
munications. Few would argue its status
as the industry's main event. IWCE '97
delivers every aspect of two-way com-
munications in one place, at one time,
offering dealers, service shops, carriers,
engineers, operators, end-users and
manufacturers a comprehensive
look at today’s— and tomorrow’s—
communications world.

Why You Should Be Here.

As technology emerges and the
market changes, you simply cannot
afford to be left behind. This compet-
itive market demands that you be on
the cutting-edge of the business—from
marketing your products to discover-
ing and understanding the emerging
technology. IWCE *G7 brings together
the best minds to help you develop
and implement effective strategies to
face the future of mobile voice and
data communications.

A more profitable
future starts here!

Register now and have your
first choice of sessions, hotel
rooms and discounted airfares.
Make a positive move to insure
a profitable future in the wire-
less communications industry
by signing up today. If you
have any questions, please call
the IWCE hotline ot 1-800-288-
8606 or 303-220-0600 or fax
your request to 303-770-0253.
For program updates as they
oceur, call FAX-ON-DEMAND at
1-800-601-3858.

Who Should Attend:
® Dealers & Service Shops
e Engineers
® Public Safety Commurications Specialists
e (Corporate, Industrial & Government End-Users
® Sales & Marketing Executives
® Telecommunications Managers
o Systems Integrators
o Wireless Carriers
® (onsultonts & Agents
e Distributors & Manufa:turers
o Government Officals
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ning al [WCE.

See the Industry’s
Newest Offerings
From Around the World.

Over 350 suppliers showcase
the latest mobile communications
technologies, products and services
at IWCE.

Experience this product-packed
expo and participate in demonstra-
tions featuring:

 Mobile/Portable Radios & Accessories

* Mobile Data Terminals
Mobile/Portable Base Station Antennas
Microwave Radios & Transmission
Microphones/Headsets
Pagers
Paging Terminals
Satellites
Towers/Shelters/Lightning Protection
Transmission & Management Over Radio
Test Equipment
Tone Signaling & Control Equipment
Scrambling/Encryption Software
Mounts/Installation Hardware
Crystals
Dispatch/Voice Storage & Retrieval/Consoles
Interconnect
Celluler Phones
Consulting Services
... and much, much more!

For a complete
schedule and

seminar descriptions,
call FAX ON DEMAND
at 1-800-601-3858
or 908-885-6723.

If using a rotary phone call 303-220-0600
or fax 303-770-0253.



Wireless Communications Induslry...

IWCE Educalional 5essions’

IWCE's conference program
brings you up-to-date on the
very latest industry develop-
ments and provides new tips
and ideas you can put to work

right away. Topics incdude:

PUBLIC SAFETY:

¢ Opportunities for SMRs to
Serve Public Safety
Agencies and Utilities

¢ Doing Business with Public
Safety Agencies

e Are Public Safety Standards
Politics or Product
Excellence?

REGULATORY:

¢ How Spectrum Refarming
Affects Private Radio
» Legislative and Regulatory

Directions
¢ Telecommunications Reform
Act: Business Ramifications

¢ Telecommunications Scams

¢ Washington Roundtable

e FCC Compliance and
Information Bureau

¢ FCC Open Forum

*Subject to change

INTERNATIONAL:

¢ Selling Products to Other
Countries

¢ Global Report on the Growth
of Commercial Trunked
Radio

¢ Global Standards: A Strategic
Tool for Entering the World Markets

¢ Technology Overview:
A Sampler of What's Available

¢ Wireless Local Loop

BUSINESS & TECHNOLOGY:

¢ Community Repeaters and
Private Carriers

e Lightning Protection
Techniques and Products

e 220 MHz Systems

e Overcoming Market Barriers
to Small Business

¢ Using the Internet for

Business Development:
How to Use the Internet to Attract
Customers and to Find Products
and Services

¢ Electromagnetic Energy
Awareness: How to
Implement the FCC Guidelines

e Specialized Antennas for
Public Systems

» Tower & Site Acquisition
and Management

TECHNICAL:

¢ Using Digital Computer-based
Test Equipment

¢ Technician Recruiting
and Training

¢ Resolving RF
Interference Problems

PAGING:

¢ Reselling Paging
¢ Two-Way Paging:

What it Means to the Industry
¢ Upcoming Paging Technologies

Schedule-At-A-Glance*

Monday, April 21, 1997
Registration Bpen ...... 7:00 am -
RF Seminars.............. 8:00 am -

Tuesday, April 22, 1997
Registration Open .....7:00 am -
Opening

Generol Session .....8:30 am - 9:
RF Seminars 8:00 am - 5:
Exhibits Open 0:00 om -
IWCE Sessions ... 1:00 am -12:
IWCE Sessions ........... 1:00 pm - 3:
International Reception ..5:00 pm -
(Invitation only)

Wednesday, April 23, 1997
Registration Open ......7:00 am -

RF Seminars 8:00 am -
IWCE Sessions 9:00 om -11:
Exhibits Open 0:00 om -
IWCE Sessions ............1:00 pm -

Thursday, April 24, 1997
Reﬁistrution Open .....7:00 am - 1:00 pm

Exhibits Open 9:00 am - 1:00 pm
RT3 —— 9:00 am -10:15 am
(losing General

Session 106:30am - 11:45am
*schedule subject




As today's wireless market-
place continues to be rede-
fined, so do the strategies
that are needed to bring
these products to market.

This RF Design Seminar, co- (

located with the Intemational '9 s
»
£6ARS THIS SPRING...

Wireless Communications
Expo (IWCE), provides desian
engineers, engineernng man-
agers and other RF profes-
sionals the tools and Informa-
tion they'll need to stay ahead
of the changing marketplace.

Track One: Engineering Fundamentals (Instructional Level: Introductory)

Track One Instructors: Dr. Rcbert Feeney and Dr. David Hertling, Georgia Institute of Technology. These
professors bring both academic substance and practical design experience to the classroom. CEUs are available from

tthe Continuing Education department at Georgia Tech

(M) RF and Wireless Engineering

Part I: Fundamental Concepts
Monday, April 81 — 8:00 am - 5:00 pm

This first day reviews fundamental ideas and terms
that are important in all RF and wireless systems
Concepts such as gain, bandwidth, noise figure, dynamic
range, resonance and Q are presented. Practical compo-
nents are discussed and models are developed
Fundamentals of electromagnetic theory are reviewed;
transmission lines are discussed. The Smith chart is
developed from transmission line theory and its use in
RF design is introduced

(M-2) RF and Wireless Engineering Part

II: Fundamentals of Amplifier Design
Tuesday, Rpril 22 — 8:00 am - 5:00 pm

This second day begins by designing lumped element
and distribution impedance transformation networks using
the Smith chart. Next, the course presents a unique
approach to impedance matching network design that
faclitates the design of T-, PI- and L-networks for specified
phase shift or Q. The same procedure is extended to
desian resistive attenuators and talanced networks
Active device models are then int'oduced and important
concepts such as power gain, noise figure and stability are
reviewed. The theory, physical meaning and measure-
ment of S-parameters are presented, then graphical and
analytical techniques for amplifier design using S-parame-
ters are developed. The fundamentals of computer-aided
analysis and optimization are then summarized

(M-3) RF and Wireless Engineering
Part Ill: Amplifier Design
Wednesday, April 23 — 8:00 am - 5:00 pm

The third day uses all the theory and techniques
developed during the first two days to design several
representative RF amplifiers. In addition to the basic RF
design, practical topics such as bias network design, out-
of-band stability, decoupling network design, the effect of
microstrip discontinuities and the use of RF design soft-
ware are presented

Track Two:
Engineering Applications
(Instructional Level: Intermediate)

(Te-1) Practical High-Frequency Filter Design
Monday, Rpril 21 — 8:00 am - 5:00 pm

HF Filter Design is a detalled review of low pass, hi
pass and band pass filter designs employing passive L-C
and transmission fine components. Choice of transfer func-
tions, filter order, amplitude and phase responses will be
examined. Emphasis will be placed on simple computer-
aided analysis and how to use the literature to produce
practical designs



Some of the topics to be expiored are filter realizability,
insertion loss, design with “real’ components, tuning, fiiter match,
various types of coupled resonators, and simple crystal filters.

Instructor: Dr. Dennis Sweeney is a professor at Virginia
Potytechnic Institute and State University, Department of Electrical
Engineering. He has taught undergraduate and graduate courses
in Radio Engineering and Is co-author of three reference papers
on digital signal processing and satellite siant path propagation.
His credentials include work in land/mobile communications sys-
tems for General Electric, research at the National Radio
Astronomy Observatory at Green Bank, WV, and GPS projects at
the JPL. He designed and built a major part of
the 12.5/20/30 GHz beacon recetver for the Olympus Satellite
experiment program at Virginia Tech and has built and deployed
microwave propagation measurement systems at Vermont.

(T2-2) Oscillator Design Principles
Tuesday, Rpril 22 — 8:00 am - 5:00 pm

A unified approach to oscillator desian is presented which
describes how to create high-performance osdliators using any
type of resonator and any type of active device. Oscillators are
demystified and fully understood so that design is no fonger
based on copying or modifying existing units. A complete
understanding provides for known oscillation margins and desian
optimization for state-of-the-art performance. Both negative-
resistance and open-loop Bode response design techniques are
described. Gain margin, matching, starting, limiting, output level
and hamonics are discussed. The theory is then applied to several
practical osdllator dircuits using L-C, SAW, transmission line and
quartz crystal resonators with bipolar, FET and MMIC devices.
Broadband tuning WCOs, general purpose and low-noise,
high-stability oscillators are covered.

Instructors: Dr. Robert Feeney and Dr. David Hertling,
Georgla Institute of Technology. These professors bring both
academic substance and practical design experience to the
dassroom.

Track Three: Rdvanced Applications
(instructional Level: Intermediate to Advanced)

T3-1 Digital Modulation and Spread Spectrum
for Wireless Communications
Monday, April 21 — B:00 am - 5:00 pm

This advanced dass covers the essential topk of digital com-
munications for wireless applications, exploring the principles and
system architectures for complex -Q, QPSK, I/4-DQPSK, GMSK
and FQPSK and other modulation schemes. Standards for spedific
cellular and PCS systems are introduced. A theoretical analysis of
spectral and power efficiency follows, induding adjacent channel
interference, linearnonlinear amplification and BER performance.
Advanced modulation techniques such as 16-QAM, trellis coding,
enhanced performance GFSK and mutti-level FM are presented.
TDMA radio design Is also highlighted. The near-far problem and
operation In mobile environments are discussed.

This course assumes substantial experience in RF design.
All course participants will recetve a complimentary copy of K.
Feher's book, "Wireless Digital Communications: Modulation and
Spread Spectrum Application,” published by Prentice Hall in 1995.

Instructor: Dr. Kamilo Feher is a professor at the University
of Califomia, Davis and Is also Vice President of Digicom's
Consulting/Licensing and Technology Transfer Group.

{T3-2) RF Power Transistors
and Amplifiers: Principles and

Practical Applications
Tuesday. Rpril 22 — 8:00 am - 5:00 pm

This practical one-day workshop covers RF power transistors
from their design and unique charactertstics to drcult selection,
circuit construction and impedance matching concepts usable in
their application. The course generally follows the book, "RF
Power Transistors—Principles and Practical Applications,”
written by Norman Dye and Helge Granberg,

Spedific topics range from what's different about power tran-
sistors to fundamental characteristics, choosing between FETs
and bipolar transistors, tips on construction and biasing, amplifier
design, wideband impedance matching, and the concepts of fre-
quency compensation and negative feedback.

Attendees will walk through: Selecting a transistor for a partic-
ular application ® Selecting the type of circuit best sulted to the
application ¢ Building a microstrip drcuit ¢ Biasing the transistor e
Matching the transistor.

Instructor: Norman Dye is an engineering consultant with
extensive experience in Motorola’s power transistor division. Along
with Helge Granberg, he recently authored the book, “Radio
Frequency Transistors.”

Management Track
(Instructional Level: Non-Technical)

SPECIAL COURSE FOR MANAGEMENT,
MRARKETING AND PURCHRASING PERSONNEL

(MT-1) Wireless
Communications For Non-Engineers
Wednesday, Rpril 23 — 8:00 am - Y:00 pm

The moming session introduces the key concepts of signals,
dircuits, systems and the radio spectrum. These technical con-
cepts are presented in an intuitive, visual manner, relating them
whenever possible to familiar activities of everyday ffe.

Demonstrations and dass participation will help non-technical
personnel grasp these concepts, which are essential for “Speaking
the language” of wireless communications. The session continues
with descriptions of common communications systerms: AM and
M radio broadcasting, television broadcasting, cable TV and tradi-
tional two-way radio.

The aftemoon session begins with a quick review of the
principles, with additional notes on how radio waves travel from
one point to another. Then, modem wireless communications
systems are described, induding remote control systems, cord-
less telephones, the cellular phone system and satellite systems.
Fnally, the newest areas of communications: Personal
Communications Senvices (PCS), wireless local-area networks
(WLAN), automatic toll collection and RF identification (RFD) tags
are described.

Instructor: Gary Breed s president of Noble Publishing
Corporation, publishers of technical books, instructional video
courses, and Applied Microwave and Wireless magazine. He has
25 years experience in the wireless communications industry,
including 11 years as Editor of RF Desian magazine. He has
experience In the design, construction and operation of a wide
range of communications systems.

CEUs avallable for Track 1 and Track 2 sessions.
See regjstration form.



Travel & Housing

Information

Make your Los Vegas reser-
vations today! DESTINATIONS,
INC. s the official housing
and travel coordinator for
IWCE '97. Hotel and airline
reservations at the lowest
possible rate can be made

by calling 1-800-325-2078
or 404-584-0599 ext. 260.
You may fax your reques!

10: 404-584-0685. Please
indude arrival/ departure
dotes, housing needs, and
credit cord number for confir-
mation. Make sure fo men-
tion you're with IWCE '97.

Renie Fuselier

Shelly Smoroske

Elsa Saavedra

IWCE Exhibitors*

A.W. Enterprises
AC Data Systems, Inc.
Accele Electronics
Ace Antenna Co.
Advance Label & Tag
Advanced Electro Magnetics
Aeroflex Laboratories, Inc.
Aerotron-Repco Sales, Inc.
AF CommSupply
AIRCOMM
Alexander Batteries
Allen Telecom Group
Allied Tower Company
American Mobile
Telecommunications Asscc.
American Tower Services, inc.
Amphenol Communications
Amplifier Research
Anchor Graphics, Inc.
Andrew Corporation
Andrews Tower, Inc.
Antenex, Inc.
Antennaco, Inc
Antennas American
APCO
Aprel Laboratories
Aris, Inc.
Associates Leasing
Astron Corporation
Atlantic Solar Products

Automation & Electronic Engineering, Inc.

AVCOM of Virginia, Inc.

AVTEC, Inc.

Barnett Engineering

Battery Network

Bearcom LP

BEE Electronics, Inc.

Bird Electronics Corporation

BK Radio

Brodit Plast AB

Burndy Electrical

C.E.T, Inc.

Cablewave Systems

Cadex Electronics

Cartwright Communications Company

Celwave

Centurian International, Inc.

Ceotronics

Cerulean Technology, Inc.

CESCO

Charge Guard, Inc.

Cimmaron Technologies Corp.

Coded Communications

Commscope, Inc.

Communications Data Services, Inc.

Communications Electronic Specialties
- (CES)

Communications Signalling, Inc

Compac Development Corp.

Compex Corp.

Computer Resources, Inc.

Comtelco Industries, [nc.

Connect Systems, Inc.

CPDI

CPI Communications, Inc.

CRN Telemetry Devices, Inc.

Cromack Industries, inc.

CTI, Inc.

Cushcraft Corporation

Cushman/KNS Electronics, Inc.

D&L Communications, Inc.

Daniels Electronics Ltd.

Data Comm for Business, Inc.

Data Express

Dataradio

Datumtech Corp.

Davicom Technologies, inc.

David Clark Company, Inc.

David Levy Company, Inc.

Diablo Communications

Digital Wireless Corporatton

Dinet, Inc.

Direct Power & Water

Duracomm Corporation

DX Radio Systems/TPL Comm

Dynatech Tactical Communications
(DTA)

Eagle Telecom

Eagleware

EDX Engineering, Inc.

EF Johnson Company

EIS Systems Group

El Paso Communications Systems. Inc.

Electro-Comm Distributing

EMR Corporation

Enviro - Buildings Inc.

Ericsson

ETrunk Systems

Eventide, Inc.

Fanon Courier

Fast Plastics

Fibrebond

Flash Technology Corp. of America

Florida RF Labs

Fred A. Nudd Corporation

Futurecom Systems Group, Inc

Gabriel Electronics, Inc

Gamber Johnson

General Communications. Inc.

Geotek Communications

Glenayre Electronics

GMS], Inc.

Granger Telecom

GRE America, Inc

Hark Systems, Inc.

Harmon Electronics, Inc.

HY-Q International (USA)

ICOM America, Inc

IDA Corporation

IFR Systems, Inc

Il Morrow Inc

Industrial Telecommunications
Assoclation, Inc

Inmetco

Inteliisoft

International Crystal Mft. Co.

IWL Communications

Jan Crystals

JB Communications

JBRO Batteries, Inc

JFW Industries, Inc

John Mitchell Company

Johnson Controls

Kaval Electronics, Inc.

KAVIcomm International, Inc

Kenwood Communications Corp.

King Communications

KRUSE Microwave Enterprises

Kyodo West, Inc

Landmark Tower Corporation

Larsen Electronics, Inc.

Latcomm, inc.

Lease Acceptance Corp

Lightning Eliminators &
Consultants, Inc

Lindgren

Lone Peak Designs

LPKF CAD/CAM Systems, Inc

Lyncole XIT Grounding

M/A Com

MACAW Electronics, Inc.

Magellan Systems

Marconi Instruments, Inc.

Marketronics Corporation

Mason Electric Co., Inc.

Maxon America, Inc

Maxrad, Inc.

Mentor Electronics Co.

Metric Systems Corp.

Microcomm Ltd.

Microflect

MicroNet

Micropath Corporation

Microwave Data Systems

Microwave Tower Service, Inc

Midian Electronics, Inc.

Midland Consumer Radio

Midland International Corp.

Milcom International, Inc.

Motorola, Inc.

Multiplier Industries Corp.

MX-COM, Inc.

Natcom

NCG/Comet

Neulink Division/RF Industries

NEWMAR

Nida Communications

Noise Cancellation Technologies

Northpoint Communications
Products, Inc.

Nutel Electronics Corporation

Optaphone Systems

Optoelectronics, Inc

Orbacom Systems, Inc

Otto Engineering, Inc.

Pace, Inc.

PanaVise Products, Inc.

PEIKER Acustic, Inc.

Penta Corporation

Photocomm, Inc

Pipo Communications

PolyPhaser Corporation

Prime Communications Sites, Inc.

Primus Electronics Corporation

Pulse Power

Racal Antennas

Racing Electronics

Radio Dealers Leasing

Radio Resource Magazine

RadioMate

RAINE, Inc

Ramsey Electronics, Inc

RELM Communications

Renu International Corp
Republic Electronics Corp.

RF Connector Division/RF Industries
RF Imaging and Communications
RF Parts Company

RF Technology Pty, Ltd.

Riser Bond Instruments
Ritron, Inc.

ROHN

RUF*NEK Building Systems, Inc.
Sabre Communications Corp.
SAMLEX America, Inc.
Samsung Semi-Conductor
Scala Electronic Corporation
Scientific Dimensions, Inc.
SEA, Inc

Serviceware

Setcom Corporation

SGS U.S. Testing Company, Inc.
Sharp Communications

Shure Brothers Incorporated
Sinclair Technologies

SIWARD International, inc.
Slattery Software

Smartlink Development L.P.
SmarTrunk Systems, Inc.

SMI Electronics Device America, Inc.
SoftWright, LL.X

Solar Depot Inc.

Solar Electric Specialties Co.
Sonic Communications
SpaceCom Systems

Spectrum Communications Corp.
SCR Cables

STI-CO Industries, Inc.
Summitek [nstruments

TAD Radio of Canada

Tait Electronics

Talley Communications Corp.
TCC Industries, Inc.

Tecdia, Inc

Tecom Industries, Inc.

TEKK. Incorporated
Telecommunications Group Inc.
Telelink Technologies
Telemobile

Telepoint, Inc

Telewave. Inc

Telex Communications, Inc
TESSCO

TGA Prism

Times Microwave Systems
Tower Systems
Transamerican

Transcrypt International, Ltd
Transtector Systems, Inc
Trident Micro Systems
TRILITHIC, Inc

Trilogy Communications
Tru-Connector

TRYLON-TSF

TWR Telecom, Inc

TX RX Systems, Inc

Uniden America Corp.

US Sitelease Inc

Utrunking Repeater
Valmont/Microflect

Valor Enterprises, Inc.

VCP International, Inc

Vega A Mark IV Company
Vertex Radio Communications
VoCom Products Company LLC
Volcano Software

W&W Associates

Wacom Products, Inc

Wenco Electronics

Western Towers

Wiltron Company

Wireless Product News

WPCS

Zetron

*Partial list as of 1/97




—————————— == —————JREGISTRATION FORM
(97) April 22 - 24,1997 (2) PROFILE W= sibdes

Sands Expo Center (ALL QUESTIONS MUST BE ANSWERED R Desin
Las Vogus, Nevudu 1) YOUR JOB FUNCTION? {check one) Cellukor Business

No one under 18 odmitted 8 ;'i":?:”%g"“e' Cellulor &uMoblk International
No photogrophy oowed Satellite Communications

00 Sols & Marketing Telephany
(1) GENERAL INFORMATION

O Communications Manager Global Telephony
First Name 2

-

(3 Technician/Service Supervisor
J Engineer

O Purchasing Monager

O Other

B

(

)]

E

F

6

0

WHAT BEST DESCRIBES YOUR BUSINESS? (check one)
A [ End User of Rdio Communications Equipment

B O Business Radio Dealer

€ O Business Radio Dealer/Service Shop

0 O RCC/PCP
E
F
[
H
J
K
L
M
N
P
Q
0

Last Name

O Cellulor Operator/Corrier
{7 Cellulor Agent/Dealer
3 Public Safety

O Exporter/Importer
) Monufacturer's Rep
3 Distributor

( Consuhant

] Manufacturer

J MR

O Associotion/Academia
3 Press

O Other

Title

Company

Address

(ity

3) WHAT ARE YOUR PRIMARY PRODUCT INTERESTS? {check ALL that apply)
{3 International Markets
O RF Engineering
(3 Mobile Data
ars
[ Pogers
(J Two-Way Radio

4 ]

State/Province A
B
¢
D
£
¢

Phone* 6 (3 Antennas
H
i
0
wi
A
B
(

Lip Country

(3 Systems Integration
3 Satellites

Fax* O Other

“International guests, please include country and city codes 4

HAT BEST DESCRIBES YOUR PURCHASING ROLE? (check one)
3 Moke final purchosing decisions
O Recommend, Specify

Please contact me regarding barrier-free accommodations. é\ s
0 No purchasing role

Source (ode AD

(3) PROGRAM REGISTRATION
On or Before 4/1/97 After 4/1/97
{circle) {circle)
1) IWCE Registration
IWCE Sessions & Exhibits (all three days) 5425 5495
Exhibits & Tues. Sessions S175 $225
Exhibits & Wed. Sessions S175 $225
Exhibits & Thurs. Sessions S175 S225
Exhibits Only (all three days) $25 545

IWCE REGISTRATION FEES $

Mmoo v

2) RF Design Seminars - Advanced Registration Before 4/1/97 Only

Register for individual sessions, or save BIG when you register for an entire seminar track. Includes IWCE exhibit pass and course materlals.
To make your selections, cross-reference the codes below with the course descriptions found on the pages 3 and 4.

Monday, April 21 (check one) Tuesday, April 22 (check one) Wednesday, April 23 {check one)
T OT21 OT3 TI2 DT22 (JT32 TI3 OMT-t

One course/one day (as checked above) @ $295

Two courses/two days {as checked above) @ 9525

Three courses/three days {as checked above) @ S775

RF DESIGN REGISTRATION FEES S
TOTAL AMOUNT DUE S

(EUs are available for tracks 1 and 2 through the Georgia Institute of Technology School of Electrical Engineering for those attendees registering on or before to 4/1/97.
ONLY. Certificates of atiendance will be granted. If you will be applying for CEUs, please enter your Social Security Number here: S#

(4) METHOD OF PAYMENT

Check No. Enclosed (Payable fo Intertec Presentations) (harge to: VISA MasterCord American Express
CordNo Exp. Date
Card Holder Name y
Signature (required) Date

Concelinfion Poby: f you must cancel for ony reason, Intertec Presentations willoffr o refund less o 25% odminrsirative fee os follows; requests for refunds must be made i wriing and postmarked or fox stomped no loter than Apil 1, 1997, All
vequests must incude the original registration credentioks and proof of payment. No refunds or credit will be ssued fo no-show regstrants. Substiufions are ohways wekome in Beu of concellafions. Please allow 4-6 weeks for processing

FAX YOUR COMPLETED FORM WITH CREDIT CARD PAYMENT TO 303-773-9166.

Or mail with payment to: IWCE ‘97 Registration ® Infertec Presentations 6300 South Syracuse Way, Suite 650 ® Englewood, (0 80111 ® Questions? Call Interfec Presentations of 1-800-288-8606 or 303-220-0600.

i e e o i . i, e e ot



International Wireless

Communications Expo
Also including the RF Design Seminar and

RF Design PdeUCT Povilion 00000000000000000000000

t's competitive out there! Nobody in mobile communications can
April 29 .9 4’ 1997 . afford Fo be uninformed about emerging technologies @d t'heir

inevitable impact. For over twenty years, wireless communications
The Sands Expo Center industry pros from around the world have come to the International
Wireless Communications Expo (IWCE) to learn about the latest
Las Vegas, Nevada technology, gain fresh insights and experience new product intro-

ductions in mobile voice and data communications.

Dealers, users (including public safety and industrial
users), engineers, service providers, agents, consultants
and manufacturers all consider IWCE to be the mobile
communications event of the year.

Plan now to join 10,000+ other industry professionals
and 350 exhibiting companies at IWCE ‘97.

; 4 ‘o LA \)
//.‘. / I."VA
N RN

= N N

Presented by:

Mobile Radio

RFdesi ' Return your registration form (on the previous page) today!
Ty Or, for more information, contact Intertec Presentations at

With support from these one of the following numbers:

Intertec® publications:

Cellular Business ¢ Cellular & Mobile

International ¢ Satellite Communications For progrum Upd("es by FAX (USing YOUI' "“uh-'o“e phone)'
Telephony * Global Telephony call 1-800-601-3858 or 908-885-6723.

Produced and Managed by:

SINTERTEC To contact Intertec Presentations, call 1-800-288-8606 or
RS feoie 303-220-0600. Or send a fax to 303-770-0253.

6300 South Syracuse Way, Suite 650
Englewood, CO 80111
1-8000-288-8606 or 303-220-0600

Fax: 303-770-0253



RF product forum

Test equipment manufacturers
make equipment smaller, faster

Each month, the product forum gives
companies manufacturing the products
used by RF engineers the opportunity to
offer their opinions regarding today’s
marketplace and trends in the industry
without editorial interpretation. This
month, the product forum highlights
test and measurement equipment. The
information in this section was com-
piled by Gregg Miller, Technical Editor.

Marconi Instruments

The introduction of cellular radio net-
works and the opening up of national
telecommunications markets is creating
a boom in the use of microwave radio
links. These microwave radio links are
divided into two categories: trunk links
and mini-links. Marconi believes the
worldwide market for radio links, espe-
cially mini-links, will continue to grow
rapidly between now and the year
2,000. The majority of these links will
be used to establish new or expanded
cellular radio networks. The pressure to
expand networks faster than ever
before has put intense pressure on net-
work managers to install links in the
shortest time possible. When any new
radio is installed, its power and fre-
quency must be measured to verify that
the radio is performing correctly and is
complying with the regulatory authori-
ties’ licensing terms. Marconi Instru-
ments will continue its worldwide com-
mitment to being a leading supplier of
test instruments for RF and microwave
radio links.

Keithley Instruments

Devoting special attention to the test
needs of communication equipment
producers has resulted in the introduc-
tion of several new test instruments
designed for these applications. High-
quality electrical measurements are
required as manufacturing processes
become more sophisticated, the compo-
nents become smaller and use less
power and as quality and reliability
benchmarks advance. Communications
products pose special manufacturing
challenges because they are complex
devices produced in high volumes.
Manufacturers need to make reliable,
accurate measurements at various
stages of assembly to ensure that the
products are within specification at
every step of the process. Keithley has

RF Design

addressed these issues by introducing
several new instruments with smaller
footprints, higher throughput and bet-
ter reliability than ever before.

Programmed Test Sources

Currently the test and measurement
market is being driven largely by the
requirements of the wireless communi-
cations sectors. As a manufacturer of
signal sources, PTS products are being
pushed on two fronts. First, wireless
communications are taking place at
higher and higher frequencies and
therefore the design and test phases
require signal sources capable of produc-
ing higher and higher output frequen-
cies. At the same time, higher levels of
performance in the baseband signal-pro-
cessing ICs are driving a requirement
for higher-quality low and medium fre-
quency sources with SFDR of —70 dBc
and better at very close-to-the-carrier
offsets. PTS serves both segments of this
market through a broad line of high-per-
formance frequency synthesizers, which
now cover as high as 3.2 GHz.

Anritsu Wiltron

We envision the future of test and
measurement to be the creation of
smaller, portable, more easily config-
urable instruments that meet the cus-
tomers needs and may be upgraded in
the future. To achieve this, Anritsu
Wiltron has developed equipment
based on a “platform” concept. The base
unit may be configured for multiple fre-
quency ranges, power ranges or appli-
cations. Customers purchase only the
capabilities that they require but are
assured of an easy upgrade path,
should their needs change.

Noise/Com

Test equipment alone is insufficient.
The RF engineer requires a partner-
ship in which the vendor will add
valuable technical and applications
knowledge to speed the RF engineer
through the test process. RF design
engineers must dedicate time to engi-
neering the core product within their
businesses. The cellular, PCS and
satellite communications industries
are growing so much that even test
engineers need help doing what they
do best: making test solutions quickly.
We listen to the RF and test engineers

to conceive the perfect test system
guaranteeing overall accuracy, consis-
tency, user-friendly procedures that
will uphold our reputation.

Tektronix

Digitally-modulated standards have
created requirements for higher perfor-
mance and flexibility in test equipment
for wireless design. Signal generators
and spectrum analyzers must support
application-specific modulation and
allow for evolving standards. Flexibility
and range of support is important to
designers who must support multiple
technologies. The complexity of the digi-
tally modulated waveform, increased
spectrum use and the needs of manufac-
turing all call for greater precision in sig-
nal generation, digital modulation and
spectrum analysis. Making applications-
specific measurements with great preci-
sion is key to the latest standards,
speeds the design task and allows for
greater tolerances in manufacturing.

Telecom Analysis Systems

Wireless communications is one of
the most demanding applications for
the telecommunications equipment
designer. Typical signals at the receiver
have delay spreads in the tens of mi-
croseconds and experience multipath
fading resulting in large signal power
fluctuations. The only way to ensure
that a system is able to function prop-
erly in an environment with these char-
acteristics is through extensive testing.
TAS has developed an RF channel
emulator with a flexible model that can
be used to emulate an RF channel.

Amplifier Research

We have been preaching the value of
pre-compliance testing for more than 25
years. Testing from the design level up
results in reduced time-to-market and
redesign costs; the requirement that
electronic products sold in the EU carry
the CE mark that formally endorses our
position, at a time when manufacturers
realize precompliance testing can no
longer be left to chance. EMC test sys-
tems let you conduct precompliance
immunity and emissions testing in your
lab, under your control. Test cells are
small enough to use on-site but large
enough to accept test objects as high as
1.5 meters per side. RF
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RF products

40 W UHF RF amplifier system
operates from 225-600 MHz

A 40 W UHF RF amplifier
system that operates from
225-600 MHz features a
solid-state protection system
that provides rugged, reli-
able operation under condi-
tions of abuse. Designed for
EMI and EMC applications,
it features automatic current
limiting, a condition that
may arise when operating
into a high-voltage standing
wave ratio (VSWR). The sys-
tem is designed not to shut
down during current limiting
conditions. Performance
specifications include a 40 W

CW RF ouptput power, 40
dB gain, a nominal input
and output impedance of 50
Q and —60 dBc spurious. The
system also offers protection
against bad loads and a mar-
gin of safety from voltage
breakdown. It includes a
power supply, amplifier mod-
ule, cooling, front panel indi-
cators and monitors. It can
be used as a stand-alone on a
bench top or be rack mount-
ed. The system is priced at
$5,950.

LCF Enterprises
INFO/CARD 159

Wide pull VCXO
for ATM applications

The H3201 series of volt-
age controlled crystal oscilla-
tors (VCXOs) provide data
and clock recovery for ATM
applications. The units guar-
antee frequency capture
(pull) to £150 ppm and cover
the frequency range from

Patch antenna
for GPS applications

The DAK series is a
miniature dielectric ceramic
antenna element for use in
global positioning systems

3-175 MHz. Guaranteed
performance eliminates the
user’s need to make allow-
ance for temperature, aging
and supply voltage varia-
tions—protection measures
that increase cost, not accu-
racy. The VCXOs measure
0.5” x 0.5” x 0.23” and are
priced from $9.50 for +50
ppm capture range units to
$12 for versions with +150
ppm capture range.

MF Electronics
INFO/CARD 160

80

(GPS). This flat patch anten-
na incorporates a rectangu-
lar micro-strip design to be
used for GPS C/A rigkt-hand
circular, polarization wave
reception. It features a 25
mm? surface area and a
height of 4 mm. The DAK
antenna is designed to be
used at 1,575 MHz for L1
reception. It uses a high-
performance proprietary
ceramic material, which pro-
vides excellent temperature
stability and sensitivity, has
an impedence of 50 Q, a 9
MHz minimum bandwidth
and a temperature coefficient
of 20 ppm/°C maximum:.
Toko

INFO/CARD 161

Switch system for
telecomm testing

The Model 7116-MWS
switch system introduced by
Keithley has a design opti-
mized for computer auto-
mated testing of telecommu-
nication devices such as
portable cellular phones. It
provides 18 GHz bandwidth
switching for IEEE 488-
based test systems, with a
switch configuration that
can be arranged as either a
single 1 x 16 multiplexer or
five independent 1 x 4 mul-
tiplexers. The 7116-MWS
switch configuration en-
sures that all 16 signal
paths are of equal length so

that every channel has simi-
lar transmission line charac-
teristics. There is less than
0.5 dB loss at 3 GHz in each
of the signal paths. The
7116-MWS features a 50 Q
impedance and SMA con-
nectors.

Keithley Instruments
INFO/CARD 162

High-frequency
trimmer capacitor

A miniature solid dielec-
tric trimmer capacitor fea-
tures a range of 0.45-3.5 pF

and positive stops at mini
mum and maximum. It fea
tures more than seven turns
of tuning and measures
0.155” in diameter and 0.4’
in length. The solid dielectric
design offers linear tuning
and no chance of interna
shorting or microphonics. I
is rated at 250 V working
and at 500 V withstanding
The Q is more than 2,000 ai
100 MHz. High-voltage anc
40 psi sealed versions are
also available. The trimme)
capacitor is priced at $3.1¢
in 100-piece quantitie:
and $1.70 in 50,000-piece
quantities.

Voltronics

INFO/CARD 163
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OCXO features
excellent phase noise

The FE-102A-100 oven-controlled
crystal oscillator (OCXO) features oper-
ation at 100 MHz, low phase noise of
-172 dBc, voltage-controlled oscillator
(VCO) range of +5 ppm for 0-10 V and
a low profile of 1”. Temperature stabili-
ty is 2 ppm per year and 5 ppm per 5
years. The unit was designed for appli-
cations such as low-noise frequency
synthesis, doppler radar, low-noise
phase-locked loop (PLL) systems and
phase noise reference.

Frequency Electronics
INFO/CARD 164

Universal surface-mount
crystal packages

Three surface-mount crystal pack-
ages are designed to match several
industry standard crystal footprints.
The 49SUB, 49SAB and 49SNC com-

LO/RF
900MHZ
LO =+17 dBm
IP3 = +30 dBm

LO/RF
900MHZ
LO =+10 dBm
IP3 = +21 dBm

MIXERS

LO/RF
900MHZ
LO =+23 dBm
IP3 =+32 dBm

LO/RF
1500MHZ
LO =+10 dBm
IP3 =+21 dBm

HIGH IP3

LO/RF
1900MHZ
LO =+23 dBm
IP3 = +32 dBm

SURFACE-MOUNT
CONNECTORIZED

LO/RF
1900MHZ
LO =+17 dBm
IP3 =+30 dBm

LO/RF
1500MHZ
LO =+17 dBm
IP3 = +30 dBm

LO/RF
1900MHZ
LO =+10 dBm
IP3 =+21dBm

PULSAR MICROWAVE CORPORATION
48 INDUSTRIAL WEST, CLIFTON, NJ 07012
TEL: (201) 779-6262 - FAX: (201) 779-2727

INFO/CARD 56

More oscillators!
Quick.

JAN. Hy?rid' C

lock Oscillator

NEW 622 MHzZVCXO
FROM RALTRON

selection has been expanded:

2341 Crystal Drive’

a From 6 to 100 MHz

Q TTL, CMOS, HCMOS, Tri-State
Fast turnaround available.

Call or fax for specifications,

pricing and expedited delivery:

o 1-800-JAN-XTAL
FAX (941) 936-3750

0. Box 60077 » Fort Myers, Florida 33906-6017

RF Design

INFO/CARD 67

» High stabilfy (15 ppm) { RAELT RO

* High linearity (10%)

* Wide operating range ‘
{-10t0 +80° C})

* ECL & positive ECL outputs

ELECTRONICS CORP.

2315 NW 107 AVENUE
| MIAMI, FLORIDA 33172 US.A.
| (305) 593-6033

* iiegooniasy FAX (305) 504-3973

* Low jitter (S0 psec) [ E-mail: sales@raltron.com

* Low price ($80) j

e e ONLY RALTRON HAS IT ALL

Crystals / Crystal Oscillators
Crystal Filters / Ceramic Resonators
hitp:/ /www.raltron.com

INFO/CARD 32

81



bine proven metal packaged AT- or
BT-cut strip resonator crystals with a
precision-molded base design to meet
strictest coplanarity specifications.
The crystals are available in frequen-
cies ranging from 3.5-66.6667 MHz
with a standard frequency tolerance of
+ 50 ppm from —-20 to 70°C. They are
priced from 80 cents to $1.50 in quan-
tities of 1,000.

Saronix

INFO/CARD 165

PDRO targets emerging
wireless technologies

A line of phase-locked sources taget-
ing the needs of Satcom converters, dig-
ital radio and the emrging wireless
technologies features single-loop frac-
tional multiplication techniques, 0.5-18
GHz operation phase-locked to a 10
MHz crystal reference, low phase noise
of —107 dBc at 1 kHz offset from a
1,112.5 MHz carrier and low DC power
consumption. These PDRO sources
require only a single loop for reliable
phase-lock performance with a 5 or 10
MHz crystal reference oscillator, result-
ing in the PDRO 601 source delivering
6.1 GHz phase-locked output from a 10
MHz reference oscillator.

Elcom
INFO/CARD 166

Plastic surface-mount
oscillator

The EC1400SJ series of plastic
surface-mount J-lead oscillators uses
an industry standard footprint suitable
for network products, modems,
telecommunication applications or any
application requiring a rugged surface
mount design. The EC1400SdJ series
has a frequency range of 1.025-66.667
MHz. Options for this series includes
150 ppm stability, tight duty-cycle and
tri-stae function.

Ecliptek
INFO/CARD 167

Low-profile
25 W terminator

Part numbers 12-3022SM and 12-
3022SF are low-profile, 25 W, coaxial
flange-mount terminators with a light-
weight aluminum housing and a stain-
less steel SMA connector. The device
features a voltage standing wave ratio
(VSWR) of less than 1.25:1. They are
available from DC to 18.0 GHz and in
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SMA male and female versions.
Florida RF Labs
INFO/CARD 168

Low-loss surface-mount
hybrid couplers

A low-loss line of surface mount
hybrid couplers has been added to the
Xinger brand surface-mount component
line. These models offer a specified
insertion loss of less than 0.2 dB. They
feature a footprint size of 0.48” x 0.65”
and are priced at $3.98 in large quanti-
ties and $6.89 in quantities less than
1,000.

Anaren Microwave
INFO/CARD 169

Flange mount
microwave detector

The DFN series of flange-mount
microwave detectors are designed to
meet connectorless assembly require-
ments. The DFN0140 covers a frequen-
cy range of 0.01-4.0 GHz with a mini-
mum voltage sensitivity of 500
mV/mW, maximum flatness of 0.30 dB
and a typical voltage standing wave
ratio (VSWR) of 1.3:1. The flange size
is 0.375” square with a total length of
0.530”. The unit is hermetically sealed
in a micro-module and integrated into
a custom housing to meet broadband
frequency requirements. The micro-
modules can be manufactured with
planar tunnel diodes, zero bias Schot-
tky diodes and biased Schottky diodes.
Device Technology
INFO/CARD 170

Voltage variable attenuators
for mobile digital wireless

The SM-515003 and SM-516003
voltage variable attenuators (VVA) are
designed to be compact, easily imple-
mentable HF, VHF and UHF attenua-
tor pads. They are cascadable with
additional 50 Q VVAs, without the
need for any external components, to
provide even higher levels of signal
padding. The SM-515003 is designed to
cover the frequency range from 3-300
MHz and typically can provide 70 dB
of isloation at 100 MHz. The SM-
516003 is designed to cover the fre-

quency range from 300-3,000 MHz at
the same time typically providing 40
dB of isolation at 2.4 GHz. Both atten-
uators operate on 5 VDC and require
two analog voltages per section with a
range from —3.0 V to 0.0 V at less than
15 pA each. The models are priced at
$2.10 and $2.40 in quantities of 10,000
respectively.

Samsung Microwave
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YiG-based
frequency synthesizer

The YTS series frequency synthe-
sizer uses a YIG voltage-controlled
oscillator (VCO) to achieve superior
phase noise. This synthesizer has

broadband operation from 4-8 GHz
and an output power of 13 dBm mini-
mum. It also can be designed with
optional L-band frequencies and a
fixed L-band output often used as a
second local oscillator (LO). Custom
design options are available.

Miteq
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Filter prevents
cellular interference

Model 3322-806/860(40) lowpass fil-
ter is designed to protect UHF off-ai1
antenna reception from cellular tele-
phone and mobile communications
interference. The unit has a passband
from 50-806 MHz and an insertion loss
that typically is less than 1 dB. A mini-
mum of 40 dB rejection is acheived for
signals in the 860-1,000 MHz band.
The filter measures 1” x 1.5” x 4” and is
priced at $125.

Microwave Filter
INFO/CARD 173
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HIGH FREQUENCIES IN HIGH PLACES

1997 IEEE MTT-S INTERNATIONAL MICROWAVE SYMPOSIUM/EXHIBITION

DENVER, COLORADO M JUNE 8-13, 1997
®

MTT-S L ARFTG B RFIC

Mark Your Calendar Now to Attend the
1997 IEEE MTT-S International Microwave Symposium/Exhibition
June 8-13, 1997

Colorado Convention Center - Denver

Featuring Technical Sessions, Workshops and Panel Sessions for Wireless,
Commercial and Military Applications.

ICs for Wireless Communications
Microwave Vehicular Technology

CAD Design Methodology

Power Devices and MMICs

Wireless Communication Systems

and Technologies

Power Amplifiers for Wireless Applications
Subsystems for Commercial Communications
Biological Effects and Medical Applications
Signal Generation, Frequency Conversion
and Control Circuits

Filters and Multiplexers

Ferrite Components

Guided Waves and Propagation Characteristics

Transistor Power Amplification

Nonlinear Modeling and Analysis
Measurement Theory and Techniques
High Power Sources and Control

Low Noise Receivers

Manufacturing, Production and Packaging
Advances in Hybrid Technology
Millimeter and Submillimeter Wave
Technology

Monolithic Technology

Active and Quasi-Optic Arrays
Lightwave Technology and Techniques
Superconductivity Technology
Microwave Digital Processing

B Full Guest Program - Bring the Family!

In addition to the outstanding Symposium, visit the World’s Largest Microwave Exhibition,
featuring more than 300 industry innovators displaying their newest wireless and commercial
products and services. Once again this year, industry representatives will be presenting application and
marketing seminars on the exhibition floor which will be open to all attendees.
r--——--------——-—————-
2]

Yes, | would like additional information on attending MTT-S '97. Please send it to:

-I
I Name Title I
[
[
I

| Organization

| Address

| ity State Zip Code

I Country Telephone

I-Microwave Journal®, 685 Canton Street, Norwood, Massachusetts 02062 FAX 617-769-5037
N CEES AR N SN DERE EEEE SN DS GDEE DS DN NS BN D SRR SR BN SR S e

Access MTT-S On-Line at Microwave JournaF via http://www.mwijournal.com/mwj.htmi.

MWP-0056
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N@BLE Publishing
2245 Dillard Street
Tucker, GA 30084
Tel: (770) 908-2320 Fax: (770) 939-0157
WWW. noblepub com

OSCILLATOR DESIGN
AOMPUTER SIMULATION
plus $5.00
shipping
VISA, MC, AX

fAandal W. Rned

N@BLE Publishing
2245 Dillard Street
Tucker, GA 30084

Tel: (770) 908-2320 Fax: (770) 939-0157

www.noblepub.com ‘
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RF literature

High-performance IC data
books available

The Linear Products and the Mixed
Signal Products data books feature
more than 60 high-performance and
mixed-signal products, plus complete
product descriptions, applications tips,
performance graphs, detailed specifica-
tions and ordering information for the
company’s line of high-performance lin-
ear and mixed-signal products.

The Linear Products data book
contains more than 1,300 pages and
offers designers more than 35 high-
performance linear products including
operational amplifiers; instrumentation
amplifiers; isolation products; power
operational amplifiers; optical sensors;
references and regulators; and demon-
stration boards.

The Mixed Signal Products data
book has more than 1,100 pages of
high-performance data conversion pro-
ducts for design projects. Products pro-
filed include: A-to-D and D-to-A con-
verters for industrial, instrumentation
and communications applications; data
acquisition components; digital audio
converters; sample and hold amplifiers;
V/F converters; multiplexers; and dem-
onstration boards.

Both data books are free.
Burr-Brown
INFO/CARD 155

Catalog is source for
automation products

Intelligent Instrumentation’s 32-page
factory view catalog features more than
100 of the company’s hardware, soft-
ware and interface tools for a variety of
applications for data acquisition, test
measurement, machine and process
monitoring and control, data collection,
and operator interface and control.

The factory view catalog showcases a
line of PC-based data acquisition hard-
ware and software tools including plug-
in boards that provide analog and digi-
tal I/0 combinations and sampling
rates as high as 100 MHz. Intelligent
Instrumentation’s complete line of /O
hardware offers products for any data
acquisition, control system, test and
measurement application. External
parallel port data acquisition systems
are featured to accommodate portable
PC applications. A selection of analog
and digital signal conditioning and ter-
mination accessories are available to
accommodate interfacing to real-world

signals and sensors.

The catalog has been translated into
French, German, Hungarian, Italian
and Japanese.

Intelligent Instrumentation
INFO/CARD 156

Catalogs feature amplifiers

A 66-page catalog contains infor-
mation on MITEQ’s AFS series low-
noise and medium-power amplifiers
from moderate bandwidth to ultra-
wideband. Also included are a variety
of special amplifier designs such as
surface-mount, microstrip, variable
gain, cryogenic, temperature compen-
sated and dual output, as well as infor-
mation about high reliability and space
qualified units.

A 42-page catalog contains informa-
tion on the company’s AMF series low-
noise medium-power and power ampli-
fiers. Included are Satcom, tempera-
ture compensated, cryogenic and slop-
ing amplifiers.

The bipolar amplifier catalog details
performance as high as 2 GHz for low-
noise, medium-power amplifiers. The
brochure includes a detailed listing of
specification definitions, available op-
tions and typical test data.

Miteq
INFO/CARD 157

On-line

Product, sales information on
web site—Signal Processing Tech-
nologies’ product and sales informa-
tion site on the World Wide Web
features product information
including on-line data sheets for
SPT’s high-speed analog-to-digital
converters (ADCs), digital-to-analog
converters (DACs), comparators
and track-and-hold amplifiers. The
web site also maintains a complete
database of the company’s sales and
distribution network and corporate
information. On-line product charts
contain information such as resolu-
tion, sample and conversion rate,
power dissipation, linearity and 1/O
specifications. On-line data sheets
are available in Adobe Acrobat for-
mat. The site is located at http://
www. spt.com.

Signal Processing Technologies
INFO/CARD 158
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RF software

Tools, libraries enhance
system-to-ASIC design flow

Alta Groups’ tools and libraries en-
hance the system-to-application specif-
ic integrated circuit (ASIC) top-down
design flow for communications prod-
uct design. Offerings include the fixed-
point communications library, the filter
module generator and a new version of
Alta’s Hardware Design System (HDS).
This combination supports a communi-
cations design flow from floating-point
communications design to fixed-point
design and finally to ASIC implemen-
tation through synthesis and library
mapping. These tools and libraries fur-
ther enhance the offerings within the
new EnWave wireless design release
and Alta’s library-based system design,
which enables design reuse by captur-
ing fixed and variable implementation
libraries.

The fixed-point communications
library is $8,000 and requires users to
own HDS. The filter module generator
is available at no charge to filter design
system users who are under a mainte-
nance contract. The filter design sys-
tem is $4,000. The Hardware Design
System ver. 3.5.1 is available at no cost
for users under maintenance contract.
The price for new users is $10,000.
Alta Group
INFO/CARD 153

Graphical user interface
builds test equipment

BenchTop Plus is a graphical user
interface. It provides engineers with a
set of virtual instruments and the tools
necessary to build an automatic test
equipment (ATE) system. Add-ons to
the BenchTop Lite software package
are included with all instruments sold
by PC Instruments.

Included in BenchTop Plus are a
pulse analysis function for analyzing
pulse responses and digital communi-
cation signals; a fast Fourier transform
(FFT) for frequency domain analysis; a
phase-angle meter for use in analyzing
power distribution, filters, gyroscopes
and other mechanical sensors; a bound-
ary test function for comparing ac-
quired waveforms to high and low lim-
its; and the automated test language
for controlling a sequenced set of tests.
The operator’s manual contains sample
programs. BenchTop Plus sells for
$495.

PC Instruments
INFO/CARD 154

RF Design

For Proven EMI/RFI Shielding Expertise

...Consider Lindgren®

From understanding your application needs
and employing effective shielding principles
to the broadest line of screen/solid rooms,
anechoic chambers, materials and compo-
nents, Lindgren is the leader in the design,
manufacture, installation and testing of high
quality shielded enclosures. We accommodate
a variety of medical, industrial and govern-
mental applications with:

Double Electrically Isolated (DEI)
Enclosures The highest shielding
effectiveness available in a screen or solid
demountable enclosure.

Double Steel Laminate (DSL) Cell
Type Enclosures A modular panelized
demountable system for basic shielding.

Test & Measurement Systems Our
Free-space Anechoic Chamber Test-site

Systems {(FACTS) fulfill internationally
recognized EMC testing requirements.

Low Frequency Magnetic Fielding
Shielding solutions for 50-60Hz
EMF interference.

LINI)GREN
l RF ENCLOSURES INC

;@‘. LINDGREN-RAYPROOF
.
b}

RF Doors The widest variety of high perfor-
mance RF doors, featuring exceptionally reliable
sealing technology.

Accessories A full
range of waveguide
air vents and
EMI/RF! filters
meeting UL
and military
specifications.

For more

information,
technical assistance,
or to request our literature, "%

call 630.307.7200.

Hich Crove hlovard o Glomdete | (]

" INTERFERENCE TECHNOLOGY
2 N N
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PROTOTYPE CIRCUIT BOARDS
WITH THRU-HOLE PLATING....
FABRICATED AT YOUR BENCH

The LPKF Protomat 935 System with optional
automated AutoContac thru-hole plating system
fabricates complete boards in less than four hours.
Fully programmable speed control provides superior

results for a full range of board materials.

» Input Gerber, Excellon or HPGL files and produce Analog,
Digital, RF and Microwave prototype circuit boards.

» Windows software with programmable
insulation width, muttiple tool rub out,
and full tool management.

B Solderable thru-hole plating with
conductive epoxy.

» Tool speed to 60,000 RPM on FR-4,
Duroid™, PTFE, G10 materials.

» Enviromentally safe - all mechanical,
no etching chemicals

Fast payback - typically 3 - 9 months.

CALL TODAY 1-800-345-LPKF

6190 S.W. Arctic Drive Beaverton, Or. 97005
(1-800-345-5753) or FAX to: 1-503-643-3662

S
2. ‘o@of
Q’l;:*

Rid

CAD/CAM
SYSTEMS INC.

INFO/CARD 58

85



B RF LITERATURE/PRODUCT SHOWCASE "l

([ Congratulations Jake! B
You found the perfect Signal Generator!

$795

Quantity 1
MadeinUSA

Features:
¢ DC-20 MHz. .1Hz steps
¢ Fully synthesized

* 10 Setup save/recall

* DC offset
* R8232 remote ctrl
® Field upgradable

Modes:

¢ Sinewave ® Linear/Log Sweep
* IntVExt AM ¢ InvExt FSK

¢ InVExt FM * Burst

¢ Int/Ext PM * DTMF Generation
¢ Int/Ext SSB o DTMF Detection
* Int/Ext B 'ower Level Meas

Telulex Inc 2455 Old Mlddlefleld Way S
Mountain View, Ca. 940

Tel: (415) 938-0240 Fax: (415) 938-0241
\hittp://www.telulex.com y
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NOW BREAKING
AT ROCKWELL

SEMICONDUCTOR SYSTEMS—
THE WIRELESS WAVE

OF THE FUTURE.

ct
‘,6
o -
~ with
N Rockwell
Because

Communication
Matters™

SyS Calc 3 1 Jor Windows

| - Organlze system block \
diagrams into subsys- '
tems using unique ‘

NoteBook metaphor.

Drag and drop block

icons from the ToolBar }

+ View Noise figure and
intermodulation “bottle-
necks"” displayed on a
block-by-block basis.

« Specify BER require-
ments for various mod- |
ulation schemes (BPSK, |
QPSK, Pl/4 DQPSK, '
DPSK, FSK, OOK, MSK)

« Do "what if" scenarios |
instantly

http://www.ardentech.com
for a fully functional demo

v $249%

. Arden Technologies, Inc
& ﬁ PO Box 286 - Forest, VA 24551
Voice 804-525-6837 Fax 804-525-5376

e-mail: arden @ ardentech. com

INFO/CARD 101

LOW COST
HIGH PERFORMANCE
FREQUENCY SOURCES

CRYSTAL OSCILLATOR-MULTIPLIER

v MODEL VSA - $225.00 .01 6Hz 10 1.0 GHz
v MODEL USA — $275.00 1.06Hz 70 1.8 GHz

' MODEL SSA — $325.00 1.5 61z 10 4.2 612

RF OUTPUT: +8dBm min., at any spot frequency
in above ranges

FREQ. STABILITY: £30ppm, -20°c to +60°c

B+: +12 to +16 VDC

H 5350 Kazuko Court, Moorpark, CA 93021
W IIIHB”L'U (805) 523-2390 FAX (805) 523-0065
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ASIC Design Engineer
DSP Firmware Engineer
DSP Systems Engineer

Wireless communications is desfined to rival the phenomenal growth of personal computers, and Rockwellis lead-
ing the charge. Our Wireless Communications Division is rapidly developing high-potential fechnologies involving
1,900 megahertz PCS ond 900 megahertz digital cordless phones as well as global positiening system products
and packet ot networks. if you want your work to contribute to the next big wave, join Rockwell Semiconductor
Systems in one of the following positions:

Embedded Systems Software Engineer
Hordware Development Engineer

Experience in wireless profocol required. Posifions available in both Newport Beach and San Diego, Californio.

Rockwell Semiconductor Systems offers an excellent salory and benefits package, and a relocation progrom
tuilored fo suit your needs. For inifial consideration, please send your resume to: Rockwell Semiconductor
Systems, Professional Staffing, Dept. RFD-0301-Y, 4311 Jamboree Road, Newport Beadh, CA
92660, Fax (714) 221-6092, E-moil: resume@nb.rockwell.com
Opportunity Employer Supporting Diversity in the Workploce.

Visit us on the World Wide Web of: http:/ /www.nb.rockwell.com

N Roclewell semiconductor Systems

Integration & Test Engineer
Product Applications Engineer
RF Systems Engineer
Systems Software Architect
Speech Implementor /Analyst

Rockwell is an Equal

Classified display ads are available at $125 per column inch. Frequency rates available for multiple insertions. Please call
for further information, 303-220-4288. Or fax your ad copy for a rate quote to: (303) 793-0454.

ENGINEERS
« Satallite Engineers * Communications
» Network Management
* Broadcast/OEM Satellite
* Operators * Sales-All
Submit resume to: Peter Ansara, c/o ABF
PO 239. West Spfld., MA 01090. Tel (413) 733-0791
Fax (413) 731-1486. or pa@ansara.com
See our Home Page: http://www.ansara.com

MIDWEST C% OPENINGS

RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS
BS/MS, 2-8+yrs. experience, base-band to 3.0 Ghz, inany of the
following: Recetvers, Transmitters, Power Amplifiers, Synthe-
sizers, Spread Spectrum, RF ASIC/MMIC Design, Modems,
Communications DSP. Reply with assured confidentiality to:
Don C. Gallagher
c/o Redstone Partners, Inc.
2033 McCoy Rd., #206, Sun Prarie, W1 53590
(608) 837-5647 Fax (608) 837-6096
Review our openings on the Web at:
hitp://www.redstonepartners.com

RF EXPLOSION

RF state of the Art Developer seeks degreed engineers to join
expanding staff Positions available for the following: Fiber Optics,
CATV, Cellular, Wireless, Analog/Digital, Test, MMIC, Mgmt.
Additional oppts. available for Packaging, Mechanical Design,
Power Supply, Acoustic, HW/SW, Systems Integration.

For consideration senﬂ youl resume tn
Louis Schwartz, Technical
308 Lakeside Drive = Soulh Hamplun PA 18966

Ph: 215-396-1840 * Fax: 2I5-396-I50I
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CAREER

OPPORTUNITIES

OSCILLATOR
ENGINEERS

> Crystal Oscillator Engineers
Experience in the design and man-
ufacture of TCXO's and VCXO's
required. Hybrid design and man-
ufacturing experience a plus.

Hy-Q International is a world-
wide manufacturer of frequency
control products. If you are an
experienced engineer looking for
the opportunity to use all of your
talents, then we would like to talk
with you.

Please send your resume, with salary
requirement to:

Hy-Q International (USA), Inc.
James Buchanan

1438 Cox Ave.

Erlanger, KY 41018

WE ARE AN EQUAL OPPORTUNITY EMPLOYER

COl.

CDI Telecommunications is part of
a large public corporation (NYSE)
serving customers nationwide.

We are seeking experienced personnel
for the following positions:

CELLULAR & PCS

.._..;,‘_ ' +
i e
B Call: (800) 69-1890 ext. 396
| or Fax resume to

CDI Telecommunications, inc.

| 800-875-1904
P.O. Box 4056 Dept. RFD
Scottsdale, AZ 85261-4056
E.O.E

ENGINEERING
-~ OPPORTUNITIES

Nationwide positions available for
Engineering, R & D and Management
candidates with our Wireless, Broad-
band and Telecommunications Clients
in Venture Capitol to Fortune 100
corporations.

Reply confidentially to:

EXECUTIVE SEARCH NETWORK
71/2 E. Miner St. ® Dept RF3
Arlington Heights, [L 60004
Fax (847) 394-1841 / 1891 (alternate)
E-mail: mike@searchnetwork.com

v

GIVE YOUR
CAREER

A GLOBAL
SPIN!

Around the world, Comsearch is known for

it's unparalleled knowledge and expertise in
mobile, microwave, satellite and personal
communication systems (PCS) technologies. As
you explore your career opportunities, look
towards Comsearch. As a leading provider of
software and engineering services to the wireless
telecommunications industry, Comsearch is at the
forefront of innovation and technical knowledge. Become a part

of the team that defines the leading edge by applying for one of the following position:

SENIOR RF DESIGN ENGINEERS

Applicants should have strong analytical skills in RF propagation, link budget analysis,
CDMA/TDMA access schemes, interference analysis, digital modulation technigues, and
antenna systems. Direct experience with COMA, GSM, 1S-136, AMPS or related wireless
technologies is highly desirable. Excellent team interaction and customer relation skills
required. Opportunities exist to work on-site at client locations in various cities throughout
the U.S. and Canada. Extended travel is required.

WIRELESS SOFTWARE

PRODUCT SUPPORT ENGINEER - EUROPE

Responsible for installing & upgrading UNIX systems; validating demographics/boundary
data, contour terrain, 3-second terrain and Tiger data; updating user manuals, testing
software; writing small programs, utilities, and scripts; data conversions; troubleshooting
hardware and software errors; training customers on software products; and serving as
liaison to our clients. The successful candidate will possess 3 to 5 years engineering
experience in the telecommunications industry, and excellent written and verbal
communication skills. Experience in cellular or microwave engineering highly desirable.
Extended travel throughout Europe is required. Bilingual a plus (German, French,
Spanish).

PRODUCT SUPPORT ENGINEER - ASIA

Responsible for support major Asian customer accounts in a software support
organization. Responsible for supporting users of our software products with hardware and
software related issues; installation of software; training customers on software products;
defining feature enhancements to software and serving as liaison to our clients. Requires
a working knowledge of UNIX with an emphasis on Sun workstations. The successful
candidate will possess 3 - 5 years engineering experience in the telecommunications
industry, and excellent written and verbal communication skills. Experience in cellular or
microwave engineering highly desirable. Extended travel throughout Asia is required.
Bilingual a plus (Korean).

The above positions require a BSEE, MS degree a plus. We offer professional challenge,
convenient Reston location, business casual dress, excellent salary and benefits which
include comprehensive medical/dental, 401(k), and more. For immediate consideration
send your resume and cover letter with job # indicated to:

2002 Edmund Halley Dr. Reston, VA 2019 | )
ATTN: Human Resources
FAX: (703) 716-4404
E-mail: resume@comsearch.com

I  ONTSEARCH

We are committed to equal opportunity and workforce diversity.

RF Design
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Engineer

RF/DSP/DIGITAL/CELLULAR

ELECTRICAL ENGINEERS

Raytheon E-Systems Falls Church Operation is internationally knowa as one of the largest design-
ers, developers and producers of advanced electronics systems for the federal government and
international customers. With over 16,000 employees nationwide, we offer unique opportunities for
engineering professionals.

B DIGITAL DESIGN ENGINEERS — New grad-10 years’ experience in Xilinx design, B2
and ICD preparation, CADENCE, VERILOG, and digital HW design, box design, system
design, and system overview; BSEE or related field. Will design, test, debug digital
(some analog) circuits.

B RF ENGINEERS — New grad-10 years' experience with analog design principles, design
RF and microwave circuits, components, subassemblies, ESSOP CASE tools. Must have
BSEE or related field. Duties include RF and receiver design, development and support
for next generation airborne signals intelligence systems, design of miniature switched
filters, RF converters and other RF circuits required for next generation airborne PME.

B CELLULAR ENGINEER — 2-6 years' experience in cellular or PCS communications with
knowledge of RF engineering; experience with background in the installation, test and
operation of cellular basestation infrastructure equipment or wireless test equipment.
Duties include the support of field trials and first office applicztions of advanced cellular
and PCS communications equipment. This may include design, build, documentation
and testing of unique cellular test equipment product (“Smart Antenna” and geolocation
systems) installation, and customer operation and maintenance support.

E I DSP ENGINEER - 3-10 vears’ experience in signal processing. knowledge of cellular
standards, including GSM, CDMA, Is-54, MS320CXX family of microprocessors, Matlab,
(/C++; BSEE or related field. Duties include development of DSP functions such as DF,
TDOA, Interference Cancellation, demodulation, digital filtering, digital AGC, cellular sig-
nal control and data processing.

| B TEST ENGINEER - BS Electronics/Electrical Engineering and 1-2 years' relfated experi-
| ence. Test/debug complex digital and RF products, and support tes! fixture/procedure
development as needed. Ability to obtain and maintain security clearance.

| All positions require U.S. citizenship. Some candidates must meet eligibility
| requirements for DOD security clearance.

Raytheon E-Systems offers competitive compensation with an exceptional benefits package.
| To apply, please fax your resume to: 703-876-1962 Attn: MM09, or send to: Raytheon
| E-Systems Falls Church Operation, 7700 Arlington Blvd., Falls Church, VA 22046; e-mail:
| staffing@fallschurch.esys.com (ASCII Il format only, please).

Best

% Raytheon E-Systems

i

An Equal Opportunity Emplover M/ED.V.

Engineer/RF Applications
3-5 years experience in telecommunications, and

RF/microwave components. Practical experience
in testing, manufacturing, and/or design a plus.

Engineer/Software

2 years programming experience in DOS,
Windows environment and GPIB knowledge.
Electronics background and NetWare experience
preferred.

Purchasing/Buyer

Minimum 2 years experience. Must have strong
supplier relations and contract negotiations
experience. Responsibilities include buying
components and sourcing additional suppliers.

Engineer/Manufacturing

Responsible for design, development and
documentation of tools, fixtures and machinery
to support manufacturing processes. Degree in
mechanical engineer and knowledge of
AutoCAD.

Electrical Design Engineers
To work on the design of RF and microwave

components, such as mixers, VCOs, power
splitters, amplifiers, transformers, etc. The
suitable candidates should have 2 to 3 years
design experience in one or more of the above
products. A BS or MS in electrical engineering is
required.

Electrical Test Engineer

BS in electrical engineering, experience in RF &
microwave testing, computer literate and
experience with test equipment.

Needed for international electronics components
manufacturer for manufacturing process
improvement, and documentation. Experience in
surface mount assemblies and bachelor's degree
in manufacturing or industrial engineering
required. Knowledge of semi-automation
helpful.

Mini-Circuits
POB 350137
Brooklyn, NY 11235
Web Site Address: www.minicircuits.com
Fax Number: (718) 332-4661

RF DESIGN

radio - data - phone
RF design from circuit to
system level.

MANAGEMENT
RECRUITERS®
OF BOULDER, INC.

The search and recruiting specialists

Lanni Johnson, CPC

WINDY BRADFIELD

RF / MICROWAVE SPECIALIST

ALBUQ NC.
505-262-1871
FAX 505-268-4954
Excel of Albuquerque, Inc.
see us at www.excelalb.com

1700 Louisiana NE, Suite 210
Albuquerque, New Mexico 87110

CONTINENTAL BLDG., SUITE 301
1401 WALNUT STREET, P.O. BOX 4657
BOULDER, COLORADO 80306
(303) 447-9900
FAX(303) 447-9536

RO T

TELL THEM YOU SAW IT IN RF DESIGN!

TECHNICAL STAFF/ENGINEER

Perform independent research and
development work with project
responsibility to resolve problems with
existing products; Design crystal
resonators involving application of
electrical principles and trapped energy
theory; review test data. Requires
Bachelor's in Electrical Engineering and
3 years experience including work with
frequency and control systems.
$41,020/yr, 8:00am-5:00pm, M-F. Send
resume to:

Job Service of Florida
1001 Executive Center Dr.
Orlando, FL 32803-3520
Re: Job Order#FL-1535251

EOE/AA Employer M/F/V
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...YOUR CAREER

Wireless Start-Up/RF Design Engineers: Design of Si RF ic's for Wireless Communication
applications (AMPS, DAMPS, GSM, DECT, POS). Si RF ixc design experience in the 400-2400
MHz; fast RF PLL design i RF recer i 0 i
using Si Bipolar and MOS technologies

QOO
QOO

O

Product Marketing Birector: Incumbent would be required to work closety with product man-
agement and sales to design and develop product line strategy and tactical marketing programs
in support of an enterpnise wide strategy for success in the digital wireless terminal industry.
Knowledge of cellular/PCS markets and/or wireless telephony is required. A praven ability to
work with anad product reali teams on g strategy

J
@

H

Project Leader Base Station: Design, tabricate, test and develop ri/mw
cellular basestation front-ends. BSEE/MSEE

CATV Design: Rf Design expenence should inciude LC filter, microstrip, ampltfier, circuit
modeling and system analys:s in the 5-1000Mhz range. BS/MSEE fiber optics a plus.

circunts and for

USA An engineer who wants to enter sales world is Base salary, and car. BSEE.

[ Regional Field Sales: Aggressive Individuals to create and serve new accounts. Positions are located throughout the l

RF Microwave Test Engineers: Develop and refine RF/ test tor product

characterization, production test, system test and FCC Certification. BSEE.

RF Engineer: RF circuit design and development for wireless phones. Develop radic architectures and RF circuit
design for systems operating in the 800-900MHz and the 1800-2000MHz regions.

Sr. Projeci Antenna Design: Lead the design and ot a wide variety of antennas and antenna
systems, including both reflector and arvay systems using microstrip, stripline and waveguide technologies. BS/MS
with 5 years experience

RF Design Manager: Lead a team of RF engineers from initial design and implementation through product integra-
tion and testing into high volume production. 8+ years of RF design with emphasis on low cost radio design. BS/MS
Sr. MMIC Design: Design highly integrated GaAs MMICs for advanced cellwlar products. Circuits to be designed
include; power amplifiers, LNAs, mixers, IF amplifiers, buffer amplitiers. RF frequencies are 300 and 1800 MHz.
Product Line Manager Wlreless: Specific responsibilities include product line strategic planning, establishing rev-
enue and price objectives, setting internal cost targets and oversight of internal product realization schedules.

RF PA Englneers: Requires 3+ years expenience in design, test and manutacturing of high efficiency GaAS MESET
and HBT class A and C power A iers (c2watts) in the frequency range (-2GHz). Experience in both discrete and
MMIC design a plus.

St. Analog IC g1 3 ible for | circult design and developing new analog/mixed signal ic's
BS/MS experience In A/D D/A, ASIC's bipolar and BIMOS

Filter Design Engineer: Development of microwave high *Q" coaxtal cavity and machine filter designs for PCS base
stations. BS/MS familiar with simulation and modeling tools, three plus years fitter design
experience with direct Q" designs (6-8000 Q's).

Applications Engineer: 5 years of directly relevant RE/MW engineering applications and

rong p and Instructor skills; must be able to
with indivi and groups of all levels of technical expertise and

experience.
Senior RF Engineer: Design RF and for digital

communication links. Develop RF hardware block diagrams and perform analysts
for communication systems. BSEE or MSEE with 5+ years experience in Microwave
circuit design such as microstrip, low noise amplifiers, power amplifiers, mixers,

oscillators and RF circutts.
I c R o COMMUNICATIONS
EXECUTIVE SEARCH

We sp lize in the p of wil RF, microwave communications nationally.

FOR THESE AND OTHER OPENINGS 800 Turnpike St « North Andover, MA 01845
CALL COLLECT: TEL: 508-685-2272 com

E-mail.

FAX: 508-794-6627

J

S *  OFC is a leading manufacturer of frequency
zk control products for the world wide
, <-4 electronics markets. Located in the rolling hills

OAK Frequency Control Group* of Central Pennsylvania we offer challenging
careers in a desirable and affordable community. Due to our growth and
commitment to quality the following positions are available:

FIELD APPLICATIONS ENGINEER - Our phenomenal growth demands added
field support to augment and assist our sales reps. The ideal candidate will
have a BSEE coupled with 3 years experience in oscillator or micro elec-
tronic sales, or R.F design with a strong emphasis on customer satisfaction.
(Regional openings in PA, Dallas, Chicago, and Los Angeles).

HIGH RELIABILITY DESIGN ENGINEER - Responsible for developing state of
the art oscillators for Aerospace applications. Must have a minimum BSEE
degree or equivalent, with 3 years experience in the Hi-Rel community and
a broad knowledge of NASA, military and aerospace specifications
and documentation.

PROJECT MANAGER/CHINA PROJECT - Due to expanded operations into
mainland China, we need a Pennsylvania based engineer to act as our
Chinese Project Manager responsible to coordinate local activities related
to the start up of our new micro electronics and test facility in Shanghai as
well as local project coordination/training. We need a degreed EE with 2
years experience in micro electronic manufacturing and Chinese fluency.

MANUFACTURING PROCESS ENGINEER - Responsible for flow analysis as
it applies to pick and place machinery. This degreed Mechanical or
Industrial Engineer will have experience with surface mount technologies,
printed wiring boards, and the fixturing and material aspects of
component package design.

HYBRID OSCILLATOR ENGINEER - Responsible for developing new
products for the Hybrid Oscillator market as well as current technology
maintenance. Minimum BSEE or BSET with 1-3 years relevant experience.

For consideration please send or fax your resume with salary history to:
Oak Frequency Control Group, 100 Watts St., Mt. Holly Springs, PA 17065.
Attn: Human Resources.

Fax: (717) 486-5920.

For more information on our company visit our web site on the internet:
http://www.ofc.com

|__NO phone calls please. We are a equal opportunity employer M/F/D/V.

|
|

|
|

———— e

RF Design

-
ERICSSON 2

Meet us
and you're
hooked

Ericsson is an undisputed world leader in telecommunications,
renowned for its advanced systems and products for wired and
wireless communications. As a member of the Ericsson team,
you could help create some of the world’s leading technology
while living in an area ranked by Fortune magazine as the
5th best place to live and work in the U.S. Take a look at
Ericsson in Research Triangle Park, NC...because once you meet
our people, visit our area and learn about our opportunities,
we think you'll be hooked.

RF Engineer Synthesizer IC’s
Responsible for the design and development of high
frequency analog and mixed signal integrated circuits in
BiCMOS and CMOS technology. You will participate in the
design of synthesizers including the layout and verification of
prototype silicon. This position requires a minimum of S years
experience in ASIC design for high volume commercial
products. Design experience with CAD Tools including SPICE,
CADENCE and JOMEGA. JOB CODE: S-ICUKD

RF Power Amplifier

Responsible for RF Power amplifier ASIC design, specification
and verification for cellular RF products. You should be
experienced in GaAs MESFET, HBT and SiGe technologies using
discrete and multistage design techniques. A strong
background with simulation and bench verification is
considered essential. CADENCE, HP EEsof and SPICE
proficiency are desirable. JOB CODE: RFPA/KD

RF Receiver Design

Responsible for the design and development of receivers for
cellular and PCS products. This position will require a
minimum of 3 years designing RF components for high volume
commercial communications products. A strong background
with simulation and bench verification is considered essential.
JOB CODE: RFRD/KD

RF Transmitter Design

Responsible for participating in the design and development
of RF circuits for a next generation Japanese cellular product.
This innovative work will develop new RF architectures
including verifying/performing tests for a highly reliable
product. Familiarity with HP-EESOF/Mentor design tools is
preferred. JOB CODE: RFTD/KD

Candidates for these positions are eligible for a comprehensive
relocation package to relocate to the RTP area. Senior level
engineers to receive third party home purchase assistance to
expedite your move.

For immediate consideration, please submit your resume in the
most convenient manner for you, to: Ericsson Inc., Professional
Staffing, 7001 Development Drive, PO Box 13969, Research
Triangle Park, NC 27709. Or FAX to 800-611-7414. Or EMAIL to
<ericsson@adaptservices.com> Equal Opportunity Employer.

World Wide Web: http://www.ericsson.com

e s —r——
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¥ TRILITHIC

% GAZING NEAR AND FAR FOR

THAT UNBOUNDED CAREER?
\ SEEK NO FURTHER. YOU HAVE
// k JUST FOCUSED YOUR SEARCH!
IF YOU are a talented, energetic RF ENGINEER who is looking for
a position in a creative, flexible, entreprenuerial environment with
plenty of room for growth and few of the limited boundaries of the
“corporate culture”...

olEDlp .
Next Level.

Exciting new opportunities are in the picture at General Instrument ir San
Diego. We've achieved global leadership in cable and sateliite TV, and we're
creating the most advanced next-generation tefecommunications networxs in
the world. If you're ready to take your engineering career to the next level, con-
sjder.making the leap with a \_r«orld-class quder in advanceq network cqmmu- communications test equipment, offers you a unique environment in
mpauon systems. The following challenge is currently available at Gl in San which to develop test instrumentation for applications in the RF LAN,
Diego: wireless and CATV markets.

TRILITHIC, INC., an innovative leader in the development of RF

RF/ANALOG DESIGN ENGINEER "E = IF YOU have 3 years bench experience in RF design and know your
Requires BSEE/MSEE with 8+ years of experience responsibe @) (1.] way around RF simulation and analysis software tools; if you have
for design of cable modems. Must also have experience with E familiarity with all phases of an RF design project, from concept to
QPSK and 64 QAM modems, digital modulators and demodula- =S 4 production hardware, enjoy being a team contributor, and have good
tors, high- volume consumer products, RF design (0 to 750 g = communication skills, we want to hear from you.
Mhz), noise/gain analysis, and test. '.J; IF YOU have direct experience with designing receivers in the 5 to

To join Gl on the next level, access our Website el ~ | 1000 MHz range, we REALLY want to hear from you about jgining

for more information on these exciting career : our team designing low-power, high-tech portable RF test equipment.
opportunities::ww.gi.com o] St cofffict
i JAN HUTTE at Trilithic, Inc., 9202 E. 33rd St., Indianapolis, IN 46236

General Instrument offers competitive salaries and benefits. @) Phone #: 1-800-344-2412; Fax #: 317-895-3640
Please send your resume with salary history/requirements to: <
General Instrument, Code: KRMRF, 6262 Lusk Bivd., San 04
Diego, CA 82121; E-mail in ASCIl Text only: w £
sd_jobs@gi.com Equal Opportunity Employer. Principals \ N ’ : "@
Only, Please. @ SER

* RF / Analog & Digital Circuit Design
* Hardware / Software Design
» Cellular / PCS System Design
Send resume to address below
ALL LEVELS OF POSITIONS FILLED GLOBALLY
Employer inquiries welcome.

* PCS » CELLULAR -

Employerinquires Welcome
Engineering ¢ Operations ¢ Technical

=2\ FIRST
SEARCH
6584 N.W. Hwy., Suite RF

~ Chicago, IL 60631

Phone (773) 774-0001
FAX (773) 774-5571
e-mail: fsihunter@aol.com
http://www_firstsearch.com

\ DIRECT & CONTRACT POSITIONS

». Communication Resources, Inc.
o> The Communication Personnel Specialists
P.0. Box 141397, Cincinnati, OH 45250
606-491-5410 FAX 606-491-4340
E-Mail, Careercom@AQL.com

» RF Engineers

» Cellular System Engineers

» System Optimizers

» Cell Site/Switch Maintenance
» Performance Engineers

EX

PERIENCE

) T mitters Receivers Synthesizers Filters NMIC

L-Band, KU-Band, Satellites, Antennas, Audio, Video,
[ Telecomm, CATV, Wireless, VHF, UHF, Radio, Commercial
[, or military Communications.
Call, Fax, Mail Resume to: 8ill Elias, Dept. RF
P.O. Box 396, East Brunswick, NJ 08816
Phone: 908-390-4600 Fax: 908-390-9769

ELIAS ASSOCIATES

Annually A National Award Winning Search Firm

RF DESIGN ENGINEER

Sencore Electronics is a leader in the development and
manufacture of electronic test instruments.

» CaurorniA B CoLoraDo

Opportunities in this midwest company are available

for team players with demonstrated skill in design ® ArizoNA ® Texas
and development of: » OREGON ® WASHINGTON Make Your Classified Ad
ARF Circuits RF-Wireless Communication Stand Owt...
AVideo, CATV, and Digital Cellular, Cordless PCN

DSP: Video, Audio, Multimedia
Custom VLSI Design-CMOS
IC Design: Digital, Analog, Mixed Signal
ASIC/FPGA Design (VHDL, XILINX)

USE COLOR!

Contact Terri Stenson
For More Details:
303-220-4288

An INTERTEC®/K-Ill Publication

Wireless Applications

Qualified candidates will possess a BSEE or MSEE
with 3-5 years experience. Sencore offers a team
oriented work place, competitive compensation and
a comprehensive benefits package. For immediate
consideration reply to. ..

ROBERT MILLER & ASSOCIATES
5850 Oberlin Drive #310 « San Diego, CA 92121

e-matl - hrsencore.com SENCORES

1-605-339-0100
-800-736-2673 Attn: Human Resources (SDENG)

fx: 1-605-335-6379

3200 Sencore Drive
Sioux Falls, $D 57107

PH: 619-566-4325
FAX: 619-566-4376

email: millerasc@aol.com

RFdesign.
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Career Networks

Recruiters for the Wireless
& Telecom Industries

800-JOB LINK"

Specializing in Sales, Marketing,

Technical, Engineering, Software Development

& Executive Placements

Gables One Tower, Suite 801
1320 S. Dixie Highway
Coral Gables, FL 33146
joblink @aol.com
www.cnijoblink.com

Fax Resume to (800) JOB-FAXX

RECRUITMENT

WIRELESS & SATELLITE §
ENOPPORTUNITIESHH | |

e Domestic / International

e Director - GSM Systems

Director - RF Engineering
Marketing & Sales - Cellular, PCS
RF Engineer - PCS

Systems Design - GSM, (DMA
DSP & Antenna Design - Mobile
800, 900, 2400 Mhz

Cell Site Processors & Controllers
Transceivers, Amps, Mod/Demod

Sunbelt and Midwest Opportunities

Brei & Associates, Inc.

PO. Box 445 ® Marion, 1A 52302-0445
(319) 3779196 » Fax: (319) 3779219
RBREI@NETINS.NET
www.netins.net/showcase/RDBREI

Without Tears®

Learn DSP and put your knowledge to work
IMMEDIATELY!

: To receive an mformatnve brochure on this
; Domain Technol ogses Inc. at 1-800-
 750- 587 4812 Hours 9 ST OrE mall dsp

ular semlnar i

Cg,zdt co

| By taklngAthls 3 day co4urse i a0
you will really learn DSP. Guaranteed!

Coming to a city near you:
Atlanta, GA
Rosemont, IL « San Jose, CA

Now Available on CD-ROM!

Call for a FREE Demo
http [Iwww. zdt com/ dsp

BT

sl S X

R.F. ENGINEERS: NATIONWIDE

It your resume isn't a "WINNER"

it's a "KILLER." Do it right.
Call CAREER RESUMES
Free Consultation,800-800-1220.
Free Critique,800-927-4611 Fax.
Place your resume on the INTERNET

Tell Them You Saw It In

RF design.

The RF Design
Classified Marketplace is the
perfect place to advertise:

* Products & Services
 Career Opportunities
¢ Business Opportunities

* PCB Manufacturing Services
¢ Equipment Wanted, For Sale
or Repair

Contact Terri Stenson today
for more details:
Phone: 303-220-4288

Fax: 303-793-0454

F Design

Seen by 4,000 companies per month.,

R F./CELLULAR/WIRELESS/PCN/PCS
CDMA/TDMA/SPREAD SPECTRUM/VSAT
STAFF & MANAGEMENT POSITIONS

Respond to: CTH, Ltd.
2204 Bahia Vista, #07, Sarasota, FL 34239
Ph. 941/362-2773 Fax 941/362-0217
email <cth@ais.net>

Propucrts & SERVICES

PRODUCT DEVELOPMENT

For successfl, proven OEM prroduct development
depend on LOCUS - your strategic partner for:

PART 15 WIRELESS DESIGNS

® Spread Spectrum
Systers

se ene of our

proven RF
designs for your next
wireless project, Apex

m Portable
Low Pewer,
Small Size Devices

o Propuct DerinimioN, DesiGh & Propuction
o RF Systems / RFID / SPreaD SPecTRUM
o DSP/ Dicitat Raoio/ RF ASICs

offers over 70 years

of combined wireless Py
B RF Identification

* Innovarive, Cost EFFECTIVE SoLuTIONS
© Rapip Time 10 MARKET

® ONGOING PRODUCT SUPPORT

o Communicarions / Meoica / CONSUMER

For quality products the V' time, contact:

= ocus

LOCUS Incorporated
1842 Hoffman Street
Madison, WI 53704
Phone: 608/244-0500

Fax: 608/244-0528
Emuil: sales@locusinc.com
http://www.locusinc.com

design experience and
extensive test and
simulation
capabilities

ALL FOR
FREE VIDEO

Devices

| Pagers
nps

B Kevless Entry

2400 CeniraL Ave., SUite A, Boulper£C6 80301

(303) 443-6699

FAX (303) 443-4974

E MaiL: 75017.3 120@COMPUSERVE.COM
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RF design.

Buyers’ Gulds

Perlssue Total/Year  All orders must be prepaid. You can forward
Reguiar Listing $22.00 $264.00  your check or charge your ad to:
Additional Line $19.00 $228.00 S  am 1
The Buyers' Guide is a convenient guide to suppliers  Bold Listing $25.00  $300.00 - S E
of products and services available for design and Additional Line $21.00 $252.00  For information on closing dates and details on a
development engineers. Buyers' Guide listings are 1" Ad $200.00 $2,400.00  special Introductory Offer, call 1-303-220-4288.
sold on an annual basis at the rates shown. Drop Out In White $25.00 $300.00  Ask for Terri Stenson.

DISCRETE COMPONENTS

CAPACITORS
Vacuum
COMET North America, 11 Beiden Ave., Norwalk, CT 06850 ............... (203) 852-1231
Surcom Assaciates, Inc., 2215 Faraday Ave., Suite A, Carlsbad, CA 92008 ..... (619) 438-4420
Variabl
COMET North America, 11 Belden Ave., Norwalk, CT 06850 ............... (203) 852-1231
CRYSTALS/RESONATORS
uartz
0ak Frequency Control Group
100 Watts St., PO Box B, Mt. Holly Springs, PA 17065 .................... (717) 468-3411
email: sales@ofc.com web site: http://www.ofc.com
DIODES
Loral Semiconductor Division, 75 Technology Dr., Lowell, MA 01851...
Varactor
Knox Semiconductor, Inc.
13 Quarry Rd., P.0. Box 609, Rockport, ME 04856 ...
INTEGRATED CIRCUITS/MCM

NEC/Catifornia Eastern Laboratories,
4590 Patrick Henry Dr., Santa Clara, CA 85054-1817 (408) 988-3500 Fax (408) 988-0279

(508) 256-4113 ext.3311

(207) 236-6076 Fax (207) 236-9558

RF, Analog & Mixed-Signal ASICs
Full-Custom Designed ICs: Bipolar, CMOS, BiCMOS
Frequency Synthesis, Mixers, Amplifiers, A/Ds, D/As, Switch Cap Circuits
R T G INnC.  PO.Box 3986, Torrance, CA 90510 = E-MAIL: sales@rtg.com
e —

MODULAR COMPONENTS

AMPLIFIERS

Broadband
Dressler HF Technik Gmbit,

TEL: (310) 534-3016 « FAX: (310) 534-3728

Wenrther Str. 14-16, D-52224, Stolberg, Germany+49-2402-71091 Fax: (-71095)FILTERS |

Delta Microwave Inc., 840 Vira Alondra, Camarilio, CA 93012............. (805) 987-6892
OSCILLATORS

Crystal

0ak Frequency Control Group,
100 Watts St., PO Box B, Mt. Holly Springs, PA 17065 .................... (717) 468-3411
email: sales@ofc.com web site: http://www.ofc.com

Wenzel Associates, Inc., 1005 La Posada Dr., Austin, TX 78752 ..

Phase Locked

Universal programmer for phase-locked loop ICs
MYcom Instruments, 142 N. Milpitas Bivd., Ste. 277, Milpitas, CA 95035 ...
Fax: (408) 262-4763

SYSTEM SUBASSEMBLIES

PRINTED CIRCUIT BOARDS

.(512) 450-1400

(408) 946-1973

CALL SOUTHWEST CIRCUITS NOW! (800) 279-5572
+PROTOTYPES AND SHORT RUNS FOR ALL MICROWAVE AND WIRELESS APPLICATIONS
*ALL POPULAR MICROWAVE LAMINATES: PTFE - TEFLON - DUROID - GX
*MULTI-LAYERS - QUICK TURN - EXOTICS

Southwest Circuits, 3760 E. 43rd Place, Tucson, AZ 85713
TEL (602) 745-8515 FAX (602) 747-8334 MODEM (602) 747-5108

92

RF TRANSMISSION COMPONENTS

INDUCTORS & CHOKES

Kintronic Labs,
144 Pleasant Grove Rd., Biuff City, TN 37618..... {423) 878-3141 FAX: (423) 878-422

ISOLATORS/CIRCULATORS

=== AEROTEK COMPANY LIMITED

==—=== Manufacturers of Circulators and Isolators
Coaxial and Drop-in types, 400 MHz-18 GHz

“TOP QUALITY, REASONABLE PRICE”

1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand.
AEROTEK Tel: (662) 3114448, 332-5035 Fax: (662) 332-5034

Lightning Suppressors - D.C.- 26 GHz
Coaxial - Powerline - Digital

- FISCHER CUSTOM COMMUNICATIONS, INC. - (310)891-0635

SWITCHES

Etectromechanical

MBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542 ................... (501) 856-268
VACUUM CAPACITORS

COMET North America, 11 Belden Ave., Norwalk, CT 06850 ............... (203) 852-123

Place Your Buyer's Guide or EMC Test & Design Listing Today!
Contact Terri Stenson — Classified Sales Manager
303-220-4288 » FAX: 303-793-0454

RF design.

SOFTWARE & SYSTEMS, CAD/CAE

Circuit Simulation

ingSoft Ltd.-the providers of the RF Designer® Solution ...................cc..ccoo..... (416) 730-961
213 Dunview Ave., North York, ON M2N-4H9, Canada ...................... Fax: (416) 226-086

SYSTEM SIMULATION

RHR Laboratories, 207 Harding Blvd. W., Richmond Hill, Ontario, CN L4C 8X6 ........ (905) 884-239
Tesoft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076..................... (800) 631-111
Makers of TESLA for Windows Simulator Fax (770) 664-5817 Intl (770) 751-978

TEST EQUIPMENT
RF TEST & MEASUREMENT EQUIPMENT

Coaxial Dynamics, Inc.,
15210 Independence Pkwy., Cleveland, OH 44135 ..

This Space Could Be Yours!

Contact Terri Stenson to place

(216) 267-2233 FAX: (216) 267-314

a |” Buyer’s Guide ad today:
303-220-4288 Fax: 303-793-0454

March 199
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NATTMETERS & LOADS
R

HENRY RADIO TOLL-FREE (300) 877-7879

2050 S Bundy Dr., Los Angeles, CA 90025 - Phone (310} 820-1234 - FAX 310-826-7790

T

Wattmeters, Eements, Directional
Couplers, Loads, Attenuators, etc.

NAVEGUIDES & COMPONENTS
:lectromechanical

ABF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542 ................... (501) 856-2685

MATERIALS AND HARDWARE

’ACKAGING/CRYSTAL HOLDERS

;rystal Holders
Inited Glass to Metal Sealing, Inc.,
11A Executive Park Dr., North Billerica, MA 01862

>C BOARDS

ilasteel Industrial Laminates, P.0. Box 910, Colliervilie, TN 38027 (901) 853-5070

PRODUCT DEVELOPMENT

SUSTOM OEM PRODUCT DEVELOPMENT/SUPPLY
.ocus, Inc.1842 Hoffman St., Madison, Wl 53704 (608) 244-0500

TEST EQUIPMENT

(800) 722-2528

(508) 670-6494 |

1acal Instruments, 4 Goodyear St., Irvine, CA92718 ........................
ANTENNA TEST & RF INSTRUMENTATION

irayson Electronics,
306 Enterprise Dr., Forest, VA 24551

SERVICES

. (800) 800-7463 Fax (804) 385-7692

<MC/EMI TESTING
TUV Rheinland of North America, Inc.,
12 Commerce Road, Newtown, CT 06470

3F & MICROWAVE INSTRUMENTS
juided Wave Solutions, 73 Mt. Vernon St., Reading, MA 01867 ................. (617) 942-WAVE

(203) 426-0888 Fax (203) 270-8883

design.test.hardware.software email: sales@guidedwave.com http://www.guidedwave.com

aest

®

annual basis.

For information on rates,
closing dates and details
on a special Introductory
Offer, call 1-303-220-4288.

The Products & Services
Directory is a convenient
guide to suppliers of prod-
ucts and services for the
EMC/ESD industry. Prod-
ucts & Services Directory
listings are sold on an

ELECTRONIC COMPONENTS AND EQUIPMENT

EMI SUPPRESSION COMPONENTS

Ferrite Beads, Rods, Forms

Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589 .....................
ESD AND SURGE CONTROL COMPONENTS

Lightning Arrestors

Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance, CA 90505..(310) 891-0635
EMC TEST EQUIPMENT - EMISSIONS

Current Probes

Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance, CA 90505..(310) 891-0635
Line Impedance Stabilization Networks

Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance, CA 90505..(310) 831-0635

Power Amplitiers
Applied Systems Engineering Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126 ........... (817) 249-4180

EMC

TEST & DESIGN

Ask for Terri Stenson.

(800) 836-0427

2 MATERIALS, HARDWARE AND PACKAGING

SHIELDING MATERIALS

Conductive Adhesives

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065
Conductive Fiber/Fabric

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: {617)871-0065
Ferrite Absorber Tiles

Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589 .....................
Gasketing Materials

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065
Laminates

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: {617)871-0065
Sheilding Foils and Tapes

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065

TEST LABORATORIES AND CONSULTANTS
CONSULTANTS

Kimmel Gerke Assoc. Ltd., 1544 N. Pascal, St. Paul, MN 55108 (612) 330-3728
EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50+ years exp.

EMC/EMI TESTING

Product Safety Engineering, Inc., 12955 Bellamy Brothers Bivd., Dade City, FL 33525
(352) 588-2209. CE-FCC-VCCI-UL-CSA-TUV. Web Site: www.pseinc.com,
E-mail: pse@pseinc.com

LABORATORIES
TUV Product Service, Inc., 1775 Old Hwy. 8, New Brighton, MN 55112 ........ (800) 888-0123

(800) 836-0427

provides the industry with the
latest technology design infor-

mation from working engineers who are actually involved in RF
Designs. With a subscriber base of over 40,000, the research and
tutorial format provides coverage of all industry segments — PGS,
GPS, Gellular, Remote Sensing, Gonsumer Electronics, Medical
Equipment, Broadcasting, Wireless LANs...all the classic and

Every month you can count on BF Design to bring you the latest
design trends and newest products that help engineers do their
jobs best!

RF Design
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IMPROVE

Your PCS Receiver’s

PERFORMANCE

With NEC’'s New Miniature

', 99¢ GaAs HEMTS

INTRODUCING THE New NE34018...

B +30dBm Ouiput IP3 @ 2GHz

B -18dB Input Return Loss @ 2GHz
B 0.8dB NF, 16dB Gain @ 2GHz

B 99¢ in 100K quantities

...IN ULTRAMINIATURE PACKAGES:

Lol

e "

Housed in SOT-343 packages (right), these new HEMTS
are nearly balf the size of conventional SOT-143 devices.

Pus Two New SOT-343 MESFETs!

NE76118 MESFET
B 0.84dB Noise Figure @ 2GHz
B 13.5dB Assoctated Gain @ 2GHz

B Use as an oscillator, 2nd stage LNA,
or buffer amp

B 72¢ in 100K quantities

NE25118 Dual Gate MESFET

B 20dB Power Gain @ 900MHz

B [.1dB NF @ 900MHz
Use as Mixer, AGC Amp, or LNA

B 57¢ in 100K quantities

Booth

2059

CTIA

Show

NEC

Need a high performance first stage LNA for your PCS,
GPS, or WLAN receiver? Our new NE34018 GaAs HEMT
delivers! You get low noise and high output IP5 all in
a low cost, superminiature SOT-343 plastic package.
Nearly half the size of a conventional SOT-143 device,
the NE34018 can help miniaturize your handheld
wireless receiver design — while maximizing its per-

formance. The NE34018 is just one in a family of new

miniature plastic transistors from NEC.

If you'd like more information, call our CEL/FAX automated

line. We can put data into your hands in minutes.
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For instant Product Data by fax, call:

800-390-3232
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For a data package call our
24 hour automated Fax
number and request /I
Document #144 /)
(U.S. and Canada)

...Or visit us at
http://www.cel.com
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California Eastern Laboratories

INFO/CARD 62

4590 Patrick Henry Drive = Santa Clara, CA 95054 = 408 988-3500 » http://www.cel.com






