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ing his “fifteen minutes of fame.”




There’s only one real king
in the world of CDMA testing...
Noise Com.

The WIS Series AWGN generator that can precisely set Eb/No,
(Wireless Impaiment System) = C/N, and C/I ratios. The WIS Series can be
A complete CDMA testing solution that configured with either base or mobile station
tumns in a great performance...every time. interface or both, providing a complete
To completely characterize the performance impairment solution.

of CDMA base and mobile stations, a hodge- Combine the WIS Series with either a
podge of general-purpose test equipment just base station or mobile transmitter, or a base
won'tdo. You need an integrated s, OF mobile station simulator, and
solution designed to satisfy allof the ~ © : ~ you have the most accurate,
demands of test standards such as j —— r‘,";‘} :-?: E comprehensive CDMA
IS-97A and IS98A for cellular, and T ':’—‘ =t measurement solution available.
ANSI--STD-019 and ANSI-STD-018 4 = 2l e i The configuration of the WIS

for PCS applications. That's precisely 4 o« ﬁﬁ i -—

K .o

Series is flexible, too, so you can pick

the }Ob Noise Com's WIS Series is r‘ —i— = 5 ﬁ and choose the Capab]hh& you want
designed to do. s S s F,_ right now, with the option to modify
The WIS Series is the only test = or upgrade them later. So, whether

station to combine so many your measurement needs are in

automated CDMA measurement product development and design veri-
fication, production testing, or quality

control, the WIS Series is the system

capabilities in a single, rack-mount
system. It can-provide emulation of
wireless channel impairments such as

you can rely on today... and tomorrow.

Call us about our entire
line of wireless test solutions.

additive white Gaussian noise
(AWGN), multipath fading, as well
as interference.

When you're ready to rock and roll in

Performance that meets CDMA, there's only one name to remember:
all the standards. Noise Com. For more details, call Alex Kim
To emulate multipath fading, the WIS Series today at (201) 261-8797, fax us at (201) 261-8339,

can model wireless communication channels e-mail: noisecom@haven.ios.com, or write
between base stations and mobile transceivers us at E. 49 Midland Ave,, Paramus, NJ 07652.
using Rayleigh, Rician, Log-Normal, Suzuki, and Noise Com. We're your global partner for
Nakagami fading statistics. The WIS Series is wireless, telecommunications and noise
also the only CDMA test solution with an testing solutions.

—

NOISECy

A WIRELESS TELECOM GROUP COMPANY
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UNPRECEDENTED
IN VALUE.

7 $A25
% All Ceramic 2 to1900MHz  wom K (. 1049)

{ JMS mixers mean unparalleled performance and reiiability. Solder plated
RENW: J leads provide improved reliability of the solder connection while
N> significantly reducing thermal stress and leaching. All-welded
: internal construction withstands reflow temperatures up
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.

J

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

SPECIFICATIONS MIDBAND (dB, typ.}

Lo FREQUENCY (MHz) Conv.  isolation $ea
MODEL (dBm) LO/RF & Loss Lt-R L1 (aty. 1-9)
JMS-1 +7 2-500 DC-500 5.75 45 45 4.95
JMS-1LH +10 2-500 DC-500 5.75 55, 45 8.45
JMS-tMH +13 2-500 DC-500 5.75 60 45 9.45
JMS-1H +17 2-500 DC-500 5.90 50 50 11.45
JMS-2L +3 800-1000 DC-200 70 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 48 9.45
JMS-2MH +13 20-1000 DC-1000 7.0 50 47 10.45
JMS-2H +17 20-1000 DC-1000 7.0 50 47 12.45
JMS-2W +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.

L JMini-Circuits’ &6

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com  C/ACLE READER SERVCE 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 205 Rev Orig



210 76Hz MIXERS .

They're here! 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
cenversion 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 reliable 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 hitp://www. minicircuits. com
For detailed specs on all Mini-Circuits products refer to « 740- pg. HANDBOOK « INTERNET « THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY ¢ EEM

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

. Freq
MHz
2000-5000
2000-7000
2500-6000
2500-6000
2500-6000
2500-6000
2800-5300
2800-5300
2800-5300
2800-5300

95

e IF: DC-500MHz min.

[JMini-Circuits

(5000 qty.)
LO PWR Conv S sl R)
dBm B. Typ. dB, ez (1 9)
+7 6.6 28 14.95
+7 70 28 16.95
+7 6.2 28 1495
+10 6.2 28 16.95
+13 6.2 28 17.95
+17 6.2 28 18.95
+7 5} 28 14.95
+10 57 28 16.95
+13 57 28 17.95
+17 5.7 28 18.95
Actual
Size
us " INTL'40
CIRCLE READER SERM

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You.

F 221 Rev Orig
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DCto8GHz 9119

(up to +18dBm output) From jgf(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
eesy 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 stability, and lots to...gain!

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

*Freq Gain Max Power Out Dynamic Range MPrice
Modet (MHz2)  (dB)  (dBm, @ 1dB Comp) NF(dB)  IP3(dBm) $ea. (10Qty.)
ERA-1 DC-8000 116 n7 55 26 180
ERA-1SM DC-8080 110 13 85 26 185
ERA-2 DC-6%00 149 128 47 26 195
ERA-2SM DC-6000 131 124 46 26 2.00
ERA-3 DC-3000 20.2 12.0 38 23 2.10
ERA-3SM DC-3000 194 135 38 23 215
ERA-4 DC-4000 135 al70 55 a32 415
ERA-4SM DC-4000 135 al68 52 433 420
ERA-5 DC-4000 185 al84 45 a33 415
ERA-5SM DC-4000 185 al84 43 a32 420
ERA-6 DC-4000 113 185 84 36 415
ERA-6SM DC-4000 113 180 84 36 420

Note: Specs typical at 2GHz. 25°C

a Typ. numbers tested at 1GHz. At 2GHz, Max Pwr. Out may decrease by 0.4dB & IP3 by 3 to 4dB
* Low frequency cutoff determined by external coupling capacitors

® Price (ea.} Oty 1000: ERA-1$119, -2 $133, -3 §148, -4, -5 or -6 82 35 SM option same price
DESIGNER'S AMPLIFIER KITS:

K1-ERA: 10 of each ERA-1,-2,-3 (30 p.eces) only $49.95
K1-ERASM: 10 of each ERA-1SM,-2SM,-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
120%60 002, .047, .068, .1 pt
R
bias  (Require
Typical Biasing r A,»,Ai e
Configuration ERA VS
DOT -
RFC(Ophonal)
' e b‘“:\J 3 € piock
3 IN °_| fo- o—a— }—o ouT
ERA-1  ERA-1SM Vg
ACTUAL For ERA models, pin 1
SIZE = identffied by Red dot
M 0 f c 0 0 :
=Circuits
ini <@ 8

IRCLE READER SERVICE CA

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4300 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 214 Rev B
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featured technology — oscillators

22 Design methods
of low-power crystal oscillators
for wireless applications

The main considerations for designing low-

power crystal oscillators for wireless applica-

tions focus on the power consumed by the oscil-

lator and on its size. Included are different de-

signs for the 170 MHz band, along with their

main features and specifications. cover story — p. 44
—Jose Luis Jimenez Martin and Francisco Javier Ortega Gonzalez

34 Design and validation departments l
of fault-tolerant, synchronized 8 Editorial |
crystal oscillators }g '(-;:tlzer:zar |
A new design and several verification techniques for synchroniz- 18 Comrces

ing crystal oscillators achieve exact synchronization. Using

SPICE, three simulation techniques are used to verify the de- 20 News
sign: oscillator startup, synchronization of out-of-phase oscilla- 71 Product Forum
tors and on-the-fly fault-injection. 72 Product/Services Showcase
—T. Kien Truong 75 Products 5
82 Software

84 Literature

87 Marketplace
cover story . 94 Editorial Index
44 PCS—working to make the link 94 Advertiser Index

The vendors at the PCS ’96 trade show portrayed personal con-
nunications service (PCS) as the answer to all our future commu-
nications needs. But if you have been in the wireless industry for
a while, you have a more realistic perspective of the technology,
its implementation and its timetable.

Coming_ in Febrary_

— Ernest Worthman

» CAD/CAE

tutorial
56 MRI basics and coil design principles

Magnetic Resonance Imaging (MRI) has become a critically
important medical imaging technique during the past 20 years.
The information includes a brief description of the relationship of
these components. The balance discusses design details for high- ’
field MRI RF receiver coils. * Product forum:

—David M. Peterson, Oscillators ‘
G. Randy Duensing, Ph.D. and J.R. Fitzsimmons, Ph.D. ‘

* Resonator tutorial

* Cover story: DSP

RF Design v



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

plus $5.00

shipping
VISA, MC, AX

prac&'\ca\ ook ever on
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N@&BLE Publishing
2245 Dillard Street
Tucker, GA 30084

www.noblepub.com
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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) 438-4420
FAX (619) 4384759
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" RF editorial

Come to

RF Design ’97
Conference &
Exposition

Sept. 10-12, 1997

By Don Bishop
Editorial Director

You’re invited to join your engineer-
ing colleagues and vendor representa-
tives in Santa Clara, CA, Sept. 10-12
for the RF Design 97 Conference & Ex-
position. Those of us who are new to
the magazine staff this year are looking
forward to seeing you for the first time
at our own conference, too.

Your participation, whether as a stu-
dent in the RF Design Seminar Series
of short courses, as a moderator or pre-
senter during the technical sessions, as
a visitor to the exhibition hall or in a
combination of these activities, will
allow you to take advantage of the focus
that you and other readers bring to the
science and art of designing RF compo-
nents, products and systems.

Everyone has to strike some kind of
balance between information-gathering
and productivity. It’s fine to read exten-
sively, take courses and attend a lot of
conferences, as long as the information
you obtain helps you to fulfill your em-
ployer’s and customers’ requirements.
Our intention is to use the combined
resources of magazine publishing, in-
structional courses, the conference and
exposition to provide the information
you'll find the most useful. Actually, I'd
like it to be compelling.

Every event needs performers and
spectators. At engineering conferences,
we call them presenters and attendees.
Turn to page 86, and you'll find your
invitation to submit an abstract for a
technical paper to be presented at the
conference and to be published in the
conference proceedings. Some employ-
ers offer an incentive for this kind of
participation; if you don’t know wheth-
er yours does, it’s time to ask. Whether

a tangible incentive is available or not,
presenting a paper raises your visibili-
ty within your own company (and out-
side of it, too, though that’s better whis-
pered than shouted). It can help your
company to promote its finished prod-
ucts as well as its product development
or engineering service capabilities,
which reflect well on the author. It
helps you to meet other professionals
who may help you to succeed with fu-
ture projects. There are so many good
reasons to submit a paper that I won-
der why everyone doesn’t.

Not really. Taking the time can be
difficult. If it’s difficult for you, there’s
still an important place for you.

Those who may not have the time to
take advantage of submitting a paper
still can benefit from hearing the pre-
sentations and from meeting their col-
leages and vendor representatives. RF
Design ’97 Conference & Exposition,
along with the RF Design Seminar
Series, gives you just that opportunity.
Surveys that we’ve sent to you or per-
haps to other readers confirm that,
although there is some overlap between
the RF and microwave disciplines,
many engineers tend to work exclusive-
ly or primarily with RF designs, and
many others look for such specialized
information to help them with specific
project assignments.

Take a moment to look at the sug-
gested topics for papers. Send us an
abstract for a subject you would like to
cover, whether or not it is on the list.
The conference’s best ideas will come
from you. Don’t wait. You know there’s
an advantage in being first.

RF

January 1997



EMC Test - Amplifiers from 1 to 3000 Watts

* EMC frequency spectrum from 10kHz to 1GHz and RF \
power levels to 3000 Watt CW % u i B

* Manual/remote control as well as GPIB interfacing of all am » s

front panel functions '
® Output 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 MHz

* Model M200U-BPA covers UHF Satcom band

¢ 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 1/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 [o—
s LA GLERNE s
é1'807 N. Creek Parkway South + K L6 TLJ e
uite #109

Bothell, WA 98011 USA
(800) 344-3341 » Tel: (206) 485-9000 o Fax: (206) 486-9657
http://www.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 5416 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 « ULVC

INFO/CARD 6



TRANSFORMERS

100 WATT 420-450 MHz PUSH-PULL LINEAR

Complete Parts List for HF Amp Described
in the MOTOROLA R.F. Device Data
\\ NEWH 1K WATT 2-50 MHz Ampilifier
\ MOTOROLA AR347

AN758 300W EB63 140W
ANTE2 140W EB27A 300W

POWER SPLITTERS and COMBINERS

2 METER VHF AMPLIFIERS 2—30MHz

AMPLIFIER — SSB-FM-ATV
KEB67—PK (Kit)
KEB67—PCB (PC Board) ..
KEB6&7—| (Manual) o
We also stock Hard-to-Find parts

CHIP CAPS-—KemeUATC
METALCLAD MICA CAPS—Uneico/Semco
RF POWER TRANSISTORS
MINI—CIRCUIT MIXERS
SBL—1 (1—500M2)
SBL—1X (10—1000Mz) ..

ARCO TRIMMER CAPACITORS

HF LINEAR AMPLIFIERS - BROADBAND
HF_AMPLIFIERS per MOTOROLA BULLETINS
e
ANTTOH 20W AR305 300W
AR313 300W
75 Wt Model o754 ... $11995 Kt 1200 ALk 2D $pon

ANT79L 20W EB104 600W
35 Watt Model 335A $ 79.95 Kit 600 Watt PEP 2—Port

For detailed information and prices, call or write for our free catalog.

nication
epts Inc.

Broadband HF Transformers

Add $4.50 for shipping and handling.

508 Milistone Dnive * Beavercreek, OH 45434-5840 « (337) 426-8600

FAX (937) 429-3811 = E-mail. cci deytong pobox com

INFO/CARD 4
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MICROWAVE & RF Division
MICROWAVE DIODES

FERRITE DEVICES

MICROVAVE MODULES
WAVEGUIDE COMPONENTS

TIME & FREQUENCY Division
QUARTZ RESONATORS

QUARTZ OSCILLATORS

QUARTZ FILTERS

RusibiuM

SMD

QE has developed a range of
4D oscillators suitable for both
immercial and military
iplications.

‘requency range : 3 kHz to 100 MHz

stability : <25 ppm

Jutput HCMOS/TTL

[ristate option available
Resistant to very high shock and
‘ibration.

- leaded ceramic holder

fypes 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 : 434 (0) 1 320 41 60
United Kingdom

Tel : +44 {0) 1256 883 340

TEKELEC |

TEMEX

Components Branch

XO and VCXO

IT'S THE CRYSTAL
THAT COUNTS!

%w/w

Or X0 py - A

#I o
! 4,;" 11525111 month: g sgaaa POS Y jop- Di2ag
= ’ ~18 N3
month: 3. qE“IB l\:::,, 1.8E~2gaa LTS} Wiz
" 1.3E-gg - 4.5p-q,
" 4.5E-82

RGE,
I/VG/RESUL I'S/CURUL‘S/mn-

enown for the quality of our products,
. RTEMEX is a world leader in piezoelectricity,
and we offer a complete range of products :

AT AND SC-CUT RESONATORS,

1 10 200 MHz Qumuz AND
LiTHIum TANTALA E
(CHEMICALLY AND IONICALLY MILLED)
XO - VCXO - TCXO - DTCXO - OCXO

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

and service level !!!
INFO/CARD 12

CERAMICS & CAPACITORS DivisioN

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



10.7 MHz

21.4 MHz

45.0 MHz

90.0 MHz 70.0 MHz

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

NO. [TEMEX | PASSBAND | S AND LOSS| RIPPLE | ULT. REJ.] TERM. | [European
POLES P/N dB | +KHz dBltKHz | dB |tKHz | dB  dB-MAX| dB-MIN. QIPF contacts:
2 TE5000 3 | a7 20 | 18.0 : 5 2 1.0 50 1800//+4
4 TE5010 3 | 375 30 | 14.0 : g 3 2.0 60 1500//+3
6 TE5020 6 | 375 60 | 125 - = 4 2.0 70 1500//+3
8 TE5030 6 | 3.75 60 | 100 | 90 | 12§ 5 2.0 80 1500//+3 France or
2 TE5040 3 | 650 20 | 30.0 £ 5 1 1.0 50 2700//0 Benelux
4 TES5050 3 6.50 30 | 15.0 - - 2 2.0 75 3100//0 (Tel)
6 TES060 6 6.50 60 | 19.5 - - 3 2.0 90 3100//0 (33)25.76.45.00
8 TE5070 6 | 6.50 60 |13.0 |80 | 175 4 2.0 100 3100/0 (Fax)
2 TES5080 3 7.50 20 | 35.0 - - 1 1.0 50 3000//0 (33)25.80.34.57
4 TE5080 3 | 750 30 | 175 5 5 2 2.0 75 3300//0
6 TE5100 6 | 750 60 | 22.5 - 5 3 2.0 90 3300/0
8 TES5110 6 | 750 60 | 150 | 80 | 200 3 2.0 100 3300//0
2 TE5120 3 | 150 20 | 70.0 3 5 1 1.0 35 5080//-1
4 TE5130 3 | 150 30 | 35.0 - - 2 2.0 60 5000//-1
6 TE5140 6 | 150 60 | 45.0 2 i 2 2.0 90 5000//-1 United Kingdom
8 TE5150 6 | 150 60 | 300 | 80 | 40.0 3 2.0 100 5000//-1 (Tel)
(44)1,734.258.040
NO. [ TEMEX | PASSBAND STOPBAND LOSS| RIPPLE | ULT. REJ.| TERM. (Fax)
POLES PN dBli+kHz | dB|1KHz| dB [+KHz | dB | dB-MAX| dB-MIN. | Q/PF | [(44)1.734258050
2 TE5180 3| ars 15 | 125 5 5 2 1.0 50 850//+6
4 TE5190 3 | ars 30 | 125 3 2 3 2.0 70 850//+5
6 TE5200 6 | 375 60 | 125 - 5 4 2.0 20 850//+5
8 TE5210 6 | 375 60 100 |80 | 125 5 2.0 100 850//+5
2 TE5220 3 | 650 15 | 200 S < 2 1.0 50 1300//+2
4 TE5230 3 | 650 30 | 225 5 s 3 2.0 70 1400//0 ((%:)rmany
6 TES240 6 6.50 60 225 - - 4 2.0 90 1400//0 (49)89.51.640
8 TE5250 6 | 650 60 (175 |80 | 225 4 2.0 100 1400//0 ),
2 TE5260 3 | 750 15 | 25.0 : 3 2 1.0 50 1500//0 (49)89.51.64.194
4 TES270 3 7.50 30 25.0 - - 3 2.0 70 1600//0 S
6 TE5280 6 | 750 60 | 25.0 2 J 4 2.0 %0 1600//0
8 TE5280 6 | 750 60 | 200 |80 | 250 4 2.0 100 1620//0
2 TE5300 3 | 150 15 | 500 d = 2 1.0 45 3000//0
4 TES310 3 | 150 30 | 45.0 F . 3 2.0 60 3000//-1
6 TE5320 6 | 150 60 | 45.0 £ - 3 2.0 90 3000/-1 Nordic
8 | TE5330 6 | 150 60 (330 |80 | 450 4 2.0 100 3000//-1 o
46)8.756.70.40
NO. TEMEX | MODE | PASSBAND | STOPBAND | LOSS| RIPPLE | ULT. REJ.| TERM. (Fax)
POLES| PN dB | tKHz dB | +KHz dB | dB-MAX | dB-MIN. QIPF (46)8.756.70.44
2 TE9420 3-0T 3| ars 18 16.0 3 1 40 20%0//-1.0
4 TES310 3-0T 3 3.75 30 125 ) 1 70 2000//-1.0
2 TE7420 3-or 3| 750 18 28.0 2 1 40 3000//-1.0
4 TE7430 3-oT 3| 750 40 30.0 3 1 70 3000//-1.0
2 TE7440 3-0T 3| 150 15 47.0 2 1 40 8000//-1.5
4 |TETsso | s3oT 3| 150 | 3 | so0 3 1 70 sooor-1.5 | [ltaly
2 TE7730 FUND 3 15.0 15 50.0 2 1 40 1100//+1.5 (Tel)
4 TE7740 | FUND 3 | 150 40 60.0 3 1 70 800//+1.0 5'3:9)-";-761-101.68
axX,
_ |(39)2.738.54.62
NO. TEMEX | MODE PASSBAND STOPBAND LOSS | RIPPLE | TERM.
POLES| PN dB | :KHz dB |+KHz| dB | KHz dB dB-MAX Q/PF
2 TE10400 | 3-OT 3 75 18 (30 | 35 | -910 2 1 2000//-1
4 TE10410 | 3-OT 3 7.5 3 | 25 | 80 | -910 3 1 2000//-1
2 TE10420 | 3-OT 3 10 15 | 30 | 35 | -910 2 1 2500//-1 All Others:
4 TE10430 | 3-OT 3 10 35 | 40 | 80 | -910 3 1 2500//-1 (Tel) :
(33)25.76.45.00
NO. [ TEMEX | MODE PASSBAND STOPBAND LOSS | RIPPLE | TERM. (Fax)
POLES| PN dB | :KHz | dB[+KHz] dB[ KHz| dB "|.dB- Q/PF | |(33)25.8034.57
2 TE10440 | 3-OT 3 75 18| 30 |35 | -910 2 1 2000//-1
4 TE10450 | 3-OT 3 75 35 | 25 | 80 | -910 3 1 2000//-1
2 TE10460 | 3-OT 3 10 15| 30 | 35 | -910 2 1 2500//-1
4 TE10470 | 3-OT 3 10 35 | 40 | 80 | -910 3 1 2500//-1
4 TE10480 | 3-OT 3 15 30 | 50 | 80 | 910 3 1 4000//-1

VISA AND MASTERCARD ACCEPTED
MONOLITHIC CRYSTAL FILTER PROTOTYPING KITS ARE STILL AVAILABLE
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
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NEW FROM OUR FACILITY IN
NEUCHATEL, SWITZERLAND.

RUBIDIUM [
ATOMIC CLOCKS

FEATURING: %
LOW TEMPERATURE 15 YEAR Rb LAMP LIFE
SENSITIVITY EXPECTANCY
Pl LOW PHASE NOISE PLUG-COMPATIBLE FAsS
WYL 3 E = - - - 1 N ATY™N
EXCELLENT SHORT & W”';m'g‘f#:m
LONG TERM STABILITY
LOW POWER ng 232 IMEFIE%SEE %on
ENTER FREQUENCY
CONSUMPTION ADJUSTMENT AND
; MONITORING OF THE
PAST WaSALIP WORKING PARAMETERS
SMALL VOLUME
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Byt oo pgplation Frequency “{:;;““‘" ' RE L0 bolaion
[ ] ewpwsoou BoseSioton 7001000 7.0 3548

[ ] ewowtsoo Hondses  won2000 8068 2548

[ ] ws BoseSwion 100000 6068 308
[]  eMoa soeSioion 1i0 6568 4048

TRANSFORMERS

] : e F’eﬂ"‘fl"q Insertion Loss
maknm e 348
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[ ] e06423 Wices swmw 4 348
D V42 Wireless  2.800 4 348
(] oo1  wides 72 9.1 2548
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MHz Insertion Loss

| ES0C.7-2-75 5.800 741 288
[ ] oocers  anv w1 tedn 1048
[] swmass av  sum o 1148

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 0
CERTIFIED o

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

nS‘eor:: if:li) Channels Hﬁfz‘q Isol;non I':,SSET?) Package P/N
D 7 824960 2 05  SOIC8  DS52-0001
D 7 18501990 2 05  SOIC-8  DS52-0002
D 2 1501660 20 04  SOIC8  DS52-0004
D 3 8490 18 06  SOICB  DS53-0001
D 4 84960 B 10 SOW-16  DS54-0001
D 4 2001660 23 10 SOW-16  DS54-0003

24 Hour

L)
Dellvery D 3 824-960 25 13 SOW16 DS56-0001

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

i RF Passives:
Small Size, Low Price,

And Quick Delivery.

You know that M/A-COM has earned ,\Q-GRIZFO
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.

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 Frame of Program

Estimated Annual Usage

PENSTOCK

Penstock is an Avnet Company

BFi

IBEXSA

1 800 736 7862) In novther CoMom.a, contoct us ot 1.408 745 8100 And n Conoda, call 1 800 736 7862 In Europe cdll- United Kingdom ond Eire 44-1622-882447 / Germany, Autra and Swrzerh
49-89-3197670 / Fronce 33-1-69337400 / haly 39-2-336231 / Denmark 45-46753131 / Sweden, Norway, Fintond 46:8-6269900 / Spoin 3413588516 / Belgium, The Netherands, Lizemburg 31-20:6531350

INFO/CARD 17




RF letters

Letters should be addressed to the
Editor, RF Design, 5660 Greenwood
Plaza Blvd., Suite 350, Englewood, CO
80111. Letters published may be edited
for length or clarity.

Weather conspiracy

Although I never expected conspira-
cy theories to penetrate to the hallowed
editorial columns of RF Design, the
Eugene Dusina letter published in the
September issue fills a critical need
that is little recognized in this country.
Since the end of the cold war and the
“demise” of the Russian bear, we have
had no one to blame for lousy weather,
hurricanes and picnic-ruining thunder-
showers. The Dusina letter gives us
hope.

R. Ellis

Las Vegas, NV

Praise for Weir

Just a short note to thank Jim Weir
for the effort he put into writing the
article on coaxial cables that appeared
in the August issue.

I thoroughly enjoyed reading it and
learned a few thing as well. As manag-
er of an ISO Guide 25 accredited cali-
bration laboratory where we measure
and generate signals up to 18 GHz on a
daily basis, I can assure you that the
non-mathematical common sense ap-
proach Mr. Weir adopted in writing the
article, came as very welcome relief.

Keep up the good work. I will be for-
warding the article to numerous met-
rologists, technicians and engineers for
their benefit.

Eddie Tarnow

South Africa

You
Can write for
RF Design!

You may have just the know-
ledge our readers need on the
subjects we’'re featuring in
1997. We are accepting submis-
sions for Engineer’s Notebook,
feature articles and tutorials.

Send an outline or abstract
to: Technical Editor, RF Design,
5660 Greenwood Plaza Blvd.,
Suite 350, Englewood, CO
80111. Fax 303-793-0454.

F Design

Typical spatial scan at
selected frequency.
Red = high emissions;
blue = low emissions.

Spectral scan identifies
key frequencies for
further study.

)
TV 10 I 1 Y e i e

Catch rf emissions problems at
board level, where compliance

fixes are least costly.

ow you can quickly get a color

image of the electromagnetic
performance of your printed-circuit
board or subassembly before final
compliance testing. Spatial and
spectral displays generated by the
EMSCAN PCB emissions scanner
show you which frequencies and
which areas of the board under test
are guilty. These scans are stored
for later comparison after design
alterations, to check whether offend-
ing emissions are now down to
acceptable levels.

Just plug your receiver or spec-
trum analyzer, and your computer
with IEEE-488 interface, into the
EMSCAN scanner, and a matrix of
1280 H-field probes maps the area
of your test board (up to 9" x 12") for
high, medium, and low-emissions
spots within the 10 MHz-1.5 GHz
frequency range. Or you can see a
spectral display showing the overalil
condition of the board across the
spectrum. You may then choose a

>

i « . AMPLIFIER
' RESCARCH

frequency of particular interest for
intensive spatial examination.

After the development stage,
you can use EMSCAN as a quality-
control tool, checking completed
boards against a “good” scan before
they go into assembly. This is the
point where production compliance
becomes virtually assured.

The software operates under
“Windows” to make early diagnosis
easy, even for those who are new to
compliance testing. It can run on
several PCs (486 or higher), and is
readily ported to other environments
for analysis.

You should learn all about this
qualitative and quantitative measure
of emissions for use during product
development—where design correc-
tions are least costly. To start, call
toll-free (1-800-933-8181) to speak
with an applications engineer and
arrange to see a demonstration in
your office or plant.

www.ar-amps.com

160 School House Road
Souderton, PA 18964-9990 USA
215-723-8181 « Fax 215-723-5688

For engineering assistance, sales, and service throughout Europe, call
EMV ¢ Munich, 89-614-1710 * London, 908-566-556 ¢ Paris, 1-64-61-63-29 16684
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RF calendar
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February 10-14 Wireless Symposium and Exhibition—

Santa Clara, CA. Information: Penton
Publishing. Tel. 201-393-6256.

23-27 Nepcon West—Anaheim, CA. Information:
Reed Exhibition Company, 383 Main Ave.,
Norwalk, CT 06852-6059. Tel. 800-467-
5656; Fax 203-840-9656; Web site:
http://www.nepcon.reedexpo.com.

March 3-5 CTIA Wireless—San Francisco. Informa-
tion: Dobson and Associates. Tel. 202-463-
7905.

13-19 CeBIT '97 World Business Center: Office,
Information and Telecommunications—
Hannover, Germany. Information: Mette
Fisker Peterson, Hannover Fairs USA,

103 Carnegie Center, Princeton, NJ 08540.
Tel. 609-987-1202; Fax 609-987-0092.

17-20 European Design and Test Conference—
Paris. Information: Conference Secretariat,
CEP Consultants, 43 Manor Place,
Edinburgh, EH3 7EB, United Kingdom. Tel.
+44-131-300-3300; Fax +44-131-300-3400;
E-mail edtc@cep.u-net.com.

25-27 DSP World Spring Design Conference—
Washington, DC. Information: Dana Dowell,
Miller Freeman. Tel. 415-278-5322;

E-mail dsp@exporeg.com.
Web site http:/www.dspworld.com.

April 14-17 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.

21-23 RF Design Seminar Series—Las Vegas.
Information: Intertec Presentations, 6300 S.
Syracuse Way, Suite 650, Englewood, CO
80111. Tel. 303-220-0600; Fax 303-770-0253.

22-24 International Wireless Communications
Expo—Las Vegas. Information: Intertec
Presentations, 6300 S. Syracuse Way,
Denver, CO 80111. Tel. 800-288-8606
or 303-220-0600.

RF Pavillion—Manufacturers exhibits
within IWCE. Components, test equipment,
software and services for RF equipment
manufacturing.

22-24 Convergence Tech and IC Expo for
microelectronics, communications
and computer professionals—Dallas.
Information: Electronic Conventions
Management, 8110 Airport Blvd., Los
Angeles, CA 90045. Tel. 800-877-2668,
ext. 243; Fax 310-641-5117.

23-26 Broadcast Technology—Jakarta,
Indonesia. Information: Eileen Lavine,
Information Services, 4733 Bethesda Ave.,
Suite 700, Bethesda MD 20814. Tel. 301-
656-2942; Fax 301-656-3179.

May 5-7 Vehicular Technology Conference
for cellular and mobile wireless communi-
cations—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.

6-8 Electronics Industries Forum of New
England—Boston. Information: Linda
Hanson. Tel. 914-779-0696.

13-16 Computer and Communication Electronics
Design Exposition—Dallas. Information:
Reed Exhibition, 383 Main Avenue,
Norwalk, CT 06851. Tel. 800-840-5614.

28-30 |IEEE International Frequency Control
Symposium—Orlando, FL. Information:
Wendy Ortega Henderson, National Insti-
tute of Standards and Technology, Time and
Frequency Division, 325 Broadway,
Boulder, CO 80303. Tel. 303-497-3593; Fax
303-497-6461; E-mail
ortegaw@boulder.nist.gov.

June 1-5 Supercomm—New Orleans. Information:

Telecommunications Industry Association.
Tel. 202-326-7300.

9-14 Asia Telecom—Singapore. Information:
Tom Dahl-Hansen, senior vice-president,
Telecom. Tel. +41-22-730-5298; Fax +41-22-
730-6444; E-mail. dahl-hansen@itu.ch.

10-12 International Microwave Symposium and
Exhibition—Denver. Information: Horizon
House. Tel. 617-769-9750.

11-13 Virginia Tech Symposium on Wireless
Personal Communications—Blacksburg,
VA. Information: Business Administrator,
Jenny Frank, Mobile and Portable Radio
Research Group, Virginia Polytechnic
Institute, 840 University City Blvd., Pointe
West Commons, Suite 1, Blacksburg, VA
24061-0350. Tel. 540-231-2958; Fax 540-
231-2968; E-mail hilda@vt.edu; Web site:
http://www.ee.vt.edu/mprg/home. html.

July 14-17 Image Processing and Applications—
Dublin. Information: Sheila Griffiths,
Conference Organizer, Institution of
Electrical Engineers, Savoy Place, London
WC2R 0BL, United Kingdom. Tel. +44 (0)
171-344-5475/72; Fax +44 (0) 171-240-8830;
E-mail kmoorley@iee.org.uk.

August 18-22 IEEE EMC Symposium on Electromagnetic

Compatibility—Austin. Information: John
Osburn, Chairman, or Mark Prchlik,
Exhibits. Tel. 512-835-4684; E-mail
97.emc.symp@emctest.com.

September 10-12 RF Design Seminar Series—Santa Clara,

CA. Information: Intertec Presentations,
6300 S. Syracuse Way, Suite 650,
Englewood, CO 80111. Tel. 303-220-0600;
Fax 303-770-0253.

10-12 RF Design '97—Santa Clara, CA.
Information: Renie Fuselier, Intertec
Presentations, 6300 S. Syracuse Way,
Denver, CO 80111. Tel. 800-288-8606 or
303-741-8715; Fax 303-267-0234.

22-24 Connector and Interconnection
Technology Symposium—Anaheim, CA.
Information: Chairman, IICIT, P.O. Box
880, Westfield, NJ 07090. Tel. 800-854-4248
Fax 908-233-5116; E-mail
IICITDIR@msn.com.
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SIEMENS

When it comes to RF front ends,
we've got all your needs covered.

Siemens RF Discrete Solutions

Product Application Product Highlights Now you can design in comfort, GaAs products come in low-cost
knowing there is a single, high- plastic SMD packaging to help
. BAT63/15/14 Series crossover quads for LO A $ 1 3
g""d"““y SM”“" & Power drive levels of 0, +7 and +13 dbm volume reliable source for your RF better meet your cost objectives.
lodes ensing BAT62 recommended for power sensing. front-end needs. For ougaR setvicarand nical
BAR63-03W & BARSO combination 4 F A o
PIN Diodes Switch recommended for TX/RX switch & Siemens uses a unique high-speed  support, call Richardson for your
dversity/accessory switch epplications bipolar process which provides you  Siemens RF requirements. As one
\éafgcwr Oscillator BBY51/52/53 Series for 1 to 4 volt tuning with not only better performance, of the world's largest value-
lodes l ' - o - I
Binol LNA, driver amplifier, | New BFP405/420/450 SIEGET™ Series of bu.t i ntage as well. ad.ded distributors, Richa "
T.po art buffer amplifier & wransistors for higher gain, lower noise This aflows you to reduce your part ~ will help you select the best
ransistors E figure and higher efficiency. icati
oscillator BESAB0 rocommarded for cacibitar desiont count;, lower your power con- produc-ts for your applications.
- sumption and improve your gain And bring you into the fold.
GaAs FETs Power amplifier CFY35, CLY2, CLYS, CLY10, CLY1S, CF739, CFT50 hile loweri ise fi
vt , CLY2, CLYS, CLY10, CLY15, CF739, while lowering your noise figure. Ri
GaAs MMICs | Power amplifier, CGY59, CGY60, CGY94, CGY120, CGY180, Ir! addition to Slllcor) SOIUt'.ons' E'ectro“' Ltd
converter & LNA | CBY181, CF750, CMY210, CMYZ11 Siemens offers a wide variety of ICS, .
GaAs FETs and MMICs. And our {800) RF POWER http://www.rell.com

©1996 Siemens Components, Inc. 1-800-77-SIEMENS http://www.sci.siemens.com

INFO/CARD 19



RF courses

Arizona State University—Global System for Mobile
Communication—Jan. 14-17. Information: Professional
Development, ASU, P.O. Box 877506, Tempe, AZ 85287-
7506. Tel. 602-965-1740; Fax 602-965-8653.

Besser Associates—RF Impedance Matching and Com-
ponent Models—Jan. 14; RF Productivity Improvement—
Jan. 15-17; RF Small-signal Amplifiers— Jan. 17; RF
Receivers—Jan. 20; EM Field Simulator Made Practical—
Jan. 20-21; Antennas for Wireless Applications— Jan.
20-21; EMC and EMI Engineering and Design—

Jan. 20-23; Applied RF Techniques II-Jan. 20-24;
Wireless RF System Design—Jan. 20-24; RF Oscillators—
Jan. 21; RF Mixers and Applications—Jan. 22; Error
Correction Coding and Multiple Access Techniques—Jan.
22; RF Power and High-efficiency Amplifiers—Jan. 23-24;
RF Measurement Techniques—Jan. 27-30. Information:
Besser Associates, 4600 El Camino Real, Suite 210, Los
Altos, CA 94022. Tel. 415-949-3300; Fax 415-949-4400;
E-mail BesserCourse@delphi.com.

CKC Laboratories—Core EMC Design—dJan. 14-15,
Orange County, CA; March 11-12, Fremont, CA;

June 17-18, Hillsboro, OR; Immunity to ESD—Feb. 3,
Seattle; May 12, Orange County, CA; CE Mark Design
and Compliance Routes—Feb. 4-5, Seattle; May 13-14,
Orange County, CA; EMC for Medical Electronics—April
22-23. 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@ckc.com.

Georgia Tech Continuing Education—Radar Signal Proc-

essing: Theory and Application—Jan. 28-31, Atlanta;
Coherent Radar Performance Estimation-Feb. 3-6,
Atlanta; Antenna Engineering—Feb. 3-7, Atlanta; Prin-
ciples of Pulse Doppler Radar: High, Medium and Low
PRF-Feb. 11-13, Atlanta; Introduction to Radar Target
Identification— Feb. 25-28, Atlanta; Infrared Counter-
measures—March 4-6, Atlanta; Infrared Technology and
Applications—March 18-21, San Francisco; 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.

Learning Tree International—Wireless Networks and

Mobile Communications—Jan. 14-17, Feb. 18-21
Washington. Information: Learning Tree International,
1805 Library St., Reston, VA. Tel. 800-850-9197 or 703-
709-9119; E-mail uscourses@ learningtree.com;

Web site http:/learningtree.com.

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,

A QUICK SOLUTION TO

NOISE POLLUTION

EMI-RFI FILTERS

¢ Resin (Epoxy) Sealed Filters
¢ Glass (Hermetic) Sealed Filters

¢ Low & High Frequency Power Line Filters
* BNC Signal Line Filters
¢ D'Sub & High Density D'Sub Filtered Connectors
¢ Surface Mount Filters
¢ Terminal Block Filters
¢ EMI Filter Plates
¢ EMI Gasketing/Vent Panels & Windows
¢ Mil-Spec-Filtered Mil-F-15733 & 28861
* SPECTRUM CONTROL ¢ RFI ¢ KCK
e OXLEY ¢ DELTA PRODUCTS
¢ MAJR PRODUCTS ¢ STEWARD

Established 1972

METUCHEN CAPACITORS, INC.
YOUR PREFERRED SOURCE FOR QUALITY
ELECTRONIC COMPONENTS

1-800-669-2092
FAX: 1-800-679-9959
135 WHITE OAK LANE e P.O. BOX 499
OLD BRIDGE, N.J. 08857

I

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

201 BLACKFORD AVENUE
MIDDLESEX, NJ 08846
PHONE: FAX:
800-526-3935 800-777-2197
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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.

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;

Fax 303-770-0253.

Technology International—Achieving and Maintaining
Compliance with the Medical Devices Directive—

Jan. 14-15, Denver; Feb. 11-12, Dallas. Information:
Kristin Eckhardt, Technology International, 609 Twin
Ridge Lane, Richmond, VA 23235, Tel. 804-560-5334;
Fax 804-560-5342; E-mail Eckhardt@TechIntl.com.;
Web site http//www.TechIntl.com.

Tektronix—CDMA Modulation Technologies and
Measurements; Deploying Digital Transmission in
Cabled Networks; TDMA (IS-136 and PCS 1900)
Technologies and Measurements—Two-day seminars;
Jan. 20-21, Los Angeles; Jan 23—-24, Santa Clara,

CA; Jan. 27-28, Seattle; Jan. 30-31, Vancouver.
Information: Tel. 800-763-3133; Fax 800-835-0025;
E-mail TEKFORM2@TEK.COM;

Web site http:/www.tek.com.

UCLA—Digital Avionics Systems—dJan. 27-31,

HBT IC Technology for Communication Applications—
Feb. 12-14. Information: UCLA Extension Department of
Engineering, 10995 Le Conte Ave., Los Angeles, CA

90024-2883. Tel. 310-825-1901; E-mail jwatson@
unex.ucla.edu. Web site http//www.unex.ucla.edu.

University of Missouri-Rolla—Grounding and Shielding
Electronic Systems: How to Diagnose and Solve Electrical
Noise Problems—Jan. 27-28, Houston; Feb. 19-20,
Orlando, FL; March 10-11, Denver; June 25-26,
Research Triangle Park, NC; Circuit Board Layout to
Reduce Noise Emission and Susceptibility—Jan. 29,
Houston; Feb. 21, Orlando, FL; March 12, Denver; June
27, Research Triangle Park, NC; 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,
1870 Miner Circle, 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.

Virginia Tech—Antennas: Principles, Design and
Measurements—March 18-21, San Diego; May 1316,
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.

Z Domain Technologies—DSP Without Tears—
Jan. 15-17. 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.

Our cost effective EMC shieldin
exceeds demanding new standards.

Designed for numerous applications
ranging from flange and lid ;eskeh fo
enclosure door seols, ZEMREX shields ore
supplied in stondard or custom shapes e
The spring-like wiping oction of the highly =&
durable beryllium copper finger strips .
provides a constant low resistont contoct
with low dosure force for door seals.
While an increasing range of wire mesh

s ond looded elastomers provides economic (i
attenvation and excellent environmental
sealing. To request o cotolog

03-524-3714, Fax: 603-524-6602
ail: combio @ lr.net,
dress: PO Box 1641 -
Laconia, N.H. 03247-1641 US.A i
e (S5

,/’.

w2 ZEMREX®

WELCOME

SHIELDING PRODUCTS
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CINOX Crystals

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

CINOX provides custom
crystals buiit to your
specifications with
SHORT LEAD TIME.
CINOX manufacturers
crystails from 1 MHz to
‘ 250 MHz in all standard
' coldweld and resistance
|

|

weld holders. CINOX
specializes in the TO-5
holder for microwave
applications. Our crystals are made with the quality and
reliability required for the most stringent communications
and instrumentation applications. OCXO and TCXO
crystals are a specialty.
Please ask about our new line of SC-Cut crystals.

CINOX Corporation
4914 Gray Road, Cincinnati, OH 45232
513-542-5555 Fax 513-542-5146
E-Mail: CINOX @horandata.net
Website: www.horandata.net/cinox
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RF news

Memphis gets
digital two-way system

Motorola has provided the city of
Memphis with the Astro 800 MHz digi-
tal two-way communications system for
better management of the city’s public
safety and other resources. Memphis’
system is the first Astro 800 MHz pub-
lic safety digital system in the state.
The system includes 31 radio channels,
16 of which are dedicated to law en-
forcement and local government com-
munications. The balance of the chan-
nels are assigned to fire department
and other city agencies. The system
provides communications coverage for
some 410 square miles.

To efficiently manage communica-
tions traffic, the police and fire dispatch
centers use 19 Centracom Series II Plus
consoles with cathode-ray tube (CRT)
displays that put the Astro digital sys-
tem’s features at the dispatchers’ finger-
tips. Flashport software makes the sys-
tem completely programmable. The sys-
tem is compatible with those used by
Memphis Light, Gas and Water; the
Memphis International Airport; Federal
Express; the city of Bartlett, Tennessee;
Desoto County, Mississipi; and the Ark-
ansas State Police.

NIST station signals
increase power output

The Commerce Department’s Na-
tional Institute of Standards and Tech-
nology (NIST) will upgrade its radio
station, WWVB, which broadcasts stan-
dard time and frequency signals. A new
transmitter will increase the radiated
power of the 60 kHz signal at least
fourfold and will provide more reliable

coverage to the far corners of the con-
tinental United States, Mexico and
Southern Canada.

WWVB signals can be used to set
clocks to a few hundredths of a second.
The signals also serve as a frequency
reference with an uncertainty of one
part in 1012. The station’s present out-
put power of about 10 kilowatts broad-
casts a signal strong enough to reach
most of the continental United States,
but it requires users at great distances
from the transmitter to install bulky
antennas for reliable service. The im-
provements, which will increase the
station’s power to well over 40 kilo-
watts, will make it possible to build
automatic WWVB-controlled clocks into
appliances and wristwatches. Resetting
clocks after a power outage may be-
come a thing of the past.

The new transmitting equipment is
already on site at the station, located a
few miles north of Ft. Collins, CO. NIST
is a non-regulatory agency of the Com-
merce Department’s technology admin-
istration. The agency works with indus-
try to develop and apply technology,
measurements and standards. News
and general information on NIST is a-
vailable on the World Wide Web at http:
/lwww .nist.gov.

Contracts:

Brady selected as strategy part-
ner of Motorola—Brady U.S.A. has
been selected as a global strategic part-
ner of Motorola Indala, a manufacturer
of radio frequency identification (RFID)
systems. Brady will market these RFID
products and services, specializing in
the sale of auto ID systems designed for
harsh environments.

RFID uses radio waves to transmit a
unique identifier number instead of us-
ing light waves as are needed with bar
codes, which are sensitive to environ-
mental conditions. The low-frequency
radio signal can be read through any
non-metallic debris such as dirt, ice, or
paint. RFID labels and tags are passive,
meaning they require no battery. Ap-
plications are diverse, ranging from
tagging valves in chemical plants to
tagging cattle in feed lots.

Ericsson to use Teradyne’s mixed-
signal test system—Ericsson Compo-
nents, Stockholm, Sweden, has selected
Teradyne’s A575 advanced mixed-
signal test system for engineering char-
acterization and production testing of
its next-generation RF integrated cir-
cuits. Teradyne’s mixed-signal micro-
wave test system can test all of the
Ericsson devices, which are becoming
increasingly integrated with RF and
digital functions on the same integrat-
ed circuit.

Three contracts for Neulink pro-
ducts—RF Industries’ Neulink Tele-
metry Division, San Diego, has received
three contracts, together valued at
more than $800,000, for wireless digital
data products. Two of the contracts are
for Neulink’s 9600 transceiver modems.
The first contract will use 1,000 mo-
dems in a supervisory control and data
acquisition (SCADA) network. The sec-
ond contract involves global positioning
satellite (GPS) applications for location
and tracking of recreational vehicles.
The third contract is an add-on order
for AM and FM and UHF receivers that
will be used for the emergency alert
system (EAS).

Business Briefs

DTI grant aids Bridlington manufacturing—The
Department of Trade and Industry (DTI) awarded £200,000
in regional selective assistance to help K&L Microwave cre-
ate a base in Bridlington, Yorkshire, United Kingdom and
to bring 40 new jobs into the area over the next two years.
The company manufactures electrical components for com-
mercial and military communications systems.

Services company created—Mobile Systems Inter-
national (MSI) has created a wireless services company.
MSI Services, Richardson, TX, will provide services to the
cellular, paging and personal communications services
(PCS) markets. Services will include site acquisition, gen-

20

eral construction, project management, network engineer-
ing, facility engineering, civil engineering, drive testing,
system optimization and microwave relocation.

Rosenberger establishes facility—Rosenberger
Hochfrequenztechnik, European manufacturer of coaxial
connectors and microwave components, has opened a sales,
engineering support and distribution facility in Lancaster,
PA. Rosenberger of North America is a subsidiary of the
privately-held, Tittmoning, Germany-based company. The
Lancaster facility will warehouse and distribute products
made overseas and will assemble custom coaxial cable
assemblies.
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DESIGN FROM START-TO-ART

1 GENESYS synthesis T
modules make it easy to ﬁ
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
quick evaluation of each help you save time
and achieve higher performance.

—SuperStor—

HIGH-SPEED SIMULRTOR

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

LEW
0’? 0-0@

o it

Obur fisst program shipped in 1985.
Today. with thousands 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

Hth Aiversary

* 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 guarantec
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
GENESYS schematic
module also writes
Touchstone and Spice
files.

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)
BEROEHELEDEE
=

-7"7’;74‘\"1%1 @

it
170 B R A S X B 5531~ 1 DT GAGE § Loth SPvOT
TEL 03-3088-1731 FAX 03-3988-1706  tveix Pome on teren

€EAGLEWARE

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

TEL (770) 939-0156 +# FAX (770) 939-0157

H
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RF oscillators

Design methods
of low-power crystal oscillators
for wireless applications

By Jose Luis Jimenez Martin and Francisco Javier Ortega Gonzalez

The main considerations for design-
ing low-power crystal oscillators for
wireless applications focus on the power
consumed by the oscillator and on its
size. Included are different designs for
the 170 MHz band, along with their
main features and specifications.

he design of low-power crystal oscil-

lators for wireless applications is of
immediate interest for the RF equip-
ment designer. Crystal oscillators are
used for pagers [1,2,3] based on direct-
conversion [4,5] and for superhetero-
dyne receivers for personal commu-

nications services (PCS). A direct-
conversion receiver for pagers is one of
the best examples of a low-power
crystal oscillator application. A classic
direct-conversion scheme is shown in
Figure 1. As with many other wireless
systems, this kind of wireless receiver
needs crystal oscillators with the fol-

=]

/J7 :
r77

)|
1t
2
O

FP-A40n<30
.u\
T
(2]
N

FILTERI  LIMITER| lowing features:
¢ High stability in a wide tempera-
—’®" R f [> ture range (x5 ppm, —10 to 60°C).
¢ Low-power consumption (<0.5 mW
e typically).
Lo. \ FILTER * Low aging (<1 ppm in a year).
* Low size (not many parts).
S~ DEMOD {3 Y~ 1> ﬂ Ly I I II -I,owppshmgﬁgure.
The design of crystal oscillators with
o \ antFan these requirements and oscillator mea-
B LN & surements taken over four topologies
are analyzed as follows.
R
é A /P> Tested oscillators
The oscillators shown in Figure 2
Figure 1. Direct conversion diagram block. have been designed, constructed and
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Figure 2. Topologies of the oscillators analyzed. a) common collector Butler oscillator, b) common base Butler oscillator, c) harmonic Colpitts, output at the col-

lector, d) harmonic Colpitts, output at the base.
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MINI-CIRCUITS NEW 68 PAGE VCO HANDBOOK
is loaded with informative features such as answers to frequently asked

S \/CO questions, Glossary of Terms, test methods, as well as practical
“hands-on” application notes about reducing power supply and

phase noise, PLL's, synthesizers, and much, much morel! it .

also contains the most complete and up-to-date specifications M

and price information about Mini-Circuits plug-in, surface %

mount, and connectorized VCO?'s...including Computer Automated y \

Performance Data (CAPD) for each and every model! Whether you're a o \ ‘

designer or user, inexperienced or very experienced, this handbook e : i

G
is for you. To receive your free copy in the mail now, \ -
call, write, e-mail, or fax Mini-Circuits today. 7 - -
Mini-Circuits...we’re redefining what VALUE is all about! V

~ \ -~

MIXERS o POWER SPLITTERS/COMBINERS ® AMPLIFIERS © ATTENUATORS o FILTERS e DIRECTIONAL COUPLERS  LIMITERS ® FREQUENCY DOUBLERS * IMPEDANCE PADS
PHASE SHIFTERS 150 MODULATORS/DEMODULATORS ® OSCILLATORS (VCO's) ® SWITCHES * TERMINATIONS ® PHASE DETECTORS  TRANSFORMERS e BIAS TEES

m
INI=GIFrCUItsS By 7 b
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET http://www. minicircuits. com € MAIL sales @ minicircuits.com
Mini-Circuits Europe Dale House, Wharf Road Frimley Green, Cambertey, Surrey GU16 6LF, England 44 1252-835094 Fax 44 1252-837010
For detailed specs on all Mini-Circuits products refer to ¢ 740- pg. HANDBOOK » INTERNET « THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM
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t=171.275 MHz Q = 116000
40 2x10"F
A g %
432 mH
5pF
f =57.09166 MHz Q = 185000
15 1x10"F
AN — e
YT 7 o
(
4 pF

Figure 3. Equivalent circuits of the crystals used.

measured to work in the 171.25 MHz
and 171.75 MHz frequency bands.
Three prototypes of each oscillator have
been constructed and measured to
verify repeatability. Five quartz crys-
tals of the desired frequency have been
tested with each unit of the oscillators.
This way, verification of the results are
a result of the topology and not a result
of the constructed circuit or quartz
crystal.

The designed oscillators are the

following:

¢ Butler common-collector oscillator.

* Butler common-base oscillator.

e Colpitts tuned-to-harmonics oscil-
lator, output at the collector.

* Colpitts tuned-to-harmonics oscil-
lator, output at the base.

The objective is to compare the per-
formance of these topologies using crys-
tals working at the fundamental fre-
quency and crystals working at the
third overtone.

Figure 3 shows the equivalent circuit
of the crystals. The crystal used for the
Butler oscillator is cut to work in the
series resonant mode (7th overtone).
The crystal used for the Colpitts oscilla-
tors is cut to work in the parallel mode
with a load capacitance Cl = 8 pF (3rd
overtone). The series equivalent resis-
tance is low.

Stability of the output frequency
Many wireless receivers exhibit an
important deterioration of performance
for frequency deviations of the local os-
cillator. In the direct-conversion re-

ceivers for pagers, this deviation gives
an important increase of the errors of
received data [6]. In this case, with a
deviation of 4.5 kHz, there is a theoret-
ical limit of 26 ppm until total failure of
the receiver. For a variation of only 17
ppm, the reduction in sensitivity is 3
dB. When a carrier of 470 MHz is used
(some paging services use this band)
the previous values must be reduced tc
9 ppm and 6 ppm, respectively.

Thus, the stability of the oscillator
must be lower than 10 ppm. This sta-
bility is the result of the variations
caused by temperature changes and by
the aging of the crystal oscillator. Us-
ually, the temperature range for com-
mercial use is from -10°C to 50°C, and
the “expected life” depends on the
system. Nevertheless, a system for a
commercial application never will be
used both at extreme temperatures and
at the end of its life simultaneously. It
is estimated that a tolerance of 10 ppm
for the —10°C to 50°C range will be
enough. The temperature coefficient of
the oscillator is defined in Equation 1.
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such features as:

Valpey-Fisher
75 South Street
Hopkinton, MA 01748.

Fax: (508) 497-6377.
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Voice: (800) 982-5737 ext. 285.

Perfect Timing.

VCXOs from Valpey-Fisher are the most advanced oscillator solution
for demanding telecommunications and computer applications. Whatever
your product design, our VCXOs can meet your exacting standards with

¢ Virtually no phase jitter
* Wide pullability (up to + 1000ppm)
* Tight stability to (+ 20ppm)

¢ Industrial temperature range
(-40°C to +85°C)

For custom requirements, our application engineers are

available to help you design specialized VCXOs tailored to

your exact needs. If you need rapid turn-around on tight
schedules, Valpey-Fisher can also provide quick delivery

of oscillators in a choice of packages, including full-siz¢

DIP and miniature J-lead ceramic surface mount.

Valpey-Fisher. When nothing less than perfect
timing will do. For more information, contact

VALPEY-FISHER %]

A SUBS'DIARY OF

Technology and service since 1931
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where:

F = oscillation frequency

X, = parts of the crystal oscillator: XTAL, passive com-
ponents (capacitors, resistors, coils), parts of the
transistor’s model and others.

T, = Reference temperature, 20 to 25°C typically

32X, /0T = temperature coefficient of the oscillator’s part (not
normalized)

1/f)(df/3X,) = sensitivity of the oscillator’s output fre-
quency (for different parts)

The “sensitivity” analysis of the output frequency vs. the

that affects the output frequency most. The temperature coef-
ficient of the surface-mount (0805) capacitors used is +30
rrm/,.. For the surface-mount (1206) coils used, the tempera-
ture coefficient is 500 PP/... For temperature changes suffered
by the passive parts, a frequency change lower than 0.5 ppm
was achieved for all the oscillators tested.

This leads to a negligible dependency of the output fre-
quency on the passive components compared to dependency
on the quartz crystal; therefore, maximum attention must be
paid to the quartz crystal.

Phase noise

The main effects of phase noise in a receiver are the reduc-
tion of the sensitivity and the decrease of adjacent channel re-
jection. The second effect (adjacent channel rejection) usually
is more important than the first (reduced sensitivity). A

most relevant passive components is shown in Table

1. The sensitivity of the Butler oscillators vs. the i TABLE 1
auned tank (C7, C8, L1) and the inductance L2 (to
;une the capacitance of the package) is shown. The l BUTLER BUTLER "C%F:_';g_':'g "':%F‘L',:g;‘.':
;ensitivity of the COlplttS oscillators vs. the feedback ! COMMON COMMON OUTPUT AT THE OUTPUT AT
rapacitors ((C6 and C7) or (C5 and C6)) and the coil | COLLECTOR BASE COLLECTOR THE BASE
L2 also is shown. f
The sensitivity of the Butler oscillators is higher g; g-?‘; Ppm g; g-'ﬁ F‘Pm 2_6’ °-‘: Ppm gg g-gg Ppm
‘han the sensitivity of the Colpitts oscillators, but |7 {47 :: o N : R B g:gag":p e Jhis 0:053p:p =y
‘his sensitivity is not that high in any case. (L2 0025ppm™% | L2 0.029ppm% | L1  0.017ppm% |L1  0.020 ppm/%
The part elected to adjust the oscillator is the part | i '3

High Quality ATTENUATORS

ACCURACY, PERFORMANCE, LOW COST, DELIVERY...

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 | 750 DC-1500MHz 0-101dB | 1dB Steps
1/849 | 75Q DC-500MHz 0-22.1dB | .1dB Steps
860 500 DC-1500MHz 0-132dB 1dB Steps
839 Manual Step Attenuator 865 600Q DC-1MHz 0-132dB 1dB Steps
Programmable Attenuators
4540 50Q DC-500MHz 0-130dB | 10dB Steps
4550 | 50Q DC-500MHz 0-127dB | 1dB Steps
1/4550 | 50Q DC-500MHz 0-16.5dB | .1dB Steps
4560 50Q DC-500MHz 0-31dB 1dB Steps
4580 50Q DC-500MHz 0-63dB 1dB Steps

4550 Programmable Attenuator

For price list and FREE catalog, contact:

KAY

Kay Elemetrics Corp.

2 Bridgewater Lane, Lincoln Park, NJ 07035-1488 USA
Tel: (201) 628-6200 o Fax: (201) 628-6363

E-mail: sales@kayelem.mhscompuserve.com

Web: www.kayelemetrics.com
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Figure 4a. Phase noise plot of the common-base Butler oscillator at 171.750
MHz.

hp MKR-TRK 171.24885 MHz
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Figure 4b. Phase noise plot of the osclllator at 171.250 MHz.

direct-conversion receiver for paging needs an adjacen

channel rejection of 65 dB for a channel separation of 25 kH

[7]. This means a phase noise less than —105 dBc at 25 kH

from the central frequency of the carrier. It is not too difficul

to get this specification for a low-power crystal oscillator.
The phase noise of an oscillator is [8]:

23
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where:

fn = frequency deviation

fundamental frequency of the oscillator
quality factor (loaded) of the oscillator

flicker cutoff frequency (of the transistor)
noise figure of oscillator (large signal mode)
Boltzman constant

noise temperature at the input of the oscillator

fm)

0
Q
fe
F
k
T,

We will use this equation to analyze a typical example. ]
we are working with an oscillator of f, = 170 MHz, f,, = 2
kHz, f. = 10 kHz and (kFT,)/P,,, = =7 %y, we will need :
loaded quality factor (Q) > 50. This value is lower than th
value obtained for typical quartz crystals.

Simulation has proved that this quality factor is equal to th
quality factor of the crystal multiplied by 0.5 or by 0.6. It is no
necessary to pay special attention to this point. Figure 4 show
the phase noise obtained from the tested oscillators.

Maximize Performance
MINIMIZE SPACE

210 Series Miniature OCXO (10MHz)

Frequency Range: 200KHz to 80MHz

Thermal Stability (-30° to 70°C): 5.00E-007

Aging/day: 5.00E-009

Phase Noise: (1I0MHz): 1Hz -60dBc
100Hz -120dBc
10KHz = -155dBc

Electrical Tuning: 5.00E-006 to 1.50E-005

Package Size : 18.3x13.2x12mm (.72x.52x.47"")

MILLIREN
M T ez

Two New Pasture Road Newburyport, MA 01950
Ph (508) 465-6064 Fax (508) 465-6637
INTERNET: http://www.mti-milliren.com
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TNF-200 Tuneable Notch Filters 1.5-850 MHz

Features
¢ Deep notch to 35 dB

o Low VSWR

e Low loss: <0.5dB

@ Passes to 2.4 GHz

e Up to 25 watts power

M TNF-200 '8

NOTCH FILTER

® 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
casily 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
performance spectrum measure-| ¢

i ¢

-
L
|

ments by providing a 20 to 30 dB| -« B ‘\‘
improvement of analyzer dynamic| -*¢ g F‘ 2K
range. In harmonic measurements, _: 7k 0k te

for example, simply notch the carrier|
and remove some attenuation to view|
low level harmonics. s Y N

Notch filters can also be used to _4_Tt_t_,_¢_1__¢
climinate or identify off-band inter- 1 KO O A
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.

Need More Information?

Call or Write Today!

Phone: (520) 204-2597
Fax: (520) 204-2568
PO Box 4010, Sedona, AZ 86340
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WHEN IT COMES TO RF SAW FILTER
TECHNOLOGY, THE CHOICE IS CLEAR.

BUILDING THE SMALLEST SOLUTION

You want vour wircless 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

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 Microclectronics 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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ANTENNA DUPLEXER
95 mm X 7.5 mm

{]

900 MHz CELLULAR
3.8 mm X 3.8 mm
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Figure 5a. Output power (of the oscillators) vs. bias current. Figure 5b. Output power (of the oscillators) vs. supply voltage.
scheme. From Table 2, it is easy to se
TABLE2 that the Butler oscillators do not satisf
HARMONIC HARMONIC the Speciﬁcations. Th.is problem can b
BUTLER BUTLER COLPITTS COLPITTS solved using a new filter, but this i
COMMON COMMON OUTPUT AT THE | OUTPUT AT THE bulky and more expensive, and mor
HARMONIC COLLECTOR BASE COLLECTOR BASE space is needed for the printed cirmlj
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Power at the
fundamental frequency

Most wireless receivers use downcon-
verters based on active mixers using
the classic “Gilbert topology,” so it is
possible to save power working in the
linear region where the gain is propor-
tional to the level of the oscillator [9].

Sharing the gain over the different
stages of the receiver, it is possible to
use oscillator power levels lower than
—20 dBm. This means that small cur-
rents and voltages must be used to feed
the oscillator.

Even so, the minimum current is
limited by the minimum transconduc-
tance needed to start the oscillation.
This effect is important in Butler oscil-
lators working with quartz crystals in
high overtones (7th). In this case, a
high collector current is needed to com-
pensate for the series resistance of the
quartz crystal and to start oscillations.
Suppose a typical oscillator efficiency of
2.5-5% and an output power of —17
dBm i8 needed for a direct-conversion
power of 0.4-0.8 mW. This means a
current of 0.3-0.15 mA is required if
the receiver is operated at 3 V.

As a result, the effect of amplitude-
limiting is caused by the limit of cur-
rent, not by the voltage (V) limit [10].

28

It follows that the output power de-
pends on the collector current, not on
the voltage of the battery. This is
shown in Figure 5.

Table 2 shows the value of the out
put power of the four oscillators ana-
lyzed. Fundamental means “third over-
tone” for the Colpitts oscillators.

Power at harmonic
and subharmonic frequencies

The harmonics and subharmonics of
the signal generated by the oscillator
cause interference with non-desired
signals. This interference is limited by
the attenuation presented by the RF
stages. Usually, these stages are tuned
to the desired frequency. This rejection
may be expressed as:

[ 3

. 2
1+(2QAf)
\ . fo
where:

Af = frequency deviation

» = receiver frequency

@ = quality factor of the tuned tank
(loaded)

Attenuation =

For example, a maximum amplitude
of -30 dBc is enough for a pager re-
ceiver based on a direct-conversion

crease the level of this harmonic, in
crease the Q of the coil L1, which is th
limiting factor of the Q of the tank. Fo
example, this Q can be increased usin,
high-Q, air-core inductors for surface
mounting.

Power consumption

Wireless circuits usually are pow
ered by batteries. For example, pager
consume about 2 mW, which ensure
more than 800 hours of battery life
Pagers based on direct-conversion tech
nologies consume even less power. I
this kind of receiver, most of the powe
is consumed by the local oscillator
therefore, a reduction in the power con
sumption of the oscillator means an im
portant increase in the batteries’ life
Recognizing this fact, we will set .
maximum power consumption of 0..
mW for the oscillator.

This decision means a limit of 0.1'
mA of current from a 3 V battery (o
0.34 mA for a 1.5 V battery). This cur
rent is not enough for a Butler oscil
lator. A Colpitts oscillator can worl
with this collector current. Exper
iments have determined that the But
ler oscillators need 50% or 75% mor
current than the Colpitts oscillators.

Some authors recommend the use ¢
auxiliary-bias circuits (using diode
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Figure 6. Changing of the parasitic capacitances of the transistor vs.
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voltage.

and transistors) to improve the behavior of crystal oscillator
[10]. This practice usually is impossible to follow with low
power wireless crystal oscillators because it increases th
power consumption too much. In the oscillators shown, th
bias point has been stabilized using resistors and negativ
feedback. This negative feedback is introduced by R4 in th
Butler oscillators and by R1 and R2 in the Colpitts oscillators

Oscillator pushing

An important factor for an oscillator using batteries is os
cillator pushing. The problem manifests itself as the batter
voltage falling during its discharge period. The change of th
output frequency of the oscillator can be expressed as:

Af=P-AV, 5
where:
Af = frequency deviation
P = pushing
AV, = change in battery voltage

The “pulling” mainly results from th
change of the parasitic capacitances wit
the voltage applied to the transistor. Fc
the Butler oscillator, this change of th
capacitances produces a phase lag in th
transistor. To compensate, it is necessar
to change the frequency of the quart
crystal.

The same effect in the Colpitts osci
lator can be compensated by adjusting C

and C5 for base and collector outputs, re
spectively. The change of the capac:

tances is more important when workin
with low voltage, such as the voltage «
most wireless crystal oscillators. (Se

Figure 6.)

To fight pushing in circuits withou
voltage regulators, it is necessary to se
lect capacitor values as large as possibl
in the feedback circuit (compared to th

parasitic capacitances of the transistor
This is easy to do with Colpitts oscillator

working at the fundamental frequency ¢
the crystal. It is more difficult to do wit
Butler oscillators working at high ove:
tones, because the needed capacitors ar
small.

Table 3 shows the measured values
pushing and pulling figures of the teste
oscillators. The best pushing figures b«

long to the Colpitts oscillator with outpt
at the base. That is a logical result b

cause the common collector Colpitts osci
lator output is located in parallel with tk
quartz crystal. In the common-base Bu

ler oscillator, the signal is extracted fro)
the overtone-tuned tank; therefore, th
changes of the load effect to the phase-la
introduced by the transistor changes tk

output frequency.

For the Colpitts oscillator with th
output at the collector, the signal is e:

Figure 7. Oscillator’s output.
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tracted from a point where the RF impe«

January 19¢



nce is low; therefore, the changes

; ; TABLE 3
f the load do not affect the oscillation
*equency. HARMONIC HARMONIC
BUTLER BUTLER COLPITTS COLPITTS
] COMMON COMMON OUTPUT AT THE OUTPUT AT
arts a."d SWER S 1 It Rl COLLECTOR BASE COLLECTOR THE BASE
In wireless applications, it is impor-
ant to get a small PCB. To do that, one | PUSHING 0.9 ppm/V 0.97 ppm/V 0.3 ppm/V 0.035 ppm/V
an use 0603 surface-mount passive PULLING 0.83 ppm 0.87 ppm 0.08 ppm 1.2 ppm
arts; small packages for transistors

30T23 or smaller); or thin PCB lines (10 mils or thinner).
The optimization of the layout must not overrule the basic
rinciples of the RF design, that is, minimized coupling and
ood grounding.
Figure 7 shows the layout of the PCB designed to test the
rystal oscillators. Figure 8 shows the designed and tested
rototypes.

idjustment

The crystal oscillators must be adjusted to compensate for
1e tolerance of the quartz crystals. The lower the tolerance,
1€ higher the cost of the quartz crystal.

According to our tests, the Butler oscillators are the
ardest to adjust. This negative effect is more important for
1e common-base Butler oscillator. This oscillator exhibits a
ritical adjustment. These difficulties have been related by
thers, especially for the common-base oscillators [11].
l[sually, it is necessary to order at least two or three quartz

{ /]

Figure 8. Photographs of the oscillators.
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crystals during the design process.

On the other hand, the Colpitts oscil-

lators have been rugged and easy to ad-
just over a wide range of frequencies.

Table 4 compares the main features

of the proposed and tested oscillators.
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RF oscillators

Design and validation
of fault-tolerant, synchronized
crystal oscillators

By T. Kien Truong

A new design and several verification
techniques for synchronizing crystal os-
cillators achieve exact synchronization.
The new design uses minimum part
count for ultra-reliability. It is suitable
for high-speed and on-chip integration.
The new design improves upon existing
architectures from capacitive coupling
to feedback voting and finally, to full-
fault tolerance. Using SPICE, three
simulation techniques are used to verify
the design: oscillator startup, synchro-
nization of out-of-phase oscillators and
on-the-fly fault-injection.

In commercial aviation, defense, aero-
space and nuclear power plants
where safety is critical, redundancy has
been used extensively to improve the
reliability of control and computing sys-
tems. In a fault-tolerant system, redun-
dant computing channels depend on
clock synchronization. All data distrib-
ution and comparing or voting are
based on synchronous clock edges a-
mong channels. Crystal oscillators pro-
vide highly stable clock signals, which
are required by the redundant proces-
sors. The simplest way to synchronize
the redundant systems is to use a
single crystal oscillator for a common

cL2 ne -
T . N
J P
RM
MP1
] %'CM _J;'cp AFB
| T L
b LM ‘ i
o
cL1 Lo J | RL
— AN
1
oo

Figure 1. Crystal oscillator using CMOS inverter.
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timing reference. This approach carries
with it the penalty of a single-point
failure that can “wipe out” the whole
system.

In high-performance computers for
real-time applications, many issues
must be resolved in a practical fault-
tolerant clock: continuous clocking
without any temporary stoppage or
slow-down to establish synchronization;
high speed to support processing pow-
er; fault tolerance including arbitrarily
malicious faults; complete fault cov-
erage for all fault-containment regions;
tight synchronization to subnanosecond
range; startup reset synchronization so
that the processors are not n-clocks
apart; and minimum parts count for
high reliability.

A crystal oscillator can produce
many failure modes: amplitude error,
frequency drift, phase shifting and jit-
ters, duty cycle variation, glitches,
runt-pulse transients and Byzantine
fault.

A number of fault-tolerant clock de-
signs have been described in literature.
Most of them use phase-locked loops
(PLLs) [1, 2, 3]. Some use standby
switching spares [4]. Some periodically
realign the oscillators after a free
drifting period. Most designs require
four redundant oscillators to tolerate a
single malicious fault, and most have
the drawbacks of being low-speed and
loosely synchronized [5, 6, 7]. A pat-
ented design uses only three oscillators
with minimum hardware to achieve
fault tolerance and exact synchroniza-
tion to less than 0.25 nanoseconds.

Independent oscillators

In Figure 1, the amplifier for the
crystal oscillator is a complementary
metal oxide semiconductor (CMOS) in-
verter that is biased at its mid-range to
function as a linear amplifier for the
clock signal. To oscillate, the circuit
must satisfy the Barkhausen criteria
that the phase shift around the loop be
n360° and that the loop gain exceeds

unity at the resonant frequency.

We can model the quartz crystal a
having a motional resonance arm Rn
Lm and Cm in parallel with th
crystal-holding capacitance (CP) (th
mounting electrodes). All circuit par:
sitic elements, on chip or off chip, ar
lumped into the loading capacitors an
loading resistors.

In a series resonant oscillator, th
crystal operates at its natural serie
frequency. In a parallel resonant osci
lator, the feedback circuit introduces
load capacitance to the crystal an
causes the crystal to operate at the fre
quency at which the crystal reactanc
cancels the load-capacitor reactance. :
follows that, when the load capacitanc
changes, the resonant frequency chang
es. The crystal reactance curve crosse
zero at two frequencies that represer
the series resonant and parallel resc
nant. Between the two frequencies, th
reactance is inductive. Below and be
yond that range, the reactance is capa
itive. The oscillator operates in the i1
ductive region between the two re:
onant frequencies. Within this banc
width, the crystal phase varies by
large range with a small change in fi
quency. In other words, only an e
tremely small frequency shift is nece:
sary to change the crystal’s impedanc
to compensate for phase deviatio
around the loop.

Program 1 shows the SPICE deck «
three independent phasing oscillato:
with a typical frequency deviatio
within 100 ppm among the crystal:
The transistor parameters are from
typical 2-micron CMOS technology. .
triple-stage inverting amplifier is use
to obtain higher gain for speeding u
the simulation time for the startu
transient. The CP is also commente
out to speed up the simulation withot
affecting the fault-tolerant behavior «
the circuit.

Even though crystal oscillator simt
lation is difficult because a quaril
crystal has an extremely high-Q circu
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* Inverting amplifier

.SUBCKT INVAMP VCC VPS 1 4

MN1 2100 NMOS L=2U W=2U

MP1 21 VPS VPS PMOS L=2U W=8U
MN2 3 2 0 0 NMOS L=2U W=5.43U

MP2 3 2 VCC VCC PMOS L=2U W=21.74U
MN3 4 3 0 0 NMOS L=2U W=14.76U

MP3 4 3 VCC VCC PMOS L=2U W=59.1U
RFB 4 1 22E6

.ENDS

* 24 MHz crystais
SUBCKT XTAL24A 12
RM 24105

CM 3 4 20.60E-15

LM 13 2.14E-3

*CP 1445E-12

.ENDS

.SUBCKT XTAL24B 1 2
RM 24107

CM 3 4 20.50E-15

LM 13 2.150E-3

*CP 14 4.5E-12

-ENDS

.SUBCKT XTAL24C 12
RM 2410.0

CM 3 4 20.44E-15

LM 13 2.156E-3

*CP 14 45E-12

.ENDS

PROGRAM 1

* Oscillator circuit

.SUBCKT OSCA AMPIN AMPOUT

XAMP VCC VPS AMPIN AMPOUT INVAMP
XTAL NXIN NXOUT XTAL24A

RS AMPOUT NXIN 200

RL NXOUT AMPIN 200

CL1 NXIN 0 10PF

CL2 NXOUT 0 10PF

VC5 VCC 0 DC 5V

V99 VPS 0 PWL ON 5V .1US 5V .105US OV .110US 5V 1MS 5V
.ENDS

.SUBCKT OSCB AMPIN AMPOUT

XAMP VCC VPS AMPIN AMPOUT INVAMP

XTAL NXIN NXOUT XTAL24B

RS AMPOUT NXIN 200

RL NXOUT AMPIN 200

CL1 NXIN 0 10PF

CL2 NXOUT 0 10PF

VC5VCCODC 5v

V99 VPS 0 PWL ON 5V .11US 5V .115US 0V .120US 5V 1MS 5V
.ENDS

.SUBCKT OSCC AMPIN AMPOUT

XAMP VCC VPS AMPIN AMPOUT INVAMP

XTAL NXIN NXOUT XTAL24C

RS AMPOUT NXIN 200

RL NXOUT AMPIN 200

CL1 NXIN 0 10PF

CL2 NXOQUT 0 10PF

VC5 VCC 0 DC 5V

V89 VPS 0 PWL ON 5V .12US 5V .125US OV .130US 5V 1MS 5V

.ENDS

* TMR oscillators

XOSCA OSCINA OSCOUTA OSCA
XOSCB OSCINB OSCOUTS 0SCB
XOSCC OSCINC OSCOUTC OSCC

* Transient analysis
.TRAN 1NS .6US 0.1US 10NS
.PROBE V([OSCOUTA]) V([OSCOUTB]) V([OSCOUTC]))

* N-Well transistor model

.MODEL NMOS NMOS

+ LEVEL=2 VT0=0.825 UO=608

+ TOX=4.0E-8 NSUB=7.755E15 XJ=4.50E-7

+ LD=1.121E-7 DELTA=3.714 VMAX=49.89E+3

+ NFS=.105E12 CJ=323.1E-6 CJSW=929.9E-12

+ MJ=461.5E-3 MJSW=268.3E-3 PB=.44

+ CGS0=96.77E-12 CGD0O=96.77E-12 CGBO=40.0E-12
+ UCRIT=50E3 UEXP=78.26E-3 NEFF=3.36 TPG=1

.MODEL PMOS PMOS

+ LEVEL=2 VT0=-0.703 U0=205

+ TOX=4.0E-8 NSUB=1.486E16 XJ=450E-9

+ LD=230.5E-9 DELTA=1.843 VMAX=40.76E3

+ NFS=0.01E12 CJ=804.9E-6 CJSW=749.1E-12

+ MJ=525.0E-3 MUSW=495.4E-3 PB=.958

+ CGS0O=199.0E-12 CGDO=199.0E-12 CGBO=101.5E-12
+ UCRIT=70E3 UEXP=184.2E-3 NEFF=0.69 TPG=-1
.END
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n the range of 105, and the oscillator is
ree-running with no driving signal,
romplete analysis and simulation tech-
aiques in both time and frequency do-
nains are known [8].

Transient simulation of a high-Q
juartz-crystal circuit is a real chal-
enge. Most designers rely on the fre-
juency responses (small-signal anal-
7sis) to judge the ability of their circuits
:0 oscillate. Transient response uses
.arge-signal analysis. This involves
1onlinearity operation and time-step
sstimation, which often results in di-
vergence.

A few tricks can make the oscillation
wvaveform come alive. In this circuit,
‘he three oscillators are kick-started at
lifferent times with independent power
supplies to simulate their independent
shase relationship. The command V99
39 0 PWL ONS 5V .1US 5V .105US 0V
11US 5V 100MS 5V introduces a volt-
age spike to the power supply to kick-
start the oscillator. Note that in a real
iircuit, oscillation is started by random
;hermal noise in the circuit elements.

This noise is ampli- s
fied by the inverter
and is fed back pos-
itively through the
crystal circuit. The
amplitude of the
signal increases ex-
ponentially as it
goes through the
loop again and a-
gain until satura-
tion is reached. The

V(OSCOUTA)

V(OSCOUTB)

NW-Aro<

V(OSCOUTC)

frequency of the o

signal is controlled

TIME (SECONDS)

by the crystal. The
crystal acts as a
narrowband filter that passes only the
frequency in the vicinity of the reso-
nant frequency.

The CP is in parallel with the mo-
tional arm of the crystal and diverts
the energy going through the crystal.
This reduces loop gain and makes
start-up slower. To show the transient
start-up from time zero to saturation in
a more reasonable time frame, we can
comment out the CP temporarily.

Figure 2. Independent oscillator startup transient.

Together with the higher-gain, triple-
stage amplifier, the simulation time is
decreased more than 20-fold from hours
to a few minutes on a Sun Sparcsta-
tion. Figure 2 shows the transient re-
sponse for the independent oscillator’s
start-up.

Capacitive coupling
The frequency-pulling characteristic
of the crystal is such that additional
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Figure 3. Capacitively coupled oscillators.

phase variation incurred in the loop
can be tolerated and is translated into
a small frequency shift. The fiexibility
of the crystal to yield to a driving signal
operating close to its resonant fre-
quency is exploited for synchronizing

PROGRAM 2
* TMR oscillators
XOSCA OSCINA OSCOUTA OSCA
XOSCB OSCINB OSCOUTB OSCB
XOSCC OSCINC OSCOUTC 0SCC
CPL1 OSCINA OSCINB 15PF
CPL2 OSCINA OSCINC 15PF
CPL3 OSCINB OSCINC 15PF

them mutually.
Taking advantage
of this frequency
pulling, we can
synchronize the os-
cillators mutually
by coupling them
capacitively. Figure
3 illustrates the
schematic diagram.
Because each oscil-
lator forms a com-
plete feedback loop,
the coupling capaci-
tors can be posi-
tioned at the input

v(31)

v(32)

wAro<

v(33)

nwAro<

V(40)

WwW-ro<

of the crystal net-
work or at the in-

Ton
TIME (SECONDS)

put of the inverting
amplifier.

The modification to the main body of
the original SPICE listing shown in
Program 2 results in the transient
waveform of Figure 4. Note that the os-
cillators achieve synchronization after
only a few clock cycles. This capacitive
coupling design is not fault-tolerant; a
failure in one of the coupling capacitors
would cause the entire system to fail.

Feedback voting

To avoid the failure mode of the ca-
pacitively-coupled circuit, another way
of driving the crystals with identical
signals is to insert a majority voter in
the feedback loop of each oscillator. The
output of all amplifiers would drive the
voters, and the identically-voted signal
would drive the crystals.

A conventional digital voter would
implement the two-out-of-three ma-
jority function F = (AB + AC + BC) with
three 2-input AND gates and one 3-

Figure 7. Voting with tight synchronization.

input OR gate (or a Boolean equiva-
lence such as all NAND gates). To re-
duce the transistor count and logic
delay, a transistor-level schematic for a
voter that has only 12 transistors is
shown in Figure 5. The majority func-
tion implies that unless all of the oper-
ational elements agree in value, the
voted output will follow the faulty ele-

A

s T

van 4
v
V(OSCOUTA) o ]
vaz) L 2
T
s
i 0
v 4
0 0
vioscouts) | vy 0
T
5 s
0
[
v
0 4
L
V(OSCOUTC) vy T
s 2
) =
100n 200n 300n 400n 500n 600n 1
TIME (SECONDS)

~on —iEh

TIME (SECONDS)

Figure 4. Capacitive coupling startup transient.
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Figure 6. Voting with loose synchronization.

January 1997



POSC A

XTAL
—y oy

cL1 CcL2

tered out by the voter. Figure 7 shows
the resulting waveform of the majority
voter under tight synchronization. All
real signals and circuits have limited
bandwidth and inherent delay caused by
parasitic and input and output loading
capacitors. When the other two inputs of
the voter are tightly synchronized or

when the skew is a fraction of the rise
time (for example, a 1 nanosecond skew
for a 5 nanosecond rise-time signal), the
third input can fail within this window
and still cannot pass the voter.

Figure 8 illustrates the schematic di-
agram for the TMR arrangement of os-
cillators, each with a majority voter in

XTAL
[+ ’
L1 cL2

T
i— @

Figure 8. Oscillators with feedback voting.

ment; therefore, if two of the inputs are
tightly synchronized (in exact agree-
ment) to each other, the third input can
fail without affecting the voted output.
Otherwise, four oscillator channels and
three-out-of-four voters will be required
to survive a fault.

Although it has been proved that 3m
+ 1 modules are necessary to tolerate m
faults, loosely synchronous inputs to a
majority voter are a problem. A tightly
synchronized triple modular redundan-
cy (TMR) design can tolerate any fault,
including the Byzantine asymmetric
fault.

A Byzantine fault sends different sig-
nals to different modules (or the signals
are perceived differently by different
modules). A Byzantine fault-tolerant al-
gorithm makes no assumption about the
behavior of the fault, no matter how ar-
bitrary. This type of fault is devastating
to a majority voter with loosely synchro-
nous inputs, because the resulting out-
puts of the voters would be in disagree-
ment. Within the displacement window
(4 nanoseconds in this example) be-
tween two clock edges, where one clock
is high and the other is low, the voter’s
output will follow the third input. Figure
6 illustrates the case in which a glitch in
the rising-edge displacement window
and an inverted clock in the falling-edge
displacement window both cause havoc
to the voted output. On the other hand,
when two clocks are tightly synchro-
nized (2 nanoseconds in this example),
the faulty third clock effectively is fil-

RF Design
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PROGRAM 3
* transistor-level voter
.SUBCKT VOTER VCC 3132 33 40
MN1 34 33 0 0 NMOS L=2U W=8.5U
MN2 39 32 34 34 NMOS L=2U W=8.5U
MN3 39 31 34 34 NMOS L=2U W=8.5U
MN4 36 32 0 0 NMOS L=2U W=8.5U
MN5 39 31 36 36 NMOS L=2U W=8.5U
MNG6 40 39 0 0 NMOS L=2U W=8.5U
MP1 35 33 VCC VCC PMOS L=2U W=12U
MP2 39 32 35 35 PMOS L=2U W=12U
MP3 39 31 35 35 PMOS L=2U W=12U
MP4 37 32 VCC VCC PMOS L=2U w=12U
MPS5 39 31 37 37 PMOS L=2U W=12U
MP6 40 39 VCC VCC PMOS L=2U W=12U
.ENDS

* Oscillator circuit

.SUBCKT OSCA VTR1 VTR2 VTR3 AMPOUT
XVOTER VCC VTR1 VTR2 VTR3 VTROUT VOTER
RS VTROUT NXIN 200

* other components remain the same

.ENDS

.SUBCKT OSCB VTR1 VTR2 VTR3 AMPOUT
XVOTER VCC VTR1 VTR2 VTR3 VTROUT VOTER
RS VTROUT NXIN 200

* other components remain the same

.ENDS

SUBCKT OSCC VTR1 VTR2 VTR3 AMPOUT
XVOTER VCC VTR1 VTR2 VTR3 VTROUT VOTER
RS VTROUT NXIN 200

* other components remain the same

.ENDS

* TMR oscillators

XOSCA OSCOUTA OSCOUTB OSCOUTC OSCOUTA OSCA
X0SCB OSCOUTA OSCOUTB OSCOUTC OSCOUTB OSCB
X0OSCC OSCOUTA 0SCOUTB OSCOUTC OSCOUTC OSCC

POSZ_A 5 ;
A PROGRAM 4
e TTSEFM * Fault Injection logic block
=) .SUBCKT FILB 5 4 S1 5 4 8 0 SMOD ;fault free control switch

VS18 0 PULSE (5V 0V .6US 1NS 1NS 0.25US 2US)

v }‘_I_‘ @m @mu( $26 490 SMOD ; fault injection control switch
! VS2 9 0 PULSE (OV 5V .6US INS 1NS 0.25US 2US)

GO
g POSC B § * Selection of sources for Fault Injection
B *VSA1 6 0 DC 2.5V ;stuck-at-midievel
*VSIN 6 0 SIN (2.5V 2.5V 24E6 0.5US 10E6 0) ;brown out
. E—- 2

“VSA0 6 0 DC OV ;stuck-at-0
" T VNOISE 6 0 SFFM (2.5V 2.5V 24E6 200 1.2E6) ;noise burst
Im
*VRAMP 6 0 PWL (0 0V 0.6US 0V 0.7US 5V .8US 0V)
oy )_l_| e 13
o

* TMR oscillators
XOSCA OSCOUTA OSCOUTB AFGOUT OSCOUTA OSCA
X0OSCB OSCOUTA OSCOUTB AFGOUT OSCOUTB OSCB

XOSCC OSCOUTA OSCOUTB AFGOUT OSCOUTC OSCC
XFILB OSCOUTC AFGOUT FILB

*VSA1 6 0 DC 5V ;stuck-at-1
*VEXP 6 0 EXP (0V 6V 0.6US 0.1US 0.75US 0.1US)
D POSC _C
.ENDS
Figure 10. Verification by fault injection.

* voltage control switch
.MODEL SMOD VSWITCH

resonant area of the quartz, lead at- | *RON=1 ROFF<10E6 VON=5 VOFF=0

tachment and package sealing.

its feedback loop. Here, the voters pro-
vide identical driving signals for the
crystals. With the crystal circuits de-
signed to have a common pulling range,
phase differences among the modules
are compensated dynamically and con-
tinuously by the crystals within each
clock cycle.

In a crystal oscillator, circuit-
frequency stability predominantly is
controlled by the crystal itself. The
crystal frequency, on the other hand, is
determined by its mechanical charac-
teristics, such as thickness, elasticity,

Therefore, it is expected that drive en-
ergy, aging, temperature, humidity
and other environmental conditions
will have influences on the frequency
stability of the circuit. One important
characteristic of the crystal is its abil-
ity to oscillate at the frequency of a
driving signal in the proximity of its
own natural frequency. This operation
allows all crystals in the system to be
pulled to the same voted frequency,
thus neutralizing the effect of small
fluctuations in circuit components.

The addition of the voter subcircuit
and modification as shown in Program
3 to the original SPICE listing results
in the transient waveform of Figure 9.
Note that the mutually voted oscilla-
tors immediately achieve synchroniza-
tion after the first clock cycle.

Fault injection

Figure 10 illustrates the schematic
diagram for the mutually voted oscilla-
tors with fault injection. Two voltage-

controlled switches are used with oppo
site controlling pulse waveforms. One
switches the output of the C oscillato
off, the other switches the arbitrary
waveform generator on for fault injec
tion, and vice versa. This way the injec
tion time can be controlled precisely
The switches are a special kind o
voltage-controlled resistor in which the
resistance continuously varies betweer
Roy and Rogy.

Predefined sources for fault injectior
include stuck-at-0, stuck-at-1, stuck-at-
midlevel, noise-burst, slow-varying:
signal that crosses the logic threshold
decaying-oscillator to midlevel-logic
and ramping-signal. Other kinds of
fault injection waveform also can be de-
fined. The injected waveform is fed
back to all three channels to simulate s
faulty oscillator C output.

Program 4 shows the fault-injection
logic subcircuit and modification to the
SPICE listing results in the transient
waveforms of Figure 11 for a burst-

] 3
V(OSCOUTA)
V(OSCOUTA) 5 g 4
voscouts) L
4 5 o
s
v
On
L V(OSCOUTC) 0
V(OSCOUTB) T
s
2
4
1 v
o
V(AFGOUT) L
V(OSCOUTC) 3 T 2l
g ‘
2
100n 200n 300n 400n 500n 600n o
TIME (SECONDS)

200n 400n
TIME (SECONDS)

Figure 9. Feedback voting startup transient.

40

Figure 11. Fault injection with noise burst.
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fers. There are n? in-
terconnects (16 lines
| for the four channels).
The isolation buffer
network helps to tol-
erate multiple faults
on the bus and helps
to prevent a single
module failure that
can bring down the
bus. Without the
buffers, a bridge fault

800n

Figure 12. Fault injection with brownout oscillator.

noise injection and of Figure 12 for an
oscillator brownout.

Overtone oscillators

For high-frequency applications (60
MHz or greater), we can make the crys-
tal operate at a third overtone of the
fundamental frequency by adding an
inductor parallel to the input-load ca-
pacitor of the crystal. The newly-
formed, inductive-capacitive (LC) tank
forms a resonant circuit at just below
the third overtone to suppress the fun-
damental frequency. Below this reso-
nant frequency, the LC tank is induc-
tive, and oscillation is not possible
because there no longer will be a phase
reversal in the feedback loop.

To model the third overtone crystal
for simulation, we can add another
branch of resonant arm Rx, Lx and Cx
to the basic crystal model. Each series
arm accounts for one resonance in the
vicinity of which the other arm can be
neglected. The new motional parame-
ters should form a resonant circuit at
the third overtone with:

G

Cny=—L.Ly=L,and Ry =RN*

where N = 3.

The frequency pulling range of a
crystal at an overtone would be nar-
rower than that of a fundamental fre-
quency, because the pulling range is
proportional to the motional capaci-
tance of the crystal.

Fault-tolerant clock prototype

To be truly fault tolerant, the feed-
back distribution network has to be
protected from short faults. For exam-
ple, a short between two inputs of a
voter would affect the two sourcing
oscillators. Figure 13 shows the sche-
matic for a fault-tolerant clock that has
been built and tested [9].

The interconnection uses direct
point-to-point wiring between the buf-

42

that shorts any two
clock lines of two modules would fail
both modules.

Note that some failures do not com-
bine together to cause system failure.
For example, if one oscillator fails s-a-1,
and another one fails s-a-0, then the
voted clock outputs still are correct.
Also, there are certain multiple failures
across all channels that will not cause
system failure. To illustrate this latter
case, a failure in any one input pin of
each voter accounts for three simulta-
neous faults in three channels. Because
of the replicated data paths and the iso-
lation buffers, all three clock outputs
still are correct.

Validation testing with various fault
types injected to a single oscillator in-
cludes stuck-at-low, stuck-at-high,
stuck-at-midlevel, open- and short-
circuited, bridging, power-supply-
failure, noise-coupling and random-
signal, such as frequency sweep from
subharmonic to overtones, frequency-
burst, random-pulse-train and glitches.

Conclusion

For digital microprocessor applica-
tions where small frequency shift (less
than 100 ppm or 0.01%) is inconsequen-
tial, off-the-shelf crystals can be used,
and frequency pulling will compensate
for the differences in crystal aging, tem-
perature variation and circuit deviation
(process and components). Given the
skew caused by integrated circuit
process variation and probe delay varia-
tion, the clock outputs are observed to
be synchronized to within 0.25 nanosec-
onds in the prototype.

When a channel is faulty, the design
purpose is to maintain synchronization
in the remaining good channels and to
continue to tolerate any additional
fault that occurred in that channel;
therefore, each oscillator channel is a
fault containment region, with the vot-
ers and isolation buffers to quarantine
the fault. One programmable logic de-
vice per channel would ensure physical
and electrical isolation among the

. POSC_A

XTAL
| S
gLic - ‘o
L —e—
v

osc,,s
XTAL
-
cu a}z_J

VA
i
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XTAL \\\I:i:lJ
S .
cu CL2

ano

Figure 13. TMR fault tolerant clock.

channels. On the other hand, a singl:
custom, application-specific integrate
circuit (ASIC) using silicon on sapphir
(SOS) technology or using CMOS wit
on-chip electrical isolation would mak
an ultra-reliable fault-tolerant cloc
suitable for many applications. RF
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RF cover story

PCS—working to make the link

By Ernest Worthman
Contributing Editor

Personal communications service
(PCS) has been touted as anything from
a simple “follow-me” telephone to a full-
featured digital voice and data trans-
ceiver. The vendors at the PCS 96 trade
show portrayed PCS as the answer to
all our future communications needs.
But if you have been in the wireless in-
dustry for a while, you have a more re-
alistic perspective of the technology, its
implementation and its timetable.

Ithough many would like to carve
out a uniquely identifiable niche
for PCS, the reality is that both the con-

cept and some of the technology have
been with us for quite some time in lim-
ited implementation and with different
names. Technologies such as talk-back
paging and cellular telephones loosely
can be considered as PCS. In true PCS,
the fact is that these technologies will
be one or more of many components
that make up the personal communica-
tions system infrastructure.

Modern PCS can be viewed as the
technology with which the linking of
places ends, and the linking of people
begins. Additionally, PCS should be

considered as “intelligent” communica-

tions, meaning it has more capability
than mere signaling confirmations, two
way voice and simple data. Here are the
issues that PCS faces.

The year 2525

It is 8:00 a.m., and you just have ar
rived at your office. Your personal com
municator signals, and you answer. Uj
comes a miniature liquid crystal display
(LCD) with a message that the tempera
ture in the master bathroom has in
creased by 10°. You enter a code and loc}
onto the cameras installed throughou
your home. You scan the master bat}

Digital European cordless telephone
(DECT) was originally planned as a re-
placement for analog cordless systems.
After undergoing four years of refine-
ments since it was issued by the Euro-
pean Telecommunication Standards
Institute (ETSI), DECT can now boast
additional features that include inter-
operability among various equipment
and systems as well as new applica-
tions such as data transfer and connec-
tion via a wireless local loop (WLL).
Numerous European countries already
have reserved the frequency band of
1.88-1.9 GHz for DECT operation.
DECT offers integrated services digital
network (ISDN)-like speech quality,
which outperforms analog systems and
typically even other cellular phone sys-
tems, such as global system for mobile
communications (GSM, formerly
Groupe Speciale Mobile). The avail-
ability of a standardized and allocated
frequency band, available data rate,
interference-free operation and easy
system upgrades are advantages that
will continue to further the use of
DECT worldwide.

DECT currently can be integrated
into existing mobile communications
systems such as GSM and digital cel-
lular system (DCS) 1800, and can be
hooked up directly to fixed-network

The future of DECT

technologies such as ISDN, Ethernet
and asynchronous transfer mode
(ATM).

Future outlook

With the “anytime anywhere” out-
look overtaking business and society,
DECT system use is sure to expand.
Rapidly growing and expanding appli-
cations include cordless residential
and business handsets, base stations,
wireless private branch exchanges
(PBXs), WLL and wireless local area
networks (WLANSs). Expected soon are
further feature advances such as
generic access profile (GAP). GAP will
enable interoperability among differ-
ent vendors’ equipment and devices.
Another addition is the cellular tele-
phone modem (CTM) proposal that
will add mobile public access at trav-
eling speeds as high as 70 kilometers
per hour via public DECT base sta-
tions. These and other feature en-
hancements are sure to add the flexi-
bility end-users demand.

Although initial sales have been in
Europe, the Middle East, Southeast
Asia and Australia also are opting for
DECT. China’s approval is expected
soon. By some estimates, DECT phone
sales are projected to outstrip sales of
cellphones worldwide within three

years. According to the Giga Infor-
mation Group, the DECT market will
be a $1.9 billion market by 1998, with
silicon content accounting for 20% of
that value. U.S. analysts at I.C.E. pre-
dict a compound annual growth rate of
74% for semiconductors in DECT sys-
tems with a compound annual growth
rate of 85% for DECT systems.

The implementation of DECT in the
United States is limited by incambent
microwave users that already occupy
the 1.8-2 GHz band. With component
manufacturers fully committed to this
digital cordless standard, DECT looks
to have a promising future world-
wide—especially in locations where
telecommunications infrastructures
have not been installed already or in
densely populated urban areas where
implementing further wiring is cost-
prohibitive.

With DECT hardware and software
design and production trends leaning
toward further integration and high
volumes of key components, more
wireless applications (remote control
systems, surveillance systems and
mobile-to-mobile systems, for example)
will be able to take advantage of the
DECT standard.

—Greg Ravenscroft
National Semiconductor
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In a Jam?

CHOOSE CTT!

For all your VCO, DRO and CRO requirements...

CTI offers a complete line of free-running signal sources with low noise, wide operating
temperature ranges, many packaging configurations and low power consumption.

These units find application in a wide range of commercial systems
such as mobile radios, PCS, and other wireless applications requiring
high stability and low noise in an extremely small package
configuration including surface mount, PC mount

and connectorized.

Remember—when you need a VCO, DRO or CRO-
you need it now! Call us. We deliver.
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EMF SYSTEMS INC. also designs, develops, and manu-
factures Solid State Oscillators for both the military and
commercial markets. Our expertise has been applied to
some of the most advanced electronic systems in present
use. Other products include: Crystal Oscillators, Synthe-
sizers, VCXOs, and VCOs.

Please call our engineers with your technical specifica-
tions in the area of Solid State Microwaves and Associated
Circuitry.
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and find that you left the wall heater on. A few more key
strokes, and you are tied into your home computer. A few quic
commands, and the heater is turned off. Just to be sure, yo
scan the other rooms and find that the curtains in the den wer
left closed. You instruct the computer to open the drapes. Fir
ally, you instruct the environmental monitoring system to disre
gard the alarm.

Next, you tie into the company’s central data terminal an
check your messages, meetings, E-mail and data that ma
have been sent since you left the office. Finally, you are read
to leave for a trip. You instruct your bank to pay the monthl
bills electronically while you are out of town. Then, as you a
rive at the airport, your communicator automatically links t
the Iridium low earth orbit (LEO) satellite network.

Sound far-fetched? Not as far as you may think. This sce
nario is a typical example of intelligent communication
linked to people rather than to places. The communicator yo
carry replaces today’s wireline telephone, cellular telephone
laptop computer, pager and personal digital assistant (PDA).

Two elements of technology will be required to make th
above scenario a reality. The first is the infrastructure, th
second is the communicator.

The infrastructure

Assessing the principle needs for the infrastructure, th
first issue is, of course, spectrum. International PCS is in th
1.7-2.0 GHz band. Although it might seem that there is suft
cient spectrum at those frequencies to have the full offering «
voice, image, data, full-motion video, 16-bit 44 kHz audio an
other bandwidth-hungry technologies, lots of spectrum will
required. Fixed-link systems exist in this frequency band, to:
Moreover, this spectrum will need to be globally common ¢
rationalized, as some say overseas. Table 1, p. 52, shows ty}
ical data rates for potential PCS services. A bit of math wi
show that the bandwidth for audio and video can be quite dt
manding. Additionally, if services such as full-motion vide
are to be offered, the data rates and related bandwidth d
mands can be much higher.

Another issue the PCS infrastructure faces is real estat:
PCS is a low-power, line-of-site technology. There will have t
be many more antenna sites for PCS than for cellular and mt
bile radio, and they will have to be closer together. Sites wi
have to be mounted on buildings, power poles, light poles an
other non-industry-owned properties or locations. Physical in
pediments to support power, cabling and rights-of-way wi
have to be considered along with the aesthetic perspective.

Reliability also becomes an issue. Because the system wi
be required to support “walk and talk” with high frequenc
and low power, propagation losses will be more of a proble:
with PCS than with cellular, specialized mobile radio (SMI
{ or satellite communications. Current wireless—especially ce
| lular—systems have signal problems in areas such as parkin
garages, tunnels, terrain dead spots and even in some foliag
My experience with cellular service has proved it to be unrel
able. I constantly experience dropped calls, fading, nois
handoffs, out-of-area problems and co-channel interference.
PCS systems are to be as ubiquitous as is predicted, they wi
require intense testing, flexible configuration and fail-safe r
dundancy before the users will believe in them and use the
as their primary communications systems.

Yet another infrastructure issue is interconnect. Many otl
er communications systems are in use today: satellite, publ
switched telephone networks (PSTN), computer database
| digital European cordless telephone (DECT), cellular an
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Giga-tronics
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The World's Best Power Meter For TDMA Testing.

The world's best power meter just got better.  crest factor of the burst signal.

The new Giga-tronics 8540C Power Meter And only the 8540C has the speed (up to
can automatically measure the average power 200 readings per second over GPIB) and
during the 'on' period of TDMA signals. dynamic range (up to 87 dB with a single

The burst start exclude and burst end sensor) to meet the throughput demands of
exclude features of the 8540C let you mask high volume manufacturing.
overshoot and other distortions at the begin- For more information, call us toll free at
ning or end of a burst signal. You can also 1-800-726-GIGA (4442). Outside the U.S. and
directly measure the peak power level and 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
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custom designs. Ultra-miniature surface mount units provide excellent solutions in

cellular communications, cable systems and countless wireless applications. All units
come with a 1year 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.
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THE WAVE OF THE FUTURE

Andersen wants to be a part of your future in SAW components. Our goal is
to provide you with a competitiva advantage in quality, ease of use and value
throughout our line of SAW filters and oscillators, BAW delay lines, pulse com-
pression and expansion devices, IFF and High Shock Telemetry transmitters and
more. Since our incorporation ir 1951, Andersen has earned your trust as a
technology leader. We intend to continue our leadership into the next millennium.
To meet your increasing demands for high volume production we're tripling our
capacity. And we're also increasing our commitment to ongoing R&D to create
new, high performance products that will keep you at the leading edge of product
development.

We invite you to call on our technical and production skills as we ride the wave of
the future. . . . together.

For all the facts on Andersen SAW devices including our new CDMA SAW filters
contact Don Lowcavage at (860) 286-3090 or fax us at (860) 242-4472.
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SMR. For those systems to “talk” to
2ach other often requires manual inter-
vention or long waits and special equip-
ment. A new level of interconnect hard-
wvare and software will have to be de-
ined and implemented cost effectively,
;0 the user can have access every-
~vhere. Countries, states, local munici-
aalities, territories, regions and gov-
arning bodies all have their own
egulations and restrictions. So, in ad-
lition to the interconnect issues are the
solitical ramifications of dealing with a
worldwide political scene.

Next, transmission technologies will
1ave to be either interfaced or stan-
lardized. Current wireless technologies
mplement time-division, multiple-
iccess (TDMA); code-division, multiple-
iccess (CDMA); and frequency-division,
nultiple-access (FDMA) as the most
:ommon. These complex transmission
ichemes are not compatible fundamen-
ally and will require sophisticated con-
rersion techniques to allow transparent
1and-off from system to system.

Finally, intelligence will have to be
wuilt in and distributed across the sys-
em. This means that sophisticated soft-
vare will be required to integrate the
rarious components. Advanced intelli-
rent networks (AINs) will become the
rackbone of the infrastructure. AINs
vill route calls based upon user profiles.
(hey will accomplish tasks such as rec-
ignizing the difference between paging
nessages and data, and between voice
ind video. PCS subscribers will carry a
redit-card sized smart device called a
ubscriber identification module (SIM)
hat contains the subscriber’s data,
illing information and caller identifica-
ion (much like today’s calling card).
“his card will allow the subscriber to
iccess the network from any location
ind still be identified and properly
harged when not using his or her own
rersonal communicator.

‘he communicator

One of the major issues surrounding
’CS is the communicator that will be
1sed to access the network. As a society,
ve have become used to the traditional
telephone” look and feel as our stan-
ard communication device. If the AIN
3 to be realized, though, the communi-
ator will have to be able to accommo-
.ate the various technologies (video,
udio, images). For this, the standard
elephone-type handset will not work. A
1ore likely scenario will be a handset
uch as the one shown in Figure 1, p. 52.

'F Design

Another possibility will be a variant
of the personal digital assistant (PDA).
PDAs offer the possibility of becoming a
PCS terminal because they contain the
necessary components to handle the
technologies. Unfortunately, today’s
PDAs do not fit the mold of portable
phones, and they are somewhat awk-

ward to carry. The ergonomics of hand-
set design are fairly well defined, and
at least for the near future, handsets
will have to remain similar in size and
weight to the current portable and cel-
lular design. In terms of handset de-
sign, two of the issues that face devel-
opers are display-type power use and

SATELLITE
COMMUTI‘%?ATIONS v
INSTRUMENTATION v

POSITION
LOCATION v
FREQUENCY
SYNTHESIS v

FC's new Model 4886 is a low phase noise, low

profile OCXO that has been designed to meet a

variety of demanding commercial applications.
Available from 5 to 12 MHz and measuring 2.00 x 2.00
x .750 inches (50.8 x 50.8 x 19.1 mm), with phase noise
of -165 dB¢/Hz at 10 KHz offset, the 4886 also features
OFC's excellent technical support, fast delivery and
competitive pricing - that's why OFC is the standard
in frequency control product design.

For more information about the new 4886 OCXO
and to receive a copy of our '96/'97 DataBook, call us
at 717-486-3411 or fax your request at 717-486-5920.
You can also e-mail OFC at sales@ofc.com, or visit us
on the Internet at http://www.ofc.com.

OAK Frequency Control Group*
McCoy ® Ovenaire ® Spectrum © Croven © HL.E.S.
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Figure 1. A complete DECT handset solution.

battery technology. Although a great
deal of progress has been made in
power-saving designs, one area that
has made little progress is video panels.

Despite all of the hype promising new
plasma and other focusing technology,
the current rash of LCDs still leaves
something to be desired. Active matrix
types such as dual-scan or thin-film
transistor (TFT) give better viewability
than passive matrices, but require more
power. Passive, low-power LCDs are in-
expensive and easy to integrate, but
offer poor viewability. Perhaps a good
compromise will be low-current, light-
emitting diodes (LEDs) once the blue
LED becomes more popular.

The power issue also haunts porta-
bility. Battery science has developed
new cell technology based upon nickel-
metal hydride and lithium-ion (L-ion)
chemistries. Both offer higher-power

density than the traditional nickel-
cadmium, offering better power-to-
weight ratios, but both are less stable
and less forgiving than older battery
chemistries.

For portable communicators to be ac-
cepted widely, convenience will be the
issue. Portable communicators will
have to have reasonably long use away
from the recharger. They will have to
recharge quickly and must not be sensi-
tive to partial discharges or tempera-
tures. Although the new battery chem-
istries look promising, and it is likely
that L-ion cells will be the power source
of portable products for the near future,
there are some clouds on the horizon
for L-ion chemistry.

First, L-ion batteries are expensive.
It will take a while for the industry to
have adequate supply. Second, L-ion
cells require sophisticated charging

AVERAGE PEAK MAXIMUM MAXIMUM
DATA RATES DATA RATES DELAY PACKET LOSS RATE

APPLICATION (KBPS) (KBPS) (SEC) (PACKETS)
E-Malil/paging 0.01-0.1 1-10 <10-100 <10°
Computer data 0.1-1 10-100 <1-10 <10*
Telephony 10-100 10-100 <0.1-1 <10*
Digital audio 100-1000 100-1000 <0.01-0.1 <10%
Video conferencing 100-1000 1000-10000 0.001-0.01 <10

Table 1. Data rates that PCS applications require and packet-switching must provide.
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schemes to prevent overcharging ant
cell damage. Third, L-ion cells are mor
sensitive to temperatures in both dis
charging and charging than olde
chemistries. All of these issues will re
quire “smart” communicators capabl
of monitoring internal components ant
power use. The present solution is t
conserve as much power as possible b;
using various power-down schemes an
sleep modes during idle or out-of
service times.

Finally, these communicators must b
marketable, meaning they must be inex
pensive and easy to use. For example
the home video cassette recorder (VCR
has been around for more than 15 years
yet more than 85% of the users canno
(or will not) take the time to understan:
how to use it for more than simple re
cording and playback.

When it comes to my cellular phone
even I do not use it for anything othe
than holding a few stored memor;
numbers and everyday calling. Why? 1
takes too much time to learn all of th
features. So it will be a real challeng
to the PCS industry to come up with .
communicator that will act like both .
telephone and a computer, yet that wil
be easy to use.

Advanced intelligent networks

Clearly, AINs will be the backplan
of the PCS network. AINs will be wha
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allows the users to access the communications infrastructure
without regard to location or information being processed.
AINs will be software-driven for configurability.

The AIN consists of a three-layer model as suggested by
Ashity, Sheika and Murthy (ASH93). The first level is the in-
telligence level, which will contain the necessary databases
for the storage of information about the users. The next level
is the transport level. This level handles the transport and is
responsible for seeing that the information passes seamlessly
from system to system and from user to user. The third level
is called the access level. This level has the responsibility of
integrating the different types of services. This level will be
integrated closely with the transport level. It will contain the
databases that track the user and will update the user data-
bases as the user moves throughout the network.

AIN and PCS systems will pass data along this network
using packet-switching technology and SS7 signaling. Packet-
switching provides better reliability than circuit-switching
and does not require a dedicated link with low bit error rate
(BER). Also, packet-switched data can better compensate for
lost or corrupt data than circuit-switched networks can. Table
1, p. 52, shows data rates that PCS applications require and
that packet-switching must provide. The table also provides
some data on delay and packet corruption rates. An inter-
esting observation of the data is the delay that is acceptable
with the different services. Notice that E-mail and data are
the most tolerant of propagation and other delay elements,

INFO/CARD 54

54

whereas audio and video (real-time, high bit-rate applica-
tions) cannot tolerate much delay at all.

Other related technologies

As is commonly acknowledged, the only way to implement
successfully many of the services PCS hopes to offer is tc
work in the digital world. Wideband RF signals cannot easily
be digitized using high-speed analog-to-digital (A-to-D) con-
verters. To try to digitize a 2 GHz signal using a lowly 4-bit
sampling rate would require a frequency of 8 GHz—an intim
idating challenge, even for ultra-high-speed A-to-D con:
verters. A digital receiver, on the other hand, makes the jok
more manageable by inserting an analog downconverter intc
the channel before the A-to-D stage. Once processed, stan
dard off-the-shelf (OTS) components can be used for the A-to
D converter and subsequent digital stages of the receiver. A
digital receiver based upon this concept is cost-efficient anc
solves probably the most fundamental problem associatec
with spectrum loading and allocation.

Earlier, I presented a scenario of some of the potential o
PCS. For this to be possible, one last piece of the puzzle mus
fall into place. That piece is the interface between communica
tors and computers. Although there certainly are other possi
bilities, one promising technology is something called th:
VMEbus. Among other things, VMEbus offers A-to-D applica
tions and interfaces for x86, reduced instruction set compute
(RISC) and Motorola microprocessor-based systems. Cur
rently, VMEbus is a prolific platform with a large number o
offerings well-suited for interfacing the two technologies. It i
possible that VMEbus will become the de facto standard fo:
system integrators. This open architecture is one platforn
that system integrators can use either as off-the-shelf compo
nents, or to develop custom board-level components that car
link computers and communications.

The future

PCS is a promising technology still in its infancy. Som
PCS trial sites have had less than glowing success. Many o
the technical issues need to be investigated further, and som«
do not have any immediate solutions. According to some FC(
documentation, a number of PCS trials have been establishec
merely to showcase the technology for customers. Not all li
censes are being developed. Last year, the Canadian govern
ment had to “fire sale” licenses to generate interest.

Finally, PCS seems to have more of a following in othe
countries than the United States. Canada, for example, is em
barking on some aggressive programs to bring PCS to larg
cities within the next two years. There is little doubt tha
PCS is the next generation of communications. But there i
some doubt as to its timetable. It is unlikely that PCS will b:
as ubiquitous by the year 2000 as has been projected. Othe
technologies (e.g., cellular) are doing a reasonably good job ¢
supplying today’s wireless communications needs. The cel
lular infrastructure is far from bulging at the seams, and nev
innovations, especially in digital technology, continue to im
prove cellular services. There is a huge investment in curren
cellular technology, and it is not likely to die quietly whil
PCS takes over—unless, of course, the cellular companies be
come the PCS providers.

In the United States, the basic telephone infrastructure 1
aging but still adequate. The implementation of digital tech
nology to the telephone infrastructure can give this old tech
nology new life. RF
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PHASE NOISE (dBc/Hz)

FB SERIES

10K 100K 1™ 10M
FREGUENCY OFFSET FROM CARRIER (Hz)

PHASE
AVAILABLE MECHANICAL RF FREQUENCY FREQUENCY NOISE
FREQUENCY TUNING OouTPUT FREQUENCY PULLING 1.5:1 DRIFT TEMP. @ 10 kHz
RANGE BANDWIDTH POWER HARMONICS SPURIOUS PUSHING VSWR COEFFICIENT OFFSET DC POWER CURRENT
SERIES  (GHz) (MHz) (dBm, Max.) (dBc, Min)) (dBc, Min.)  (kH2/ V) (MHz, P-P) (Ppm/°C)  (dBc/Hz)  (V, Nom.) (mA, Max.)
DRO-F 45-75 % +10 20 80 +10 3 5 90 12 60
DRO-FB 4.5-7.5 7 +7 20 80 +10 3 5 95 15 35
DRO-G  7.4-105 10 +10 20 80 +15 3 5) 80 12 60
DRO-GB 7.4-10.5 10 +7 20 80 +15 3 5 90 15 35
DRO-H 10.4-12.0 10 +7 20 80 +15 5 7 80 12 60
DRO-4 12.0-15.0 10 +7 25 80 +20 S Y/ 75 12 60
* Utilize bipolar designs for lower phase noise and lower current consumption.
Q)te: Standard operating temperature range -10 to +60°C, storage temperature range -65 to +105°C. /

For price and delivery, please contact Sai Padmanabhan at ext. 272.

_ M‘ IT:ﬂ 100 Davids Drive, Hauppauge, NY 11788
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RF tutorial

MRI basics and coil design principles

By David M. Peterson, G. Randy Duensing, Ph.D. and J.R. Fitzsimmons, Ph.D.

Magnetic Resonance Imaging (MRI)
has become a critically important med-
ical imaging technique during the past
20 years. Improvements in technology
continue to expand the scope and effec-
tiveness of MRI. The system is com-
posed of four major components: the
static magnetic field, the pulsed mag-
netic field gradient systems, the image
processing and display system and the
radio-frequency (RF) transceiver. The
following information includes a brief
description of the relationship of these
components. The balance discusses de-
sign details for high-field MRI RF re-
cetver coils. Special-purpose coils are
designed to optimize signal-to-noise
ratio (SNR) from a given region of the
body. The state-of-the-art coil system in-
cludes the use of four or more coils with
four separate receivers. This method
often is referred to as a phased array
system, even though the signals are not
added with fixed phase to one another.

The static magnetic field usually is
denoted B, and is measured in
Tesla (T). One Tesla is equivalent to
10,000 Gauss. This magnetic field caus-
és partial alignment of the normally
random magnetic spin moments of cer-
tain nuclei and, thus, of a bulk spin
magnetization. Most notable of MRI
sensitive nuclei is hydrogen, which nor-
mally is used in MRI because of a nat-
ural abundance in the human body.
The spin is modeled as an infinitesimal
magnetic dipole that can rotate but
that cannot translate. In the presence
of the strong static magnetic field, the
bulk spin magnetization can be per-
turbed into an oscillation around the
axis of B,. The oscillation frequency is
linearly dependent upon the static field
intensity. For hydrogen spins, this is
42.58 MHz/ [1]. A spinning magnetic di-
pole clearly will induce a voltage in a
loop nearby, and this induction is the
basis for signal collection in MRI. A
graph of the resultant signal voltage
would look like a sine wave damped by
a decaying exponential with a time con-
stant on the order of a second. The

56

Fourier transform would be a narrow
line at a frequency related to the static
field by the relation given above.

With only the static field and a
means of perturbing spins, no spatial
information is obtained because all hy-
drogen nuclei resonate at the same fre-
quency in the same magnetic field, and
negligible time delay occurs from dif-
ferent parts of the sample to the re-
ceiver loop. The typical method for ob-
taining spatial information is to change
the net static field as a function of posi-
tion. This method allows mapping of
the observed frequency spread to the
field distribution. Mapping normally is
done in two or three directions to en-
code spatially the density of hydrogen
within the sample. Many modifications
exist for encoding properties other than
hydrogen density, but they are largely
irrelevant to RF coil design. The meth-
od commonly used for changing the net
static field is to use windings that pro-
duce linear fields superimposed on the
main field [1]. This creates a gradient
in the static field. Consequently, these
windings are called gradient coils.

Given the static field and gradient
coils (and associated drivers and con-
trol circuits), the frequency spread of
induced voltages can be related to posi-
tion within the sample that results in
an image of some region of the body.
This image is produced by multidimen-
sional Fourier transforms that are car-
ried out after the received voltages
have been sampled and stored in the
computer. The entire frequency spec-
trum of interest usually is on the order
of 10 kHz, an extremely narrow band,
considering that the center frequency is
about 100 MHz. This allows the use of
single-frequency matching for coils be-
cause their natural bandwidth always
exceeds the image bandwidth.

The quality of MR images depends
on the SNR of the acquired signal [1].
The amplitude of the signal voltages is
small and comparable to the amplitude
of the thermal noise developed by the
AC resistance of the body-loaded loops
themselves. Additionally, increasing

the spatial resolution tends to reduce
the SNR, so that a constant battle is
waged to obtain high-resolution, but
clear, images of the interior of the
human body. It has been shown that
the obtainable SNR depends on the
static field and, therefore, on the fre-
quency of the spin oscillation. As a re-
sult, modern, whole-body MRI systems
have static fields as high as 4 T (about
170 MHz oscillation for hydrogen).
Because the signal transducer is the
first element of the receiver chain, it
determines the obtainable SNR and
thus is critical to the quality of images.

Coil design principles

Coil optimization considerations in-
clude high-frequency effects, balancing,
radiation, sample loading and multiple-
coil interactions. The receiver coil must
be sensitive to the spin magnetic mo-
ments in the region of interest. The
coil’s field direction, therefore, should
be perpendicular to the static field.
Furthermore, it should be as insensi-
tive as possible to induced voltage or to
noise from any sources other than the
region of the body for which it is de-
signed. These requirements are un-
usual and differ from the design of ei-
ther transformers or antennas. The coil
is a large inductor with considerable di-
mensions in comparison to a wave-
length, yet no radiation is desired.
Furthermore, the near field of the large
inductor is loaded with a complex, im-
perfect conductor. The exact shape of
the coil depends on the part of the body
for which it is designed.

A simple circular loop is used for
analysis. A standard communications
antenna is a far-field radiator that
transmits through the environment
(mostly air), and its signal decays with
distance. An MRI coil should be a poor
far-field radiator and instead should
couple inductively to the conductive
sample; therefore, the power should be
dissipated primarily in the near field
close to the conductor. To optimize coils
for high-field MRI systems, many tech-
niques from antenna design are used,
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even though the goals are somewhat
different.

To discuss the details of design, it is
convenient to treat the coil as a trans-
mitting source. The local RF magnetic
field is related to signal reception, and
power dissipation is related to noise re-
ception. The perfect simple coil would
produce a uniform RF magnetic field
only in the region of interest, with no
non-conservative electric fields and no
radiation. The coil is usually a physi-
cally small antenna. (It fits inside a
sphere of radius */,,.) We can use an-
tenna techniques (in reverse) to opti-
mize it.

The design and construction of an
MRI coil is determined by the “load” on
the coil. The load is either a phantom
or the actual body part that will be im-
aged. All the factors that influence the
coil must be evaluated with the load in
place to have reliable results. The coil
must be matched for optimum noise
figure for the preamplifier. The coil
should be electrically balanced if pos-
sible [2]. Imbalance will produce local

electric fields higher than necessary
This causes more power loss in the
sample and may produce substantia
radiation. To produce a local uniform
field, it is necessary to make the source
current in the coil uniform as well
Because the loop is relatively large, ca
pacitors are distributed around the
loop.

It is well-known that capacitance ef
fectively shortens antennas and makes
more uniform current. The standard fo)
MRI coils is to have no more than a dis:
tance of approximately */,, between loog
capacitors [3]. The capacitors also may
have local electric fields that may in
teract with tissue and that may cause
unnecessary losses; therefore, the ca:
pacitors should be located away fron
the tissue or shielded with the use of ¢
thin copper foil.

Distribution of capacitance arounc
the loop serves two purposes. First, as
mentioned above, it maintains nearly
uniform current around a large loop. I
the current is uniform, then the only
radiation is from magnetic multipoles
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fecting the SNR, and thus re-
duces inductively mediated
crosstalk [5]. On the other
hand, this increases capaci-
tive coupling related to the
voltage near the coil output
because it increases this vol-
tage relative to the matched
case.

An increase in isolation is
seen when using this match-
ing scheme. Mutual resis-
tance also may occur because
of radiation effects that may
be mediated by unbalanced
currents to shields, between
coils and through the sam-
ple. If the coils both have a
given multipole character in
the same physical direction,
the radiation resistance in-
creases over the sum of the
two individual radiation re-
sistances.

Figure 1. A simple circular loop with one gap.

generally dipole. Second, it reduces the
maximum voltage present around the
loop, which in turn reduces effects re-
lated to capacitive coupling with the
coil. An important discussion centers
on interactions between multiple coils
at high frequency. Two coils are cou-
pled if they share an impedance. At low
frequency, the overwhelmingly domi-
nant effect is mutual inductance be-
tween loops. This can be reduced or
eliminated by proper geometry where
the loops overlap each other such that
the net mutual inductance is zero.

At higher frequencies, substantial
coupling occurs through the sample.
Because the sample is lossy, it is pos-
sible to have zero net mutual induc-
tance but substantial mutual resis-
tance [4]. This often is unavoidable and
causes crosstalk and correlation of
noise between channels.

Because the process of coupling to
the sample is inductive, crosstalk can
be reduced by overcoupling to the pre-
amplifiers. MRI preamplifiers (GaAs
FET) commonly are produced with in-
put impedance as low as 2 Q. The coil is
matched to 50 Q with a matching cir-
cuit. In this case, the reactance x,, is in-
ductive and equal in magnitude to x.
When the preamplifier is attached, the
impedance seen by the loop looking to-
ward the preamplifier is higher than in
the matched case, generally about 10
times greater. This reduces the current
in the coil during reception without af-

60

For multiple coils, where
each is attached through coaxial cable
to a low impedance preamplifier, there
is considerable opportunity for interac-
tions with the cable shields. Aside from
balancing, discussed in detail below,
there are other ways to eliminate these
effects. A simple method used in con-
ventional antenna design is to wrap the
cable on a ferrite core. This makes a
large inductive reactance that blocks
this unbalanced current flowing on the
outside of the coax.

For MRI applications, a non-
ferromagnetic, narrowband equivalent
is produced by again wrapping the coax
into an inductor, but then a capacitor
that is resonant with the shield induc-
tance is placed from one end to the
other. The capacitor produces a high
impedance that blocks this unbalanced
current, which reduces coupling to oth-
er elements of an array and eliminates
loss associated with the shield current,
including radiation losses. Be careful to
shield the resonant loop formed by the
shield and capacitor so other means of
coupling are not produced.

Matching and balancing

It is conventional to transform RF
coils for MRI to 50 Q nominal imped-
ance. The primary concern for these
coils is SNR, and it is assumed that the
attached low-noise preamplifier has an
optimum noise figure when the source
impedance is 50 . On modern MRI
systems, the preamplifier input imped-
ance is not 50 Q, i.e., the coil is not

power-matched to the receiver. Ust
ally, the input impedance of the prean
plifier is as low as possible, typicall
about 2-3 Q. The impedance mismatc
is used to decouple inductively the co
from its surroundings, including othe
coils {5]. The impedance mismatch doe
not reduce the SNR even though it
duces the power delivered to the prean
plifier. This was discussed above. Th
circuits discussed below all can be use
for this purpose by carefully selectin
components.

Associated with impedance-matchin
is the problem of coupling the coil to
coaxial cable with a grounded shielc
Early literature discussed the proble)
of balancing the coil because of its ele:
tric field interactions with the sampl
which were viewed as lossy paths t
ground [6]. Other related concerns, ir
cluding coupling to other coils and t
cable shields, as well as radiation e
fects, will be evaluated in the context
impedance-matching. Most of the tect
niques used at lower frequencies hav
positive benefits for high-frequenc
coils, too. In the following section,
model of a coil is used to examine th
relevant issues.

The typical MRI coil for high-fiel
systems can be viewed, to a reasonabl
approximation, as a lossy inductor. Th
resistance comes from many source:
including components and conductor:
inductively-coupled sample resistanct
capacitively-coupled sample resistanc
and radiation resistance.

If the system is too large, a lossy ir
ductor may not be an adequate mode
because of non-uniform current on th
coil structure. Generally, the coi
should fit inside a sphere of diamete
*/4n to be considered to be a small ar
tenna and, therefore, to be represente
using lumped elements {7]. The elec
trical size may differ from its physice
size, making such a description diffi
cult. Nonetheless, models of high
frequency MRI coils using lumped
circuit analysis are adequate for man
purposes. As was mentioned above, dis
tributing capacitors around a loop for
ces the loop current to behave as a
electrically small antenna.

First, consider a single-turn loo
that has a single gap as shown in Fig
ure 1. Measurement of the input im
pedance at the gap for a particular fre
quency will give a resistance anu
inductive reactance, assuming th
small size as described above. Con
ventional matching techniques produc
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Figure 2. A schematic of a matched (to 50 Q) cir-
cuit model of the loop of Figure 1.

the circuit model shown in Figure 2.
Because the match is only adequate at
a single frequency, reactive components
are used in the simplest configuration,
using two or three reactances.

It is interesting to examine the volt-
ages at the gap of the loop. For this
case V, = V(1 + jx./50) and of course V,
= 0. The voltage will decrease continu-
ously from V, to V, around the loop.
The loop will couple capacitively to any-
thing at ground or virtual ground, with
the bulk of the effect taking place from
the top half of the loop.

Cable shields may have unbalanced
current caused by this effect. A large,
lossy dielectric, such as a person, will
have current induced from this effect.
Additionally, the current path through
the sample may cause an electric dipole
to be formed that could cause substan-
tial radiation.

One method of reducing this capaci-

Figure 3. A more balanced version of the coil of
Figure 2.

tive coupling effect is shown in Figure
3. This method results in the voltages
V, = V(1 - jx,/100) and V, = V(jx_/100).
The potential difference is the same,
but some of the voltage is now antisym-
metric around the center line of the
coil. There still remains a voltage V,
which is unbalanced. The improve-
ments this circuit makes depend on the
details of the coil system, but several
points can be made.

First, the antisymmetric part of the
voltage will not produce a net coupling
to a cable that lies on the coil center
line. Second, the antisymmetric part of
the voltage that locally couples to the
lossy dielectric produces half as much
power loss as does the situation de-
scribed above. Finally, antisymmetric
current paths that pass through the di-
electric tend to produce an electric
quadrupole instead of an electric dipole.
This greatly reduces radiation from

ol + J2x

B K el ing
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Figure 5. A new circuit for completely balanced matching of the coil.

62

V. A AAY

Figure 4. The component matched using a di:
crete component balun.

this effect. For the case of using th
preamplifier for inductive decoupling
most of the voltage is unbalanced be
cause X, is relatively low (typically 2
Q or less).

Figure 4 shows a balun used fo
matching the coil as well as for ba!
ancing [3]. This circuit produces th
voltages V, = V(/, - */,,,) and Vy = V(
+ 3%/,50). This result is the same a
above, except the unbalanced voltag
has become symmetric and half a
large in amplitude. This produces ha
as much power loss in the sample an
half as much radiation from an effec
tive electric dipole that has bee
halved. Coupling to a central cable sti
can take place.

Finally, in Figure 5, a circuit w
have developed produces entirely ba’
anced voltages. In this case, for th
choice of y = 50, V, = 5V(1 + #/,,,) an
V, =jVQ + #,4). The circuit preserve
the ability to decouple inductively th
circuit using the low-impedance prean
plifier. An additional +90° or -90
phase shift is required in comparison t
the matching circuits in Figures 1-4 t
produce high impedance from the loo
perspective.

Conclusion

MRI coil development has evolve
rapidly through the application of radi
wave theory. A thorough understanc
ing of these principles and technique
becomes even more critical as the co
size to wavelength ratio increase
for high-field systems and as multi
channel receivers continue to prolii
erate. Based on principles of MRI co
design, a new circuit for MRI coi
matching provides complete balanc
and allows preamplifier-based decou
pling. Although techniques have bee
proven at lower frequencies, challenge
still arise because coils are approachin
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This is pure bull...

...this isn’t:

When you're in the market for a combination oscillator/buffer amp, RF Micro Devices has rounded up choice
new stock.

The RF2501 and the RF2502 stand out from the IC herd with features that make building an LO from 750 MHz - 1500
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-glitgli( Power i -14dBm [ -6dBm <
Load Pulling* | ) DTN
750MHz <100kHz | <200kHz
1500MHz <IMHz | <1MHz

MHz a designer’s dream. A power down mode conserves battery
power, an external resonator sets the oscillation frequency, and the
integrated buffer amps corral any maverick LO frequency pulling.
No other brand combines this level of power and performance at a
price that won’'t bulldog the budget. Along with low current
consumption and low load pulling, each component has the applica-

_| tion flexibility to include the 902 MHz - 928 MHz ISM band. The
| difference between the two - the RF2502 delivers more muscle when

it comes to power output.

ALoad Pulling is measured into a 1.67 VSWR load.

We're RFMD - we’d never steer you wrong...and that's no bull.
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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.rfmd.com
* On his first birthday, he weighed 1,000 pounds. Two years later, he's 2,000 pounds of purebred Angus. You can call him Bart - Black Bart.
(Just don't expect him to come when you call.)

Please Visit Us at BOOTH #945/947 at the Wireless Symposium & Exhibition.
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Want to save circuit board area and package
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A at the higher frequencies. This wi
require more initial engineering desig
work to eliminate susceptibility to fai
field radiating effects and losses
Future explorations will include the of
timization of coils with shields, co
relation of noise from different coils re
lated to common far-field sources an
investigation of the human body as
secondary radiator.
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DECT has arrived .
and Europe’s going cordless. It's a
huge market and you can write
yourself a great profit story...if you
have the right correspondent.

And here it is: ITT’s new
400 mW, 28 dB power gain RFIC
power amplifier for DECT.

It requires only a single 3.6 volt
battery, yet this 1880 -1900 MHz
amplifier tolerates any mismatch in
pulsed or CW operation. And, it
produces an RF output signal strong
enough to overcome filter and
switch losses in the T/R path.

Like any good correspondent,
it keeps a low profile. Its small 16-pin
narrow body SOIC plastic package

“ @} can fit into any design. It offers

- 50Q2 input/output impedance.
And it’s tough and stable enough
to handle any assignment.

It will make the most of your
communications. With constant
input VSWR in either the on or off
state, it provides a constant load
for your drive signal.

Don't risk getting written off
in this competitive new market.

Call us at 540-563-3949 or fax
us at 540-563-8616 for more infor-
mation on this important new ITT
correspondent.
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RF product forum

Manufacturers look to die technology
‘0 keep up with RF transistor trends

This month marks the return of the
roduct forum to RF Design. Each
ronth, this section will give the compa-
ies manufacturing the products used
y RF engineers the opportunity to offer
leir opinions regarding today’s mar-
etplace and trends in the industry
ithout editorial interpretation. This
sonth, the product forum highlights
te transistor market.

'ewlett-Packard

One of the challenges facing portable
ireless manufacturers has been the
‘adeoff between an efficient, high-
erformance discrete design compared
ith an easier, smaller RFIC design. In
idition to traditional discretes, HP is
iking a self-biased transistor approach
ielding simpler, smaller designs while
ill maintaining performance, efficien-
7 and flexibility.

An example of this direction is a self-
iased Silicon RF bipolar transistor in
1e miniature SOT-363 package. This
roduct achieves performance and effi-
encies approaching those of a pure
iscrete transistor, while removing the
ymplexities and board space of a bias-
1g circuit. The grounded emitter de-
gn allows control of collector current,
lowing for H;, variation and stabiliz-
1ig current over temperature. Finally,

eliminates the cost, parts count and
sace required for as many as eight
iditional DC components.

This concept can be extended to SOT-
33 packaged self-biased GaAs PHEMT
roducts in development. In this case,
1ey have the added advantage of re-
uiring only a single positive supply.
heir simple design and efficient die
iyout allow these silicon and GaAs
arts to be priced below traditional
ideband RFIC products, creating an
inovative tool to meet aggressive sys-
'/m specifications and timetables.

EC

NEC has 10 small-signal bipolars in
1e SOT-23 package style, with f;s from
0 -15.5 GHz. These are also available
1 the SOT-323 package style, which is
)% smaller than the SOT-23. NEC

F Design

has introduced the smallest transistor
package, the 19 package, which is 40%
smaller than the SOT-323. It measures
0.8 x 1.6 millimeters, and seven die
types are available in this package
style.

To give design engineers additional
options in reducing board real estate,
NEC has introduced a new series of
dual-chip transistors in a six-pin SOT-
363 package, (1.25 x 2.0 mm). These
dual-chip transistors are available in
two-pin configurations. These two-pin
configurations are suitable for two-
stage cascode LNA circuits or oscillator
and buffer amplifier applications.

M/A-Com

The world of silicon high-frequency
transistors can be divided as a first cut
by power level; i.e., small-signal, low-
power devices and large-signal, high-
power units. This first cut segregation
by power level is useful because it pro-
vides some insight into the applications
and markets served by these different
devices. In general, small-signal
devices are used only as in the “receive”
side of any given radio architecture.
This receive function emphasizes para-
meters such as noise figure, associated
gain, phase noise, f;, F, .., S-parame-
ters, low voltage and low current. This
functionality contrasts markedly with
high-power transistors where the pri-
mary, if not only, function is the “trans-
mission” of signals. In this mode, para-
meters such as P_,4, P, gain, IMD,
power-added efficiency, high voltage
and high current become the driving
factors in device performance.

In the realm of high-power transis-
tors, silicon remains the only viable
material and device technology for both
radar and cellular base station applica-
tions. The only question at this point is
whether the ubiquitous silicon bipolar
transistor will remain the workhorse
device or whether it will be supplanted
by other silicon-based high-frequency
structures. Leading candidates that
have demonstrated performance and
that realized a significant level of mar-
ket acceptance, especially at the 900

MHz and 1.9 GHz cellular bands, are
power MOSFETS, particularly vertical-
ly isolated LDMOS structures. Another
possibility, based upon recent high-
frequency, high-voltage developmental
structures, is the SiGe HBT. Although
adapting SiGe to the higher voltage
requirement of power transistor appli-
cations tends to negate some of the raw
frequency capability of the material,
enough remains to provide significant
frequency and power advantages over
both standard BJTs and power
MOSFETs, especially as the market-
place drives to higher and higher
frequencies.

Motorola Semiconductor

The RF market has become increas-
ingly competitive. Cost, size, efficiency
and availability have become the signif-
icant drivers of designs. Today’s dy-
namic wireless portable marketplace is
making special demands on both the
required RF solutions and the compa-
nies that provide these systems. It is
readily apparent that there is no one
RF approach to the various wireless
markets. The needed approach is to
offer a wide selection of topologies,
technologies and packaging that allows
use in almost any of the RF design
applications such as analog cellular,
GSM cellular, DCS, PCS, cordless
phones, RF modems, cable modems and
two-way pagers.

To meet the ever-increasing demands
of today’s communication systems, new
die technologies such as silicon FET and
GaAs are being used, either separately
or in combination. Addressing the need
to reduce size as well as cost, these
advanced technologies, which include
silicon LDMOS, submicron bipolar, BIC-
MOS, GaAs MESFETS and PHEMTS,
are being coupled with surface-mount
packaging to produce cost-effective solu-
tions in the wireless portable market-
place. To enable customers to compete in
today’s competitive wireless markets, it
will become commonplace to see a vari-
ety of topologies, technologies and pack-
ages used together to form a total RF
system. RF
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RF product/services showcase

i Shis'e
K1526 series
of voltage
controlled
crystal oscil-
lators
(VCXO0s) is
compatible
with today’s
phase-locked loop (PLL) applications
found in digital access radio, wireless
base stations and telecommunication
transmission equipment. Available
for frequencies from 2-55 MHz, the
ceramic package measures 0.56” x
0.36”x 0.16".

Champion Technologies

708-451-1000: Fax 708-451-7585
INFO/CARD 153

= T h e
| EC3225
and EC
453 2
series of
surface-
mount
inductors
have an
induc-
tance range of .012-220 pH and
0.1-1000 uH, respectively. Other fea-
tures include a tolerance of +5%,
+10% or +20% and an operating tem-

T h e
Protomat
family of
prototype
printed
circuit
board
(PCB)
fabrica-
tion sys-
tems has the widest and most com-
plete features available. In addition,
the software used is fully featured
and the most productive for circuit

Model
50P-1094
is a solid-
state pro-
grammable
attenuator
designed
for cellular
and PCS
appli-
cations. It
features a
frequency range of 700 —2,000 MHz,
an attenuation range of 127 dB in 1

rectly measure
the CW, peak
and average
power of the
complex, mod-
ulated signals
used in EW, radar and communica-
tions systems. Plus the meters have
the speed and range to meet the
throughput demands of high volume
manufacturing.
Giga-tronics
800-726-GIGA (4442)

INFO/CARD 157

tomate cir-
cuit layout
and artwork creation, features sche-
matic capture with bidirectional
links to layout, the Mmicad simula-
tor, supports the use of as many as
64 layers and allow designs to be per-
formed with as many as 20 levels of
cell hierarchy.

Optotek
613-591-0336: Fax 613-591-0584
E-mail mmicad@optotek.com
http/www.optotek.com

INFO/CARD 158

perature range of —25°C to 85°C. board prototyping. dB steps and TTL control.
Ecliptek LPKF CAD/CAM Systems JFW Industries
714-433-1200: Fax 714-433-1234 1-800-345-LPKF 317-887-1340: Fax 317-881-6790
http//www.ecliptek.com http//www.LPKFCADCAM.com E-mail sales@jfwindustries.com
INFO/CARD 154 INFO/CARD 155 INFO/CARD 156
The 8540C Mmicad
series univer- Layout, a
sal power me- software
ters can accu- package de- N AR O ROV
rately and di- signed to au- TR R N N W i

Specializing in, but not limited to,
RF circuits, II Morrow provides con-
tract manufacturing with complete
manufacturing and test services.

II Morrow
800-879-6641
http//www.iimorrow.com/contract.htm

INFO/CARD 159
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= TOKO &

EK

RF/MICROWAVE DISTRISBUTION

Your RF DESIGN TEAM

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 multilayer 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:

e Available 0402, 0603 and 0805 packages
assure wide flexibility

e 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

Toko parts —in stock— and serve the engineering
community from over 25 sales offices throughout
North America and Europe. With Toko and Penstock,
you always know, there’s nothing more advanced—or
more readily available— anywhere in the world.
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Toko LL Prototyping € LL1005-F
Kits Available @ @ 111608-F, LL1608-FH
&7 LL2012-F

cai: 1=-800-PENSTOCK

In Northern California call: 1-408-745-8190
In Canada call: 1-800-PENSTOCK
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| The “Telecom
Product Catalog”
consists of coax
connectors, as-
semblies, patch
cords, tools and
DSX type prod-
ucts. Designed
specifically for
the telecommu-
nications indus-
try, the products are suited for cen-
tral office, transmission, outside
plant, wireless, microwave and radio
or video broadcasting applications.
Trompeter Electronics
818-707-2020
Fax 818-706-1040

INFO/CARD 160

EY B

The BFP
405, BFP 420
and BFP 450
are three Sie-
mens grounded
emitter tran-
sistors
(SIEGET) fea-
turing a grounded emitter configura-
tion, high-transition frequency and
high reliability. Designed for high-
gain, low-noise and low-power con-
sumption applications, they operate
as high as 12 GHz.

Richardson Electronics
630-208-2200: Fax 630-208-2550
E-mail info@rell.com
http//www.rell.com

INFO/CARD 161

The Avantek
catalog of RF
& microwave
products fea-
tures data
sheets for cas-
cadable mod-
ules, cascada-
ble amplifiers,
thin-film amp-
lifiers, case
styles, voltage-
controlled lim-
iters, limiting amplifiers, gain control
amplifier modules, detectors and
attenuators.
Penstock
800-763-7862: Fax 408-730-4782

INFO/CARD 162

The RF
power amp-
lifier cata-
log features

ASICs, spread spectrum and digital
radio.

crystals, crystal filters, channel ele-
ments and TCXO, VCXO, TCVCXO, 8-

EMC test

amplifiers,

communica-

tions ampli-

fiers, pulsed

The SA038WA-008 surface amplifiers,

acoustic wave (SAW) filter takes up dual band

The VF946 s-type crystal oscillators less than half the board space of com- amplifiers,

feature HFFX crystals which acheive monly used SAW filters. The filter distribuited

greater pulling on higher frequencies features a miniature LCC package tube ampli-

with low phase noise. and is designed for digital audio fiers and

Valpey-Fisher broadcasting (DAB) applications. OEM amplifier modules.
508-435-6831 ext. 234 Toko America Kalmus
Fax 508-497-6377 http//www.tokoam.com 206-485-9000: Fax 206-487-9657

INFO/CARD 163 INFO/CARD 164 INFO/CARD 165

OEM Frequency The UPB

product de- control prod- 1004GS

velopment ucts including receiver-on-a-

specializ- low-frequency chip for GPS

ing in pro- crystals from 8 applications

duct defini- kHz to 200 combines a

tion, design MHz. Unusual double RF/IF

and pro- holder styles downconver-

duction, RF and sizes such sion block and

systems, as the TO-5 (HC-35) and gull-wing PLL frequency synthesizer in a 30-

RFID, surface mount, HC49/U, HC-45/U are pin SSOP package. Designed to con-

DSP, RF available. Also available are pager vert a 1575.42 MHz input to an IF as

high as 5 MHz, it delivers 92.5 dB
typical total conversion gain. Fea-

Locus and 14-pin dip oscillators. tures include spurious signal rejec-
608-244-0500: Fax 608-244-0528 International Crystal tion, high sensitivity and low power
E-mail sales@®locusinc.com 1-800-725-1426 consumption.
https//www.locusinc.com E-mail freeland@ibs.net California Eastern Labs
INFO/CARD 166 INFO/CARD 167 INFO/CARD 168
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RF products

Surface-mount VCXO offers power-saving
enable and disable control

Designed for use in high
volume portable products,
the VX-8000 series surface-
mount voltage-controlled
>rystal oscillator (VCXO) fea-
tures a J-lead package pro-
file height of 0.185” and a
flat pack profile height of
).150”. The VX-8000 series
1as enable and disable con-
irol, which allows the user to
stop clocking unused compli-
mentary metal oxide semi-
ronductor (CMOS) parts,

1-160 MHz, which includes
155.52 MHz for use in syn-
chronous optical networks
(SONETS) and asynchronous
transfer networks (ATMs)
and operate at either 3.3 or 5
V. Linearity is £10% or bet-
ter. Stability is within +256%
higher than the operating
temperature range of 0°C to
70°C. The VX-8000 series is
priced as low as $12 each in
quantities of 100,000 de-
pending on frequency, pack-

:hus helping to reduce power age and configuration.

onsumption. They are avial- Raltron Electronics

able at any frequency from INFO/CARD 169

In-line EMI/RFI Four-channel SP8T GaAs Power entry filters
shielded enclosures  digital oscilloscope MMIC switch designed for EMI

Allowing products to
indergo accurate, efficient
.esting without removing
‘he product from the manu-
‘acturing line, these enclo-
sure designs test in-line
slectromagnetic interference
ind radio frequency inter-
erence (EMI/RFI) of wire-
ess and cellular products.
Jesigned using welded
netal construction, the

n-line enclosures meet the
ipecific automation and
;hroughput needs of the
nanufacturer. The enclo-
sure is designed to interface
vith the manufacturer’s
yrogrammable logic control
PLC) used to control a
:omplete automated test
iequence.

sindgren RF Enclosures
NFO/CARD 170

tF Design

Model 5150, a four chan-
nel digital storage oscillo-
scope, features a 50 GS/s

sampling rate for repetitive
waveforms and a 200 MS/s
sampling rate for non-repet-
itive waveforms. Other fea-
tures include: automatic set-
up of timebase; 40K of inter-
nal memoery with a built-in
Personal Communication
Memory Card Industry
Association (PCMCIA) slot
that provides an additional
1 MB of memory per card;
and as many as 16 automat-
ic measurements. Stored
signals can be compared,
manipulated, displayed and
transmitted in a variety of
formats, while selected por-
tions of measured wave-
forms can be compared di-
rectly with waveforms
stored in memory. The 5150
is priced at $4,995.

B+K Precision
INFO/CARD 171

The non-reflective HMC
183QS24 single pole eight
throw (SP8T) gallium
arsenide (GaAs) monolithic
microwave integrated circuit
(MMIC) switch operates
from DC to 2 GHz, covering
cellular, personal communi-
cations service (PCS) and
dual-band designs. Designed
to replace discrete positive
intrinsic negative (PIN)
diode or multiple SP4T
MMIC switch designs with a
single easy-to-interface
device, the switch features

isolation of 40 dB at 1 GHz
and 32 dB at 2 GHz, inser-
tion loss of 1.3 dB at 1 GHz
and 1.7 dB at 2 GHz and
switching times typically
about 25 nanoseconds.
Hittite Microwave
INFO/CARD 172

A complete line of power
entry filters designed for
general-purpose broadband

electromagnetic interference
(EMI) filtering includes
power entry modules, print-
ed circuit board (PCB)
mount power filters and
power line filters. Power
entry modules are rated for
voltages as high as 10 A and
are available with a varitey
of terminal styles.
Miniature PCB-mounted
power filters are rated for
AC or DC currents as high
as 3.6 A and are standard
for two-wire cord systems.
Power line filters are rated
for AC or DC currents as
high as 30 A and will filter
differential mode and com-
mon mode noise.

Spectrum Control
INFO/CARD 173

75



CABLES AND
CONNECTORS

Adapters for waveguide
to coaxial connectors
Two series of right-angle-launch and

end-launch adapters from WR22 wave-
guide to 2.4 millimeter coaxial connec-
tors feature a connection that offers
30—40 dB improved connection repeata-
bility over conventional flanges. The
J236 series of right-angle-launch
adapters features a voltage standing
wave ratio (VSWR) of 1.15 typical

The ALH102C is a brodboﬁd, HEMT distributed amplifier that's
suitable for applications such as radar warning receivers and wide-
band communications and surveillance systems.

i S

* RF Frequency: 2 to 20 GHz
* Low Noise Figure: <3.5 dB

* 10 dB Gain

* Unconditionally Stable

* Llow DC Power Consumption

* 1.5:1 Input/Output VSWR

13

12
271 Low Noise 4
8 " [l GaAs MMI

o I Amplifiers

o Lot x W,

Frequency (GHz)

FEATURES:

Ka Band MMICs NOW available;
20 to 40 GHz : Model AL-H103C

excellence of TR

Get superior performance from the latest MMIC technology,
backed by the h{%h quality engineering and manufacturing

55 Charles Lindbergh Blvd., Mitchel Field, NY 11553
TEL: 516-794-4500 » FAX: 516-794-4340

F N\ FEI Communications, Inc. ==
@ E A Subsidiary of Frequency Electronics, Inc. 7 IXyy
-

INFO/CARD 80
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across the entire waveguide band. Th
J237 series also offers low VSWR witl
the added convenience of an in-lin
design.

Maury Microwave

INFO/CARD 174

Shielded stereo jack
for audio applications

The ST-3200 stereo jack, designe:
for audio applications, has a 3.5 mil
limeter high profile for PCB layout
requiring 6.5 millimeter height off th
board. The threaded or non-threade:
bushing provides grounding protectior
The ST-3200 is shielded to provide elec
tromagnetic interference and radio-fre
quency interference (EMI/RFI) protec
tion. Both three and five positions ar
available.

Kycon Cable & Connector
INFO/CARD 175

Coaxial D connectors for
data, computer applications

A 75 Q coaxial D connector syster
allows coaxial cables to be used wit
normal data lines with only a single 1
subminiature plug and socket. Designe
for data and computer applications
they are priced less than $5 each.
Connect-Tech Products
INFO/CARD 176

DISCRETE
COMPONENTS

ESR capacitors feature
extended ranges

Type ESR polymer aluminum capac:
tors offer lower impedance at frequer
cies of 100 kHz and higher when comx
pared to tantalum and conventions

aluminum electrolytic capacitors. Th
capacitors are available in 33 uF @ 8 }
22 uF @ 12.5 V and 10 uF at 16
capacitance ratings. All three capac:

January 199



ors feature an ESR of 15 milliohms.
Jornell Dubilier
NFO/CARD 177

Auarter-watt resistor
yrovides high performance

The WSL-1206 chip-style resistor
ffers an ohmic value (0.007-0.2 ohms),
nductance (0.5-5 nH) and the precise
tability (1% tolerance, +75 ppm/°C
emperature coefficient) normally asso-
iated with only wirewound resistors.
Jesigned for battery monitoring in
vireless applications, it also features a
mall size (EIA 1206) and is priced at
'8 cents each in quantities of 10,000.
Jale Electronics
NFO/CARD 178

surface-mount inductors
or RF applications

The SML 44 series of high-current
nductors features a small height (4.5
aillimeters) and range from 10 uH @
.3 A to 680 uH @ 0.160 A. These induc-
ors, designed for SMPS and RF appli-
ations, use a ferrite bobbin mounted to
1 ceramic substrate and are priced at 43
ents each in quantities of 10,000.
rowanda Electronics
NFO/CARD 179

end for a monopulse radar receiver.
Miteq
INFO/CARD 181

GPS antenna
designed for surveying
Designed to provide superb tracking

capability, the DM C146-20 broadband
antenna has a minimum gain of —4
dBic at 5° above the horizon. It oper-
ates in the 1.2-1.625 GHz global posi-
tioning system (GPS) frequencies and
has a small radome with a low profile.
Dorne & Margolin

INFO/CARD 182

SUBSYSTEMS

SM antenna
jesigned for WLAN

Designed for 2.4 GHz industrial, sci-
ntific and medical (ISM) band applica-
ions, such as wireless local area net-
vork (WLAN) and wireless modem, the
Jova Comm miniature antenna fea-
ures a gain of 1.8 dBi (typical), 50 Q
mpedance and a voltage standing wave
atio (VSWR) of <= 2. The antenna is
iriced at $5.95 in quantities of 10,000.
Jearson
NFO/CARD 180

Jownconverter module
Yhase and gain tracked

Model DA4 series four-channel
lownconverter module operates over
tF and LO frequency bands in the
ange of 0.5-18 GHz. Standard designs
nclude input limiter protection diodes
ind an IF amplifier. This unit can be
1sed for basic direction-finding equip-
nent or as an integrated receiver front

{F Design

ongratulations
& Thank you

to the employees of
Vectron Lahoratories, Inc.

The Crystal Oscillator Company

1309001
(o )
2

The Quuality Adbummtege

Vi
VECTRON

.o

LABORATORIES.INC.

A VECTRON NTERNATIONAL COMPANY

166 Glover Avenue
Norwalk, CT 06856-5160

Phone: 203-853-4433
Fax: 203-849-1423
e-mail: vectron@vectronlabs.com

visit us at:
http: // www.vectronlabs.com

INFO/CARD 61
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SIGNAL PROCESSING
COMPONENTS

Power splitter and combiner
for cellular and PCN use
A wideband 800-2,000 MHz 4-way,

0° power splitter and combiner en-
ables high-performance cellular, per-
sonal communications network (PCN)
and instrumentation applications to
function in a high-isolation (25 dB typ-
ical), well-matched (voltage standing
wave ratio (VSWR) of in 1.20, out 1.10
typical) environment. The ZB4PD1-

Voltronics
debunks
the myths

Mt

There’s
nothing
new in
high-voltage
trimmers.

Thanks to Teflon
between their
rings, Voltronics
HV trimmers
have no air gap, so
you can get 55 pF,
2,000V, 1 GHz
coverage, and
high Q. And
you'll never have
to worry about
shorting between
rings or ionization
at high altitudes and in space.

Each body style fits into the

How about a voltage

rating of 2000 V,
capacitance valves to 55 pkF,
and an order of magnitude
greater reliability?

same space as a conventional air trimmer, and is
available with maximum capacitance of 4, 10, 16,
23,40 and 55 pF. Voltronics patented design is far |
more reliable too, and it eliminates the end caps that fall
off lesser designs, exposing precision parts to moisture,
dust, or dirt. So if you need the best possible perfor-
mance in a high-power trimmer, you should be talking
to Voltronics. Call us today at (201) 586-8585.

Voltronics

CORPORATION =7~

Voltronics
delivers: Any
model stock to
4 weeks!

< 100-10 Ford Road
AaumyA Denville, NJ 07834
¥

{

The Trimmer Capacitor Company

INFO/CARD 62
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2000 features a maximum power inpt
of 10 W in 50 Q systems and is price
at $94.95 each in quantities of fewe
than 10.

Mini-Circuits

INFO/CARD 183

Fixed channel up/down
frequency converters

Models PUL 070D, PDL 070D dat:
grade frequency up/downconverters fe:
ture an input or output frequency of 7
or 140 MHz and an output or input fr
quency of a customer-specified L-ban
channel within the 950-1,450 MHz fr:
quency range. Both models feature a
input return loss of 9 dB nominal an
an output return loss of —13 dB nom
nal, and measure 1.75" x 19" x 12".
Quintech Electronics and
Communications
INFO/CARD 184

Subminiature SAW IF filters
for GSM

A surface acoustic wave (SAW) filte
for global system for mobile commun
cations (GSM, formerly Group
Speciale Mobile) applications i
designed for use with the new gener:
tion GSM chip set architectures requi
ing higher-frequency intermediate fr
quencies (IFs) in the 240 MHz rang
The filter features a center frequency ¢
246 MHz with a passband of +80 kH:
The rejection bandwidth is 25 dB min
mum at +40 kHz and 45 dB minimw
at +80 kHz. Typical insertion loss i
less than 6 dB. Designed for use as a
IF bandpass filter for personal comm
nications service (PCS)-1900 and dig
tal communications service (DCS)-180
applications, it measures 9.1 x 4.8 x 1.
millimeters.

Toko
INFO/CARD 185

Varactor series meets
wireless design needs

The MA4ST200 series of high qualit
factor (Q), high capacitance ratio vara
tor diodes enables applications such &
cellular phones, active pagers and aut(
motive wireless systems to seek th
highest quality signal and lock onto th
desired frequency. Designed for voltag
control oscillators (VCOs) and voltage
tuned filters used in battery-operate
wireless systems as high as 2.5 GH:
the diodes typically have a Q of 400 ¢
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50 MHz and a capacitance ratio of 3.5
rom —0.5 to 4.0 V. The MA4ST200 is
yriced at 40 cents in quantities of
£0,000.

WA-Com

INFO/CARD 186

Separate filters
solate frequency bands

The PTD87/39NF diplexer uses one
»>andpass filter for the 1,375-1,400
VIHz frequency band and uses another
»andpass filter for the 1,427-1,452
MHz personal communications ser-
rices (PCS) frequency band. The
liplexer features a passband insertion
oss of less than 1 dB, an ultimate stop
»and attenuation of 80 dB minimum
ind an RF power capability of greater
han 15 W.
2enny Technologies
NFO/CARD 187

SIGNAL SOURCES

>roduct combines
rcxXo, OCXO0 technologies

A family of products based on res-
mator-thermostat (RT) technology
ncorporates a directly heated quartz
rystal, a temperature sensitive ele-
nent and a thermocontroller circuit

ealed in one enclosure. The family fea-
ures the performance of an oven con-
rolled crystal oscillator (OCXO) while
naintaining the size, power consump-
ion and warm-up time of a high-end
emperature controlled crystal oscilla-
or (TCXO). Specifcations include 90
nW power consumption, phase noise of
-155 dBc/Hz @ 10 kHz offset and a fre-
juency range of 8-25 MHz for the RT,
JCXO and 2-105 MHz for the
JCVCXO.

7alpey-Fisher

NFO/CARD 188

IF Design

VCXO designed
for PLL applications

The K1526LC series of surface mount
(SMT) voltage controlled crystal oscilla-
tors (VCXOs) is designed for phase-
locked loop applications used in clock
recovery, signal tracking and local refer-

ence clocking circuits. The VCXO deliv-
ers a TTL/CMOS compatible output on
frequencies ranging from 2-40 MHz.
Requiring 5.0 V input, it provides a typ-
ical pull range of +120 ppm over a con-
trol voltage range of 0.54.5 V.
Champion Technologies
INFO/CARD 189

Sta

Labs

=+  COAXIAL CABLEASS
Passive Power

Solutions. "/
Q“-
[

P.0.Box 899

bzlzty

HIGH QUALITY THIN F".M MICROWAVE
HIGH RELIABILTIRF &M

lCROWAVE.
BLIES

ss

ervicing the global market place requires

stability of product quality and flexibility of

Stuart, Florida

(800) 544-5594

engineering and delivery. Florida RF Labs
has developed a unique corporate perspective

of blending engineering and production to

Fax (407) 283-5286

meet the needs of an ever changing world.
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3 21-23, 1997
sartds Expo Center
‘Las Vegas, NV

eGo-OCated at: @o

»
£6AS THIS SPRING...

FI s today’s wireless marketplace continues to be
redefined, so do the strategies that are needed to
bring these products to market This RF Design
Seminar, co-located with the Intemational Wireless
Communications Expo (IWCE), provides design
engineers, engineering manaders and other RF
professionals the tools and information they'll
need to stay ahead of the changing marketplace

¢ Basic and Advanced RF and
Wireless Engineering Special Courses

Technical Paper Presentations

RF Design Pavilion on the INCE Show
Floor, Devoted Solely to RF Design
Products and Services

Unlimited Networking Opportunities with
Key RF and Wireless Users and Suppliers

SPONSORED BY: Rl?dQSIQ'HO

Produced and managed by Intertec Presentation
a dwision of Intertec Pubhshing Corp

Return this coupon now for complete information on the IWCE
and RF Design conference program, exhibitors, special events
and more. Or call Intertec Presentations at 1-800-288-8606
or 303-220-0600. For complete program information by
fax—including speaker updates as they occur, call
FAX-ON-DEMAND at 1-800-601-3858 vailabie af
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t’s competitive out there! Nobody in mobile communications can

afford to be uninformed about emerging technologies and their
inevitable impact. For over twenty years, wireless communications
industry pros from around the world have come to the International
Wireless Communications Expo (IWCE) to learn about the latest
technology, gain fresh insights and experience new product
introductions 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 profession-
als and 350 exhibiting companies at IWCE ’97. Call or
return the coupon below for complete information. Or,
for program details and updates as they occur, call the
FAX ON DEMAND line at 1-800-601-3858.

B Please send complete IWCE attendee information when it’s available.
8 Please contact me regarding IWCE exhibiting opportunities.
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H_Bit Switches, Jumpers,

Programmable or Digital Address

Without Software

Micro Networks' M1
Programmable Master
Clock Synthesizer

o networks corp.

324 Clark St., Worcester, MA 01606
Tel. {(508) 852-5400

FAX {508) 853-8296

E-Mail - sales@mnc.com

Web Site - http://www.mnc.com
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TECHNOLOGIES LTD

OVER THIRTY YEARS
EXPERIENCE IN
THE MANUFACTURE OF
MONOLITHIC CRYSTAL FILTERS
PACKAGE FILTERS
CRYSTALS
RECRYSTALIZE GE ICOMS

« PERFORMANCE = QUICK DELIVERY ¢ PRECISION ¢ RELIABILITY e
e COMPETITIVE PRICING ¢ SERVICE *

e MADE IN THE USA ¢ CUSTOM & STOCKING ORDERS °

http://www.xtaltech.com
Email: xtal@xtaltech.com

28 MILLRACE DR - LYNCHBURG, VA 24502 - TEL 804-385-8300 - FAX 804-385-8100
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RF software

Analog simulation,
schematic entry integrated

Intusoft’s series of analog an
mixed-signal design tools integrat
analog and mixed-signal capability int
OrCAD Capture, Protel Schematic an
Viewlogic Workview Office schemati
tools. The software packages are calle
ICAP for OrCAD, ICAP for Protel an
ICAP for Viewlogic. Each packag
includes the IsSpice4 native mixe
mode (analog and digital) circuit simu
lator, SPICE model libraries with mor
than 8,000 analog and digital part:
the IntuScope graphical waveform anc
lyzer, the SpiceMod Spice modelin
program, a set of symbol libraries an
the Intusoft Integration Module, whic
allows engineers to run SPICE simul:
tions directly from the OrCAD, Prot
or Viewlogic schematics and to cros:
probe the results in real time.
Intusoft
INFO/CARD 160

Real-time development
environment available

Hyperception’s real-time integrate
development environment (RIDE) is
visual environment optimized for th
design, implementation and analysis «
real-time digital signal processin
(DSP) algorithms and systems. It
power lies in its visual nature and suj
port for industry-standard plug-in DS
boards. Hypersignal RIDE allows DS
applications to be generated quickl
with little or no software coding re
quired. RIDE’s support of several di
ferent DSP chip families from differer
semiconductor companies, as well &
its support for different DSP boar
vendors, makes it suitable for man
real-time DSP projects. The devict
independent approach allows differer
types of DSPs to be used in the sa
design. The ability to move designs fro
one DSP technology to another in tt
same environment means that users ¢
not have to learn multiple tools, an
they can upgrade their designs in tr
future for more performance.

RIDE was created by combinin
DSP hardware with Hyperception
hypersignal block diagram applicatia
and Windows DSP board driver
These board drivers are installed froi
the Windows control panel just lik
other peripheral devices. The drive
handles all communications and co
trol of the DSP hardware from the P
environment. The block diagram appl
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:ation does not require information
tbout what DSP hardware is being
1sed. The RIDE driver links DSP object
iles, downloads code, data and parame-
ers to the DSP memory, controls the
'xecution of the DSP and monitors
ictivity on the DSP.

The user interface is the same for
oth simulated and real-time DSP
lock functions. This allows for conve-
uient conversions between design simu-
ations and real-time implementations.

Hypersignal RIDE is available for
i3,995. An automatic C code generator
an be purchased with RIDE for $5,000.
Jundled packages including all hard-
vare and software also are available.
fyperception
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Software automates
mmunity testing

Amplifier Research (AR) SW1000
esting software permits computer con-
rol of AR power amplifiers, signal gen-
rators and other equipment for a
ange of immunity testing require-
aents, including IEC-1000-4-3. The
oftware uses an IEEE-488 communi-
ations link with a power meter or field
10nitoring system to level by power or
eld strength.

The SW 1000 software is designed to
perate as a stand-alone program for
Vindows 3.1 and 95. It was developed
nder the National Instruments (NI)
.abview environment and can be run in
ombination with more than 500 in-
trument drivers. The software permits
se of as many as eight digital output
hannels for control of test instruments.
uanplifier Research
NFO/CARD 162

valuation software
lemonstrates capabilities

Labview Evaluation software on CD
»r Windows, Power Macintosh, Sun
parc stations and Hewlett-Packard
000 series workstations is a free
raphical instrumentation software
ackage. Users can access details about
abview add-on toolkits, technical sup-
ort and customer education. Applica-
ons involve instrument control, data
cquisition, analysis and presentation
r test and measurement industrial
utomation. On-line tutorials guide
sers step-by-step through building a
1stom virtual instrumentation system.
lational Instruments
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BERKELEY
VARITRONICS
SYSTEMS

Whether you are making drive studies to detect RF leakage,
propagation coverage, or finding RF shadows for indoor wire-
less systems, BVS offers the next generation of sophisticated
measurement tools for a complete digital solution.

For more information call today:

908-548-3737

Transmitters and Champs are available from stock.
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PROTOTYPE CIRCUIT BOARDS
WITH THRU-HOLE PLATING....
FABRICATED AT YOUR BENCH

The LPKF Protomat 93S 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, multiple tool rub out,
and full tool management.

®  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 -— Q

Fast payback - typically 3 - 9 months.

CAD/CAM
SYSTEMS INC.

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

INFO/CARD 70
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REF Iliterature

TIA publishes
interim standards

The Telecommunications Industry
Association (TIA) published two inter-
im standards. TIA/EIA/IS-96-B, speech
service option standard for wideband
spectrum systems, forms a standard for
service option 1, which provides two-
way voice communications between a
base station and a mobile station using
the dynamically variable data rate
speech code algorithm. The transmit-
ting speech code takes voice samples
and generates an encoded speech pack-
et for every traffic channel frame. The
receiving station generates a speech
packet from every traffic channel and
supplies it to the speech code for decod-
ing into voice samples.

TIA/EIA/IS-126-A is the mobile sta-
tion loopback service options standard.
It provides the basis for a loopback of
primary traffic information bits
through a mobile station. It also pro-
vides the means for a base station to
supply a known data stream on both
the forward and reverse traffic chan-
nels, so that a mobile station’s receiv-
ing and transmitting performance can
be measured. The service option also
provides a convenient means of setting
up calls and generating traffic for sys-
tem testing, and it allows for normal
operation of signaling messages and
secondary traffic.

TIA
INFO/CARD 164

Components catalog
features terminal blocks

A 45-page catalog of electronic com-
ponents featuring Magnum terminal
block line is available. Complete speci-
fications, illustrations, photographs
and ordering information for products
are included. The company’s wire-
ready option is available on all single-
row terminal blocks. Other products
offered are double-row terminal blocks,
edge board connectors and Mag-Master
electronic and field wiring interfaces.
Bussmann Circuit Components
INFO/CARD 165

Products designed
to eliminate EMI, RFI

A 44-page catalog details a line of
power products designed to eliminate
electromagnetic interference (EMI) and
radio frequency interference (RFI). This
line of power products includes high-

84

current, single-line filters, power ar-
rays, power-entry filters, power-line fil-
ters, multisection filters, custom assem-
blies and power distribution systems.
The catalog provides features, appli-
cations, order numbers, performance
specifications, temperature charac-
teristics, insertion loss curves, circuit
diagrams and line drawings for each of
the product lines. Also covered in the
brochure is the company’s EMI filtering
experience and electromagnetic com-
patability (EMC) testing services, ap-
plication guidelines for using EMI fil-
ters, EMI measurement guidelines and
a design inquiry form.
Spectrum Control
INFO/CARD 166

Modulator and demodulator
products described

A free brochure from Stanford Tele-
com presents modulator and demodula-
tor application specific integrated cir-
cuits (ASICs) and board-level assem-
blies for hybrid fiber and coax (HFC)
upstream community antenna TV
(CATV) systems. The four-page bro-
chure describes the company’s capabili-
ties in the interactive cable transmis-
sion and reception segment.

Information is included on the
STEL-1108 bipolar phase shift keying
(BPSK) and quadrature phase shift
keying (QPSK) digital modulator ASIC

On line:

ASIC products on web page—
Qualcomm’s web page features a line
of synthesizer, forward error control,
voice compression, automatic gain
control and code division multiple
access (CDMA) application specific
integrated circuit (ASIC) products
developed for advanced communica-
tion systems.

Included in the ASIC web site are
an overview of each product, world-
wide sales information, new product
releases and the option to download
any technical data sheet or applica-
tion note. The ASIC products can be
found within the Qualcomm web site
at http://www.qualcomm.com/Prod
Tech/asic.

Qualcomm
INFO/CARD 170

Home page redesigned—Ana-
digics’ web site provides corporate in-

chip used in subscriber modems an
set-top boxes.

Stanford Telecom
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Catalog details signal
components, subsystems

Technical Research and Manufactu
ing’s 100-page signal-processing comr
ponents and subsystems catalog detail
an array of products. The catalog i
arranged in nine sections comprisin
power dividers, directional coupler:
hybrids, mixers, transformers, phas
comparators, modulators and beanr
forming networks.

Technial Research and
Manufacturing
INFO/CARD 168

Filter products
catalog released

Micro-Coax’s Filter Products Catalc
features the company’s family of In-/
Cable filters, which combine Cheb:
shev and other filter types with sem
rigid or flexible cables to produce pe
formance in the same space as th
cable alone. The free 38-page catalc
includes technical information, specif
cations and application informatio
about all of the products.

Micro-Coax
INFO/CARD 169

formation, company news, informa-
tion on products, links, industry news
and engineering tools. The web site
also features Java applet engineering
tools to help designers evaluate and
model receiver performance in com-
munications systems. The site is lo-
cated at http://www.anadigics.com.
Anadigics

INFO/CARD 171

Free catalog available—Time
Motion Tools’ catalog features tele-
communication, coaxial, test and
measurement meters, including the
Fluke 7-300. This low-voltage (as
high as 300 volts AC or DC) meter
automatically decides between mea-
suring volts, continuity or ohms. The
company’s web site is located at http:
//www.timemotion.com.

Time Motion Tools
INFO/CARD 172
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101 WIRELESS INDUSTRY
EXPERTS DISCUSSED YOUR FUTURE
LAST NOVEMBER.

Shouldn't You Know What They Said?

pm X PO ©6&

LESS

WIRELESSWORLD ‘96 NOW AVAILABLE ON TAPE.

Listen in as more than one hundred keynoters and panelists
offer their insights on critical topics in the wireless industry; cellular
& PCS technology, applications and implications and competitive
strategies. In each session you'll hear surprising solutions to the
challenges you're facing today -- and will face tomorrow. What witt
wireless look like in the coming year and decade? Will all of today's
competitors survive? How can you ensure survival and profitability for
YOUR company?

Order tapes by individual track, or get the entire set. And don't
forget the Official Conference Manual, so you can follow along with
the slides used at each session.

OPENING GENERAL SESSION - WIRELESS REALITIES

Industry Leaders look into their crystal ball about what you can
expect now and in the future. Moderated by Meryt Comer of TV's “It's
your Business.” (Included when you select the entire conference on
tape option.)

TRACK 1- CELLULAR & PCS TECHNOLOGY

Includes: Infrastructure Challenges and Solutions ® Open Network
Architecture e Paging Grows Up Wireless Data’s Virtual Reality o
Intelligent Network Platforms e Wireless Local Loop ® Fraud
Technologies ® The Intricacies of Digital Air Interfaces

TRACK 2 - APPLICATIONS & IMPLICATIONS

Includes: Zoning & NIMBY Issues ® EMF: Overcoming the Fear &
Loathing ¢ Mobile Voice Messaging ® Wireless Data in the Field ¢
Network Performance e The Battle of the Bill ® Catching the Crooks
® Microwave’s Unlikely Bond

TRACK 3 - COMPETITIVE STRATEGIES

Includes: Wireless Carriers of the Future ¢ Building Investment
Appeal ® Developing Brand Name Recognition ® Churn Reduction &
Customer Loyalty ® How to Rate Your Customers e Bundling
Technologies for Profit ® New Analog Features vs. Digital Capabilities
® Revenue Assurance & Prepaid Services

0000000000000 00000000000000 ORDERYOURSET NOW! 000000 c00000000000000000000

@MAKE YOUR SELECTIONS
Conference Manual ($149)
Entire Conference On Tape ($300)
Order both and save $50! ($399 for both)

Track 1 - Tapes Only ($96)
Track 2 - Tapes Only ($96)
Track 3 - Tapes Only ($96)
Subtotal: : $

TOTAL: g2 e, ..$
@SELECT YOUR PAYMENT OPTION
| Check # Enclosed
(Payable to Intertec Presentations.)
Charge My: VISA MC AMEX
Account Number Exp. Date
Cardholder Name
Signature (required) Date

Name _ 8 s 150
Company

Address

Gty _ S RadeOmistate D
Zip __ ___ Country

Ordered by (if different from above)

Phone _ el _Fax _

@ SEND THIS ORDER FORM WITH PAYMENT TO:

Fax to: Wanda McKnight, WirelessWorld, Fax: 303-770-0253
Mail to: Wanda McKnight, WirelessWorld ® Intertec Presentations

6300 South Syracuse Way ® Suite 650 ® Englewood, CO 80111

* CA 7.25% (LA County, 8.5%; SF County 8.5%) CO 3.8% (City of Greenwood 6.8%)
IL 6.25% KS 6.75% MI 6% MN 6.5% NE 5% (Onaha 6.5%) NJ 6% NYC 8.25%
NY ST 4% OH 5% 6% Canada 7%

WirelessWorld Expo 96 is organized by the Intertec Presentations
division of Intertec Publishing, and E.J. Krause & Associates.
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Santa Clvasr-'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

= GPS

s \Wireless LANSs
Consumer electronics
Personal communications
Digital cellular
Design-for-manufacturing
Remote sensing
Digital transmission
Wireless communications

RF Topics

= Oscillator design

= Frequency synthesis

= Analog/digital modulation
= Power amplifiers

= Microstrip techniques

= Filter design

= Test systems and methods
= CAD modeling and use

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:




B RF LITERATURE/PRODUCT SHOWCASE " m

Congratulations Jake! )
You found the perfect Signal Generator!

$795

Quantity |
Madein USA

‘eatures:
DC-20 MHz, .1Hz steps * DC offset
Fully synthesized * RS232 remote ctrl
10 Setup save/recall * Field upgradable
Aodes:
Sinewave * Linear/Log Sweep
InvExt AM * Int/Ext FSK
Int/Ext FM ® Burst
IntExt PM * DTMF Generation
Int/Ext SSB ® DTMF Detection
Int/Ext B * Power Level Meas

‘elulex Inc 2455 Old M|ddlef|eld Way S
JAountain View, Ca. 940
‘el: (415) 938-0240 Fax: (415) 938-0241

Wp://www telulex.com Y,

Brgarfizeryoteriblogk. | SINGLE LAYER CHIP CAPACITORS

diagrams into subsys-

tems using unique . <
NoteBook metaphor. Type A J Type B /
Drag and drop block zygov \t»// 2y§0V

icons from the ToolBar . ———

View Noise figure and —_ S —
intermodulation "bottle-

necks" displayed on a .
block-by-block basis. r
Specity BER require- Type C Q
ments for various mod- IOOV \-/

ulation schemes (BPSK,
QPSK, PI/4 DQPSK,

o ate i FOR CAPACITORS WITH:
Doy nag e scendrios » Extremely smooth and uniform metalized surfaces

(RS 1aRUly J » Pt metalization to withstand 400°C die attach temperature

http://www.ardentech.com up to 20 min max

fora fully functional demo * TiW adhesion layer to prevent diffusion and provide
Arden Technologies, Inc. stability at very high temperatures

PO Box 286 « Forest, VA 24551
Voice 804-525-6837 Fax 804-525-5376 I t' leq

e-mail: arden @ardentech.com
2672 Bayshore Parkway, Suite 702, Mountain View, CA 94043
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A

-1, kdeal for Wireless Products
<% 1008 & 0805 Models
<% High Q & Self Resonant Frequency

<= S-Parameters data on disk

‘ A e

USA «Tel: 619 674 8100 » FAX: 619 674 8262
Europe ¢ Tel: 353 93 24107 « FAX: 353 93 24459
Asia * Tel: 65 741 5277 « FAX: 65 741 3013
World Wide Web * htip://www.pulseeng.com
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] NEW PS-5A/B Series

'.1/2.0 GHz Portable Spectrum Analyzers
PS - 5A 0.1-1100MHz, PS - 5B 0.1-1100MHz & 900-2000MHz
in one scan (span: 0 - 100MHz/Div In 11 steps)

5 digit center/marker trequency display at 0.1MHz resolution
Measurement range: -108 to +20 dBm

5 resolution bandwidths: 10KHz - tMH2

50 dB Input attenuator in 10 dB steps

2/10 dB log scale display with base line clipper

Bullt-in AM / FM demodulation with speaker

Tracking generator (optional TG-01)

AC / DC / Battery powered (optional +12 V battery pack)
Lightweight - Portable operating. Size: 11.5" x 5.4" x 12.9"

Introductory price from $1975 (PS - 5A)

/. Tech Instruments, Inc. Tel: (201)546-7635
71 Burns Ave, Lodl, NJ 07644 Fax: (201) 546-7651
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INFO/CARD 101 Tel: (415) 967-2828 Fax: (415) 967-8428

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.

I}
o

Explosive growth has created several exciting new
openings at this world-class developer of digital
radio systems technology for the wireless and
cellular markets. Leading-edge technology and
state-of-the-art equipment provide unmatched
growth and learning opportunity.

SENIOR RF ENGINEER
Design RF and Microwave components for
microwave digital communication links. Develop
RF hardware block diagrams and perform analysis for
communication systems. BSEE or MSEE with S+ years expe-

rience in Microwave circuit design such as microstrips, low noise amplifiers, power amplifiers, mixers,
oscillators and RF circuits. The ideal candidate will possess experience leading RF teams with a record
of commercial success. Code: SRE

SYSTEMS ENGINEERS

Define communications product requirements from system to module level. Requires simulation and
testing of digital transmission systems. MSEE with S+ years telecommunications experience required. i
Code: SE-2 h
DiGiTAL DESIGNERS .
Entry-level to Group Manager positions in a wide range of electrical design efforts including ASIC and l}i
FPGA. Experience with digital circuit design for commercial applications in the wireless telecommuni- 4
cations industry. BS/MSEE with 4+ years experience. Code: DD

7N\ Please forward resume and salary requirements
g to: Code___, Human Resources, Advanced o
Techcom Inc., 181 Ballardvale Street, ‘1
Wilmington, MA 01887 Fax:(508) 694-4800. \

ADVANCED TECHCOM, INC.  Equal Opportunity Employer
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OSCILLATOR
ENGINEERS

> Crystal Oscillator Engineers
Experience in the design and
manufacture of TCXO's and
VCXO's required. Hybrid design
and manufacturing 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

= 6584 N.W. Hwy., Suite RF
~ Chicago, IL 60631
Phone (773) 774-0001
FAX (773) 774-5571
e-mail: fsihunter@aol.com
hitp://www.firstsearch.com

Froehhch &}Co
utive search

Communications Positions:

Designers, Engineers, Managers
Wireless/Telecomm/CATV/Video/Voice/Data

RF Equipment and Systems Design: Transmitters,

Employerinquires Welcome
Engineering * Operations ¢ Technical

» RF Engineers

» Cellular System Engineers

» System Optimizers

» Cell Site/Switch Maintenance
» Performance Engineers

DIRECT & CONTRACT POSITIONS

receivers, amplifiers, mixers, fitters, synthesizers,
modulators, demodulators, PLL's, VCO's. Skills
include: PCS, PCN, Spread Spectrum, DSP,
COPD, TOMA, COMA, GPSK, QAM & athers.
Digital/Analog, DC to 2 GHz.

Nationwide. Call or write. Fees paid.
P.O. Box 339 Weatherford, TX 76086
(800) 742-4947 « Fax: (817) 594-1337
E-Mail: 72774.3617 @compuserve.com

AMERICAN NUCLEONICS CORPORATION, a
small, progressive , wholly owned subsidiary of AlL
Systems, Inc., has consistently provided the
military with advanced RF interference canceliation
hardware and subsystems for 30 years. Our
continued success in the military market has now
expanded into the commercial market.
RF DESIGN ENGINEER: BS degree with minimum
of 5 years experience. A solid background in RF
design and analog is required to determine
optimum design to fit customer requirements.
Responsible for specifications, design and devel-
opment of interference cancellation hardware.
Knowledge of RF circuits, closed loop systems and
some analytical capability are a plus.
A salary and benefits package designed to attract
top quality candidates is offered. Please submit
resumes to:
AMERICAN NUCLEONICS CORPORATION
C.A. Falco - Human Resources Dept.
696 Hampshire Road, Westlake Village, CA 91359
ECE/M/FN/D

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

Caw 800) 669-1890 ext. 396

* or Fax resume to
CDIi Telecommunications Inc

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

R.F. ENGINEERS: NATIONWIDE

R F 'CELLULAR/WIRELESS/PCN/PCS
CDMA/TDMA/SPREAD SPECTRUM/VSAT
STAFF & MANAGEMENT POSITIONS

Respond to: CTH, Ltd.
440 Harlem Ave-Glenview, IL 60025
Ph. 847/657-0102 Fax 847/657-0061
email <cth@ais.net>

88

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
7 1/2 E. Miner St. ® Dept RF3
Arlington Heights, IL 60004
Fax (847) 394-1841 / 1891 (alternate)
E-mail: mike@searchnetwork.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, ‘Nireless, Analog/Digital, Test, MMIC, Mgmt.
Additional oppts. available for Packaging, Mechanical Design,
Power Supply, Acoustic, HW/SW, Systems Integration.

For comsideration send youv resume to
Louis Schwartz, Techni

308 Lakeside Drive Soulh Hampton PA 18966

Ph: 215-396-1840 * Fax: 215-396-1501

SERV

* 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.

k. Communication Resources, Inc.
* The Communication Personnel Specialists
P.0. Box 141397, Cincinnati, OH 45250
606-491-5410 FAX 606-491-4340
E-Mail, Careercom@AQOL.com

CAREER OPPORTUNITIES

WORLDWIDE

RF Communications (Test Design Applications),

Cellular & Wireless 'ystem & Equip.
Design, CATV, Data Transmission, ICS,
Digital & Analog Design Engineers, Electro-
Optics. Active Components, many more.
Resume to: PeterAnsara, c/0 ABF, PO 2339, W.
Spfid., MA01090. Tel (413) 733-0791 Fax (413)
731-1466 or pa@ansara.com. See our home
page: http://www.ansara.com

Get The Edge Over Your Competition...
Advertise in RF Design magazine.
Contact Terri Stenson today for more information: 303-220-4288
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ENGINEER, SYSTEMS DESIGN

LOCUS is a growing, leading edge OEM product developer/supplier specializing
in wireless communications and embedded systems products. Our exciting,
fast paced environment offers an opportunity to work on a variety of challenging
projects for a number of diverse industries.

Ideal candidates will have a minimum five years experience in complete product
development including: RF circuit simulation, digital radio, RF propagation,
FCC regulations, and production test. Analog experience a plus.

Locus offers an excellent salary and benefits package as well as continuing
opportunity for professional growth. EQE/Smokefree Office. Forward resume
and salary history (principals only) to: Attn: Ms. Rounds

S LOCUS, Inc., 1842 Hoffman St., Madison, W1 53704
2 |_0CU

W
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=== ...YOUR CAREER

Phone; 608-244-0500 FAX: 608-244-052
Unlock = I

http://www.locusinc.com

The Secret
To Successful
Advertising...

CONTINUITY
is the KEY!

Inquire About
Frequency
Discounts:

» Caurornia - B CoLoraDO
» ARiZONA » Texas
» OreGonN # WASHINGTON

RF-Wireless Communication

Digital Cellular, Cordless PCN

DSP: Video, Audio, Multimedia
Custom VLSI Design-CMOS

i n
Terri Stenso ASIC/FPGA Design (VHDL, XILINX)

303-220-4288
Fax: ROBERT MILLER & ASSOCIATES
303-793-0454 5850 Oberlin Drive #310 » San Diego, CA 9212I
PH: 619-566-4325
@:_I-H* FAX: 619-566-4376

email: millerasc@aol.com

IC Design: Digital, Analog, Mixed Signal

oo Wireless Start-Up/RF Design Engineers: Design of Si RF ic’s for Wireless Communication apoications

(AMPS, DAMPS, GSM. DECT, POS). Si RF ixc design experience in the 400-2400 MHZ; fast RF PLL
Q O Q llisynthesizer design experience. RF receiver/transmitter/design  experience
CD ) | lusing Si Bipalar and MOS technologies.

Produet Marketing Director: Incumbent would be required to work closely with product man-
agsment and sales to design and develop product line strategy and tactical marketing programs
In support of an enterprise wide strategy for success in the digital wireless terminal industry.
Knowledge of cellular/PCS markets and/or wireless telephony is required. A proven ability to

work with and product real teams on ing strategy
CATV Design: Rf Design experience should include LC fitter, microstrip, amplifier, circuit
‘—J modeling and system analysis in the 5-1000Mhz range. BS/MSEE fiber optics a plus.

Project Leader Base Station: Design, fabnicate. test and deveiop ri/mw components, circuits and subsystems for
cellular basestation front-ends. BSEE/MSEE

Reglonal Field Sales: Aggressive individuals to create and serve new accounts. Positions are located throughourt the I

U.S.A. An engineer who wants 10 enter sales world is Base satary, and car. BSEE.

RF Microwave Test Engineers: Develop and refine RF/ test {or product
charactenzation, production test, system test and FCC Certification. BSEE.

RF Engineer: RF circuit design and development for wireless phones. Develop radio architectures and RF circuit
design for systems operating in the 800-900MHz and the 1800-2080MHz regions.

Sr. Project Antenna Design: Lead the design and of a wide variety of antennas and antenna
systems, Including both reflector and array systems using mi p. stripline and Qi SMS
with § years experisnec

RF Design Manager: Lead a team of RF englneers 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 Deslgn: Design highty integrated GaAs MMICs for advanced cellular products. Circuits to be designed
include power amplifiers, LNAs, mixers, IF amplifiers, bufter amplifiers. RF frequencies are 900 and 1800 MHz

Product Line Manager Wireless: Specific responsiblities include product line strateglc planning, establishing rev-
enue and price objectives, setting internal cost targets and oversight of internal product realization schedules.

RF PA Engineers: Requirgs 3+ years experience in design, test and manutacturing of high efficiency GaAS MESET

and HBT class A and C power ) in the frequency range {-2GHz). Experience in both discrete and
MMIC design a plus
Sr. Analog IC D i circuit design and developing new analog/mixed signal ic's.

for
BS/MS experience in A/D D/A, ASIC's bipolar and BIMOS

Filtes Design Engineer: Development of microwave high *0° coaxial cavity and machine filter designs for PCS base
stations. BS/MS familiar with simulation and modeting tools, three plus years fifter design
experience with direct *Q° designs (6-8000 Q's)

Applications Engineer: 5 years of directly relevant RF/MW engineering applications and

Strong p and instructor skilis; must be able to
y with indivi and groups of all ievels of technical expertise and

experence
Senior RF Engi Design RF and Mi for microwave digital

communication links. Develop RF hardware block diagrams and perform analysis
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 circuits.

MMICRO:::
EXECUTIVE SEARCH
We specialize in the pi: of wireless, RF, mit cor ications nationally.

FOR THESE AND OTHER OPENINGS 800 Turnpike St. » North Andover, MA 01845
CALL COLLECT. TEL: 508-685-2272 E-mail: i aol.com FAX: 508-794-5627

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

MANAGEMENT
RECRUITERS®
OF BOULDER, INC.

The search and recruiting specialists

WINDY BRADFIELD

RF / MICROWAVE SPECIALIST

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

RF DESIGN ENGINEER

Sencore Electronics is a leader in the development and
manufacture of electronic test instruments.

Opportunities in this midwest company are available
for team players with demonstrated skill in design
and development of:

AREF Circuits
AVideo, CATV, and

Wireless Applications

Qualified candidates will possess a BSEE or MSEE

www.cnijoblink.com

with 3-5 years experience. Sencore offers a team

Fax Resume to (800) JOB-FAXX

MIDWEST (1%3 OPENINGS

RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS
BS/MS, 2-8+ yrs. experience, base-band 10 3.0 Ghz, inanyof the
following: Receivers, Transmitters, Power Amplifiers, Synthe-
sizers, Spread Spectrum, RF ASIC/MMIC Design, Modems,
Communications DSP. Reply with assured confidentiality to:
Don C. Gallagher
Gallagher & Associates

2033 McCoy Road, Suite 206, Sun Prarie, W) 53596

(608) 837-5647 Fax (608) 837-6096 ‘
Review many of our engineering openings on the Web at: |

PCS/PCN/CELLULAR/CDPD
RF/HW/SW/FW/DSP
Terminals/Systems

16540 East Ashbrook Dr. * Fountain Hills, AZ 85268-2832
E-Mail: FITZPAT @ix.netcom.com

FAX: (602) 956-7644

oriented work place, competitive compensation and
a comprehensive benefits package. For immediate
consideration reply to. ..

email - hrasencore.com
1-605-339-0100
1-800-736-2673

SENCORE
Attn: Human Resources (SDENG)
3200 Sencore Drive

Sioux Falls, SD 57107

Fax: 1-605-335-6379

Place Your Classified Ad Today!
Contact Terri Stenson
Classified Ad Manager

303-220-4288 Fax: 303-793-0454

http://www.midwestcareers.com

" Design

89



(ENGINEERS FOR AIRCRAFT ELECTRONICS )
LONG-TERM EUROPEAN ASSIGNMENT

We are seeking an experienced EMC/EMI
engineer for a long-term assignment in
Europe to work on development of a military
aircraft. A position is immediately available
for an EMC/EMI engineer to provide guidance
in both avionic equipment and subsystem

3 ¢ 3 a design in order to ensure compliance with the
W 1t h Ou t T e ar S® : overall aircraft EMC requirements. This will

require definition of the aircraft cabling design

& as well as evaluation of the avionic equipment
Learn DSP and put your knowledge to work interface designs proposed by the equipment
I M M E D | AT E LY ' i suppliers. This engineer should also have the
. A4 ability to define EMC test setups, analyze and
, : ; X : interpret the test results and, if necessary,
To receive an informative brochure on this popular seminar, & recommend appropriate corrective actions.
call Z Domain Technologies, Inc. at 1-800-967-5034 or 'i.;: Please send your detailed resume to:
770-587-4812. Hours: 9-5 EST. Or E-mail: dsp@zdt.com & John Ingold
» ¢ : " S - e Design Team Incorporated
NCED class 100 West Beaver Creek Road, Units 8 & 9
mited basis - call for. Richmond Hill, ON, CANADA L4B 1H4
i s st Fax: (905) 707-8483

: / Tel: (905) 707-8480
By taking this 3-day course, ; - Toll Free: (888) 384-2262 N

you will really learn DSP. Guaranteed!

Coming to a city near you:
Richardson, TX « Long Beach, CA
Rosemont, IL » San Jose, CA

Now Available on CD-ROM!

http://www.zdt.com/~dsp

NATIONWIDE OPPORTUNITIES

YOUR
COMMUNICATION RECRUITMENT Ot
I ENGINEERS ] EFFORT Refurbished Test Equipment
FF DC-26ghz HP GR Wavetek Tektronix
Our clients are hiring RF engineers with the Send for Catalog Listing:
following skifls: SHOULD START 7198 S. Quince Street
Wireless Telecomm, Cellulor, PRSP HERE e 295"%‘5}“’20"‘;'/58831;50 ol
Mobile, Telephony, NPCS, EEUNESHASAT Go with one of the nation‘s most — —
spread spectrum, DSP, AMPS, established search firms, the leader in the
SMR, GSM, CDPD, TOmA, RRGLELLIA Wireless Industry. We have earned the
COMA. WLAN. WPBX. trons- BRGLEEL respect of America's Wireless PART 15 W|RELFSS DES]GNS
B S d' | Randy Brei organizations through a reputation built on . 2
mifters,eceivers, modulators, today! experience, integrity and results. se one of eur B Spread Specirum
demodulators, low noise Let F-O-R-T-U-N-E work for you. proven RF Systems
amps, mixers, oscillotors, filters, DDS, 800.875.2230 designs for your next | g portable
synthesizers, 900/1900 MHz. f.o.r.t.u.n.e wireless project. ApeX | Low Power
Brei & Associates, Inc. Div-of Fo ns:;”;;”::‘g:;;fgg’; e g offers nl\'“ ."ll w.\ln small Size Devices
PO. Box 445  Marion, IA 52302-0445 ' el na S e sitificati
(319)377.9196 » Fax: (319} 377:9219 s ety £lliiegy design experience and, B R Identification
RBREI@NETINS.NET Fax: 714.250.8535 extensive lest and s
http://www.NETINS.NET/showcase/RDBREI Fax:714.250.8046 simulation & Pagers

capabilities R
# Keyless Entry

STRETCH

Your ADVERTISING DoLLARs!
CoNTacT TERRI STENSON TODAY! ' : ‘
303-220-4288 * Fax: 303-793-0454 | it s e

E Madi: 7501701 2eACOMPUS RVE.COM
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\F 3 Best Sepuri

BOUMILY in 3
M ake an impact leaﬂlnu nulﬂ
right away with an

award-winning
team of engi-

neers. General Instrument is the first and only supplier
in the world to deliver a full line of analog and digital
systems for secure, high-speed broadband networks
that provide video, telephony, data and Internet services
to homes and offices. The Television Academy recently presented Gl with
another Emmy Award for “the development and implementation of technol-
ogy for high security encryption of signals for home televi-
sion.” If you'd like to work with the stars of interactive com-
munications, consider these current challenges at Gl in San
Diego, CA:

RF/ANALOG DESIGN ENGINEER

Requires BSEE/MSEE with 8+ years of experience responsi-
ble for design of cable modems. Must also have experience
with QPSK and 64 QAM modems, digital modulators and
demodulators, high- volume consumer products, RF design (0
to 750 Mhz), noise/gain analysis, and test. (Code: KRMRF)

See us on the worldwide web at: hitp://www.gi.com

General Instrument offers competitive salaries and benefits.
Piease send your resume with salary history/requirements to:
General Instrument, Code: ___, 6262 Lusk Blvd., San
Diego, CA 92121; E-mail in ASCIl Text only:
sd_jobs@gi.com Equal Opportunity Employer. Principals
Only, Please.

@ General Instrument

RF ENGINEERS

Aztech Recruitment provides recruiting services to technical clients mainly in
the West & South West, but also to other parts of the US, Canada, Europe & the
Pacific. We charge no hiring fees to either applicants or employers. If you have
a BS/MS/AA degree with relevant experience then mail/fax us your resume with
salary indicator.

RF DESIGN/SYSTEMS + RF IC ENGINEERS

This highty successful part of a major international group, a leader in wireless
communication systems, seeks qualified, experienced Engineers to help
combine core signal processing with advanced VLS! & systems engineering.

RF ICENGINEERS - for simulation/layout supervision/evaluation of RF IC devices
for wireless applications from concept to operation. BS/MSEE with analog/RF
integrated circuit design experience, Spice or Harmonic based simulations.

RF DESIGN/SYSTEMS ENGINEERS - design experience in either RF circuits or
systems for battery-powered portable systems. Design inciudes RF amplifiers,
mixers, oscillators, etc. (DC to 3GHz); Systems includes RX/TX systems
planning, analysis and simulation; both require experience with the latest CAD
tools. TDOMA/CDMA preferred.

SYSTEMS ENGINEERS (EW SYSTEMS)

This company designs, develops & manufactures lifecycle support of Electronic
Warfare (EW) and Reconnaissance Systems/equipment and seeks Systems
Engineers with US Citizenship (clearances ideal) to be responsible for technical
marketing/support of existing/new business on EW Systems. BS in Engineering
or equivalent and 10+ years systems engineering experinece covering system
design, tradeoff studies, proposals, etc., including antennas, RF, microwave

receivers, networks and signat processing.
4131 N. 24th Street, Suite A122,

AZ l Ec Call (602) 955-8080 or Fax (602) 955-9639

Email: aztech@amug.org

Phoenix, AZ 85016
Recruitment Co. Web Site at: www.azrecruit.com

Get the EDGE over your competitor?!
Advertise in RF Design magazine!

RF Design is the only technical publication written exclusively for engineers
working in radio frequencies (RF), where the electronic behavior of circuits

and systems requires specialized design techniques.

Coverage spans the portion of the spectrum between audio frequencies
and microwave, encompassing virtually all of the new wireless portable and

personal communications systems.

RF Design presents both classical and leading-edge RF design methods using
a practical, instructional approach — bridging the gap between general
concepts taught in the engineering curriculum and the specific practices
required for the successful design of products using RF technology.

The broad range of RF applications includes communications, navigation,
medical and industrial systems for commercial, consumer, aerospace and

military uses.

An INTERTEC®/K-lil Publication

Your sales message

in RF Design reaches
more than 40,000
engineers and
engineering managers.

Contact Terri Stenson:
303-220-4288
Fax: 303-793-0454

*Based on the June 1996 BPA International Statement
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RF'design

Buysrs’ Gulds

Perissue  Total/Year  All orders must be prepaid. You can forward
Regular Listing $22.00 $264.00  your check or charge your ad to:
Additional Line $19.00 $228.00 — lu. .
The Buyers' Guide is a convenient guide to suppliers  Bold Listing $25.00 $300.00 — | —
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 Belden Ave., Norwalk, CT 06850
Surcom Assaciates, Inc., 2215 Faraday Ave., Suite A, Carisbad, CA 92008
Variabl
COMET North America, 11 Belden Ave., Norwalk, CT 06850
CRYSTALS/RESONATORS

(203) 852-1231
(619) 438-4420

(203) 852-1231

SC-cut Crystal Resonators

N ch El- ceroncs Ltd
For your SC-cut crystals requirement frequency 4-20 Mhz 3rd overtone, High Q. low
aging 5x10" - 1x10-'° per day. calibration +0.5 ppm, G-sensitivity up to <3x10''%/g
Holders HC37. HC40.

11 Beith Hadfus St., Jerusalem 95483 Israel Tel. +972-2-6510082 Fax.+972-2-6510292 \

Quartz

0ak Frequency Control Group
100 Watts St., PO Box B, Mt. Holly Springs, PA 17065
email: sales@ofc.com web site: hitp://www.ofc.com

DIODES
Loral Semiconductor Division, 75 Technology Dr., Lowell, MA 01851...(508) 256-4113 ext.3311

Varactor
Knox Semiconductor, inc.
13 Quarry Rd., P.O. Box 609, Rockport, ME 04856 ... (207) 236-6076 Fax (207) 236-9558

HIGH POWER DIODE SWITCHES
Hill Engineering, 461 Boston Rd., Topsfield, MA 01983 .. (508) 887-5754 Fax 887-7244

RF, Analog & Mixed-Signal ASICs

Full-Custom Designed ICs: Bipolar, CMOS, BiCMOS
Frequency Synthesis, Mixers, Amplifiers, A/Ds, D/As, Switch Cap Circuits

(717) 468-3411

TEL: (310) 534-3016 « FAX: (310) 534-3728
PO. Box 3986, Torrance, CA 90510 « E-MAIL: sales@rtg.com

RT G, Inc.

MODULAR COMPONENTS

AMPLIFIERS
Broadband
Dressler HF Technik Gmbit,

Werther Str. 14-16, D-52224, Stolberg, Germany+49-2402-71091 Fax: (-71095)FILTERS
Delta Microwave Inc., 840 Vira Alondra, Camarillo, CA 93012 ............. (805) 987-6892
OSCILLATORS

Crystal
Dak Frequency Control Group,
100 Watts St., PO Box B, Mt. Holly Springs, PA 17065
email: sales@ofc.com web site: http://www.ofc.com
Wenzel Associates, Inc., 1005 La Posada Or., Austin, TX 78752

(717) 468-3411

(512) 450-1400

MODULAR COMPONENTS

Phase Locked

Universal programmer for phase-locked loop ICs
MYcom instruments, 142 N. Milpitas Blvd., Ste. 277, Milpitas, CA 95035 .... (408) 946-197¢
Fax: (408) 262-4763

VCOs & Synthesizers

www.wireless-radio.com
A/IRELESS RADI()
OSCILLATORS\S

FAX 313-669-2902

PH 313-669-2901

SYSTEM SUBASSEMBLIES
PRINTED CIRCUIT BOARDS

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

RF TRANSMISSION COMPONENTS

INDUCTORS & CHOKES
Kintronic Labs,
144 Pleasant Grove Rd., Bluff City, TN 37618 .....
ISOLATORS/CIRCULATORS
Coaxial Connectors, Inc.
1500 N.W. 62nd St., Ste. 501, Ft. Lauderdale, FL 33309

PRECISION RF CONNECTORS
Berg Electronics,2100 Earlywood, Franklin, IN 46131(317) 738-2800 Fax: (317) 738-2858
SURGE & TRANSIENT PROTECTORS

. EGC

- FISCHER CUSTOM COMMUNICATIONS, INC. - (310)891-0635 |

SWITCHES
Electromechanical
Dow-Key Microwave Corp., 1667 Waiter St., Ventura, CA 93003
MBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542
VACUUM CAPACITORS

COMET North America, 11 Belden Ave., Norwaik, CT 06850

(423) 878-3141 FAX: (423) 878-4224

(305) 772-2664

Lightning Suppressors - D.C.- 26 GHz
Coaxial - Powerline - Digital

(805) 650-0260
(501) 856-2685

(203) 852-1231

You won't

The RF Design Buyer's Guide and EMC Test & Design

products and services directories can help you solve that

get any calls
if no one
knows your
number.
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problem. Our directory will put you in touch with over
40,000 decision makers in the RF Design and EMC
industry. Fantastic introductory offers make advertising
even easier. Contact Terri Stenson today.

Call 1-303-220-4288 for details.
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RF TRANSMISSION COMPONENTS
WATTMETERS & LOADS

G

HENRY RADIO TOLL-FREE (800) 877-7979

2050 S Bundy Dr., Los Angeles, CA 90025 « Phone (310) 820-1234 - FAX 310-826—-7790

Wattmeters, Elements, Directional
Couplers, Loads, Attenuators, etc.

WAVEGUIDES & COMPONENTS

Electromechanical

VIBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542
MATERIALS AND HARDWARE

>ACKAGING/CRYSTAL HOLDERS

Jrystal Holders
Inited Glass to Metal Sealing, Inc.,
11A Executive Park Dr., North Billerica, MA 01862

C BOARDS

.aminates, Polyester Copper Clad
ilasteel Industrial Laminates, P.0. Box 310, Collierville, TN 38027

PRODUCT DEVELOPMENT

;USTOM OEM PRODUCT DEVELOPMENT/SUPPLY
.ocus, Inc.1842 Hoftman St., Madison, WI 53704

{501) 856-2685

(508) 670-6494

{901) 853-5070

(608) 244-0500

lacal Instruments, 4 Goodyear St., Irvine  CA 92718
INTENNA TEST & RF INSTRUMENTATION
nritsu Wiltron Co.,

490 Jarvis Dr., Morgan Hill, CA 95037
irayson Electronics,

306 Enterprise Dr., Forest, VA 24551

(800) 722-2528

(408) 776-8300 Fax (408)776-1744

(800) 800-7463 Fax (804) 385-7692

‘MC/EMI TESTING

UV Rheinland of North America, Inc.,

12 Commerce Road, Newtown, CT 06470
{F DESIGN CONSULTANTS

latrix Micro Systems, Inc., P.0. Box 675, Northport, NY 11768
RF/Microwave Circuit Design, PC Design, Prototyping
{F & MICROWAVE INSTRUMENTS

uided Wave Solutions, 73 Mt. Vernon St., Reading, MA 01867 {617) 942-WAVE
design.test.hardware.software email: sales@guidedwave.com http://www.guidedwave.com
ELEMETRY SYSTEMS & ENGINEERING

slemetry Technologies, Inc., 3307 West St., Rosenberg, TX 77471

SOFTWARE & SYSTEMS, CAD/CAE

ircuit Simulation
gSoft Ltd.-the providers of the RF Designer® Solution
213 Dunview Ave., North York, ON M2N-4HS, Canada
YSTEM SIMULATION

HR Laboratories, 207 Harding Blvd. W., Richmond Hill, Ontario, CN L4C 8X6
:soft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076
Makers of TESLA for Windows Simulator

{203) 426-0888 Fax (203) 270-8883

(516) 754-1155
email: fk@ix.netfcom.com

(713) 344-3000

o (416) 730-9611
.Fax: (416) 226-0861

(905) 884-2392
(800) 631-1113
Fax (770) 664-5817 Intl (770) 751-9785

TEST EQUIPMENT
F TEST & MEASUREMENT EQUIPMENT

»axial Dynamics, Inc.,
15210 Independence Pkwy., Cleveland, OH 44135 .. (216) 267-2233 FAX: (216) 267-3142

PLACE YOUR BUYER'S GUIDE OR
EMC & TEST DESIGN LISTING TODAY!

CONTACT: TERRI STENSON
CLASSIFIED SALES MANAGER
303-220-4288 « FAX 303-793-0454

F Design

o) S = ) (N N M Arazy 2 )

Producis ¢ Serviess Dirssiory
The Products & Services annual basis.
Directory is a convenient For information on rates,
guide to suppliers of prod- closing dates and details
ucts and services for the on a special Introductory
EMC/ESD industry. Prod- Offer, call 1-303-220-4288.
ucts & Services Directo

T[SI&”ESMN 1stings are sold on arx

Ask for Terri Stenson.

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

(800) 836-0427

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 Bivd., Torrance, CA 90505..(310) 831-0635

Line Impedance Stabilization Networks

Fischer Custom Communications, 2905 W. Lomita Bivd., Torrance, CA 90505..(310) 891-0635

Power Amplifiers

Applied Systems Engineering Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126
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
Lgminalgs

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
ESD ENVIRONMENTAL CONTROL

Antistatic or Conductive Flooring
®] ESD Safe Rubber Flooring for Work Areas
nora I 1-800-332-NORA
Nora Rubber Flooring
TEST LABORATORIES AND CONSULTANTS
EMC/EMI TESTING
Product Safety Engineering, Inc., 12955 Bellamy Brothers Blvd., 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
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.

(817) 249-4180

(800) 836-0427

Ulmg

- (800) 888-0123

WHEN YOU ARE

As soon as you're ready, you can reach over 40.000° technical
' professionals with the subscriber list from RF Design.
Professionals from all segments of the marketplace rely on RF Design
for the latest in industry developments and for your ad message.
Don’t keep them waiting. Call Lori Christie today and put your @
advertising message directly in front of your customers. ‘
*B

Lori Christie 913-967-1875 - Fax 913-967-1897

93



REguide to editorial coverage

COMPANY PAGE # COMPANY PAGE # COMPANY PAGE
Amplifier Research ....................... 83 10 Ty e, 25« 6 - BRGBBI B SES 80 555G s 83 Penton Publishing ....................... 16
Anadigics ............oiiieeiiiiiiiien 84 TR (s - - 00 356 5 SoBB00 0 3900004 5.5 aoaBd 82 QuAalCOmmM . . ..\ evoneonneenneoonenssess 84
Applied Resonance Technology ............. 64 JFWiIndustries ..............cooiiennnns 83 Quintech Electronics and Communications . ..78
Besser Associates .............oo0ieennnt 18 Kycon Cable & Connector ................. 76 Raltron Electronics ............coceeeunne 75
B+KPrecision . ........coiviiiinneninnens 75 Learning Tree International ............... 18 REMDADSries [k 34 N3l 5 2t i 20
Boeing Commercial Airplane .............. 42 Lindgren RF Enclosures .................. 75 Rosenberger Hochfrequenztechnik . ......... 20
Brady DTS WA S ¥, o rore) s rons) o o e, 51 oifogerenMevcel 20 LPKF CAD/CAM Systems ................. 83 Rosenberger of North America ......... 20
Bussmann Circuit Components ............ 84 M/A-Com . ..cooovvviinianneeciceennes 72,79 Spectrum Control . ... . ... ..o.veseacnes 75, 84
Champion Technologies ................ 79, 83 Maury Microwave .................coonue 76 Stanford Telccompeh . -de L 1 SIS 84
CKCLaboratories ................ccocnnes 18 Mead Microelectronics . ................... 18 Technisl ResbiroH ABGM AN AcHzing 7. L A8 84
Connect-Tech Products ................... 76 IMICTo-CoaxM. it i o el e hls oo o 84 Teclnoligy Interuamonel &« fuble Sl it 18
Cornell Dubilier ..............ccoiieeenen 77 Miller Freeman ..........ccooevnineenenn 16 Tt 1
Dale Electronics ........c.cccevviuvveenenen 77 M= Circuital™ L e R 787 L TTAPE B RSO W e G S
e e SR TR e s L s qp TelROL ik e g oo i
Beliptekt s ol Ll e seie e s e s e e 83 Mobile Systems International .............. 20 Tferadyne' """"""""""""""""" =
Ericsson Components . . .............c.0.. 20 MotorolaIndala ...........cooiiininnnnnn 20 Time Motion Tools ..............oovennees 84
Georgia Institute of Technology ............ 18 Motorola Semiconductor .................. 72 Toko .......oooimviiniiiiiiiiiiiiine (s
Giga-tronics ...........oiiieeaninreinons 83 National Instruments .................... 83 UCLA ...oviiiiiiii e 1€
Gowanda Electronics ..................... 77 TG4 oo dbs S a0 aBb BAGE 8 o BRaBbE 0 g 72 University of Missouri-Rolla ............... 1¢
Hewlett-Packard .............ccovuieennns 72 INEATEONY. St i e e e T e 77 Valpey-Fisher ................c.ooooinnee 7¢
Hittite MICTOWAVE .. .....ccveeerroennnnnn 75 (0] (i 3 Sl dn AR S 8004 83 Virginia Polytechnic Institute .............. 1€
Hyperception .............covvueeecnnnns 83 Penny Technologies ...................... 79 Z Domain Technologies ................... 1¢
RF'advertising index
ADVERTISER PAGE #.......READER SVC # ADVERTISER PAGE # READER SVC
MMorrowIne. ....coovvvnvereeenroeannenanns S soe0 o Bolgb b e o ook 39 LapTechInc ............cooiiiiiiines 58, 5. kL . YR e 57
AmplifierResearch ................... .00 3B B Mo B iee 13 1 ISR 6 b 48, alo o ¢ ok o 3% 668060 06909000 d5% o 36", . . R e e 41
Andersen Laboratories . . ................. ... OMEES 2ol Lol i A G 65 Metuchen Capacitor (MCD).................... ) SR by e 00 0 % - 14
Berkeley Variatronics. ............ocooiiennt CR R e At 68 MicroNetworks. .........covvivereienannene- 82, .. ol SR 64
BomarCrystal ...........ccoievenieicinanes I R I R O B 15 Milliren TechnologiesInc.............c..ouvtn 265 ¢ f ok S L A 31
California EasternLabs . .. ............... ... 6 !l.......... 42 48 MiniCircuits. . ... 4,5,6,23. .. 97,98,20,40,71,72,95,
Cambio International .. ...................... ) 5008005 00bbogosago 18 48-49,57,95 .. ... 96,3,66,9,99,93,94
Champion Technologies ...................... 32 S E 38 1 175 P 00 B 6 80080 ABAB00 B0 00 & S0t 8 BE I8 0 o 0.5 6 LiE T Wt he, Wil 44 60
Cinox Corporation. . ...........ceevvevnenenes RS A LB TN e 23 Murata Electronics . ...........ooiiiiiiit B0 .. -
C nications Concepts.................... 10, " VAT g 4 National Semiconductor...................... OB AT = Gop © 92
Communications TechniquesInc. .............. 451 . P ity A 50 Noble Publishing ................cocoihenn BIBBIE « . T SN N 1,55
Compex Corporation.............coveuneenn |l e OB 56 NoiseComIne .........ocvevvviierciannnnes 3w, . . L e 8
EMF SystemsInc ............coccevennneens (TN el i GO0 8.6 000 51 Oak Frequency Control Group. . ............... BIR.  Sh e ne g 52
BET3 1 o 06 0 it 808 0 SBT3 88 4800030000 36 0 G . . S R | 1 32 Optotek Limited .............c.oocieininne. ) S R T 34
Eagleware ............ccioviiiiannciiannn M. R TN 16 Penstock. . ......c0o000cuviainenascasans 14168,73. ivieniadands 17,44,36
Ecliptek Corporation.............ccoevuenens 39..nv ) o R oy 47 Princeton Electronic Systems. ................. BT i v eRie st e s 45
Florida RFLabsInc ..............ccoovennenns TROMRD el e 5 Sl 63 RF Design Seminar Series-Las Vegas........... B0, 45 b0 s wa o S -
Frequency Electronics. .. .............c.outt TB B AIOEY 00050 b B 80 RFMicroDevices. . . .........ovvevenvnnnnenes B3 e e 27
Fujitsu Microelectronics . . ...............c0.e. OHI%E SO s 5 24 Raltron Electronics . . ..........cooveiviannnns 10 R e 43
Giga-tronies Inc. . ...t ATRTS . SN ASE. - 25 Richardson Electronics Ltd ................... )7 s R S E S 19
Hewlett Packard .............coiveiiiinnnnns 7T SO N A 33 Surcom AssociatesInc ......... ... iiiiiionn B e vaisieime s asia s 2
Hitachi Metals America ...........ccooeennnn i AT S, - 59 Temex Electronics. . ...........coovvvnnn I ZB8IN S v it 12,112,22
TTNGCRCIAWET: . AL S AT gl (F53 30 G060 5Ok s sy S 37 Trompeter Electronics .................oouu0n 3L 0) S SR =T e 10,11
Integrated Component Systems. ............... G4 T N Y s 54 Valpey FisherCorp............coveneninne. 24 | auheves ks 26
International Crystal Mfg .................... () o SO B o b R IO TR 58 Varil Company. . ......cooeveneeaneisnecennes () DO B E TR ™ s 28,29
International Wireless Communications Expo....81.................... - Vectron LaboratoriesInc ..................... i R I e T e 61
JFWiIndustriesInc..............oooviiennnnn $3%4 0 0 0 A 5 6 ISBOB o 0B, 35 Vectron Technologies ...............coovnuann 661, kn e Ny 21
Jan Crystale®™ A0 L. ..o it ST A 8t oBT o ddon quik 46 Voltronics Corporation ...............c..oounnn 1 R R R S T 62
Kalmus Engineering. . ...........ocoiueenenens (et S e TR B 6 A ETEATE % S8 A6 A A o dop 0000 A6 568 5 LY R SR R S e 42
KayElemetrics ...........ccoiiiiineinnnen YISk 48 0 0baf o 00 B dok 30 Wireless World Expo. ............co0veinnnnn 85, 7 G i e Rt -
LPKF CAD/CAM SystemsInc................. o R o Jo0k o A 05 70 XTAL Technologies. . ........cccoiveaneaannen 82 S S R 67
RF DESIGN (38N:0163-321X USPS: 453490} is publisbed ssonthly. Junuary 1097, Vol 20, No. 1 RF Design ie & & rogistered trademark of Intertec Publishing Corp. Cowndn 1997 by Intertec Publishing Corp., 9800 Metealf Ave., Overland Park
K3 eaa13 2218, offices at 8660 Grosawood Plaxa Blvd., Suite 360, Eaglewood, CO 80111, 037830445, Printed in USA. Periodicais postags peid st Overland Park. KB, and at fitional mailing offi ces. Subscriptior
office: RF Design, P.0, Box 1147, Bhokse, IL 60076. Subseriptiona are 348 per year ($82 for two years) in the United States; $68 (surface mail) o $108 (air mail) per O for cortntesas outside the U.5. Payment tust be made in U.S. funds and
e B B B LRt il e o e
.8 For autheriation, contact the Copyright Claarsnes Canter at 808-750-8400. The Tr-m:w&l:mn&m o code i C163 831X For thoss eeking 100 o more copis, copies, please contact Ed Laborwit at 770-618-0481. SUBSCRIPTIO?

94

January 19!



LIS TEES ‘25"

RF— RF+DC

Easily combines RF+DC signals

for your modulation or Freq Insertion Loss Isolation

test requirements (;‘M:Z) L(dB Typ) A (@B J&DJ

bC G 104280 | 015

106000 | 0.15

Now up to 200mA DC current 100kHz-6GHz : el L

Now you can DC connect to the RF port of an active device, and modulate g 10-4200 | 015
4 - -6G-| 10-8000 0.15
a laser over a very broad frequency range. Using statistical process control 3 X 0.1-4200 | 015

and a patent-applied for technique of combining magnetics and 0°136000| | 115

: q 10-1000 0.15
microstrip, large DC currents may pass through the 103000 | 0.15
Bias-Tee without saturation and degradation of |~ , el ETS
performance. At 1/3 to 1/4 the price of competitive : +JEBT-4R2G 10-4200 | 0.5

p o i i L JEBT-6G 10-6000 | 0.5
units, the§e new Bias-Tees are _avallable in surface JEBT2GW ohtazool toniz
mount, pin and SMA connectorized models. - *JEBT-6GW 016000 | 015 Y
So why wait, solve your connection problems with \ L = Low Range M = Mid Range U = Upper Range

o R . q NOTE: Isolation dB apples to DC to (RF) and DC to (RF+DC) ports.
Mini-Circuits' Bias-Tees. Available from stock. a Connectorized Models sPin Models » Surface Mount Models

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

[ JMini-Circuits ® .@

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

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 164 RevA
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[MPROVE

Your PCS Receiver’s

PERFORMANCE

With NEC’s New Miniature

99¢ GaAs HEMTSs

INTRODUCING THE New NE34018...

B +30dBm Output IP3 @ 2GHz

B -/8dB Input Return Loss @ 2GHz
B 0.8dB NF, 16dB Gain @ 2GHz

® 99¢ in 100K quantities

+«.IN ULTRAMINIATURE PACKAGES:

"y e,

Housed in SOT-343 packages (right), these new HEMTS
are nearly balf the size of conventional SOT-143 devices.

Pws Two New SOT-343 MESFETs!

NE76118 MESFET
B 0.84B Noise Figure @ 2GHz
B /3.5dB Associated Gain @ 2GHz

® Use as an oscillator, 2nd stage LNA,
or buffer amp

8 72¢ in 100K quantities

NE25118 Dual Gate MESFET

B 20dB Power Gain @ 900MHz

B /.1dB NF @ 900MHz
Use as Mixer, AGC Amp, or LNA

& 57¢ in 100K quantities

Booth

615

Wireless
Show

NEC

4590 Patrick Henry Drive = Santa Clara, CA 95054 » 408 988-3500

Need a high performance first étage 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

Noise Figure (dB)
- ~ - »

°

line. We can put data into your hands in minutes.

NE34018 NoISE AND GAIN PERFORMANCE
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Frequency (GHz)

For instant Product Data by fax, call:

800-390-3232

For a data package call our 2%

24 hour automated Fax == Q{?@ ’,
number and request ==/ [/
Document #144 2

(U.S. and Canada) ;
~orvisitusat e
http://www.cel.com

California Eastern Laboratories

INFO/CARD 48

= http://www.cel.com





