An INTERTEC® Publication

= RF design.

engineering principles and practices April 1996

High Level Integration
Comes to DDS Devices
Technical Features —

Baseband Signal Processing
SS Sliding Correlator







When you're looking
for the leader of the pack
in CDMA testing,
there’s only one name to call:
Noise Com.

The WIS Series
(Wireless Impairment System) —
A complete, automated solution for
testing CDMA base and mobile stations.
To completely characterize the performance
of CDMA base and mobile stations, a hodge-
podge of general-purpose test equipment just
won'tdo. You need an integrated
solution designed to satisfy all of the

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

Combine the WIS Series with either a
base station or mobile transmitter, or a base
or mobile station simulator, and
you have the most accurate,

demands of test standards such as

comprehensive CDMA

IS97 and IS-98 for cellular, and ANSI
J-STD-019 and ANSI J-STD-018 for
PCS applications. That's precisely the
job Noise Com's WIS Series is
designed to do.

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

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

Multipath fading, AWGN
and interference...

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

The Wireless Telecom Group is a publicly
traded company and is listed on the
American Stock Exchange. Symbol: WTT

AMERICAN STOCK EXCHANGE
The Smarter Place To Be
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measurement solution available.

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

. and choose the capabilities you want
right now, with the option to modify
=4 or upgrade them later. So, whether
your measurement needs are in
product development and design veri-
fication, production testing, or quality
control, the WIS Series is the system
youcan rely on today...and tomorrow.

Call us about our entire

e line of wireless test solutions.

When you want to deal with the leader of
the pack in CDMA, there's only one name to
remember: Noise Com. For more details, callus
today at (201) 261-8797, fax us at (201) 261-8339,
e-mail: noisecom@haven.ios.com, or write us
at E. 49 Midland Ave., Paramus, NJ 07652.
Noise Com. We're your global partner for
wireless, telecommunications, and noise
testing solutions.

NOISECm

A WIRELESS TELECOM GROUP COMPANY



THE WORLD’S LARGEST SELECTION

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

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

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

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

Mini-Circuits...we’re redefining what VALUE is all about!
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Call, write or fax for your free Surface Mount Designer’s
Guide and Handbook today!

- n = ] ®
Mini-Circuits
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com

For detailed specs on all Mini-Circuits products refer 1o « 740- pg. HANDBOOK » INTERNET « THOMAS REGISTER + MICROWAVE PRODUCT DATA DIRECTORY « EEM
CUSTOM PRODUCT NEEDS...Let Our Experlence Work For You. F 194 Rev Orig
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LIFIERS

WDC to 8GHz $116

(up to +15dBm output) From (1000 qty.)

Mini-Circuits ushers-in a new era of technology and economy with ERA
monolithic GaAs amplifiers. Just check the specs! These surface mount and
drop-in amplifiers cover your applications to 8GHz with higher gain, more
output, and flatter response. Characterized with S-parameter data,

these amplifiers are very easy to use. Simply sketch an interconnect layout,

and the design is done. And ERA’s are engineered with wider bandwidths

to eliminate your need for costly compensation networks and extra gain stages.
So, review your present design and replace with Mini-Circuits new ERA technology.
Lower overall cost, wide bandwidth stability, and lots to...gain!
Mini-Circuits...we’re redefining what VALUE is all about!

ERA-1 ERA-2 ERA-3
ERA-1SM ERA-2SM  ERA-3SM
‘Frequency DC-8000 DC-6000
(MH2) - DC-8000 DC-6000
Gain, (dB) 11.6 14.9
11.0 13.1
Max. Power Out 13 14
(0Bm, @1dB comp.) S 13
Dynamic Range NF IP3 NF  IP3 NF  IP3

7dB 26dBm 6dB 27dBm 4.5dB 23dBm

7dB 26dBm 6dB 27dBm 4 508 23d8m
VPrice ($ea., Qty.10) 180 1.95 210

SO0 A £ .

Note: All specifications typical at 2GHz, 25°C
“‘Low frequency cutoff determined by extemnal coupling capacitors
1Price (ea.) Qty. 1000: ERA-1 $1.16, ERA-2 $1.31, ERA-3 $1.46
Add $.05 for SM option
Designer’'s Amplifier Kits
K1-ERA: 10 of each ERA modet {30 pieces) only $49.95

Typical Biasing Rpas  (Required)
- Configuration ERA — Ao
‘ Ve
DOT =
\ : ‘ RFC(Optional}
: o]
~"“"——“‘ ERA-ISM  ERA-1 block € block
ACTUAL IN —] p— out
SIZE 1 4
j'2
For ERA models, pin 1 dentihed

by Red dot

[ Mini-Circuits .0

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com  CPCLE 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 214 Rev Orig
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Surfcoil
SMT Inductors

¢ Inductance from 2.2 nH to 1 mH

* 11 model series in 5 sizes
1.6 x 0.8 x 0.8 mm (0603)
2.00 x 1.25 x 1.25 mm (0805)
2.5 x 2.0 x 1.6 mm (1008)
3.2x25x2.2mm (1210)
45x3.2x3.2mm (1812)

¢ Shielded, unshielded, ferrite core

and nonmagnetic models
e Operating temp: -20° to +85°C
e Carrier and reel standard

Phone, fax or write today for
Engineering Bulletin SG-800

SPRAGUE
GOODMAN

1700 Shames Drive, Westbury, NY 11590
Tel: 516-334-8700 » Fax: 516-334-8771
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Filmtrim®
Single Turn Plastic
Trimmer Capacitors

* Cap ranges: 1.0-5.0 pF to 25-500 pF
* Q1o 5000 at 1 MHz
* Operating temp:
PTFE, Polycarbonate, Polyimide:
-40° to +85°C
Polypropylene: -40° to +70°C
High temp PTFE: -40° to +125°C
* 6 sizes from 5 mm to 16 mm
* More stable with temperature than
other single turn timmers
Phone, fax or write today for
Engineering Bulletin SG-402

I SPRAGUE |
Lcoooman

1700 Shames Drive, Westbury, NY 11590
Tel: 516-334-8700  Fax: 516-334-8771
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RF editorial

| will be
leaving

RF Design,
but it’s not
“Good-bye”

By Gary A. Breed
Editor

After more than ten years at RF
Design, I am moving on to those
proverbial “bigger and better things.”
(No, this isn’t an April Fool’s joke) My
new job will be President of Noble
Publishing, which some of you may
recognize as a technical book publish-
ing company. Instead of seeking out
the most appropriate technical articles
for you to read, I will be finding
authors and developing the most
appropriate textbooks and reference
books to put in your library.

RF Design will be in good hands. No,
we haven’t yet found the next Editor,
but he or she is certainly out there
among the many excellent RF engi-
neers who have a broader-than-usual
outlook on business and technology. In
the mean time, I will help the present
staff in any way necessary to maintain
RF Design’s quality.

This magazine has prospered while
I've been here, growing steadily even
through the dark years of military cut-
backs. I suppose I should take some of
the credit for that success, but only a
part. The concept of providing useful,
timely engineering information in RF
Design was established long before 1
became Editor. With only a few dis-
senters, you have repeatedly told me
that I've done a good job fulfilling that
mission. Your appreciation of my
efforts is humbly acknowledged.
Thanks for your support.

As the title above suggests, you
won'’t be rid of me! Noble Publishing’s
books emphasize RF design techniques
and other communications-related top-
ics. I will be at many of the same engi-
neering conferences and trade shows
where you've seen me before, talking
with you about all things related to

RF. I will probably continue to con-
tribute articles to RF Design, maybe
even some editorial comments like
you've found in this column every
month. I will still be easy to find!

See You at IWCE and the
RF Design Seminar Series

Don’t forget to make the trip to Las
Vegas April 23-26! I will be there,
hosting the RF Design-sponsored
events. The RF Design Seminar Series
offers valuable short courses that are
still open for registration (if you
hurry). In addition, the giant Interna-
tional Wireless Communications Expo
(IWCE) will have hundreds of radio
equipment suppliers and more than 70
exhibit booths with the RF suppliers
you need to see. They will be present-
ing the latest components, equipment
and software for you to evaluate.

IWCE presentations cover all
aspects of the radio communications
business — regulations, operations,
standards, business concerns, and of
course, a Thursday afternoon session
of RF-related technical papers. This is
the place to catch up on the issues sur-
rounding mobile communications!

IWCE provides a unique environ-
ment, combining end-user products
(hand-held, mobile and base station
radios and accessories), with system-
level hardware (antennas, control sys-
tems, transmission lines and towers),
and now including components, soft-
ware and instruments for the design
of those finished products. The syner-
gy of users, system operators and
design engineers all in one one place
should create lots of new ideas, and a
new appreciation for each level of
technology.

April 1996



KALMUS: A TRADITION

OF HIGH PERFORMANCE,
VALUE-PACKED Kal
almus
RF AMPLIFIERS offers
over 120

hen Kalmus began designing and ruggedly

manufacturing RF amplifiers in 1971, built RF amplifiers for use in EMC testing,

the vision was to produce the best high medical, communications and general laboratory
performance product possible tor the best possible price.” applications. A comprehensive line of RF
amplifier modules and custom amplifier options
“As we address the needs of the engineering community are also available.

RF AMPLIFIERS

¢ Stock and Custom Amplifiers and Modules

® Meets RF Immunity Standards, including IEC
1000-4-3 and 1000-4-6

in the 21st century, we never lose sight of this tradition.
At the same time, however, we are taking our operations
to an unprecedented level of engineering and
manutacturing excellence.”

“For example, our engineering EMC Test Amplifiers
and design capability enables * RF power levels from 1 to 3000

us to rcsipnml rapidly to customer ST RAIGHT e

P ¢ Covering the frequency spectrum
requirements. And with improved romBIOKE ol GE:

order handling and production TAL K Communications Amplifiers
capability, we are continually * RF power levels to 1000 Watts

e Covering communications bands

to 1GH:
Pulsed Amplifiers
“With the resources of Thermo * RF power levels to 12 KW
Voltek behind us, Kalmus 1s R F POWE R 5 z?fsitcir;ec::nd fall times, high

committed to producing Dual Band Amplifiers
technically advanced RE  RF power levels to 100 Watts
amplifiers upon which customers A MPLIFIERS. » Offers operator convenience
and cost savings without

' X 3 technical/capability compromise
its leadership position Distributed Tube Amplifiers

= ¢ RF power levels to 2000 Watts
z M Z ; e Cover 14 aoctaves from 10KH:z to 220MHz with rise
7 and fall times of better than 3 nanoseconds

ST Bt Al O.E.M. Amplifier Modules
Colin [. W. Baxter, President T g lel:\’/els from 1 10 250 Warts
¢ Many stock and custom maodules can be tailored for
specific O.E.M. applications
For detailed information about the full line of Kalmus RF
amplifiers, please contact: 1-800-344-3341

Kalmus
" 'l "‘l ‘//FFF:‘D

ﬁ Kalmus ¢ 21820 - 87th S.E. « Woodinville, WA 98072 USA

‘ f Tel: (206) 485-9000  Fax: (206) 486-9657

reducing delivery times.”

can depend, and to expanding

Distributor:

KeyTek ® One Lowell Research Center ® Lowell © MA 01852-4345 USA
(800) 753-9835 o Tel: (508) 275-0800 o Fax: (508) 275-0850
http:/fwww.thermovoltek.com

Kalmus and Kes Tek are divisions of Thermo Voltek Corporation, a Thermo Electron Company
Qttices and service centers worldwide. € Thermo Voltek Carporation. Specificattons subject ¢
change without notice

Thermo Voltek
COMTEST BENELUX « COMTEST [TAUA » COMTEST UK « KALMUS « KEYTEK » VERIFIER « INC
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WHEN IT COMES TO
RF SAW FILTER TECHNOLOGY,
THE CHOICE IS CLEAR.

"0“;‘-‘&;-:_

You want vour wireless designs to outperform the competition, so you need a

wide range of superior RF SAW Filter technologies. That’s why Fujitsu delivers
the most comprehensive selection of unparalleled, low loss, subminiature SAW

Filters in the industrv—internally matched to 50 € for system design simplicity.

Fujitsu’s extensive research and development supports the integration
requirements of increasingly smaller, lighter, and higher performance
wireless systems—enabling you to create viable products for leading wireless
applications. Our Lithium Tantalate Bandpass SAW Filters provide broad
support for wireless applications from 200 MHz to 2.5 GHz and offer
compatibility with major cellular standards including GSM, AMPS, NMT,
ETACS, NTACS, PDC and NTT. While meeting stringent performance

requirements in a small footprint.

FUJITSU MICROELECTRONICS, INC., 3545 North First Street, San Jose, CA 95134.



WIRELESS
LANS & "
WANS

Eﬂﬁ- oogmz
LO? ENr

BUILDING THE SMALLEST SOLUTION

Our latest product developments include a revolutionary
Antenna Duplexer, the smallest in the industry, for
AMPS, TDMA and CDMA cellular systems. Also our
high-performance SAW Filters for PCS and DCS1800
systems and wireless LANS teature 3.0 x 3.0 mm packages
for space critical applications. In addition, we ofter
standard SAW Filter products for two-way paging and

messaging applications.

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

achieve high performance while reducing size and

Chips are shown at actual size.

weight, choose Fujitsu. We’ll deliver the products
you need to reach the smallest system solution. Call
Fujitsu Microelectronics today at 1-800-866-8608,

or visit our web site at http: //www.fujitsumicro.com.

(o8
FUJITSU

COMPUTERS, COMMUNICATIONS, MICROELECTRONICS

©1995 Fujitsu Microelectronics, Inc. All trademarks or registered trademarks are the property of their respective holders.
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FEATURES:

S wattpower

High directivity
RFreflected port
Replaceable pins
Internal reference
Rugged construction

Return loss bridges from Eagle cover from .04 MHz to 3.0 GHz. A

robust five watt power rating, unmatched in the industry, allows for

versatile measurements. Optional replaceable center pins allow
uick and economical repair of damaged connectors. Why pay more
orbridges with fewer features thanEAGLE?

FREE APPLICATION NOTE: High Performance VSWR Measurements

e L, FUS ~ Models Available g1 Pl il
NUMBER |FREQ RANGE| DIRECT | O/S Rati_olp PRICE

RLB150B1 .04-150 MHz >45 dB <0.5 dB $279.00
RLB150N3B | 5-1000 MHz >45 dB <0.5 dB $389.00
RLB150NSA | 5-3000 MHz >40 dB <1.0 dB $595.00
VOICE: (520) 204-2597
‘ n l ’ FAX:(520) 204-2568
POBox4010 Sedona, AZ, 86340
INFO/CARD 9

PRECISION CROs & DROs
FOR TOUGH CUSTOMERS

e Guaranteed
Performance

e On-Time

e Priced Right

Pick the frequency!
CROs from 400MHz to 3GHz
DROs from 3GHz to 42GHz

DELPHI sources use MIC hybrids and surface mount devices to yield high
performance in a small size. When internally phase locked, frequency stability of +2.5
PPM is achieved, with excellent phase noise and low microphonic susceptibility.
Output power levels are available from +10 to +23 dBm or higher. Frequencies for
CROs range from 400MHz to 3 GHz and DROs range from 3GHz to 42GHz. Phase
locked units accommodate internal or external reference oscillators.

Quick delivery of quality products begins with fast crvstal procurement, continuous
process control, bar code tracking, and a strong stocking program.

For more detailed information, call DELPHI

]
at (714) 831-1771 or FAX (714) 831-0862 d elphl

Components, Inc.
a Division of Aura Systems, Inc.

DELPHI COMPONENTS, INC., 27721A La Paz Road, Laguna Niguel, CA 92677
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vireless

Jesigns Come Together

With Microwave Success'!

Analysis Types

- Single-Sweep Analysis
Dual-Sweep Analysis
Intermodulation Analysis
Mixer Spur Analysis
Budget Analysis
Waveform Analysis
Spectrum Analysis

BER Analysis

Output Capabilities

- Budget Plots/Tables

Constellation Plots/Tables

Eye Diagrams

Frequency-Domain
Plots/Tables

- Time-Domain Plots/Tables

Channel Models

- Multipath Rayleigh Fading
- Additive & Bandlimited
Gaussian Noise

Analog Components

- Amplifiers
Antennas
Circulators

Filters

Lumped Elements
Mixers

Multipliers

N-port Eilements
Oscillators

Path Loss Elements
Transmission Line Elements
Waveguides

Digital Components

Adders/Subtractors

BER Counters
Complex/Real Equalizers
Data Generators
Encoders/Decoders
Filters

Miscellaneous
Modulators/Demodulators

Microwave Succe: MPSK CKT

File Modity Help
Node 9 Reall:
60.00

29.00

HPSK .CKT
Sourte:DIC 10D  Circulr :HPsk

Node 0 Constellation Samp Ti
0.60

6] Samp Time - 2.580 US

File Modity Help

Hode & Real Eye Periad = 29.52029% U

‘.ﬂﬂ: »
0.60f B

p.20

0.20

0.60

1,908 o .
6.80 6.08 12,00 18.00

Tire [US] Rel Freq

Microwave Success provides PC-based system simulation
for Analog/Digital wireless communications systems.
Microwave Success is part of Compact's Serenade family
including schematic capture, frequency and time-domain
circuit simulation and physical layout. Only Compact
Software can turn your PC into a complete solution for
wireless system and circuit design!

Compact
Software

MICROWAVE, RF and LIGHTWAVE CAD SOLUTIONS

201 McLean Boulevard ¢ Paterson, NJ 07504
Tel: (201) 881-1200 « Fax: (201) 881-8361
http://www.comsoft.com
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LOGARITHMIC AMPLIFIERS * FREQUENCY DISCRIMINATORS ¢

Successive Detection Logarithmic Amplifiers
e Operating frequencies from 10 to 500 MHz
* Standard models up to 80 dB dynamic range
¢ Custom models up to 100 dB dynamic range
* Linearity from +0.5 dB

Center Bandwidth Dynamic Rise
Frequency (3 dB) Range Time Linearity
Model Number (MHz) (MHz, Min.) (dB, Min.) (ns, Max.) (zdB, Max.)
LIFD-3010-080 30 10 -70 to +5 110 1
LIFD-3010P-80 30 10 -80to 0 100 (0)15)
LIFD-6010-70 60 10 -70to O 65 1
LIFD-6020P-80 60 20 -80to 0 50 0.5
LIFD-12020-80 120 20 -80to 0 50 1
LIFD-16040P-70 160 40 -65 to +5 25 0.5
LIFD-16040-70 160 40 -70to O 30 1
LIFD-300100-60 300 100 -60to 0 10 1

New Low-Noise Logarithmic Amplifiers
e Ultrafast rise time to 1 ns
* Operating frequencies from 250 to 2000 MHz
* improved sensitivity from 6 dB typical noise figure

Center Bandwidth Dynamic Rise
Frequency (3 dB) Range Time Linearity
Model Number (MHz) (MHz, Min.) (dB, Min.) (ns, Max.) (+dB, Max.)
MLIF-500/100-70 500 100 7000 10 E
MLIF-750/500-62 750 500 -65t0 0 2
MLIF-1000/250-60 1000 250 -60to 0 2
MLIF-1000/500-65 1000 500 -65t0 3 5
MLIF-1500/1000-60 1500 1000 -60to 0 1.25
MLIF-1575/20-40* 1575 20 -38t0 3 N/A

* 1.25" x 1” package available for RSSI module used in GPS applications

Bl
1
1
]
1
1

$O
5

Frequency. Diecriminators
* Operating frequencies from 21 to 1000 MHz
¢ Peak-to-peak handwidths up to 75%
* Linearity from +1.0%

Center Linear Rise
Frequency Bandwidth Sensitivity Time Linearity
Model Number (MHz) (MHz, Min.) (mV, MHz) (ns, Max.) (x%, Max.)

. FMDM-21.4/4-5 21 4 1000 150 2
. FMDM-30/6-8 30 6 1000 120 2
FMDM--60/10-15 60 10 250 75 2
FMDM-160/35-15 160 35 100 30 3

5

2.

5

FMDM-160/50-25 160 50 20 17.5
' FMDM-300/100-20 300 100 20 20
| FMDM-1000/300-70 1000 300 10 5

5

All models are available with a variety of custom options, including:
custom frequencies, special packaging, gain and phase tracking, and
integrated assemblies combining multiple functions.
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PROCESSING COMPONENTS

AGC AMPLIFIERS ¢ LIMITING AMPLIFIERS + VGC AMPLIFIERS

Constant Phase Limiting Amplifiers
 Operating frequencies from 10 g)rSOO MHz Ca“ today fOI’
e Standard models up to 70 dB dynamic range ——

o Mammum phase deviation as low as +1.5°

Center Bandwndth Dynamic Phase Output
Frequency (3 dB) Range Change Power
Model Number (MHz) (MHz, Min.) (dB, Min.) (+Deg., Max.) (dBm, Min.)

LCPM-30/10-70 -70t0 0
LCPM-60/20-70 -70t0 0
LCPM-60/14-65 -70 to -5
LCPM-160/40-65 -70 to -5
LCPM-160/40-70 -651t0 5
LCPM-300/50-55 -55t0 0
LCPM-500/100-45 -45t0 0

Variable Gain Control Linear Amplifiers
¢ Operating frequencies from 21 to 850 MHz

e Standard models up to 75 dB of gain control range
Poute ® A

Center Bandwidth Dynamic Noise
Frequency (3 dB) Range Figure  1dB Compr. . ‘.
Model Number (MHz) (MHz, Min.) (dB, Min.) (dB, Max.) (dBm, Min.) g ;

VGC-7-30/10 30 10 -80 to -10 4 10 !
VGC-7-60/20 60 20 -85to0 -10 6 10 |
VGC-7-70/10 70 10 -60 to -10 4 10 L
VGC-6-70/20 70 20 -50 to +10 ) 10
VGC-7S-140/40 140 40 750 -10 i 10 L et
VGC-6-160/40 160 40 -65to -5 6 il -
VGC-7-250/100 250 100 -70 to -10 6 10
VGC-4-720/100 720 100 -40to 0 6 0 :
VGC-4-850/100 850 100 -40to 0 6 0

Automatic Gain Control-Linear Amplifiers
¢ Operating frequencies from 21 to 850 MH:z
e Standard models up to 75 dB of gain control range

Center Bandwidth Output Power Dynamic
Frequency (3 dB) Power Variation Range
Model Number (MHz) (MHz, Min.)  (dBm, Min.) (dB, Max.) (dBm, Min.)

AGC-7P-30/15 -60 to +5
AGC-8-70/20 75100 @ =
AGC-6-70/30 65t0-5 = FMTEG
AGC-6-140/30 -65 10 -5 FhE'SC-8-70/208
AGC-45-140/55 -40t0 0 SN N
AGC-55-370/100 -60 to -10

AGC-5-387/175 . -60 to -15

For'available options, custom design information, technical questions,
or any additional information, please contact Boris Benger at
[516) 436-7400, extension 140.

‘ T- 100 Davids Drive, Hauppauge, NY 11788
— ’ ppauge,

TEL: (516) 436-7400 ¢ FAX: (516} 436-7430
INFO/CARD 12




( ) Editor Wanted for RFdesign

RF Design needs a new Editor to continue our strong tradition,
and guide our magazine into the 21st Century.

‘ Qualifications include a love of RF circuits and systems; a BSEE or equiva-
A lent and 3-5 years experience; excellent language skills; and broad-based
RE YOU knowledge of RF technologies, products and companies in the industry.

INTERESTED IN Duties include all aspects of publishing — obtaining articles, directing pro-

duction of each issue, managing a staff of two additional editors, and rep-

EVERYTHING resenting RF Design to the industry. Salary is competitive with most RF

ABOUT RF? engineering positions, and Intertec Publishing offers excellent benefits.
This is an exciting position in a strong forward-looking company!

HERE'S THE
To apply, send your resume with a cover letter outlining your interest and
BEST JOB qualifications to:
AN RF RF Design Editor Search
Intertec Publishing
RRICINEER 5660 Greenwood Plaza Blvd., Suite 350
COULD WANT! Englewood, CO 80111
\ / fax: (303) 793-0454
\. Y,

CONTINUOUS DUTY AMPLIFIER
RXR - It's Soooo Good!!

RXR FEATURES

» Accommodates Low band through
960 MHz in any power configuration
from 50 watts to 120 watts output.

 Flush front for clean cabinet
installation and door closure.

» Supplied with or without DC power
supply.

 Front mounted fuse and on/off switch.

» Provided with or without cooling fan.

Leadershp by hadiion. ,Pl * Long term reliability.
COMMUNICATIONS » Cost effective.

3370 San Fernando Road. #206 « Modern lightweight package.

Los Angeles, CA 90065-1417 %

Tel: (213)256-3000 / Fax: (213) 254-3210

See us at IWCE, Booth 209
16 INFO/CARD 13 April 1996



MODEL :
FREQ:
S/N:
P/N:

»

C0-804

10 MHZ
D12345

VECTRON LABORATORIES e

WORWALK (T
T

You don’t need a belljar to get
vacuum-sealed 0CXO0 performance...

Vectron’s new EMXO (Evacuated
Xtal Oscillator) does it

Miniature
for you!

Representing a new
generation of
OCXO technology
for precision
applications,
Vectron’s EMXO
utilizes the

ideal insulating
properties of a
vacuum with

a cold weld
enclosure to achieve
performance levels

significantly better
INFO/CARD 14

than can be attained with any other
technology. With its ruggedized

construction and superior frequency
stability, the new EMXO is the ideal
oscillator for hlgh reliability, fast

FEATURES

« Power Steady State: <1.2W @ -55°C

06 W@ +25°C

* Warm-up Time from -55°C in 2 two minutes
+ Temperature Stability available to +1 x 108

over -55°C to +85°C

+ Size: 1.33" x 1.33" x 1.27”
* Ruggedized Construction
* Low Welght 15 oz

Power Dissipation (W}

-65°C

warm-up and
low-power
requirements.

Call us today
for more
information!

W &

VECTRON

The Crystal Oscillator Company

A ) DOVER ) TECHNOLOGIES COMPANY

166 Glover Avenue
Norwalk, CT 06856-5160
Tel: 203/853-4433
Fax: 203/849-1423
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PRECISION

CRYSTALS

FOR DEMANDING APPLICATIONS.

With state of the\art
manufacturing facilities'in three
countries, OFC Crystals is the
world leader in the design and
manufacture of precision crystal
resonators. Qur expertise, quality
and level of service have earned us
a reputation of excellence among
the worlds leading users of
frequency control products.

* AT-cuts from 1-360 MHz
* low phase noise
* high frequency fundamentals
s low vibration sensitivity
o ultra low aging
* channel frequencies
* rapid delivery service
* surface mount products
* matched filter crystals

* SC, FC, IT and other doubly
rotated AT’s

-
&
e

For more information on our products
or a catalog, call 905-668-3324
or fax us vour request at 903-668-5003

@MC RYSTALS

CROVEN CRYSTALS « MCCOY CRYSTALS

INFO/CARD 15

RF' calendar

April
16-17

23-26

28-1

June
5-7

16-21

24-25
26-28

July
21-26

August
21-23

Minnesota EMC Event

Bloomington, MN
Information: Judie Anderson, 3001 Habor Lane, Suite 150,
Plymouth, MN 55447. Tel: (612) 559-0332; Fax: (612) 553-
9326.

International Wireless Communications Expo
(including the RF Design Seminar Series)

Las Vegas, NV
Information: Intertec Presentations, 6151 Powers Ferry
Road, N.W., Atlanta, GA 30339. Tel.: (800) 828-0420 or (770)
618-0499. Fax: (770) 618-0441.

IEEE Vehicular Technology Conference-VTC 96
Atlanta, GA

Information: Wendy Rochelle, IEEE/VTC’96 Registrar, P.O.

Box: 1331, Piscataway, NJ 08855-1331. Tel: (908) 562-3870;

Fax: (908) 981-1769. E-mail: VTC96@IEEE.com

Frequency Control Symposium

Honolulu, HI
Information: Michael Mirarchi, Synergistic Management,
3100 Route 138, Wall Township, NJ 07719. Tel: (908) 280-
2024. Fax: (908) 681-9314.

MTT-S International Microwave Symposium

San Francisco, CA
Information: Derry Hornbuckle, Hewlett-Packard; Tel:
(707) 577-3658; Fax: (707) 577-2036, or Jerry Fiedziusko,
Space Systems/Loral Corp. Tel: (415) 852-6868. Fax: (415)
852-5068.

Time and Frequency Seminars: Introduction-Level 1
Boulder, CO
Time and Frequency Seminars: Fundamentals-
Level 2
Boulder, CO
Information: Wendy Ortega Henderson, National Institute of
Standards and Technology, 325 Broadway, Boulder, CO
80303-3328. Tel: (303) 497-3593; Fax: (303)497-6461. E-mail:
ortegaw@boulder.nist.gov

1996 IEEE AP-S International Symposium and URSI

Radio Science Meeting

Baltimore, MD
Information: Mr. Jon Moellers, Steering Committee Chair,
445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331.
Tel: (410) 993-6774; Fax: (410) 993-7432.

Wireless Communications Workshop

Boulder, CO
Information: Dr. Roger Marks, National Institute of Stan-
dards and Technology, 325 Broadway, MC 813.06, Boulder,
Co 80303. Tel: (303) 497-3037; Fax: (303) 497-7828; E-mail:
marks@nist.gov
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System standards include:
AMPS, CDMA /TDMA, TACS, SETACS, ETACS, FHMA and PCS (coming soon).

Oh sure, others can promise you an amplifier for your America during the past year. So, put our extensive MCA
applications, but Milcom delivers. In fact, we've already Linear Technology experience to work for you. For full prod-
shipped over 4,000 modules to the Pacific Rim and North uct specifications, or to place an order call us at (714) 757-0530.

Features include: Hot standby-hot szmp—?)ystem redundancy/reliability. e Milcom .
Average power of 25- 50 Watts per nodule, expandable to 200. \\ nternational Inc.

IMD specifications from -45 dBc to -70 dBc. Er et 2
Frequency 80O fo 960MHz. Your partner in wireless technology.

Rack mountable, standard or custom, 19 and 26 inch versions. 17500 Gillette Avenue, Irvine, California 92714
Fax (714) 7570941
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RF courses

Antennas: Principles, Design and Measurements

May 14-17, 1996, St. Cloud (Orlando), FL.
Information: Kelly Brown, Northeast Consortium for Engi-
neering Education, 1101 Massachusetts Ave., St. Cloud, FL
34769. Tel: (407) 892-6146. Fax: (407) 892-0406.

DSP Without Tears

April 17-18, 1996, Fort Lauderdale, FL.

May 1-3, 1996, Boston, MA
Information: Z Domain Technologies, Inc., 325 Pine Isle
Court, Alpharetta, GA 30202. Tel: (770) 587-4812; Fax:
(770) 518-8368.

RF and Wireless Engineering

April 23-25, 1996, Las Vegas, NV
Practical High Frequency Filter Design

April 23, 1996, Las Vegas, NV
Oscillator Design Principles

April 24, 1996, 1996, Las Vegas, NV
Digital Modulation and Spread Spectrum for Wireless
Communications

April 23, 1996,
RF Power Transistors and Amplifiers

April 24, 1996, Las Vegas, NV
Information: RF Design Seminar Series, Argus Trade
Shows, 6151 Powers Ferry Rd., N.-W. Atlanta, GA 30339.
Tel: (800) 828-0420.

Maximize Performance of Transmission Lines

April 9-11, Orland Park, IL

May 7-9, 1996, Orland Park, IL

June 4-6, 1996, Orland Park, IL
Information: Andrew Corporation, Dept. 355, P.O. Box:
9000, San Fernando, CA 91341-9978. Tel: (800) 255-1479
ext. 117.

Modern Receiver Design
April 15-19, 1996, London, U.K.
Wireless Infrastructure Network Engineering for Cellular,
PCS, LEO and WPBX
April 15-19, 1996, Washington, DC
Microwave Tubes, High-Power Transmitters, and
Microwave Systems: Basic Principles
April 29-May 3,1996, Washington, DC
Grounding, Bonding, Shielding and Transient Protection
April 29-May 3, 1996, San Diego, CA
Satellite Communications Engineering Principles
May 7-10, 1996, Washington, DC
Digital Image Processing
May 13-14, 1996, Washington, DC
Mobile Satellite Communications Systems
May 13-15, 1996, Washington, DC
Modern Digital Modulation Techniques
May 13-17, 1996, Washington, DC
Modern Digital Video Processing
May 15-17, 1996, Washington, DC
Global Positioning System: Principles and Practice
May 20-23, 1996, Washington, DC
Electromagnetic Interference and Control in Modern Com-
munications Systems
May 20-24, 1996, Washington, DC
Mobile Communications Engineering
May 22-24, 1996, Washington, DC

20

Hazardous RF Electromagnetic Radiation: Evaluation,
Control, Effects, and Standards

June 12-14, 1996, Washington, DC
Information: The George Washington University, Continu-
ing Engineering Education, Academic Center, Room T-308,
801 22nd Street, N.W., Washington, DC 20052. Tel: (202)
9946106 or (800) 424-9773. Fax: (202) 872—-0645.

Grounding & Shielding Electronic Systems, and Circuit
Board Layout

June, 1996 (dates TBA), Chicago, IL

August 14-16, 1996, San Jose, CA
Information: Continuing Education, University of Missouri-
Rolla, 103 ME Annex, Rolla, MO 65409-1560. Tel: (314) 341-
4132; Fax: (314) 341-4992.

Digital Video Technology

April 10-12, 1996, Los Angeles, CA
Wireless Voice and Data Communications

April 16-19, 1996, Los Angeles, CA
Advanced Communications Systems Using Digital Signal
Processing

April 22-24, 1996, Los Angeles, CA
Wired and Wireless Telecommunications Networking

May 20-24, 1996, Los Angeles, CA
Information: UCLA Extension, 10995 Le Conte Ave., Suite
542, Los Angeles, CA 90024. Tel: (310) 825-1047; Fax: (310)
206-2815. E-mail: mhenness@unex.ucla.edu

RF IC Design of Wireless Communication Systems

April 23-26, 1996, San Francisco, CA
Information: Mead, Microelectronics, Inc., 7100 NW Grand-
view Dr., Corvallis, OR 97330. Tel: (541) 758-0828; Fax:
(541) 752-1405.

Training Program for Cellular, PCS Staff

Independent Learning Program
Information: Virginia Polytechnic Institute and State Uni-
versity, Mobile and Portable Radio Research Group, 840
University City Blvd., Pointe West Commons, Suite 1,
Blacksburg, VA 24061-0350. Tel: (540) 231-2970; Fax: (540)
231-2968.

Principles of Electronic Counter-Countermeaures
April 9-11, 1996, Atlanta, GA
Phased-Array Radar System Design
April 29-May 2, 1996, Atlanta, GA
Information: Continuing Education, Georgia Institute of
Technology, Atlanta, GA 30332-0385. Tel: (404) 894-2547.

RF and Wireless Made Simple
April 29-30, 1996, Los Altos, CA
July 8-9, 1996,. Los Altos, CA
Applied RF Techniques |
April 29- May 3, 1996, Los Altos, CA
July 15-19, 1996, Los Altos, CA
Wireless RF System Design
May 6-10, 1996, Los Altos, CA
Applied RF Techniques Il
May 6-10, 1996, Los Altos, CA
Information: Besser Associates, 4600 El Camino Real, Suite
210, Los Altos, CA 94022. Tel:(415) 949-3300; Fax: (415)
949-4400.
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Go With the Leader!
G L i

LRFMS Mixers, 0.5 to 2000 MHz
from $2.95 (1-9 pcs)

Improve the reliability of existing designs with

the original, stress-relieved surface mount

mixer from RF Prime. The LRFMS series

has been in production for over 3 years, /\

offering proven performance for your designs: :‘/ \

Standard 6-Pin surface mount
footprint and pin-out. '{/’}
-

Stress-Relief over temperature.

mkx

Improved solderability and inspectability.
Withstands 260°C (10s). (Q
No Height Increase (0.195 max.) -

IN STOCK...AT THE BEST PRICES...FROM RICHARDSON!

Midband (dB, Typ.)

LO Freq. (MHz) Conv. Isolation Price
ITEM (dBm) LO/RF IF Loss L-R L-l (1-9 pcs)
LRFMS-1L-SM6 +3 2-500 DC-500 6.0 32 30 $ 495
LRFMS-1L-SM15* +3 2-500 DC-500 6.0 32 30 $ 495
LRFMS-1-SM6 +7 0.5-500 DC-500 6.0 32 30 $ 2185
LRFMS-1A-13-SM6 413 2-500 - DC-500 6.0 44 36 $ 795
LRFMS-1A-17-SM6  +17 2-500 DC-500 7%0) 44 35 $ 9.95
LRFMS-2L-SM6 +3 500-1000 DC-1000 5.6 30 20 $15196
LRFMS-2-SM6 +7 5-1000 DC-1000 7.0 35 30 e G
LRFMS-2X-SM6 +7 800-1000 DC-500 7.0 30 25 $ 2.49°
LRFMS-2-13-SM6 +13 5-1000 DC-1000 7.0 35 30 $ 8.95
LRFMS-2-17-SM6 +17 5-1000 DC-1000 8.0 28 30 $10.95
LRFMS-11X-SM6 +7 5-1900 5-1000 7.0 32 36 $ 3195
LRFMS-4-SM6 +7 5-1500 DC-1000 7.5 40 30 $ 6.95
LRFMS-5-SM6 +7 10-2000 10-1000 6.5 40 30 SIN/E3S
LRFMS-5-13-SM6 +13 10-1500 DC-1000 7.5 40 35 $13.95
LRFMS-5-17-SM6 +17 10-1500 DC-1000 8.0 35 30 $ 15.95
*Special Low Cost, Low Profile (0.160" max height) "+ 25-49 pieces

Ask about splitters, transformers and the new Blue Cell.

RF . Richardson
Qf' Prime Available From Electronics, Ltd.

More than 50 locations worldwide fo serve you - U.S. and Canada Toll Free: (800) 348-5580; Internet: hitp://www.rell.com, Australia: (02) 894-7288, Fax: (02) 894-7481,
France: (1) 34.26.4000, Germany: Puchheim (089) 800 21 3-1, Hamburg (040) 555 88 4-0, ltaly: Sesto Fiorentino (F!) (055) 420.10.30, Milano (02) 331.04.220,
Roma (06) 417.33.751, Scandinavia: Sweden (0) 18 386900, Spain: Madrid (1) 528 37 00, Barcelona (3) 415 83 03, United Kingdom: Lincoln (01522) 542631,

Slough (01753) 733010, Japan: (3) 3874-9933, Singapore: (65) 744-2128, Taiwan: 886-2-7269258, European Corporate Headquarters: Netherlands 020-691 91 48,
Fax 020-691 93 78, U.S. Corporate Headguarters: LaFox, IL (708) 208-2200, Fax (708) 208-2550.
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RF news

Forecast Predicts
Small Increase inR & D
Expenditures for 1996

R & D expenditures in 1996 are
expected to increase to about $174
billion according to a Battelle - R & D
Magazine forecast. This is a 1.7 per-
cent increase over the $171 billion
that the National Science Foundation
estimates was spent in 1995.
Although R & D investment stalled in
the early 1990s, this period of stagna-
tion is concluding and R & D spend-
ing will increase in the near future.
The gradual recovery in R & D expen-
ditures follows a pattern that Battelle
predicted five years ago. Noting the
growth of R & D expenditures in the
1980s, it was apparent that such

growth would not be sustained. Bat-
telle predicted a slowdown in growth
in the early 1990s, followed by an
increase in R & D spending by mid-
decade. Major predictions for 1996
include:

* Federal R & D Spending will
decrease, about a half-percent in
1995.

¢ Industry will increase R & D
Spending, about 3 percent over last
year.

* The remainder of R & D expendi-
tures — $8.8 billion — will be sup-
ported by universities and non-prof-
it organizations.

* A key to industrial investment is
that long-anticipated real growth,
outdistancing inflation, will occur
in 1996.

* Private industry will increasingly
look for opportunities to outsource
internal R & D functions.

* An increasing share of U.S. Indus-
try’s R & D will be performed off
shore, primarily in facilities owned
by the same industry.

* The federal government’s efforts at
budget-cutting, coupled with philo-
sophical changes toward national
science policy, will affect R & D sup-
port and the federal laboratories.

Video Module Interface
Proposed

A video interface specification, initi-
ated by SGS-THOMSON Microelec-
tronics and offered as an open stan-
dard, is winning support from the PC

Business Briefs

Densitron Moves to Larger Facility — Densitron Cor-
poration America has moved to a larger facility in Santa Fe
Springs, California. The new facility will accommodate
Densitron’s Engineering, Sales, Marketing, Finance, and
manufacturing staff for its North American operations.
Effective March 1,1996, Densitron’s address is: 10430-2
Pioneer Blvd., Santa Fe Springs, CA 90670. Tel: (310) 941-
5000; Fax: (310) 941-5757.

Rogers Corporation Acquires Product Lines From
ARLON, Inc. — Rogers Corporation has acquired the rela-
tively small business of high dielectric constant PTFE
based non-reinforced circuit laminate products from
ARLON, Inc., including the products known as
DICLAD®810 and EPSILAM®10 circuit board materials.

JEFA Acquires COMSAT RSI — JEFA International,
Inc. acquired by COMSAT RSI, Inc. on October 1,1995, to
become “COMSAT RSI JEFA Wireless Systems.” This
acquisition includes a wider range of equipment, services,
and resources to design and implement large, complex com-
munications systems. JEFA Wireless has also moved up
the road to: 2100 Couch Drive, McKinney, TX 75069; Tel:
(214) 547-4455; Fax: (214) 542-4557.

Group Technologies Corporation Announces Sale of
Metrum Unit — F. W. Bell, Inc. has purchased substan-
tially all the assets of Metrum, Inc., of Littleton, Colorado,
a wholly-owned subsidiary of Group Technologies Corpora-
tion of Tampa Florida. Metrum designs, manufactures and
markets high performance, digital and analog recording
technologies for data acquisition applications.

Interad, Ltd. has moved — Their new address is: 8020
Queenair Drive, Gaithersburg, MD 20879. Tel: (301) 948-
1626; Fax: (301)977-7559.

Fujitsu Towa Electron Opens U.S. Office — Fujitsu
Towa Electron Limited, a Japanese manufacturer of elec-
tronic components and assemblies, announced its expan-

sion into the U.S. with the opening of Fujitsu Towa Elec-
tron U.S.A,, Inc. in San Jose, California. The new office will
manage product sales, marketing and technical support for
North America. Fujitsu Towa Electron U.S.A | is located at
1641 N. First St., Sutie 155, San Jose, CA 9512. Tel: (408)
437-8900; Fax: (408) 437-0700.

Comtech Consolidates SPS Division into PST Divi-
sion — Comtech Microwave Products Corp., a wholly-
owned subsidiary of Comtech Telecommunications Corp.,
announced that effective immediately, its scientific Power
Systems Division (SPS) will be consolidated into Comtech’s
Power Systems Technology Division (PST). All current SPS
products and technology will be fully supported by PST.

Cadence Picks Systems Science to Provide Wave-
form Display Technology — Systems Science, Inc., a
developer of design verification, test and visualization
tools, and Cadence Design Systems, Inc., a major provider
of EDA software and services, today announced that they
have entered into an agreement to bundle Systems Sci-
ence’s SimWave® waveform display with Cadence’s digital
and analog simulators.

Cubic Communications Acquires Direction-Finding
Product Line — Cubic Communications, Inc., has
acquired the direction-finding product line assets of Ocean
Applied Research (OAR) Corp.

Harris Semiconductor Announces Major Expansion
to High Speed Converter Portfolio — Harris Semicon-
ductor has added 14 new high speed converters acquired
through a buy-resell agreement with Sony; more Sony con-
verters will be added over the next six months, in addition
to new Harris developed converters.

Weinschel relocates — Weinschel Corporation has relo-
cated. Their new address is 5305 Spectrum Dr., Frederick,
MD 217-7362. Tel: (800) 638-2048; (301) 831-4701; Fax:
(301) 831-4570.
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DESIGN FROM START-TO-ART

1 GENESYS synthesis

modules make it easy to

create initial designs for
L-C filters. matching
networks. active filters,

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

oscillators, printed and for back annotation. The
machined filters, GENESYS schematic
amplifiers and group delay module also writes
equalizers. The many design alternatives and Touchstone and Spice
quick evaluation of each help you save time i files.

and achieve higher performance.
~OSCILLATOR=

e
=SuperStar=

U"L - - N E
spice NeTUST (il <l \;;

4 The new layout

module creates artwork

3 Shisar Sid P A s 5 e on your plotter or
=Jouperotar= rofessmn‘a re e}.‘lnes t le.CI{‘CUIt simu .ator printer an d in DXF
standard. Step up to real-time tuning, statistical analysis. (AltoCud)lard

unrestricted global noise analysis, adaptive optimization.
accurate models, unparalleled execution speed and the
industry’s easiest to use interface. Non-linear and time

optimized Gerber file formats. Discontinuity and
transmission line dimensioning. coplanar ground pours,
multilayers, arbitrary polygons and user footprint libraries

domain analysis is supported througl: the Spice interface. make RF and microwave layout easier than ever before.

€
v GENESYS
‘ Our first program shipped in 1985. VE RSION 5 4 4
1ith An-niversary Today,'with thousand% of users ) ]
worldwide, Eagleware is a =SuperStar= Professional simulator £999
recognized leader in RF and microwave Simulator with schematic entry and layout $1990
Srglif Stlop S DR loomptriblc FC:. Complete GENESYS package with synthesis ~ $5990
Here are a few reasons why we feel GENESYS
provides unequaled value: Layout upgrade for current customers 8699
« Start-to-art solution including synthesis (Upgrade discounts available for a limited time)
+ One easy to learn interface for all programs
* Industry’s fastest execution means less waiting _ "’%
* Accuracy verified with in-house lab BAODESBLEHHE L '

* Reads industry standard S-parameter files

T4 YA -
170 B BE BRI HE-1-1 DRECT SAES § USER SUPRORT
TEL 03-3988-1731 FAX 03-3988-1706 BY FAX, PHONE OR LETTER

EAGLEWARE

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

TEL (770) 939-0156 * FAX (770) 939-0157

* Free technical support with no annual fees
* Low cost

* 30 day money back satisfaction guarantee
Eaglewarc 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.

e e ——————————————
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RF news ...

Multimedia industry, including lead-
ing manufacturers such as STB Sys-
tems, Cirrus Logic, Trident, Sierra
Semiconductor, Oak Technology, SiS,
Alliance Semiconductor and ULSI sys-
tems. Known as the Video Module
Interface (VMI), the proposal address-
es the connection of video modules
such as MPEG, video phone and video
decoder, to GUI chip. Developed in

conjunction with other manufacturers,
including Cirrus Logic and Sierra
Semiconductor, the key benefits of
VMI are its flexibility and low-cost.

Report on Telecommu-

nications Industry

With the passage of the Telecommu-
nications Act of 1996, the spoils of

Surface Mount Crystals & TCXOS

STABILITY
AND SAVE
VALUABLE

-

ECCM 3 Crystal
1.5x6.7 x 5.2mm

GET EXCEPTIONAL

REAL ESTATE

Looking for a highly stable oscillator in a 3.9 mm
surface mount package? The ES6200 offers
1 ppm stability from -20°C to +70°C.

The ECCM 3/4 crystal provides +10 ppm
tolerance over +5 ppm stability from -10°C
to +60°C. That's what we call performance!

The ES6200 oscillator and ECCM3/4 crystals are
available now for immediate shipping. Data sheets
are available by fax-on-demand at 1-800-ECLIPTEK, or visit our
site on the World Wide Web. Service excellence is a standard
feature with all Ecliptek products.

Call for accurate answers, guaranteed quality
and on-time delivery. Ask for your free copy of the
International Sourcebook for Crystals & Oscillators.

ECLIPTEK"

CORPORATION

1-800-ECLIPTEK e (714) 433-1200 » (714) 433-1234 Fax
ecsales@ecliptek.com ¢ http://www.ecliptek.com/ecliptek/

ES6200
SMT TCXO
3.9 x 11.4 x11.6mm
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wireless and wireline connectivity
have been put on the table. At stake is
the $45 billion in revenues generated
annually from local telecommunica-
tions service in the US, a market
Allied Business Intelligence, Inc. (ABI)
forecasts to grow to $56.2 billion by
2001. This not including the CATV
market, accounting for $33.4 billion in
subscriber revenues and expected to
reach $44.5 billion by 2001. Forecast-
ing, historical data and a detailed
breakdown of the component markets
stemming from local loop telecommu-
nications and CATYV service are set
forth in “The New Local Loop: Wire-
less & Wireline Telecommunications
— 1996 to 2001 Strategic Analysis.”
The report was prepared over 10
months, from June, 1995, through
March, 1996, by ABI’s Senior
Research Consultant, Francis X.
Duffy. The qualitative section of the
report offers details and insight about
the local loop industry, regulation,
established technologies, emerging
technologies, and opportunities. The
quantitative section takes a careful
look at the US market by subscriber-
ship revenues and equipment sales.
ABI is a high-tech strategic research
firm based in Oyster Bay, New York.
The technological developments now
unfolding could change the shape of
the wireless industry forever. For
more details or to speak with the ana-
lyst regarding this study or a specific
area of this study, please contact Tim
Archdeacon at 516-624-3113.

“At the Asterisk, the

Time Will be...”

NIST recently upgraded the equip-
ment that provides its Automated
Computer Time Service, or ACTS, for
setting clocks in computers. Comput-
ers (and other equipment) can be pro-
grammed to call (303) 494-4774 for the
time of day. The service has 12 incom-
ing lines (in rotary), and PC based
servers can accept calls at speeds up to
9,600 baud. These changes should pro-
vide smoother service to a broader
variety of user modems. Software to
use ACTS is available for $45 by
ordering Standard Reference Material
8101b from the NIST SRM Program,
Tel: (301) 975-6776; Fax: (301) 948-
3730; E-mail: srminfo@enh.nist.gov.
World Wide Web surfers can see a
printout of the exact time at
http://time.nist. gov:13/, but this will
not reset your computers clock. And
what about that “asterisk” in the title?



We designed and manufactured an antenna
to find a polar bear m a snowstorm.
And a rattlesnake in.a sand dune.

- We can develop the
ntenna for your application, too.

"he challenge: design and
manufacture an antenna that
will withstand sixty below
cold and one hundred degree
heat. Mount on a snowmobile.
Hang from an airplane.
Bounce off a mountain.

And still provide reliable
telemetry.

; a virtually
indestructible antenna that y .
is compact and flexible, yet
provides optimum range
and sensitivity.

¥) Cent ' ‘ For nearly
two decades, we’ve designed and manufactured top
erformance antennas to demanding requirements
or use around the world. It’s what we do every day.
First, we take the principles of RF and apply our
innovative design insight. Then we mobilize our
vertically integrated manufacturing process to
produce antennas for a wide range of wireless
applications—from land mobile radios and cellular
phones to portable modems and computers,
wireless bar-coding, PCS, GSM and GPS.

Put our proven design expertise and advanced
in-house manufacturing capabilities to work for
you. Send us your Pro-E or Unigraphics solid
modeling drawings by modem, disk or tape (even
sketches or samples) and we’ll develop the right
antenna solution for you.

Call 800-228-4563 for information.

Centurion 'r','ﬁ: K& RS e
International Inc. Pz S

P.O. Box 82846
Lincoln, Nebraska 68501
(800) 228-4563 1, Al

(402) 467-4491 % 2 ION , Iy
FAX (800) 848-3825 e p ~AS
(402) 467-4528 3 -
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RF news ...

The NIST computer systems use and
asterisk as the on-time marker, analo-
gous to the tone transmitted on short-
wave radio and on the telephone at
(303) 499-7111.

Jobs May Be Getting

Scarcer For PhDs
Landing the job of their choice may

be getting harder for science and engi-
neering doctoral students, a recent
national study suggests. Prospects are
reported as particularly bad for those
seeking a university research position.
As few as one out of every three retir-
ing university professors are replaced
as of 1992. The number of job appli-
cants outweighs the number of jobs
available. Dr. Mary Frank Fox, a

The oscillators
with the quartz
aystals from
KVG measure
absolutely
everything,
even before
you'll see

or hear it.

-
o

Oscillators with
quariz crystals
deliver the
quality you need,
quartz-precise.

\ -

Communication
ond measvrement
technique.
Worldwide.

KVG.

KVG

North America Inc.
Werner Mueller
2240 Woolbright Rd.
Boynton Beach

Fl. 33426-6325

Tel. (407) 734-9007
Fax (407) 734-9008
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Crystals
for GPS, Pager,
Telecommunication

W Crystals @ Frequency range | MHz 10 360
MHz m Low aging W Tigh! temperaiure stability
M High shock and vibration resistance @ Special
glass enclosures @@ SMT solutions @ Reliable and \
produced under ISO 9001 certified QS-System.

Crystal

Components
for Telecommuni- '§
cation Networks

Il Oscillators @ Frequency range
3 kHz to 622.080 MHz W Low aging
W Tight temperature stability

B SMT solutions @ Reliable and produced
under 1SO 9001 certified QS-System.

Froqmy) PXO  VCXO TCQIO  VCICXO DICKO  OCXO
1
1544 T1(DS1) T1(S1) TI(DS1) TI(DS1) TI(DST) -
12.352 T1(0S1) F1(0S1) T1(DS1) TI(0S1) T1(0S1) -
16.384  SDH SDH SDH SDH SOH SDH
SONET  SONET  SONET  SONET  SONET  SONET
SON 1SN ISDN ISON ISON_iSN
38.880  SDH/STM-1 SDH/STM-1 SOH/STM-1 SDH/STM-1 — =
4.736  ATH ATH ATM ATH 3 5
13(0S3) T3(0S3) T3(DS3) T3(DS3) - -
51.840  SONET/STS 1 SONET/STS 1 SONET/STS 1 SONET/STS 1 SONET/STS 1 —
155.520  ATM ATH ATM ATH - -

STML/STS 3 STMLI/STS3c STHR1/STS-3c STM-L/STS:3¢ — -
SONET/C0C-3¢) SONET/L0C-3) SONET/{0C-30) SONET/(0(-3¢) — -
622.080 - NS4 — — -
g SONET/STS-12 — v & «

W Filter @ Frequency range | MHz 10 200 MHz
W Discrete and monolithic types

@ Reliable and produced under 1SO 9001
centified QS-System.

W For superior quartz crystals,
oscillator and filter products from the
ISO 9001 certified source, talk to us.

KVG North America Inc.
Together for quality.
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Georgia Institute of Technology Sociol-
ogist, and Georgia State University
Economist Dr. Paula Stephan of the
Policy Research Center, looked at five
fields of study: chemistry, computer
science, electrical engineering, micro-
biology and physics. In a survey of
3,800 student, 2,400 students respond-
ed about their perceptions of their
career fields. According to Fox, today’s
science and engineering doctoral stu-
dents are facing three major economic
changes that may hamper their career
prospects, including government
deficits and their effects on federal
funding for research and research
training; the end of the Cold War and
its effect on funding for scientific
research tied to defense; and the lift-
ing of the mandatory age for retire-
ment and its effect on the replacement
of scientific personnel.

Contracts

Baltimore Selects Motorola — The
City of Baltimore Board of Estimates
has awarded Motorola a $38 million
contract to manufacture and install a
new 800 MHz radio communications
system for the city’s public safety and
public service agencies. The new
Motorola ASTRO™ digital system ini-
tially will service City of Baltimore
Fire Department. The system replaces
a number of individual radio systems
whose capabilities couldn't meet grow-
ing department communications
needs.

Cancom Completes $20 Million
Network — Canadian Satellite Com-
munications (Cancom) put into service
an MPEG-based digital video compres-
sion system from Scientific-Atlanta to
make enhancements to its program-
ming lineup without increasing costs
for satellite transponder space. The
US $20 million network includes 25
uplinks and approximately 14,000 Sci-
entific-Atlanta digital satellite
receivers.

Motorola Division Chooses ADRA
— The Advanced Messaging Systems
Division (AMSD) of Motorola, Inc., in
Fort Worth, Texas, has selected
Matrix, Adra System’s unique PDM
system, to manage and control infor-
mation related to the product design
process. Matrix will enable employees
in AMSD to manage information and
control the processes that govern the
lifecycles of that information.



The Giga-tronics 8540B is the World’s Best
Power Meter for Communications Testing.

But Don’t Take Our Word for It.

¢ Power meters generally fare well when characterizing simple
continuous wave (CW) or pulsed RF/microwave signals. But
modern communications signals, with digital information on
phase—, frequency—, and amplitude—modulated carriers, pose
problems for most power meters.The exception is the 85408
from Giga-tronics. The latest version of this high-speed
measurement tool performs true average power measurements

even on multitone signals with digital modulation. **

Microwaves & RF
June 1995

Giga tronics 85428 Unwssl Possr Meler

Call 800-726-GIGA (4442)

or fax 510-328-4700 for more information for a demonstration.

Giga-tronics Incorporated = 4650 Norris Canyon Road = San Ramon, California 94583 = Telephone: 800-726-4442 or 510-328-4650 = Telefax: 510-328-4700
®© 1995 Giga-tronics Incorporated INFO/CARD 22



RF industry insight

DSP Grows in Importance for
New Communications Technologies

By Gary A. Breed
Editor

On the north side of the Dallas,
Texas metropolitan area, in Richard-
son, the Texas Instruments campus
has five construction cranes and hun-
dreds of hard hats, turning former
parking lots into wafer fabs. The main
reason for this huge investment is to
supply digital signal processing (DSP)
ICs for the millions of new wireless,
cable, and satellite communications
products that will come to market in
the next few years.

Like Texas Instruments, other DSP
companies like AT&T Microelectron-
ics, Motorola Semiconductor, Harris
and Analog Devices are making simi-
lar investments in the future. They,
and dozens of other companies with
interface and data handling ICs in
their product lines, are anticipating
dramatic growth in DSP.

Because most new communications
technologies are data-based, rather
than analog-based, DSP is a natural
fit for “back-end” signal filtering, error
correction, echo-cancelling, and other
signal processing functions. With data
transmission requiring smaller signal-
to-noise ratios than analog methods
(but with wider bandwidth require-
ments), 10-bit or 12-bit digital words
are sufficient, and easily handled in
16-bit DSP devices. For the dynamic
range associated with analog trans-
mission, 20 bits or more would be
required.

Analog is Still Part of the Process

Analog techniques are, of course,
essential for the amplification and
detection of the RF transmissions that
carry the data. In the transmitter, an
RF carrier signal is modulated by the
data, up-converted to the operating
frequency, amplified, switched and fil-
tered before being sent to the antenna.
In the receiver, the signal is also fil-
tered, switched, down-converted, fil-
tered again, and demodulated to pre-
sent the recovered data to the DSP
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Like other DSP IC makers,AT&T Microelectronics is seeking new, large markets

in wireless communications. Their DSP1627 has 50 MIPS computing power when
operating from a 3 volt supply; 70 MIPS at 5 volts.

part of the system.

Harris and Stanford Telecom have
pioneered the development integrated
digital down- and up-conversion
devices, which can eliminate one part
of the analog RF circuitry. However,
the speed/frequency range of these

MPEG 2 video compression is a major
technology in new communications
applications. The VLSI Technology
VES2020 transport demultiplexer is
part of the data management system
used in digital video set-top boxes.

devices is not yet high enough to
replace the intermediate frequency
(IF) circuitry in most communications
equipment operating at 800 MHz or
higher. The accuracy of digital pro-
cessing can improve performance in
those applications where digital con-
version and demodulation are appro-
priate.

DSP is here to stay, in conjunction
with analog techniques. It is safe to
suggest the the real “revolution” in
communications technology today is
the integration of many different tech-
niques in a single product — or on a
single chip. Radios aren’t just radios
any more. They are microprocessor-
controlled, power-managed, analog
and digitally processed devices. The
separation of RF and digital into dif-
ferent disciplines is disappearing.

Digital signal processing is powerful,
precise, and cheap when compared to
equivalent analog processing. DSP’s
place in the next generation of radio-
based products is assured. RF



Pioneers met the Challenge of the Western range on its own
uncompromising terms, and developed a special breed of survivors

VRIL 2

We Have A Part In Your Future

43 Years of Excellence in
Manufacturing of RF &
Microwave Components

R A o Ll

A turn-of-the-century wireless textbook pictured with current. state-of-the-art Vari-L surface mount VCOs and PLL modules for wireless applications.
The VCO- 190 & VCO-191 Scries of VCOs are avarlable in frequencies from 45 to 4600 MHz. Both senes exhibit exceptional phase noise pesformance
and low power consumption in miniature SMT packages. The PLLL 300 and PLL-400 Series of Phase Locked Synthesizers are offered in frequency
hands in the 45 10 3000 MHz range. The PLL Synthesizers also exhibit exceptional phase noise and low power consumption in miniature SMT pack-
ages. For more information, request our surface mount VCO/PLL. brochures.

INFO/CARD 145

Van-L microwave desices are pictured with an ancient southwestern
LS. Anasaz pot filled with miniature corn and husks. Vari-L offers a
complete line of mixers. transformens, switches and power dividers for a
variety of military, industrial and commercial applications. For more
information. request our NEW 1995 selection guide.
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“k
Authenticated from Custer battlefield. a U.S. Calvary 45 calibre single
action Peacemaker is pictured with hybrid VCOs for high performance
aerospace. military and industrial platforms. Vari-L munufactures hybrid
VCOs from 25 10 560 MHz. For more information, request our NEW
1995 hybrid VCO catalog
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Vari-L Double Balanced Mixers ure photographed with a branding iron
from the U.S. West. Vari-L mixers offer excellent performance in inser
tion loss, isolation, VSWR and intermodulation intercept point in a wide
variety of packages for miliary, industrial and commercial applications.
For more information, request our NEW 1995 selection guide.
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{840’ barbed wire and a rare buffalo skinning tool. pictured with a
Vari-L PS-2-4880F power divider/combiner. The wideband. two-way,
in-phase divider/combiner offers guaranteed performance over the wide
frequency range of 20 4000 MHz. For more information. request a data
sheet for the PS-2-4000F or for other power divider/combiners models,
request the NEW 1995 sclection guide.
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Vari-L people are a special breed also, thriving on challenges and innovation in the development of
Wireless products. We have a part in your future.

VARI-L 1s a precision manufacturer of RF components for a wide range of Aerospace, Military, Industrial and Commercial applications

Products offered include
* Voltage Controbed Oscillators
o PLI

Contact the Vart-L Sales Department tor your

sizer N S ¢ Wid

ey
* Double Balanced Mixers o Power Dividers/Combiners ¢ Phase Shifters ]
d Transformers o Phase Detect ¢ Special Integrated Assemblies
special microwave and RF component assemt oly needs

VARI-L Company, Inc. -«

11101 East 51st Avenue

Denver, Colorado 80239 -
INFO/CARD 23

Phone: 303/371-1560

FAX: 303/371-0845



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

NO. TEMEX PASSBAND STOPBAND LOSS RIPPLE ULT. REJ. TERM.(Rp//Cp)
POLES P/N dB *tKHz dB tKHz dB *KHz dB dB-MAX  dB-MiN. OHM/PF

2 TE5000 3 375 20 18.0 - . 2 1.0 50 1800//+4

4 TE5010 3\ 375 30 140 = e 3 2.0 60 1500//+3

6 TES5020 6 375 60 125 3 el 4 2.0 70 1500//+3

N 8 TES5030 6 375 60 10.0 90 125 5 2.0 80 1500//+3
T 2 TE5040 3 650 20 300 & e 1 1.0 50 2700//0
s 4 TE5050 3 650 30 150 S 2 2.0 75 3100//0
6 TE5060 6 6.50 60 195 5 s 3 2.0 90 3100//0

N~ 8 TE5070 6 6.50 60 13.0 80 17.5 4 2.0 100 3100//0
o 2 TE5080 3 750 20 350 ol g 1 1.0 50 3000//0
- 4 TE5090 3 750 30 175 > o 2 2.0 75 3300//0
6 TE5100 6 750 60 225 S 3 2.0 90 3300//0

8 TE5110 6 750 60 15.0 80 20.0 3 2.0 100 3300//0

7 TE5120 3 150 20 700 S 1 1.0 35 5000//-1

4 TES5130 3 150 30 350 S~ 2 2.0 60 5000//-1

6 TE5140 6 150 60 45.0 s s 2 2.0 90 5000//-1

8 TES5150 6 150 60 300 80 40.0 3 2.0 100 5000//-1

NO. TEMEX PASSBAND STOPBAND LOSS RIPPLE ULT. REJ. TERM.(Rp//Cp)
POLES P/N dB *tKHz dB *KHz dB tKHz dB dB-MAX dB-MIN. OHM/PF

2 TE5180 35 a5 15 125 SRR 2 1.0 50 850//+6

4 TE5190 3 375 30 125 S 3 2.0 70 850//+5

6 TE5200 6 375 60 125 5 g 4 2.0 90 850/+5

N 8 TES5210 6 375 60 100 80 125 5 2.0 100 850//+5
X 2 TE5220 3 650 15 200 = e 2 1.0 50 1300//+2
s 4 TE5230 3 650 30 225 S TA 3 2.0 70 1400//0
6 TE5240 6 650 60 225 S 4 2.0 90 1400//0

< 8 TE5250 6 650 60 175 80 22.5 4 2.0 100 1400//0
— 2 TE5260 3 750 15 250 -~ 2 1.0 50 1500//0
N 4 TE5270 3 750 30 250 B se 3 2.0 70 1600//0
6 TE5280 6 750 60 25.0 =a 4 2.0 90 1600//0

8 TE5290 6 750 60 20.0 80 25.0 4 2.0 100 1600//0

2 TE5300 3 150 15 500 s s 2 1.0 45 3000//0

4 TE5310 3 .50 30 450 4 s 3 2.0 60 3000//-1

6 TES5320 6 150 60 45.0 s s 3 2.0 90 3000/-1

8 TE5330 6 150 60 33.0 80 45.0 4 2.0 100 3000//-1

NO. TEMEX MODE PASSBAND STOPBAND LOSS RIPPLE ULT. REJ. TERM.(Rp//Cp)

N POLES P/N dB *KHz dB *KHz dB dB-MAX dB-MIN. OHM/PF
I 2 TE9420 3-07 3 375 18 160 3 1 40 2000//-1.0
s 4 TE9310 3-07 3 375 30 125 3 1 70 2000/-1.0
2 TE7420 3-0T 3 750 18 280 2 1 40 3000//-1.0

o 4 TE7430 3.0T 3 750 40 300 3 1 70 3000//-1.0
o) 2 TE7440 3-0T 3 150 15 47.0 2 1 40 8000//-1.5
< 4 TE7450 3.0T 3 150 30 500 3 1 70 8000//-1.5
2 TE7730 FUND 3 150 15 500 2 1 40 1100//+1.5

4 TE7740 FUND 3 150 40  60.0 3 1 70 800//+1.0

N NO. TEMEX MODE PASSBAND STOPBAND LOSS RIPPLE TERM.(Rp//Cp)
I POLES P/N dB *KHz dB *KHz dB KHz dB dB-MAX OHM//IPF
= 2 TE10400 3-0T 3 7.5 18 30 35 -910 2 1 2000//-1
(=] 4 TE10410 3-0T 3 7.5 35 25 80 -910 3 1 2000//-1
o 2 TE10420 3-0T 3 10 15 30 35 -910 2 1 2500//-1
~ 4 TE10430 3-0T 3 10 35 40 80 -910 3 1 2500//-1
N NO. TEMEX MODE PASSBAND STOPBAND LOSS RIPPLE TERM.(Rp//Cp)
T POLES P/N dB  *KHz dB *KHz dB KHz dB dB-MAX OHM//PF
= 2 TE10440 3-07 3 s 18 30 35 910 ) 1 2000//-1
= 4 TE10450 3-0T 380 745 35 25 80 -910 3 1 2000//-1
: 2 TE10460 3-0T 3 10 15 30 35 910 2 1 2500//-1
8 4 TE10470 3-07 3 10 35 40 80 -910 3 1 2500//-1
4 TE10480 3-0T 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  FAX (602) 780-2431




NEW FROM OUR FACILITY IN
NEUCHATEL, SWITZERLAND.

AT HIBCD(EE%)ACKS -

FEATURING: I TEMEX

LOW TEMPERATURE SENSITIVITY
LOW PHASE NOISE

EXCELLENT SHORT & LONG TERM STABILITY
LOW POWER CONSUMPTION

FAST WARM-UP

SMALL VOLUME

S YEAR Rb LAMP LIFE EXPECTANCY

European contacts:

France or Benelux United Kingdom Germany Nordic Italy
(Tel) (33)25.76.45.00 (Tel) (44)1.734.258.040 (Tel) (49)89.51.640 (Tel) (46)8.756.70.40 (Tel) (39)2.761.101.68
(Fax) (33)25.80.34.57 (Fax) (44)1.734.258.050 (Fax) (49)89.51.64.194 (Fax) (46)8.756.70.44 (Fax) (39)2.738.54.62
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RF signal processing

Sideband Suppression Considera-
tions for Complex Baseband
Processing of FDM Waveforms

By Rick Roberts
Harris Corporation

Frequency Division Multiplexing
(FDM), in its various forms [1], contin-
ues to be popular for data communica-
tions. With the advent of the digital
processor, a common technique for gen-
eration and processing of FDM is the
zero Hertz IF; that is, quadraphase
complex baseband waveform process-
ing. This paper shows that the
quadraphase characteristics can be
degraded during frequency translation
to/from a real frequency by I/Q imbal-
ance resulting in cross channel inter-
ference between pairs of carriers. The
amount of interference is quantified as
sideband suppression. It is suggested
that the frequency translation be done
via DSP to achieve superior sideband
suppression.

With the advent of digital signal
processing, a common technique
for generation and processing of FDM
is a zero hertz IF baseband waveform
in conjunction with the complex
IFFT/FFT. It is desired that this base-

band waveform be complex quad-
raphase, however, the quadraphase
characteristics can be degraded during
frequency translations due to I/Q mod-
ulator/demodulator amplitude/phase
imbalance. As shall be shown, this I/Q
imbalance can result in cross channel
interference between pairs of FDM
carriers. If the interference is extreme,
one may be forced to use cross channel
interference cancellation techniques to
correct the problem. In this paper, the
mechanism that gives rise to less than
perfect sideband suppression will be
discussed and an expression for the
resulting level of interference will be
derived. A method for doing the fre-
quency translation via DSP is shown,
which results in excellent sideband
suppression with insignificant levels of
cross channel interference.

Sideband Suppression

The concept of sideband suppression
is illustrated by considering the down
conversion of a real [2] bandpass sig-

nal to a zero Hertz centered complex
bandpass signal using the I/Q demod-
ulator shown in Figure 1. The terms A
and q in the I arm respectively repre-
sent LO amplitude and phase imbal-
ance.

The goal is to generate a single side-
band LO signal, via an I/Q demodula-
tor, so as to implement the Fourier fre-
quency translation property as illus-
trated in Figure 2. However, any
phase or amplitude imbalance
between the I and Q arms of the
demodulator introduces an undesir-
able sideband component to the LO
(i.e. leaky LO) that causes spectral
aliasing from the negative frequency
spectral envelope as shown in Figure
3. The level of the aliasing interfer-
ence is proportional to the level of the
undesirable leaky LO sideband compo-
nent, hence the term “sideband sup-
pression”.

This concept of spectral aliasing due
to poor sideband suppression also
applies to the upconversion process,

(1—-A)cos(w,t+6)

input spectrum l\y\/‘ r’//‘

—— | rail

real input

() |

——= Q rail

sin(ay!)

P

|
LO 0

output spectrum

Figure 1. I/Q demodulator operation.
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Figure 2. Ideal quadraphase downconverter.
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EMI SOLUTIONS [}

»

Meeting All Your Requirements...
Quuality, Delivery, Service & Price.
At TUSONIX, solutions are easy to come by. With more than 35,000

quality EMI filters and ceramic capacitors, and an extensive line of disc,
plate and variable capacitors, we're confident you'll find the answer to your

EMI/RFI needs. y
Plus m products like the 4700 Series SMT EMI Filters JH
and the 7600 Series Filtered Terminal Block PSR TSRS
make finding a solution that much easier. :
More than 750 employees make up our
TUSONIX family. Each is committed to
providing quality products, excellent service,
on-time delivery, all at an attractive price.

Filtered

See Us Online! http://tusonix.com Tormeool -Blocks

7741 N. Business Park Drive / Tucson, Arizona 85743/ 520-744-0400 FAX: 520-744-6155 / email: tusonix !
Authorized Stocking Distributors: Penstock 1-800-736-7862 ¢ RS Electronics 1-313-525-1155 ¢ TT| 1-800-225-5884
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DEMODULATORS

115MHz to 1880MHz from $19.95

18Q Modulators and Demodulators . . . another smart offering from MiniCircuits
that's pushing industry standards to new heights (and prices to new lows)!
Infuse your cellular, radar and communication system project with the
powerful new I&Q Modulator and Demaodulator, surface mount and
plug-in units. Units so reliable, the specified statistical data on
performance holds up with rock-solid repeatability unit-to-unit
For high speed assembly operations, I8&Q Modulators and
Demodulators are available in tape and reel format, so you can bank
on consistent assembly performance for production efficiency time
after time . . . and with prices starting at just $19.95, these powerful and
compact units truly are the next generation of value on the market today.
So, call your Mini-Circuits distribution center at a number listed
below for guaranteed one week shipment or, tum to our applications
department with your special specs for custom units at catalog prices

We’re redefining what VALUE is all about!

Ly

1/Q MODULATORS
CON D
LOSS J

Or= Y
'y
s
MODEL

MOA-10M
MIGA-21M
MIQA-70M
MIQA-70ML

104

MQY-70M
MIQY-140M

Do

Surface Mount Models
JCIQ-88M 40
JCIO-176M 04

1/Q DEMODULATORS
» CONV.  AMF f HARM
(e FREQ UNB/ St

73

MQC-60WD 95
MIQC-895D € 95
MQY-1.250

QY- 70

- Y

Surface Mount Models

JCIQ: (
JCQ-1785D

NON-HERMETICALLY SEALED

MIQA case 4 x .8 x .4 in MIQY case .8 x .8x .4in.
MIQC case .8 x .8x .4in. JCIQ case 9 x .8x .25 n.

All Models Available in New Li 0 g

J-LEAD Surface Mount Package.
Consult Factory for Details.
] a ] 7] ®
Mini-Circuits
us 26 INTL 27
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com  C/ACLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to » 740- pg. HANDBOOK ¢ INTERNET » THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 156 Rev C
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LO 0 leaky LO

sideband leakage

Figure 3. Downconverter sideband leakage.

L - - >

baseband

leaky LO o

taking real part

sideband leakage

Figure 4. Upconverter Sideband Leakage

associated with a I/Q modulator, as is given as:
shown in Figure 4.
The exact expression for sideband Y4qB = -6+ 1010g[A2 + 92]
suppression in terms of the I/Q phase
and amplitude imbalance is derived in
the appendix; but for those cases where A is the amplitude error and q
where it is reasonably near quadra- is the radian phase error. For exam-
ture, the level of sideband suppression ple, given an amplitude imbalance of
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WHY VTI IS THE LEADER IN LOW PROFILE

FREQUENCY CONTROL PRODUCTS

VTl has shipped over 10
million ceramic, surface
mount devices worldwide.

Born out of the acquisition of the world's leading
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0.35 dB (A = 0.04) and a phase imbal-
ance of 0.065 radians, the sideband
suppression is —28 dB. As is explained
below, this imbalance may not allow
enough performance margin required
for a particular application, especially
if the digital modulation on each FDM
carrier is high order QAM.

FDM Cross Channel Interference
The spectrum of Figure 2 emphasis
the lack of spectral symmetry with
respect to the bandpass center fre-
quency. This is especially the case for
FDM, where perhaps the level of each

carrier in the FDM spectrum is the
same but the information content of
the modulation per carrier is com-
pletely uncorrelated. Thus, with the
introduction of an aliasing sideband,
two or more carriers will pair up with
each other causing spectral overlap as
shown in Figure 5.

Assuming that the modulation on
each of the FDM carriers is digital in
nature, the net result will be degrad-
ed bit error rate performance of the
desired signal. Even if a reasonable
level of correct decisions on the
desired signal is maintained, cross
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Appendix: Quadraphase LO Sideband Suppression
Let the LO signal be expressed as s(t) = a(t)+jb(t) where
b(t) = sin(w,t) and a(t) = (1-Ajcos(w,t + 6). Notice that the Decimation |,
term a(t) contains both the phase and amplitude error. P LPF Filter
By straightforward substitution of the exponential real B i
expression for the sine and cosine, we can decompose s(t) S'g,:a' <‘( P
into a left spectral shifting function and a right spectral ' '?_‘;C":"":?'t'on —»Q
shifting function as shown below. - a o
s(t)=|+ +( L34 )e‘f" e 0ot 4 (—“ A )e jo _ 1wt complex
2 2 2 2 sinusoid
The sideband suppression is given as the ratio of the
magnitude squared of the arguments of the exponential
terms and is expressed in dB as: @ Interpolation |
LPF Filter |
2+ A(A-2)-2(1- A)cosO real =
Y4B = 10log ( el ) signal *7| £ ]
2+A(A-2)+2(1- A)cos® A }
out Interpol_atlon PN
If 0 is small (i.e. 6<<1 radian), we can approximate the cos sin S e
cosine term as:
92 gomple;x
p R sinusoid
2
In addition, if A<<1 we ca roximate v as:
s Piaiia y Figure 6. Digital down/up conversion technique using DSP
Ygp = —6+10 log[A2 i 92] processing.

interference cancellation will require
complicated signal processing
between the desired signal and the
interfering signals. It is important to
note that the case for FDM is differ-
ent than that for QAM. In QAM, the
spectral content of both the I and Q
signals completely fall within the
demodulator passband. In this case,
trigonometric relationships can be
derived that show how a simple lat-
tice network can be inserted in the 1/Q
arms to undo the signal distortion
caused by poor I/Q quadrature.

DSP Frequency Translation

An alternative technique to the tra-
ditional analog I/Q modulator and
demodulator for doing the frequency
translation is the NCOM (numerically
controlled oscillator/modulator), an
example of which is the Harris
HSP45116, in conjunction with the
appropriate interpolator or decimator.
Figure 6 shows a scheme for both
upconversion and down conversion.
Notice that the analog to digital inter-
face occurs on a bandpass waveform
(i.e. direct IF sampling) which allows
the quadraphase characteristics of the
frequency conversion to be determined
solely by the precision of the digital
processing. A-to-D subsampling tech-
niques [3] can be used to introduce a
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digital IF prior to baseband down con-
version to minimize sampling clock
speeds and hence reduce power con-
sumption. The precision of the overall
process is arbitrarily high which
results in determinable sideband
rejection.

The Harris HSP50016 Digital Down
Converter (DDC) is an example of a
highly accurate single chip down con-
verter that integrates the LO, the
mixer and the decimating lowpass fil-
ters all in one package. Its LO serves
as an example of the current commer-
cial state-of-the-art in digital LO tech-
nology. Table 1 lists the measured
sideband suppression for the Harris
HSP50016 digital downconverter.

Carrier Suppression
Frequency dB
Fs/8 118.88
Fs/5 118.80
Fs/4 116.04
Fs/3 117.87

Table 1. HSP50016 Measured Side-
band Suppression Carrier Frequency
Suppression dB

Conclusion

Analog I/Q complex waveform modu-
lators/demodulators have finite side-
band suppression due to amplitude
and/or phasing errors between the I/Q
arms. These errors can cause unwant-
ed sideband leakage which, for an
FDM waveform, causes interference
between carrier pairs with respect to
zero Hertz. DSP techniques exhibit
much higher ratios of sideband sup-
pression and the DSP processing of
the FDM waveform yields much lower
carrier interference ratios. In many
cases, the DSP approach will be more
attractive than the traditional analog
approach when high sideband sup-
pression ratios are required. RF

References and Notes

1. Orthogonal FDM and/or DMT (Dis-
crete Multitone)

2. Real simply means a “real-world”
analog signal with resulting symmetry
between the positive and negative fre-
quency spectrum.

3. Groshong, R. and Stephen Ruscak,
“Undersampling Techniques Simplify
Digital Radio”, Electronic Design, May
23,1991.

RF Design

About the Author

Richard Roberts has a PhD and MSEE From the Florida Institute of Tech-
nology and a BSEE From the University of Wisconsin. For the last 16 years he
has worked for Harris Corporation where he is currently a communications
systems engineer in the Semiconductor Sector. He is involved with both ana-
log and digital modem design and has several patents and publications in the
area of signal processing. He can be reached at (407) 724-7022 or via E-mail at

rrober02@harris.com.

Pack more components into smaller
designs with the world's smallest
chip inductors. Available in a wide
range of inductances, these low
profile devices give your design
important advantages.

® 0603 package for smallest size and
0805 package for higher Qs

® E-12 Series pitch NOW from 1.2

to 470nH

o [deal for high frequency designs up
to 3GHz eliminates coupling between
parts, delivering the highest possible
SRF. Inherently more reliable and
consistent versus wire wound types

® Tape and reel packaging for high
volume, low cost automated
manufacturing

® 5% tolerance available /

) A "\
- M0 20 50 100 200 500 1000 2000 5000
"rf N Freq. (MHz)

Two of the World’s
Smalle§t Footprints

The TOKO LL1608 Chip Inductor
Actual Size

\The North American Ant

But Only Toko Has the Inductance You Need

Call 1-800-PIK-TOKO today for
specifications, samples, and
prototyping kits. We'll also include a
FREE RF Spectrum Chart, your
complete product guide to
applications across the RF Spectrum.

Q-Frequency Characteristics

70 !
X F3IN3
LL2012 Series FENB
o8 FIZN A~

o VAR
iy il

¥ / ;\ F39N \
/V B8N

e 4

10— 7 \\ !

’ = TOKO

Toko America, Inc. 1250 Feehanville Drive Mt. Prospect, 1L 60056

INFO/CARD 30

39



RF ' spread spectrum

A Spread Spectrum Sliding
Correlator System for
Propagation Measurements

By: William G. Newhall, Theodore S. Rappaport, Dennis G. Sweeney

Mobile & Portable Radio Research Group

Virginia Tech

The design of a wireless communica-
tion system is dependent upon the
propagation environment in which the
system is to be used. Factors such as
the time delay spread and the path loss
of a radio channel affect the perfor-
mance and reliability of a wireless sys-
tem. These factors can be accurately
measured through RF propagation
measurements in the environments in
which anemerging wireless technology
is to be deployed.

his article describes the design of
an RF channel measurement sys-
tem based on the spread spectrum
sliding correlator technique. Presented
first are discussions on propagation
time delay measurements and three
techniques which may be used to mea-
sure RF channel responses. The article
then focuses on the sliding correlator
technique, and explains system para-
meters and hardware which imple-
ments the sliding correlator system
used at the Mobile and Portable Radio
Research Group (MPRG) at Virginia
Tech. Our goal is to make the theory
and implementation better understood
for RF engineers.
Channel sounding, the process of
determining the radio propagation

delays and attenuation, has become an
important part of the design of
modems for new frequency bands or
new operating environments. In the
past, channel sounding has been car-
ried out by scientists and research
labs, but with the demand for wireless
applications and systems, channel
sounding is becoming important for
engineers who work with the design,
development, and installation of new
wireless systems.

Time Delay Measurements

Typical radio channels suffer from
time dispersion due to reflecting
objects and scatterers in the propaga-
tion environment. Reflectors and scat-
terers create multiple propagation
paths (multipath) between the trans-
mitter and receiver, each path having
a different physical length. Paths hav-
ing different physical lengths induce
different propagation delays between
the transmitter and the receiver, caus-
ing intersymbol interference and limit-
ing data rate. This time dispersion
exhibited by typical RF channels can
be measured by observing the propa-
gation delays which a transmitted sig-
nal experiences.

Because of the importance of the

multipath structure in determining
the propagation delay and the fading
effects, a number of wideband (i.e.,
pulse) channel sounding techniques
have been developed. The term “wide-
band” is used to denote the fact that
the measurement system is able to
resolve multipath by using a wider
bandwidth than the intended radio
system. Wideband channel sounding
techniques may be classified as direct
pulse measurements, swept frequency
measurements, and sliding correlator
measurements [1].

Direct Pulse System

A simple channel sounding approach
is the direct RF pulse system. This
technique allows one to determine the
power delay profile of an RF channel
[2] [3]. A direct pulse system is essen-
tially a wideband pulsed bistatic
radar, transmitting a pulse of width t
seconds, and uses a receiver with a
wide bandpass filter (BW = 1/21 Hz).
The pulse is repeated every second or
fraction of a second so that it may be
averaged at the receiver. The received
signal is amplified, detected with an
envelope detector, and displayed and
stored on a high speed oscilloscope.
This gives an immediate measurement

Resolution = Pulse Width

TX
Pulse Width = 1

X(w)
Port 1

Digital

TX
Pulse Generator
Detector

Storage
Oscilloscope

wit|
Swept Frequency Oscillator

RX
Vector Network Analyzer

b
S-parameter test set L)

Y(w!
! §,,(0) a H(w) S

IDFT processor

‘—» h{t) = FT[H(w)]

Figure 1. Direct pulse RF Channel measurement system.
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Figure 2. Frequency domain channel sounder
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of the square of the channel impulse
response convolved with the probing
pulse. If the oscilloscope is set on aver-
aging mode, then this system can pro-
vide a local average power delay pro-
file. An attractive aspect of this sys-
tem is the lack of complexity, since off-
the-shelf equipment may be used. A
block diagram of the direct pulse sys-
tem is shown in Figure 1.

The main problem with this system
is that it is subject to interference and
noise, due to the wide filter passband
required for multipath time resolution.
Also, the pulse system relies on the
ability to trigger the oscilloscope on
the first arriving signal. If the first
signal becomes blocked due to the
channel, it is possible for the system to
miss the first arriving multipath.

Frequency Domain
Channel Sounding

Because of the dual relationship
between the time domain and the fre-
quency domain, it is possible to mea-
sure the channel impulse response
using frequency domain techniques.

Figure 2 shows a frequency domain
channel sounder. A vector network
analyzer controls a synthesized fre-
quency sweeper, and an S-parameter
test set is used to monitor the frequen-
cy response of the channel. The sweep-
er scans a particular frequency band
stepping through discrete frequencies.
Due to the Fourier transform, the
number and spacings of these frequen-
cy steps impact the time resolution of
the impulse response measurement.
For each frequency step, the S-para-
meter test set transmits a known sig-
nal level at port 1 and monitors the
received signal level at port 2. These
signals allow the analyzer to deter-
mine the complex response (i.e., trans-
missivity S,,(w)) of the channel over
the measured frequency range. The
transmissivity response is a frequency
domain representation of the channel
impulse response, and is converted to
the time domain using inverse discrete
Fourier transform (IDFT) processing,
giving a band-limited version of the
impulse response. In theory, this tech-
nique works well, providing amplitude
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and phase information in the time
domain. However, the system requires
calibration and hard-wired synchro-
nization between the transmitter and
receiver, making it useful only for very
close measurements (e.g., indoor
work). Another limitation with this
system is the non-real-time nature of
the measurement. For time-varying
channels, the channel frequency
response can change rapidly during a
sweep period, giving an erroneous
impulse response measurement.

Spread Spectrum Sliding Correla-
tor Channel Sounding

The most popular channel sounding
technique is based on a spread spec-
trum sliding correlator (see Figures 3
through 6). The advantage of a spread
spectrum system is that while the
probing signal may be wideband, it is
possible to detect the transmitted sig-
nal using a narrowband receiver pre-
ceded by a wideband mixer, thus
improving the dynamic range of the
system as compared to the direct RF
pulse system.

In a spread spectrum channel
sounder, a carrier signal is “spread”
over a large bandwidth by mixing it
with a wideband pseudo-noise (PN)
sequence. The power spectrum enve-
lope of the transmitted spread spec-
trum signal is the classic sin(f)/f shape
and has a null-to-null bandwidth of
BW=2R_ where R_ is the PN sequence
code clock rate (chip clock rate) [4].
Typical chip rates are several
megabits per second, which results in
a transmitted bandwidth several MHz
wide.

The spread spectrum signal is then
received, filtered, and “despread”
using a PN sequence generator identi-
cal to that used at the transmitter.
Although the two PN sequences are
identical, the transmitter chip clock is
run slightly faster than the receiver
chip clock. Mixing the chip sequences
then implements a “sliding correlator”
[4]. When the PN code of the transmit-
ter catches up with the PN code of the
receiver, the two chip sequences are
aligned, giving maximal correlation.
When the two sequences are not maxi-
mally correlated, mixing the incoming
spread spectrum signal with the
unsynchronized receiver chip sequence
spreads this signal into a bandwidth
at least as large as the receiver’s refer-
ence PN sequence. In this way, the
narrowband filter that follows the cor-
relator can reject almost all of the
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incoming signal power. This provides the processing gain
realized in all spread spectrum systems and allows the
receiver to reject passband interference, unlike the direct
RF pulse sounding system or the swept frequency system.

When the incoming signal is correlated with the receiver
sequence, the signal is collapsed back into the original band-
width (i.e., “despread”), envelope detected, and displayed on
an oscilloscope. Since different incoming multipaths have
different time delays, they maximally correlate with the
receiver PN sequence at different times. The energy of these
individual paths pass through the correlator at different
time depending on the propagation time delay. Therefore,
after envelope detection, the channel impulse response con-
volved with the pulse shape of a single chip is displayed on
the oscilloscope. When expressed in units of power, the
pulse shape shown on the oscilloscope is called the power
delay profile of the channel, from which the path loss and
RMS delay spread can be calculated. Cox [5] first used this
method to measure channel impulse responses in outdoor
suburban environments at 910 MHz.

Devasirvatham [6, 7] used a direct sequence spread spec-
trum channel sounder to measure time delay spread of mul-
tipathcomponents and signal level in office and residential

44

Figure 5. Sliding correlator measurement system transmit-
ter configured for 915 MHz (10 Mhz chip clock)

buildings at 850 MHz. Bultitude [8] has also used this tech-
nique for indoor and microcellular channel sounding work,
and MPRG researchers have used this technique for a range
of measurements in buildings, cities, and train yards.

Sliding Correlator System Parameters

Explained in this section are the parameters used for the
sliding correlator measurement system. These parameters
are set to achieve the desired time resolution, slide factor,
processing gain, and maximum unambiguous range capabil-
ities of the system.

The time resolution At of multipath components is defined
as the amount of time by which the components must be
separated in order to resolve individual components in a
measured profile and is given by

where T, is the chip period and R, is the chip rate. In actu-
ality, the time resolution is smaller than 2T, and can be
estimated as 7. The slip rate R, is defined as the differ-
ence between t%e transmitter and receiver chip rates, and
can be expressed as:

Rslip =a-f

where o is the transmitter chip rate and P is the receiver
chip rate [1]. (R, is equal to o and is approximately equal to
B for time resolution calculations.) An important quantity in
sliding correlator measurements is y, called the slide factor,
which relates observed multipath delay time at the receiver
to the actual propagation delay time. The slide factor 7y is
defined as:

o

= « - B

and can be simply expressed as the transmitter chip rate o
divided by the slip rate R_;, . The slide factor relates actual
propagation time to observed oscilloscope time

tobserved as:

tpropagation

t . _ ltobserved
propagation — y

This means that if the slide factor y is 1000, then a 100 ps
delay observed between two multipaths at the receiver is
actually a delay of 100 ns in propagation time between the
multipaths.

A narrowband filter is realized using the spectrum analyz-
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er by setting its resolution bandwidth
equal to the desired bandwidth. For
sliding correlator measurements, the
choice of resolution bandwidth is
determined by:

ResBW = 2((1 - B)

to obtain the processing gain realized
by the narrowband filter. The ResBW
parameter determines the detector
bandwidth required for proper display
of the received multipath.

The unambiguous range of the sys-
tem is the maximum excess path
length of a multipath component
which can be measured by the system.
Since the PN sequences at the trans-
mitter and receiver repeat periodical-
ly, and have virtually the same period,
a received multipath component must
have an excess delay less than the
period of the sequences in order to be
correctly interpreted. In other words,
the apparent delay of a multipath
component may not be the true delay
if the true delay exceeds the delay cor-
responding to the maximum unam-

biguous range. The period of the PN
sequence is:

TpN = Tcl

where | is the number of chips in the
PN sequence. Multiplying this quanti-
ty by the speed of light yields the
unambiguous range dr of the system:

d, = T,lc

For example, if the transmitter uses a
chip rate of 50 MHz, and the PN
sequence length is 2047 chips, then
the maximum unambiguous range
would be about 12.2 km.

The dynamic display range can be
defined as the difference between the
maximum measurable correlation
peak and the noise floor displayed on
the oscilloscope. The dynamic display
range of the sliding correlator system
is limited by the one or a combination
of the following factors: the index of
discrimination of the system, the LO-
RF isolation of the mixer, and system
thermal noise. The dynamic display
range for the current MPRG system is
estimated to be between 20 dB and 25
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dB, and is limited by the isolation of
the mixer.

The MPRG Spread Spectrum
Channel Sounder

A sliding correlator measurement
system has been in use at the Mobile
and Portable Radio Research Group at
Virginia Tech for several years and
has been redesigned for greater flexi-
bility and use at higher bands. It uses
“plug-in” amplifier and filter stages to
accommodate the desired carrier fre-
quency and bandwidth. The system is
used to sound RF channels at 900
MHz, 1900 MHz, 2450 MHz and 6
GHz; however, the capability of mea-
suring 9 GHz, 18 GHz, and 26 GHz
bands are planned.

Two typical configurations of the
MPRG measurement system are
shown in Figures 3 through 6. Figures
3 and 4 show the system used to sound
channels at 6 GHz, and Figures 5 and
6 show the system configured to sound
the 902 MHz to 928 MHz ISM band.

Baseband Hardware

It is clear from Figures 3 through 6
that the baseband processing remains
the same for different RF configura-
tions. An Efratom rubidium frequency
standard is used as a 10 MHz frequen-
cy reference at both the transmitter
and receiver. At the transmitter, the
rubidium standard drives the 10 MHz
reference input of the HP86360A
sweeper, and the frequency multiplier
derives the transmitter chip clock
from the 10 MHz reference output of
the sweeper. The frequency multiplier
was built at MPRG and can select 10
Mchip/s, 20 Mchip/s, 50 Mchip/s, and
100 Mchip/s chip rates. The eleven
stage ECL shift register clocked by the
output of the frequency multiplier pro-
duces a PN sequence 2047 chips in
length.

At the receiver, another rubidium
frequency standard drives the refer-
ence input of the receiver signal gener-
ator, a Fluke 6062A signal generator.
Two PN sequence generators are used
at the receiver, both produce the same
sequence but are clocked at slightly
different rates. The ‘RX PN’ and ‘TX
PN’ sequence generators are identical,
except that the TX PN sequence is
clocked at the same rate as the trans-
mitter PN sequence generator, and the
RX PN sequence is clocked at a slight-
ly slower rate (the RX PN clock signal
is produced by the Fluke 6062A,
whereas the TX PN clock at the receiv-
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er comes directly from the rubidium
source using a frequency multiplier).
The RX PN signal drives the IF port of
the mixer to despread the received
spread spectrum signal. The Tektronix
spectrum analyzer, set to zero span at
the carrier frequency, acts as a receiv-
er and narrowband filter and displays
received power versus time. The oscil-
loscope trace shows the vertical output
of the spectrum analyzer, a voltage
which is proportional to the logl0 of
received power, versus time. The
waveform shown on the oscilloscope is
the power delay profile of the RF chan-
nel being measured, and is recorded
using the Toshiba PC via the GPIB
bus. Figure 7 shows a sample power
delay profile for a 915 MHz channel
using a chip rate of 10 Mchip/s.

The TX PN generator at the receiver
and the use of the rubidium frequency
standards permit absolute time delay
measurements. The RX PN sequence
generator at the receiver drives a sec-
ond mixer at the receiver which corre-
lates the output of the RX PN
sequence generator with the TX PN

sequence generated locally at the
receiver. The result is a correlation
peak which is used as a trigger pulse
for the oscilloscope displaying the
power delay profile.

Before the system is used for mea-
surements, the TX PN sequence gener-
ator at the transmitter and the TX PN
sequence generator at the receiver are
synchronized. If the receiver reference
frequency is exactly the same as the
one in the transmitter and the two TX
PN generators (the one in the trans-
mitter and the one in the receiver) are
synchronized together, then the TX
PN generator in the receiver will pro-
duce exactly the same code as the one
in the transmitter at the same time. In
this way, the TX PN sequence genera-
tor in the receiver replicates the time
at the transmitter. When the trans-
mitter and receiver are separated, the
trigger pulse produced by the correla-
tion of the RX PN sequence and the
TX PN sequence corresponds to time
zero, and propagation time for line-of-
sight or multipath components can be
referenced to the trigger pulse.

» tions applicatio:
excellent technical support, fast delivery and
aggressive pricing. For information on our
DIP VCXOs or to receive a product catalog
call 717-486-3411 (fax: 717- 486-5920), or
e-mail your request to sales @ ofc.com. Visit
OFC on the Internet: http://www.ofc.com.
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In order to keep the TX PN sequence
generated at the transmitter synchro-
nized with the TX PN sequence gener-
ated locally at the receiver, a highly
stable frequency standard is required.
The Efratom LCRO rubidium frequen-
cy standards suit this need. Without
the use of the rubidium oscillators, a
reference cable connecting the trans-
mitter and receiver would be required
throughout measurements, and would
make long-distance propagation mea-
surements impractical. With the fre-
quency standards, only the link bud-
get limits the transmitter-receiver (T-
R) separation of the system.

Sychronization Circuit

Figure 9 is a simplified circuit for
the TX PN sequence generator which
includes the synchronizing circuits.
The sync circuit permits synchronizing
two TX PN generators so they produce
the same code at the same time. One
TX PN generator is at the transmitter
and one is at the receiver, and they
rely on the transmitter and receiver
rubidium oscillators to remain suffi-
ciently stable so that the receiver TX
PN generator replicates the exact
state of the TX PN generator at the
transmitter.

The sync circuit consists of U5 which
is a pair of ECL D-type flip-flops
(FFs). U5A is configured as a
Set/Reset (R/S) FF. This R/S FF is con-
nected to the stop/run switch. When
the switch is placed in the “stop” posi-
tion, the Q output of U5A is forced HI
and the D input of U5B goes HI as
well. At the next clock transition, this
HI is transferred to U5B’s @ output.
Due to the wired-OR nature of ECL,
pin 13 of U4 in the PN shift register
will now remain HI independent of the
inputs on pins 14 and 15 of U4. This-
forces the shift register to fill with “1s”
and “1s” will continue to circulate as
long as the switch is in the “stop” posi-
tion. In addition, U5B’s @ output goes
LOW and the LED lights. The LED is
on in the stop mode.

When the switch is placed in the
“run” position, U5A’s @ output is now
forced LOW. This LOW is transferred
to the U5B’s @ output at the next clock
transition. The U4 pin 13 output now
controls the operation of the shift reg-
ister and the PN sequence generator
begins normal operation. The sync cir-
cuit provides the eleven stage PN
sequence generator illustrated in Fig-
ure 9 a way to begin from the state:
11111111111
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Figure 6. Sliding correlator measurement system receiver
configured for 915 MHz (10 MHz chip clock)

The two TX PN sequence generators are synchronized by
connecting the run/stop switch in each generator in parallel
through a cable. The switches have a center-off position, and
with one off, the other will control both PN generators. Now,

when the controlling switch is set to “run” mode, the two TX
PN sequence generators will start together from the same
state. After this simple “back-to-back” calibration procedure,
the transmitter and receiver may be separated to make
measurements without a cable connecting them together.

RF Hardware

The transmitter (see Figures 3 and 5) uses the HP86360A
synthesized sweeper to generate a CW carrier at the center
of the band being measured. This carrier is BPSK modulat-
ed by the PN sequence using a mixer, and the output at the
RF port of the mixer is amplified and transmitted into the
channel. The attenuator placed after the mixer dampens
reflections due to impedance mismatches in the system. The
RF signal produced at the transmitter may be band-limited
by a bandpass filter, depending on the channel being mea-
sured and the power levels used. An omnidirectional anten-
na is used at the transmitter, usually a biconical antenna or
M4 monopole tuned to the band of interest.

The 915 MHz transmitter configuration shown in Figure 5
was used for a recent ISM band propagation measurement
campaign, where a 10 MHz chip clock rate was used to
sound RF channels. This configuration uses a Mini Circuits
ZEM4300 mixer as a BPSK modulator, and a Mini Circuits
ZHL4240 amplifier as a final amplifier. The transmitter
antenna used for the 915 MHz configuration is a A/4 mono-
pole. Figure 8 shows the output of the transmitter.

The 6 GHz system in Figure 3 uses a Macom DCX4-26
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Figure 7. Sample power delay profile

mixer to BPSK modulate the 5850
MHz carrier. The BPSK signal is
band-limited by an interdigital band-
pass filter centered at 5850 MHz,
which prevents transmitting energy
below approximately 5700 MHz and
above approximately 6000 MHz. The
output of this filter is fed to a 20 dB
gain amplifier which increase the
power to approximately 5 ¢cBm to
drive the power amp. The power

Spectrum of Transmiter Output
20 S

fo = 915 MHz

Rc = 10 Mch
20 Lol

Power (GBm)
)

= gt 3 e
%o 85 0 05 90 915 90 925 930 935 940
Froquency (MHZ)

Figure 8. (right) Spectrum of transmit-
ter output with =915 MHz and R =10
Mchip/s.

amplifier can supply up to 40 dBm.

For measurements above 2 GHz, the
transmitter uses a KinTronic Labora-
tories wideband biconical antenna for
omnidirectional measurements, and a
different antennas are used at the
receiver. For example, recent 6 GHz
measurements have used a specially
designed rectangular horn antenna
with 17 dBi gain in conjunction with
an antenna rotor to determine multi-
path angle of arrival.

Recent 915 MHz measurements

used a A/4 monopole at the receiver.
Attenuation at the front end of the 915
MHz receiver is increased for close
measurements to reduce the PN noise
floor caused by the transmitter PN
sequence. Two five-pole interdigital
bandpass filters are used at the input
to reject cellular signals below 894
MHz and paging signals around 930
MHz, since narrowband signals within
the pass band of the receiver reduce
the dynamic range of the system. Two
Mini Circuits ZHL series amplifiers
provide 65 dB of gain prior to the
ZEM4300 mixer, were the received
signal is demodulated.

The 6 GHz receiver configuration
(see Figure 4) uses a bandpass filter
identical to that used at the transmit-
ter, rejecting signals below 5700 MHz
and above 6000 MHz so signals in the
radar and communications bands do
not overload the receiver. The isolator
provides about 20 dB of attenuation in
the reverse direction to reduce the
effect of an impedance mismatch
between the bandpass filter and the
amplifier. The signal is amplified in a
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Figure 9. Schematic of the spread spectrum sliding correlator.

20 dB gain low noise amplifier and
then passed through a step attenuator
and an additional 6 GHz amplifier.
The two 6 GHz amplifiers have
approximately 40 dB gain. The gain is
necessary to overcome the high noise
figure of the spectrum analyzer that is
used as the receiver and the loss in the
balanced modulator used as the corre-
lator. The total system noise figure is
approximately 5 dB to 10 dB, depend-
ing upon the length and type of the
antenna cable.

Other frequency bands are sounded
by replacing filters, amplifiers, and
mixers with components meeting the
specifications required by the new
band. System parameters, such as
chip rates, slip rate, and resolution
bandwidth, must also be set appropri-
ately to sound the new band.

Favorable System Parameters

Many combinations of system para-
meters may produce satisfactory mea-
surement data, MPRG researchers
have found through experience that
certain combinations obtain the most
accurate representation of a channel
response. The most recent 6 GHz mea-
surements were performed using a
transmitter (TX PN) chip rate a of 50
Mchip/s to obtain a time resolution At
of 20 ns, and a receiver (RX PN) chip
rate b of 49.95 MHz. These chip rates
imposed a slip rate R sl of 50 kHz, a
slide factor y of 1000, and a maximum
unambiguous range d, of about 12.2
km. A spectrum analyzer resolution
bandwidth and video bandwidth of 30
kHz was used.

Measurements made during the
recent 915 MHz campaign used a
transmitter (TX PN) chip rate a of 10

54

Mchip/s to achieve a time resolution of
100 ns while confining most of the
transmitted energy within the 902
MHz to 928 MHz ISM band. This con-
figuration used a receiver (RX PN)
chip rate B of 9.990 MHz, imposing a
slip rate R_;;  of 10 kHz, and a slide
factor of 1000, This y1e1ds a maximum
unambiguous range d,_ of approximate-
ly 61 km. The resolution and video
bandwidth of the spectrum analyzer
was 10 kHz.

Conclusion

The sliding correlator technique is a
popular and effective method to mea-
sure RF channels, and has been used
in the past by several researchers to
characterize the delay spread of differ-
ent environments. This article has
described Virginia Tech’s MPRG chan-
nel sounder, which is a sliding correla-
tor system that can be easily config-
ured for several different bands. The
system described here has been used
recently to study multipath as a func-
tion of receiver antenna angle in an
urban environment at 6 GHz, and has
been used to measure the 902 MHz to
928 MHz ISM band in a large train
yard, a propagation environment
which had not been well characterized
for time dispersive characteristics.
MPRG students and staff have provid-
ed propagation measurements for a
wide range of sponsors, and are able to
conduct field studies and propagation
analysis in rapid fashion. A future
article will discuss one such project,
which characterized propagation con-
ditions in an active train yard, and
demonstrate how to analyze received
data for modem design work. RF
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RF cover story

High Level Integration and
Performance Comes to DDS

By Dave Crook and Jim Surber
Analog Devices, Inc.

Analog Devices’ AD9850 is the
world’s first complete monolithic 125
MHz high-performance Direct-Digital-
Synthesis (DDS) system. This innova-
tive CMOS device integrates a propri-
etary high-speed 32-bit DDS core, with
a performance-optimized 10-bit D/A
converter (DAC) and high-speed, low
Jitter comparator. The AD9850 shat-
ters the barriers associated with exist-
ing DDS and DAC synthesizer solu-
tions by providing major advance-
ments in virtually every feature and
specification category: level of integra-
tion, power dissipation, size, speed,
dynamic performance, ease-of imple-
mentation and price.

DDS has long been recognized as a
premier technology for generating fre-
quency-agile waveforms (please refer
to reference [1] for technical discussion
on the basic operation of DDS). DDS
technology excels at delivering
extremely precise digital-control of its
synthesized output frequency, fast fre-
quency “hopping,” and high frequency
accuracy in its output. However, previ-
ous 100 MHz DDS solutions have been
relatively expensive and necessitated
the selection and implementation of a
companion reconstruction DAC. This
additional design burden, coupled with
the undesirable aspects of previous
discrete high-speed DDS solutions
(i.e., complex interface requirements,
high relative expense, and high power
dissipation), has relegated high-speed
DDS technology to applications in
high-end industrial, instrumentation,
and military systems. The AD9850 re-
writes the DDS/DAC frequency syn-
thesizer story.

What is the AD98507

The individual functional blocks
contained within the integrated
AD9850 device, as shown in Figure 1,
are innovations in their own right. The
numerically-controlled oscillator
(NCO) core uses a highly-efficient pro-
prietary algorithm to calculate and
implement the required phase-to-sine

56
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conversion function “on the fly,” reduc-
ing the additional processing steps
and circuitry associated with the tra-
ditional RAM or ROM look-up table
implementation of phase-to-sine con-
version. This algorithm minimizes the
power consumption and size required
for the NCO function.

The D/A converter (DAC) block

within the AD9850 likewise sets a new
standard. This 10-bit DAC core is opti-
mized for wide-band spurious-free
dynamic range (SFDR) and advances
the state-of-the-art for 125 MHz
CMOS DAC distortion performance.
Innovative analog design techniques
coupled with an advanced fabrication
process have yielded a segmented

+Vs Gnd
+—O DAC Reset
Ref Clock in High-Speed _J\ 10-bit et
DDS DAC Analog Out
Master Reset O —/ R 0
32-bit ase oot
jEE sk
Freq. Update/ J
Register Reset o— Freg/Phase Register v o R
Word Load (R\ et 57
Olodkt o——‘{ Data input Register “ I o +—O Clock Out

Serial Load Paralle! Load
1-bitx 40  8-biy x 5 Loads

Figure 1. Functional block diagram of the AD9850.
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outputs as low as -75 dBc and
outstanding phase noise characteristics
(SSB phase noise at 1GHz, 1 KHz offset,
-110 dBc/Hz).

The Standard for Reliability
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25,000 hr MTBF. Since 1985 we've
offered a full 2 vear warranty and a
flat-rate repair fee of just $350 for
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It's time you had the best of both
worlds. The best performance-price
and the best reliability. Call today for
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Frequency Synthesis Handbook.
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*2 yr warranty

*$350 repair fee, vrs 3 - 10
($500, Model PTS 1000)
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Tel: 508 486-3008 Fax: 508 486-4495




DAC architecture that delivers >50 dB
of wideband SFDR at a 40 MHz output
frequency (125 MHz clock rate). This
optimized CMOS DAC core is singu-
larly responsible for the high level of
dynamic performance delivered by the
AD9850. As a side note, this core is
spawning a new Analog Devices prod-
uct family of high-speed, low-cost, dis-
crete CMOS DACs. These “transmit-
ter-quality” DACs will be targeted
specifically at communications appli-
cations where high dynamic perfor-
mance and an economical price are
required.

DDS Demystified

The AD9850 has eradicates one of
the stigmas usually associated with
discrete DDS and DAC solutions: com-
plex implementation. Discrete DDS
technology has been considered by
many system designers to be saddled
with a formidable learning curve —
more of an exotic art form than an
exact science. The AD9850 will change
the perception of DDS technology for
the following reasons:

¢ The AD9850’s DDS core is an
integrated functional block of a com-
plete synthesizer solution

¢ The DDS is deliberately imple-
mented in such a way that the user
need not understand DDS theory to
use this device to its fullest extent (no
learning curve)

* The AD9850 completely eliminates
the non-trivial, and somewhat over-
whelming, task of successfully select-
ing and implementing a high-speed
reconstruction DAC to support a dis-
crete DDS solution

*The device contains a straightfor-
ward set of control functions and input
words that greatly simplifies its opera-
tion as compared to previous
DDS/DAC solutions

* The AD9850 is priced to make dig-
ital frequency synthesis a viable alter-
native to analog synthesis implemen-
tations

Easy-to-Use Digital Frequency
Synthesis

The external support components
and user control interface required to

(Gustom (rvstals

Liletime Warranty

scillators

(it ¢ Relabil

Customer Service & Sales. [800-72-H26
- lour Fax: [300-322- 942

ANTERNATIONAL CRYSTAL
MANUFACTURING CO, INC

e
PO Box 26330, 10 N. Lee
Oklehoma City, 0K 73126-0330

® General Purpose, Commercial
Standard and High-Accuracy

® Pager Crystals

* Laboratory/Micro Balance Crystals

® Micro Processor Crystals

® TCX0, VCXO and TCVCXO
Oscillators & 14 PIN DIP

8 & 14 PIN DIP Oscillators

e (rystal Accessories

* Reconditioned Channel Elements
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implement the AD9850 are of minimal
complexity. It requires only an accu-
rate input reference clock, a word-load
clock, and a 40-bit control/data word to
achieve complete operation. The 40-bit
load word function contains the 32-bit
frequency tuning word, 5-bit phase
modulation data, power-down enable,
and the selection of the serial or paral-
lel data load format. The parallel-load
format requires five loads of an 8 bit
data word. This 8-bit iterative load
format reduces pin-count and allows
the AD9850 to be packaged in its
ultra-small 28-pin package (25 mil pin
spacing) — the smallest footprint
available for this function. The 8-bit
data bus format is relatively easy to
implement and it enables an output
frequency change rate of up to 23 mil-
lion changes-per-second. The reduced
pin count, and resulting small package
size, directly contribute to the
AD9850’s low cost.

AD9850 Applications

Frequency Synthesizer — The
AD9850 is a highly flexible, high-per-
formance device that will serve many
of the traditional DDS markets and
applications. However, its break-
through attributes, including size,
price, functional integration and per-
formance, makes it uniquely posi-
tioned to bring DDS technology into
high-volume, consumer-oriented com-
munications applications. The two
foremost applications for the AD9850
are: 1) low-distortion, frequency-agile
synthesizer and, 2) frequency/phase-
agile clock generator. These applica-
tions will be individually discussed in
greater detail.

The AD9850 was designed to per-
form as a superior frequency-agile
synthesizer. The device’s 42 MHz out-
put bandwidth is appropriate for many
communications applications, includ-
ing frequency-agile local oscillators,
digital modulators, and carrier-gener-
ators. In these applications, the wide-
band distortion characteristics of the
frequency output are most important;
these characteristics are directly
determined by the performance of the
internal DAC. As was previously
described, the internal DAC of the
AD9850 was designed for optimum
wideband dynamic performance over
its Nyquist output range. The SFDR
performance at several output fre-
quencies is shown in Figures 2a, b,
and ¢. The AD9850 is clocked at 125
MHz in all of these examples.
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Figure 2a. ADC9850 output SFDR
measurement at 41 MHz.

The >50 dB of wideband SFDR per-
formance at 40 MHz analog out deliv-
ered by the AD9850, sets a new bench-
mark for 10-bit CMOS DAC perfor-
mance. Some frequency synthesizer
applications, however, are more inter-
ested in the spectral characteristics
close-in to the fundamental (narrow-
band). Figure 4 shows a plot of a 4.5
MHz output fundamental being
clocked at 20.5 MHz. In this plot, the
spectrum analyzer is displaying a 10

Figure 2b. ADC9850 output SFDR
measurement at 15 MHz.

kHz frequency span and the SFDR of
the output frequency is greater than
80 dB over this span.

Frequency-Agile Clock Generator

In the AD9850’s clock generator
application, the device’s internal com-
parator is utilized. The NCO and DAC
blocks generate a frequency-selectable
0- 1 Vp-p output sinewave that is
brought off-chip for external low-pass
filtering. This filtering is necessary

4 1.8 to 1000 MHz
¢ 20 to 10,000 Watts

HENRY RF Power Sources
have been a standard of
reliability for 30 years.
Thousands are in use in
scientific, industrial, medical
and semiconductor
manufacturing installations
around the world.

Tell us what you need, if we
don't have it, we’'ll design it
for you.

TOLL-FREE (800) 877-7979

RY RADIO

2050 South Bundy Drive
Los Angeles, CA 90025

Phone (310) 8201234
FAX 310-826-7790
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60

Figure 2c. ADC9850 output SFDR
measurement at 1 MHz.

because the DAC output is a quan-
tized (stepped) sinewave that contains
significant energy at the aliases of the
fundamental frequency. Aliased
images occur at the sum and differ-
ence of the fundamental and multiples
of the clock frequency. The lowpass fil-
ter helps to attenuate the amplitude of
the aliased energy and smoothes the
quantized steps. The filtered sinewave
is then brought back on-chip and
applied to the input of the internal
comparator, which is configured as a
+0.5 V threshold comparator (half of
the DAC’s fullscale output voltage).
The comparator’s +0.5 V reference
level can be conveniently generated by
averaging the complimentary DAC
outputs across a resistor divider and
filtering with a .01 ufd. capacitor (see
Figure 4).

The comparator functions as a
sinewave-to-squarewave converter and
its squarewave output serves as a
CMOS-compatible clock source, with a
rise and fall times of 2.2 ns into a 15
pF load. The DAC outputs and com-
parator inputs are differential but
they can be driven either in single-
ended or differential mode. As a clock
source, the AD9850 can be digitally-
tuned to any frequency up to 42 MHz
(approximately one-third of the 125

aB MARCONT
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Figure 3. 4.5 MHz output viewed nar-
rowband (1 kHz/div.).
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Figure 4. AD9850 in a clock generator application.

MHz clock rate), and it delivers an
output frequency resolution of .029
Hz. Furthermore, the output clock can
be phase-modulated in increments of
+180°, +90°, +45°, +22.5°, +11.25°, and
any combination thereof.

Output switching characteristics
and jitter are obviously important
specifications for clock generator
applications. The internal comparator
of the AD9850 always sees a full-scale
DAC output swing and it was designed
with adequate hysterisis to insure
clean output switching (no “chatter”)
with low frequency/low slewing input
signals. Figure 5a shows the AD9850’s
comparator output switching charac-
teristic with an input signal frequency
of 1 kHz. Note the absence of output
chatter as the input relatively slowly
slews through the comparator’s
threshold level. Figure 5b shows the
comparator’s output switching charac-
teristic with a 41 MHz input signal.

The parameters of the external fil-
ter play an important role in the
amount of overall output clock jitter.
Figure 6 shows the jitter plot for the
output of the AD9850 under the fol-
lowing conditions: 40 MHz output
pulse, 125 MHz reference clock, +3.3 V
supply voltage, and a 5th order 45
MHz low-pass filter with 200 ohm
input/output impedance. By storing
consecutive samples of the output
pulse on a storage oscilloscope, the
output jitter is demonstrated to be
approximately 300 psp-p which well
supports its major application as a
clock generator in a spread-spectrum
digital communication systems.

Spread-Spectrum Application

An example of the AD9850 as a clock
generator in a spread-spectrum receiv-
er in shown in Figure 7. This is the

block diagram of the [&Q digitizer sec-
tion of Loral Communications Sys-
tems’ EB 200 spread-spectrum
modem. The Loral system utilizes a
DDS-based clock generator function to
lock the receiver onto the chip rate of
the transmitter. This allows the entire
spread-spectrum system to quickly re-
optimize its TX-RX data transfer delay
and timing to compensate for fluctuat-
ing transmission media characteristics
such as that presented under changing
atmospheric conditions, or as posed by
system operation within a
mobile/portable environment.

In a spread-spectrum receiver appli-
cation, the EB-200 system accepts an
RF input and generates 1&Q IF sig-
nals via a quadrature down converter
stage. A pair of high-speed A/D con-
verters digitize the IF I1&Q channels at
the chip rate of the spread data. An
on-board ASIC, Loral’s PA-100 chip,
performs the basic despreading and
baseband demodulation of the 1&Q
data as well as decoding its chip rate.
The PA-100 device generates a 32-bit
frequency control word corresponding
to the chip rate, which is applied as
the frequency tuning word to the
AD9850. The AD9850, in turn, gener-
ates an encode command pulse fre-
quency for the dual A/D converters
that is locked to the chip rate of the
transmitted data. As transmission
conditions change, the AD9850 clock
generator function allows the receiver
to be digitally tuned for continued
optimum performance.

The features and attributes of the
AD9850 complement and enable the
full potential of the EB-200 spread-
spectrum modem. The EB-200 is a
highly flexible digital demodulator
function that fully supports many dif-
ferent modulation schemes: BPSK,
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Figure 5a. Comparator output wave-
form at 1 kHz.

QPSK, and OQPSK — at data rates
from 9.6 k to 40 Msymbols/s. The
AD9850, as the supporting clock gen-
erator function, allows the EB-200 to
target many commercial spread-spec-
trum applications such as RFID, wire-
less telephony, wireless LAN, and
high-speed data modems. For addi-
tional information on Loral’s EB-200
spread-spectrum digital demodulator
system, contact Kent Erickson at
Loral Communications Systems, 640
N. 2200W, Salt Lake City, UT, 84116
(801/594-2044).

User-Friendly AD9850 Evaluation
Board Available

An evaluation board for the AD9850
is available which carries the concept
of simple DDS interface a step further.
The evaluation board interfaces to the
printer port of a PC and includes con-
trol software that operates under Win-
dowsTM. This provides an extremely
user-friendly “point-and-click” control
format for operating the device. Two
versions of the evaluation board are
available: the AD9850/FSPCB and the
AD9850/CGPCB. The FS version is
configured as a frequency synthesizer
with the AD9850’s DAC output con-
nected to a BNC connector and termi-
nated in 50 ohms. The
AD9850/CGPCB evaluation board con-
figures the AD9850 as a clock genera-
tor function and includes a 43 MHz
low-pass filter between the DAC out-
put and the comparator input. The
AD9850 comparator’s squarewave out-
put is connected to an output BNC
jack for timing analysis. Both versions
are available from stock with a cost of
$98.50, which includes AD9850 device
and operating software.

More DDS to Come...
The AD9850 is the flagship product

RF Design

Figure 5b. Comparator output wave-
form at 41 MHz.

Figure 6. Output clock jitter plot.
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Figure 7. AD9850 as a clock generator in a spread-spectrum receiver.

for a new family of DDS-based prod-
ucts from Analog Devices. In addition
to forming the core of higher-resolu-
tion frequency synthesizer products,
the AD9850’s CMOS DDS and DAC
blocks will be further integrated with
mixers and digital filters to form com-
plete digital modulator devices. One
such immediate follow-on product is a
QPSK digital modulator device that
will provide an optimum low-cost solu-
tion for the 5-40 MHz return path TX
function as required in the emerging
HFC cable modem industry.

For additional information, contact
Analog Devices at 1-800-ANALOGD —
or circle Info/Card #250. RF
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RF products

Smallest, Thinnest Trimmers
Added to Product Line

Sprague-Goodman Electron-
ics has added the smallest and
thinnest models to its line of
SURFTRIM® Surface Mount
Trimmer Capacitors. The two
models in this new GKP series
meausre just 2.2 x 3.1 mm and
feature an extremely low pro-
file — height is 1.2 mm above
the mounting surface. Capaci-
tance range for Model
GKP10066 is 3.0-10.0 pF;
Model GKP20066 covers 4.5-20
pF. Drift after setting is less
than +1 percent, and the Q is
200 minimum at 1 MHz. Tem-
perature coefficient of capaci-
tance is NPO +500 ppm/°C for

GKP10066 and N750 +500
ppm/°C for GKP20066. Operat-
ing tempeature is rated at
—25°C to +85°C, the voltage rat-
ing is 25 volts with dielectric
withstanding voltage of 55
volts. Insulation resistance is
10* Megohms minimum, and
tuning torque is 10-100 g-cm
(0.2-1.39 oz-in.). Carrier and
reel packaging is standard.
Pricing is $1.15 per piece for a
2000-piece reel. Sample quanti-
ties are available from stock.
12-week delivery on initial
quantities.

Sprague-Goodman Electronics
INFO/CARD #187

T/R Amplifier
Subsystems

LCF Enterprises is now manu-
facturing a line of T/R amplifier
subsystems covering 1 MHz to 2
GHz. These systems deliver high
performance, with flexible
design features in a compact
size. Customers can select from a
list of components with specific
gain performance (8-40 dB) and
connector size (Type N, TNC,
SMA), and customize the subsys-
tem for their application. The
components available include a

power amplifier; preamplifier;
control logic for current limiting,
thermal shutdown and
autoswitching; TX/RX switching;
EMI filtering; and DC-DC con-
verter. All subsystems include a
power connector and come with
options including heat sink and
dual power outputs.

LCF Enterprises

INFO/CARD #188

RF Design

CDMA Mobile Sta-
tion Test System

Noise Com introduces the
WIS-98 and WIS-018 CDMA
mobile Station Test Systems for
cellular and PCS applications,
respectively. The combined
Wireless Impairment System
Model WIS-98/018 is used for
simultaneous cellular and PCS
testing. Systems are integrated

test solutions with emulation of
impairments such as Additive
White Gaussian Noise (AWGN),
multipath fading and CW inter-
ference. These systems, com-
bines with a mini-cell or base
station simulator, provide com-
prehensive testing for verifica-
tion of product performance to
meet the CDG Stage 1, 1S-98,
and ANSI-J-STD-018 standards.
The units are provided in 19-
inch rack systems.

Noise Com, Inc.

INFO/CARD #189

Low-Cost 4 GHz

Signal Generator
Expanding their HP 8648 line
of signal generators, Hewlett-
Packard announces the HP
8648D, a low-cost 4 GHz synthe-
sized model designed for RF
communications systems testing.
New applications require higher
frequency operation than was
previously needed, and this
model offers low cost in the 3
GHz to 4 GHz range, where
available instruments have gen-
erally been high-end products.

With 9 kHz to 4 GHz range, the
HP8648D is useful for general
receiver testing, or for personal
communications system (PCS),
wireless local area networks
(WLAN) and fixed-radio access
(FRA). The unit is also available
with an optional variable-modu-
lation generator for audio-band
testing using 10 Hz to 20 kHz
modulation in sine, square, tri-
ange and sawtooth shapes. Price
of the HP 8648D is $11,000 and
Option 1E2 variable-modulation
generator is $400.
Hewlett-Packard Company
INFO/CARD #190

Microcell Power
Amplifier

Advanced Control Compo-
nents introduces the ACAM-
7911, 7912 and 7914 RF power
amplifiers designed as drivers in
microcell base stations operating

in the 800 MHz band, as well as
systems operating in the 915
MHz ISM band. The amplifiers
deliver 36 dB of gain, flat to +0.5
dB, with a third order intercept
point typically +56 dBm. Gain
versus temperature is +1 dB
(typically +0.6, —0.8 dB). Input
and output VSWR is 1.5:1. The
ACAM-7911 covers 869-894
MHz, the ACAM-7912 covers
890-915 MHz, and the ACAM
7914 covers 940-956 MHz. All
models operate from +15 VDC at
3.3 A. Advanced Control Compo-
nents manufactures detectors,
limiter-detectors, RF amplifiers
and custom RF and microwave
subsystems.

Advanced Control Components
INFO/CARD #191
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Ferrite Shield

Beads

.”
-~

Dale® ILB-1206 Surface Mount Shield

Beads ¢ Effective from 10MHz to >500MHz
¢ Ideal for EMI/RFI suppression and noise
filtering including high-speed digital circuits
* 10 models in EIA 1206 size ® Wide impedance
range (19-600€2 @ 100MHz) * High reliability
monolithic construction. Phone (605) 665-9301
or Fax 605-665-1627.

For Literature, Call Vishay’s FlashFax™ Service

at 1-800-487-9437. Rejuest Document #314.

Dale Electronics, inc., East Highway 50, P.O. Box 180,
Yankton, SD 57078-0180

DALE

RF products e

Cellular Scanning Receiver

Model 9333

Frequency Range - 823.98-849.00 MHz
Resolution - 30 KHz
Main Output — RSS1 in dBm (8 Bits)
Secondary Output — Audio 300 Hz to 3 KHz at 0 dBm (600 Ohms)
Image Rejection — 60 dB minimum
IF Rejection - 60 dB minimum
Frequency Switching Speed — 1 mS max. to +1 KHz

Interad Limited
8020 Queenair Drive » Gaithersburg, MD 20879
Phone: 301-948-7172 « Fax: 301-977-7559
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SEMI-
CONDUCTORS

Wireline Transceiver
for DECT

Level One Communications
announces a fully integrated
long-haul transceiver for a
DECT base station. In addition

to DECT PBX/central office
interface applications, the
LXT317 can bbe used for a wire-
less PABX interface, Network
Termination Unit (NTU), wire-
less LAN interface, LAN bridge
or private network data pump.
The device includes on-chip
adaptive equalizer, transmitter,
receiver and HDB3 encoder/
decoders. In 100-unit quanti-
ties, the price is $15.48.

Level One Communications
INFO/CARD #192

1-Watt RFIC
Power Amplifier

Pacific Monolithics introduces
the PM2105 1l-watt power
amplifier for operation over the
800-2000 MHz frequency range.
With extrnal matching, high
performance can be obtinaed
within 30 to 100 MHz band-
width anywhere in the specified
frequency range. The PM2105 is
designed for operation in either
linear or saturated power appli-
cations. P, . is 29 dBm, while
saturated power is 30.5 dBm
(typical). Bias pins either Class
AB or Class C operation. The
device ratings are specified with
a 5 VDC supply, but the device
is usable over 3 to 6 VDC.
Pacific Monolithics
INFO/CARD #193

SSTs Target HF and
CATV Return Uses

New silicon FET amplifiers
from MicroWave Technology are
designed for low/medium power

applications at frequencies from
0.2 to 100 MHz, including HF
communications, test instru-
mentation, and CATV reverse
channels. The LPS-0151 covers
1-50 MHz with more than 0.5
watt of linear power output in a
75 ohm system. The LPS-0150
is a 1-watt, 50 ohm device for 1-
50 MHz, and the LPS-0110 is a
broadband 0.2-110 MHz device
providing 0.5 watts into 50
ohms. All models are internally
matched and biased, requiring
only power and decoupling cir-
cuitry, and are specified for
operation at 12.5 VDC.
MicroWave Technology
INFO/CARD #194

3-Watt GSM Amplifier
Anadigics has introduced the
AWT0904 GaAs monolithic
power amplifier, delivering 3
watts from a single +5.8 VDC
supply. Provided in a low-cost
IC package, the device uses
three amplification stages to
achieve 34 dB gain, 35 dBm out-
put, 50% efficiency, and low
receive-band noise. Similar
amplifiers are being developed
for the U.S. PCS band.
Anadigics Ine.
INFO/CARD #195

IC Combines Mixer

and 1/Q Modulator
TEMIC has released the
U2891B, providing a 2.5 GHz
mixer and 30-500 MHz I/Q mod-
ulator in a single package —
operating at a supply as low as
2.7 volts. Accuracy of the 1/Q
phase shifter is 0.5°, providing
sideband suppression of 45 dB
and LO suppresison of 40 dB.
The mixer section has an output
compression point of -7 dBm
and a third order intercept of -6
dBm with a 509 load. Conver-
sion gain is 9 dB.
TEMIC Telefunken
INFO/CARD #196

Single-Frequency
Synthesizer

Motorola announces the
MC12179, a highly-integrated
synthesizer IC for operation at
up to 2.5 GHz output. The divi-
sion ratio is fixed at =256, and
the chip includes a reference
oscillator, phase detector, and
charge pump. A crystal and
VCO are the only required
addtions. $4.97 in 1000s.
Motorola SPS
INFO/CARD #197
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TEST
EQUIPMENT

Enhanced Model RF
Voltmeter

Boonton Electronics has improved the
Model 9200C RF voltmeter with a new
front panel display. The 9200C offers com-
plete microprocessor control, a voltage
range of 200 uV to 3V, from 10 Hz to 2.5
GHz. Features include auto-zero function,
an additional channel for differential mea-
surements, DC recorder output, IEE-488
interface and a 3-1/2 digit voltage or dB
display with 0.01 dB resolution. Starting
price of the 9200C is $3,600.

Boonton Electronics Corp.
INFO/CARD #198

Cellular Base Station

Emulator

The TAS 6600 Wireless Communications
Analyzer from Telecom Analysis Systems
offers complete cellular base station emula-
tion, including: a mainframe analyzer with

EAMPS emulation, the TAS-6600-CAP Cel-
lular Audio Processor (CAP) module, and
the TASKIT®/6600 software for Windows.
The compact unit simplifies, integrates and
enhances the testing of cellular communi-
cations products.

Telecom Analysis Systems, Inc.
INFO/CARD #199

PC-Based Arbitrary Wave-

form Generator

Gage Applied Sciences has introduced
the CompuGen 1100, a PC-based arbitrary
waveform generator with 12-bit resolution
DAC and conversion rates up to 80 MSPS.
The ISA bus card instrument is provided
with control software that allows user-
defined mathematical functions or wave-
forms from the software library. Output
signals with up to 20 MHz bandwidth can
be generated. With standard 512k memory
(expandable to 8 million samples), the price
is $4,995. Software drivers for popular com-
pilers are $250.
Gage Applied Sciences
INFO/CARD #200

RF Design

10 MHz Data Acquisition
Board for Workstations

Ultraview Corporation has developed an
SBus data acquisition board that can con-
tinuously acquire analog data at 10 MSPS
and 12-bit precision, including baseband
and low-frequency RF signals. Real-time
analysis of scientific, medical and commu-
nications signals is the primary applica-
tion. A special pipeline mode allows the

entire 16 MBytes of RAM to be used for
outputting 16 MBytes of analog data, while
siultaneously inputting 16 MBytes of data.
This allows immediate measurement of
response to stimulus, useful for testing
high-speed RF, disk drives, and MMICs.
Single-unit price is $4495 for the combined
A/D and dual D/A board. Other models
range from $2995 to $3995.

Ultraview Corporation

INFO/CARD #201

1/2 the Loss
1/2 Fhe Cost

=

| Performance

Low Loss Check them out . .

Sawtek now offers a line of Part BW3 Loss
standard 70 MHz SAW filters with ~ Number  (MHz min)  (dB max)
insertion loss that's substantially 854651 0.3 18D
lower (ha'n any 10 PTHZ SAW gg:zg% :2 }gg
filters we've ever built. On 854654 20 T8D
average, our new filters offer 854655 15 T8D
50% lower insertion loss than 854656 3.0 TBD
any of our existing 70 MHz filters, ~ 854657 35 18D
making them more appropriate

854658 4.0 725
| for your low power wireless 854659 45 8.0
applications.

Low Cost

Because of dramatic advances in
our production process, we can
offer these maximum performers
at minimum prices — nearly half
the cost of our other standard
filters when ordered in volume.

In addition, the new low-loss,
low-cost, surface mount 70 MHz
filters from Sawtek are backed by
our reputation for high quality.

854660 5.0 8.5

:gj(gg; gg 32 for immediate performance data, call |

i 854663 80 0o -00-PENSTOCK |

Low Profile o g b / |

|| Now the industy's most adanced  gaes 100 10 pEENESTOEN. |

10 MHz SAW filters are available 854466 12.0 125

854667 [4.0 13.0
854668 16.0 13.5
854669 18.0 14.5
854670 20.0 15.0
854671 1.0 16.0
854672 240 16.5

now occupy 0% less board space  gq673 2.0 175 5 ‘
854674 28.0 18.0 a.Y

!

|

' and 90% less volume than our "y

\ 854675 30.0 185 & INCORPORATED ||

An AVNET Company
In Canada (613) 592-6088.
in Northern California (408) 730-0300.

|

| in industry-standard surface

1 mount packages (SMP-53 and

l SMP-75) which provide greater
reliability while reducing size and
weight. In fact, each filter will

To discuss your specific application,
call Sawtek at (407) 886-8860.

previous standard 70 MHz SAW ‘
filter. 854678 36.0 19.0 Orlando, Florida |
| 854680 40.0 20.0
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Cornell Dubilier

CDE’s Type MCO06 Mica Capacitor is
the Right Choice for RF Design

Particularly in the transmitter output stages, Type
MCO06 is perfect for DC blocking and filtering circuitry
between the output driver and the antenna.

Features include:

v High Q Factor: above 500 MHz

v Low ESR: between 600 MHz to 1.8 GHz
v Tight Tolerances: +0.1¢f from 0.5pf to 10pf

Comell Dubilier

1605 East Rodney French Blvd.

New 3edford, MA 02744

(508) 996-8564 / FAX (508) 996-3830

CORNELL

CDE
DUBILIER

INFO/CARD 57

LPRIN [

Finally. An inexpensive way to

promote your products and services.

That’s right. Now you can take advantage of a powerful, yet
inexpensive way to promote your company. We can reprint any
article, ad or section of this magazine
and customize it to your specific needs!

v Increase your company's visibility
v Enhance your corporate image
v Position yourself as an expert in the field

How can you use reprints
as a solid marketing tool?

* Direct mail pieces ¢ Promotional material at trade shows
o Sales pregentation aids and © New product announcements
leave-behinds « Internal/stockholder education

Take advantage of this cost-effective marketing
opportunity by calling Ed LaBorwit
at (770) 618-0481. Minimum order 100.

RF design
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SIGNAL
PROCESSING
COMPONENTS

Copper-Based Pas-
sive Components

Bird Component Products
introduces passive RF devices
using a new cost-effective cop-
pre-based T2 Technology. These

devices are less prone to leach-
ing during soldering than silver
technology components. A com-
plete line of attenuators, resis-
tors and terminations is avail-
able using this technology.

Bird Component Products
INFO/CARD #202

Chip Lowpass Filters

for 800-2600 MHz

The LTF Series of chip low-
pass filters from Toko America
can be used to reduce harmonics
of a system PA or LO. Provided
in a miniature 1206 footprint
(3.2 x 1.6 mm) and only 1.4 mm
high, these filters provide a
minimu of 30 dB attenuation at
2 x f, and 18 dB at 3 x f;,. Stan-
dard frequencies are available
for standard wireless communi-
cations band from 836.5 MHz
through 2450 MHz, including
cellular, 900 and 2400 MHz
ISM bands, PDC-1.5, PCS-1900,
DCS-1800, DECT and PHS.
Toko America, Inc.
INFO/CARD #203

SAW Filters for

Wireless Systems

A new family of SAW filters
for wireless applications is now
available from Mitsubishi Elec-
tronics. The MF1009S is
designed for the 869-894 MHz
AMPS cellular receive band,
and the MF1010S series is
designed for the 824-849 MHz
AMPS transmit band. The new
SAW filter has a small footprint

of 3.8 x 3.8 x 1.25 mm, and are
offered optimized for either
insertion loss (3.1 to 3.5 dB) or
for stopband rejection (24-55
dB). Low amplitude ripple and
wide temperature range opera-
tion are additional features of
the SAW filter line.

Mitsubishi Electronics
INFO/CARD #204

Dual Celluar

Bandpass Filter

K&L Microwave offers a dual
cellular bandpass filter, model
X10FV50-920/X80-N/N with
center frequencies of 897.5 MHz
and 942.5 MHz. -3 dB band-
width at each frequency is 36
MHz, with insertion loss of less
than 1.5 dB. Rejection at 860
and 980 MHz is greater than 40
dB, and greater than 70 dB at
920 MHz.
K&L Microwave
INFO/CARD #205

DISCRETE
COMPONENTS

Chip Inductors

Pulse offers a new series of
1008 wirewound RF chip induc-
tors, with a ceramic core that
provides exceptional Q perfor-
mance, thermal stability and
self-resonant frequencies reach-
ing up to 6 GHz. The inductors
are available in industry-stan-
dard values from 4.7 nH to 4700
nH, and are also available in
the 0805 size. Both are designed
for pick-and-place assembly. Q
and inductance and S-parame-
ter information are available in
disk format for easier circuit
modeling. In 100,000-piece
OEM quantities, pricing is typi-
cally $0.13 each.
Pulse
INFO/CARD #206

1 kV Ceramic-Plate

Capacitors

Philips Components has
added a new series of 1 kV
ceramic-plate capacitors in a
wide range of values from 0.47
pF to 3300 pF, available in tol-
erances from 5% to 20%. High
temperature versions are avail-
able, as are low-loss models for
minimum dissipation.
Philips Components
INFO/CARD #207
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Vacuum OCXO
Increases

Performance

A new generation of OCXO
technology, the Evacuated
Miniature Crystal Oscillator
(EMXO) uses the insulating
properties of vacuum, with a
cold weld enclosure to provide
improved performance over
conventional OCXOs. Steady-
state power consumption is
<1.2 watts at —55°C, with
warm-up time at that temper-
ature of two minutes. Stabili-
ty is available to =1 x 108
over —55 to +85°C.
Vectron Labs
INFO/CARD #208

High-Stability
SATCOM TCXO
Model 6202 from Oscillatek
is based on the poular 6024
and 6079 SATCOM TCXO
series. The 6202 is a 10 MHz
model that will maintain +1
ppm 0 to +50°C including
aging for 10 years. Pricing is
$65.00 each at 1000 pieces,
and other performance
options are available.
Oscillatek
INFO/CARD #209

Product Focus —
Crystal Oscillators

Programmable
Master Clock
Oscillator

Micro Networks introduces
a parallel-programmed mas-
ter clock oscillator for fre-
quencies from 40 MHz to 1
GHz. The M115 Series has

eight models that can be pro-
grammed over a wide range.
For example, the M115-1 cov-
ers 40-80 MHz in 100 kHz
increments, while the M115-8
covers 800 MHz to 1 GHz in
200 kHz steps. Stability is 35
ppm (0-70°C), with other
specifications available.
Prices start at less than $155
in sample quantities, OEM
pricing less than $100.

Micro Networks
INFO/CARD #210

Microprocessor
Crystals

Ecliptek now offers the
ECCM3 and ECCM4 uP crys-
tals, with high stability needed
for use in clock and reference
oscillators for wireless, satellite
and telecommunications. They
are available in frequencies
from 11 to 120 MHz, with =10
ppm tolerance and +5 ppm sta-
bility over -20 to +80°C. The
ECCM3 and ECCM4 are provid-
ed in SMT packages designed
for automatic assembly.
Ecliptek Corporation
INFO/CARD #211

SUBSYSTEMS

Distribution Amplifier

Frequency Electronics has
introduced the FE-7923A 10-
channel sinewave distribution

RF Design

amplifier, operating at 1 to 10
MHz. Designed to meet strin-
gent satellite ground station
requirements, the unit offers
low phase noise, low amplitude
noise bursts, and isolation of
more than 100 dB. The FE-
7923A is provided in a 19-inch
rack mount case.

Frequency Electronics
INFO/CARD #212

Wireless Data

Transceiver/Modem
Advanced Digital Systems
(ADS) and Tait Electronics have
jointly developed a rugged, cost-
effective mobile data package
that marries a data-ready Tait
mobile transceiver with a high-
speed ADS “Smart Packet
Modem.” The D2000/SPM
modem system transmits and
receives data from 1200 to 9600
bps. The D2000 mobile trans-
ceiver is a synthesized four-
channel radio, remotely con-

TELE QUARZ GROUP determines the stability
in your circuit
ystal Oscillators

stal Filters - €7

=)
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rystals

13 MFZ o andsets

Hz €
Quartz crystals for  for GSM
GSM, Pager, DECT,
automotive applications

We deliver either standard specifications in HC-52/U,
HC-49/U or SMD enclosures or produce according to
your own specification up to 360 MHz.

PXO'’s and clock oscillators

as reliable pulse generator in all Telecom
applications with TTL-, CMOS-, HCMOS-, ACMOS-,
ECL- and Sinus output in DIL, 1/2 DIL and SMD
enclosures, also with tristate and enable version.

TCXO’s and VCXO’s

for SDH, SONET, GPS or application in radio and
measurement technology in standardized IEC
enclosures, also in surface mount technology.

OCXO’s
for base stations and other high-end applications
smallest enclosure 25 x 25 mm, stabilities down to 10

* short delivery times
* application support
* ask for our shortform catalogue

K

e advisé L
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TELE QUARZ GmbH gt
Landstrasse cooper® stal
D-74924 Neckarbischofsheim portz €Y
Germany q and Ic

Tel.: + 7268/801-0
Fax: + 7268/1435
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Surface Mount VCXOs for
Communications

Champion Technologies introduces the
K1526 Series of voltage-controlled crystal
oscillators (VCXOs), available in a com-
pact ceramic SMT package. The VCXOs
are compatible with today’s phase-locked
loop applications in wireless telecommuni-
cations. Available in frequencies from 2.0
to 55.0 MHz, the VCXOs offer overall fre-
quency stability tolerance as tight as +25
ppm over 0 to 70°C, and =50 ppm from
~40°C to +85°C. Deviation range is avail-
able from 60 ppm to 150 ppm with a con-
trol range of 0.5 to 4.5 V. Typical pricing
is $19.000 each in 1,000-piece quentity.
Champion Technologies, Inc.
INFO/CARD #213

OCXO Series Developed
from Satellite Applications

Model 106 from Reeves-Hoffman is an
oven controlled crystal oscillator (OCXO)

Product Focus — Crystal Oscillators coninued

tions, with low power consumption compa-
rable to a TCXO. Temperature stabilities
are as tight as =0.05 ppm over 0-70°C,
and +0.1 ppm over —40 to =70°C. Power
consumption is approximately 200 mW at

—40°C, ideal for battery-power applica-
tions. The Model 106 is packaged in a
standard CO-08 package, and aging rates
as low as 0.3 ppm per year are avilable.

Reeves-Hoffman
INFO/CARD #214

that was originally designed for high reli-
ability Satellite Rescue (SARSAT) applica-

SMD Clock Oscillator

Vectron Technologies offers a fixed fre-
quency crystal oscillator in a leadless chip
carrier (LCC) package, for TLL and
CMOS applications. Tape and reel as well
as tube packaging is available. Typical
applications include providing clock sig-
nals for digital signal processing (DSP),
microprocessors (uP) and disk drive cir-
cuitry.

Vectron Technologies Inc.
INFO/CARD #215

Super-Low-Profile OCXO

Oak Frequency Control Group’s new
4853 OCXO is available for the 10-50
MHz range, and features a low-profile
package with dimensions of 1.0 x 1.0 x
0.45 inches. Temperature stability is +8 x
108 over —20 to +70°C. Warm-up power is
2.5 watts, and steady-state power con-
sumption at +25°C is 1 watt. Typical
phase noise at 100 MHz is —130 dBc¢/Hz.
An SC-cut crystal version is available.
Oak Frequency Control Group
INFO/CARD #216

The EASY 1 1s a pre-compliance system
designed to test the conducted
and radiated emissions of products

_ during development and production
" 1o ensure EMC compliance.

The EASY 1 works with Windows 3.1
and consists of a Wayne Kerr
SSA1000A Spectrum Analyzer, GPIB
card for the PC, near field probe kit,
Line Impedance Stabilization
Network and a specially designed

broadband antenna, cables and
documentation.

The EASY 1 system allows for
open area testing from 30 MHz to
1GHz, and the near field probe
~ pinpoints the emissions source. Use
EASY ! to meet FCC/VDE/CISPR/

For more details, EN/CENELEC/EMC standards.

call 800-933-9319
WAYNE KERR s==2

Wayne Kerr, Inc.
L/ AP 11 Sixth Road

ELECTRONICSTS Woburn, MA 01801-1744
TEL 617-938:8390 « FAX: 617-933-9523
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CERAMIC RF 3

CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

JENNINGS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC

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

INFO/CARD 60
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VOLTAGE CONTROLLED

OSCILLATORS
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It's a fact! With Mini-Circuits new POS family of shielded, laser sealed

voltage controlled oscillators, you pay less but get more... top notch Freq. Range PhaseNoise Harmonics Power  Price
quality, superior performance and value pricing. Model (MHz) (dBc/Hz) (dBo) 12VDC (Qty.5-49)
Features include wide-band models with near octave bandwidth and linear ~ No. Min.  SSB@10kHzTyp. Typ. CumentmA  § ea.
tuning. Low SSB phase noise characterized at 100Hz to 1MHz offsets. o550 25.50 110 19 17 11.95
Excellent harmonic suppression, typically more than 25dB. RF power  pos.75  37.5.75 -110 27 17 11.95
output typically +7dBm, excelient for driving level 7 mixers. Miniature size, ~ POS-100  50-100 -107 -23 18 11.95
only 0.4 X 0.8 inch board space. Hermetically sealed and ruggedly constructed ~ POS-150  75-150 -103 -23 18 11.95
for tough environments. Best of all, Mini-Circuits high performance, highly refiable ~ POS-200  100-200 -102 =24 18 11.95
VCO's can be yours at value prices starting at only $11.95 each  POS-300 150-280 -100 -30 18 13.95
(qty.5-49). To order from stock, call Mini-Circuits today. POS-400 200-380 -98 -28 20 13.95
Mini-Circuits...we're redefining what VALUE is all about! POS-535  300-525 -93 -26 18 13.95
POS-765 485-765 -85 -21 22 14.95
DESIGNER’S KITS: POS-1025 685-1025 -84 -23 22 16.95
K-POS1 $124.95 (contains 1ea. all models). N el e b YL s, oee.

K-POS2 $79.95(contains 1ea. all models except POS-75,-150,-300).

[JMini-Circuits L6

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

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 195 Rev A



RF products

trolled by the modem. VHF and UHF mod-
els are offered for 136-174 and 400-470 or
450-520 MHz, respectively.

Tait Electronics — USA, Inc.
INFO/CARD #217

Radio Data Transceiver

The Pathfinder Explorer 9600 from Met-
ric Systems Corp. is an intelligent UHF
9600 bps radio data transceiver for indus-

trial control, monitoring and data acquisi-
tion systems. The unit offers 3-wire or RS-
232 interface, packetized or transparent
mode, individual station addressing (up to
64,000 addresses), full error correction, and
the CSMA point-to-multipoint networking
prtotocol. The Pathfinder Explorer 9600 is
available in seven frequency bands from
403 to 512 MHz.

Metric Systems Corp.

INFO/CARD #218

Every Designer's Dilemma...

QUALCOMM's Single-Chip PLL
beats the cost of discrete alternatives.

For More Information Call (619) 658-GROW or Fax: (619) 658-1556
or E-mail: asic-products@qualcomm.com

QUALCOMM ASIC PRODUCTS
6455 Lusk Boulevard San Diego CA 92121

QLIALCO/\NV\

AsIC

PRODUCTS

INFO/CARD 90
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Microwave Microcells

3dbm has announced the availability of
the MMC series of Microwave Microcells.
The units are designed to improve the
capacity and coverage of cellular systems.
Typical uses for coverage imporvement
include shopping malls, convention centers,
office buildings, tunnels, subways and
indoor garages. They can be combined with
3dbm’s SZS Microcell Zone Selectors to
form intelligent microcell clusters.
3dbm, Inc.
INFO/CARD #219

CABLES &
CONNECTORS

Flexible Microwave
Cable Assemblies

Low-cost microwave cable assemblies for
applications up to 14 GHz are available
from Richardson Electronics. Made by
Gore, the assemblies are offered in 4-inch
to 60-inch lengths, with straight or right-
angle SMA male connectors. The cable fea-
tures low loss RF characteristics and per-
formance similar to semi-rigid cable, but in
a more flexible alternative.

Richardson Electronics Ltd.
INFO/CARD #220

Minimum-Profile
F Type Jack

Connect-Tech Products now offers the
CTP-169 minimum-profile F-type jack
which mounts directly to the edge of a
printed circuit board, supported by a slot in
the jack. The edge slot can be changed from
the standard .062 p.c. board thickness to
any other required dimension. Applications
include cable TV, LAN networks, TV inter-
face, satellite and other communications.
Unit cost of the CTP-169 in high volume is
under $0.35 each.

Connect-Tech Products
INFO/CARD #221

High-Power Connectors

A line of high integrity quick connect and
disconnect SQ connectors, receptacles and
cable assemblies is offered by Tru-Connec-
tor. These connectors are used in sputter-
ing, wafer processing and other high-power
applications. The Tru-Connector models
feature a spring-loaded sleeve on the male
member which has self-contained balls
which mate to the corresponding groove on
the female connector. The connectors are
capable of handling 7000 volts, or 5 kW
power at 50 ohm impedance. Pricing is
according to style, cabling requirements
and quantity.
Tru-Connector Corp.
INFO/CARD #222
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~ Simply An Affordable
2 GHz Spectrum Analyzer

"x12"x 16" (Hx Wx D)
LB, 110/220VAC-50/60HZ

$10,975. Buys 5 - $2,195. Buys 1

VIADE IN USA 80dB on Screen, 300KHz-10KHz R.B.W, 6 Digit Center Frequency Display

RF DESIGN, RF SIGNAL ANALYSIS, SYSTEMS EVALUATION, EMI-RFI TESTING, RF PRODUCTION TESTING,
INSTALLATION, MAINTENANCE, EVALUATION OF ALL RF SYSTEMS, AM, FM, TV, BROADCAST, CATYV,

MATYV, LAND-MOBIL, MARINE, AIRCRAFT, AMATEUR RADIO, SECURITY SYSTEMS, SURVEILLANCE

$10,975. BUYS 5 _NOT A MIS-PRINT
If $10K is what you're use to spending
for an Analyzer, we have a pleasant
surprise $2,195. We are not claiming
the SA1800D will do everything a $10K
unit will, but the SA1800D will go a long
ways & so will your money before you
need to spend $10K for an Analyzer.

80 dB ON SCREEN

2\10dB/Div. Log scale - Displayed on a
Bright 6" CRT, 300KHz-10KHz RBW
-100 dBm Sensitivity, 6 digit 10KHz
Resolution LCD Center Freq. Readout,
1300 MHz In One Sweep 1-1300MHz &
700-2000MHz, SA1300C 1-1300MHz

EXCLUSIVE DISPERSION ZOOM
Allows Instant Zoom to zero MHz
per/div. At any observed Center
Frequency Signal from any of the 5
preset Dispersion Scan Widths.

ULTIMATE Low COST ANALYZER
With THOUSANDS SOLD Advantage
can offer you Affordable Performance &
Quality with the best performance to
price ratio Analyzer on the market
today. Increase your Productivity &
Your Profits Today with an Advantage
SA1800D 1-2000 MHz or SA1300C
1-1300MHz Spectrum Analyzer.

TWO TOTALLY NEW MODELS
The SA1800D & SA1300C Provides
Total Flexibility and Ease of Operation.
Full control over Resolution Band
Widths, Frequency Span Widths.
Vertical Postition, Baseline Clipper,
Sweep Speed, Video Filter, and 4 Input
Attenuator settings. Available Options
for both models are, Audio output,
2GHz Noise Source Generator, 2GHz
Tracking Generator with 0dBm output.

SAVE ADVANTAGE PRODUCTS
Call for detailed specifications & prices
on our full line of RF Test Instruments.

FC1300: .001ppm 1.3GHz Frequency
Counter only $599.

SG500: 5-500 MHz RF Signal/Sweeper
Generator with 120dB Attenuator $699.
SA1800D 2cm: $2,195.00

SA1300C 13cm: $1,795.00

TG2000 - 1-2000MHz - 0dBm Output
External Tracking Generator $695.00

OPT. 2 Audio output Built-in Speaker $150.00
OPT. § 1GHz Noise Source Generator $150.00

TAKE ADVANTAGE
CALL 1-800-566-1818

To: Order - For Information - Dealer Inquires
Terms Check, COD, PO (OAC), LC, Transfer, MC, VISA,

manvractorep By ADVANTAGE wsrruments core.

3579 Hwy. 50 East Carson City NV. 89701 Voice 702-885-0234 FAX 702-885-7600
PRICES & SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE OR OBLIGATION. F.O.B. Carson City, NV. NV, RESIDENTS ADD SALES TAX.
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RF tutorial

Active Filter and Other Op Amp
Circuits for RF Applications

By Gary A. Breed
Editor

Active filters and other high-frequen-
cy and high-speed op amp circuits
have only recently become practical for
RF applications. The development of
the current-feedback operational
amplifier in the 1980s, and subsequent
improvements in the design and fabri-
cation of all types of op amps and
buffers have combined to make active
circuits viable replacements for some
passive R-L-C circuits.

Aseries of example circuits are pre-
sented in this month’s tutorial,
taken from past articles published in
RF Design. These circuits are good
representatives of the types of active
circuits that are practical for RF appli-
cations.

An Active Bandpass Fiiter

The first circuit is an active band-
pass filter using a wideband current-
feedback op amp, the Comlinear
CLC400 [1]. A 1987-era product, the
CLC400 has a -3 dB bandwidth of 200
MHz, and is designed for stability in
low gain applications (A, = +1 to 8).
The topology of the amplifller in Figure
1 was chosen to avoid placing reactive
components in the feedback path, thus
maintaining stability. While not a
high-Q topology, the design provides
predictable “peaked” response that is
useful for reducing broadband noise,

90.9Q

90.9Q 39 pF

o—AMW,

MV

+ 500

[
H

36.5Q

39 pF %[ 90.952% -

CLC400

100Q

Figure 1. A practical 40 MHz active bandpass filter circuit with no active ele-

ments in the feedback path.

performing a spectral “clean-up” fol-
lowing an oscillator or amplifier, or
providing a tuned response to detec-
tors or other test circuitry.

When designing this type of filter,
the op amp cannot be assumed to be
ideal, unless the filter center frequen-
cy is well below the -3 dB bandwidth
of the amplifier. In the case of the
CLC400, the time delay of 1.6 ns
through the device must be included
in design calculations.

25 MHz Tunable Active Filter

Figure 2 is the functional block dia-
gram of the Krohn-Hite Model 35 tun-
able active filter [2]. This product was
state-of-the-art in 1991, offering 4-pole
Butterworth lowpass response, tun-
able from 170 Hz to 25.6 MHz. This
type of filter is useful for EMI testing,
Part 68 telecommunications testing,
prefiltering for various instruments,
ultrasonics and high-speed tape or
disk drive testing.

Figure 2. Functional block diagram of a commercial tunable active filter with 25 MHz bandwidth (Krohn-Hite Model 35).

74
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FILTERS

low pass, high pass, bandpass d¢=-3GHz o$ 11

¢ less than 1dB insertion loss * greater than 40dB stopband rejection e surface mount « BNC, Type N, SMA available
« 5-section, 30dB/octave rolloff # VSWR less than 1.7(typ.) ® rugged hermetically sealed pin models * constant phase
e meets MIL-STD-202 tests & over 100 off-the-shelf models ¢ immediate delivery

o '
R ] > \JJ/

[ JMini-Circuits ® .8

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www. minicircuits. com  C/"CLE READER SERVICECARD

For detailed specs on all Mini-Circuits products refer to « 740- pg. HANDBOOK « INTERNET » THOMAS REGISTER MICROWAVE PRODUCT DATA DIRECTORY ¢ EEM
CUSTOM PRODUCT NEED S ..Let Our Experience Work For You. F 209 Rev Orig
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Figure 3. Wideband voltage-controlled amplifier (VCA) circuit.
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Wideband VCA and Rectifier
Mathews and Reimer described a
series of high-speed op amp circuits in

7 As,,oo,\ E their 1989 article [3]. One of those cir-
1 v cuits is shown in Figure 3, a wideband
g 9 Yo voltage-controlled amplifier (VCA)

+ using a high-speed analog multiplier

in the feedback loop. The multiplier
acts as an attenuator, controlling the
gain without having the control ele-
ment in the direct path. A gain control
range of 60 dB can be achieved.

The other circuit (Figure 4) is a pre-
cision rectifier, which can be used in a
fast AGC detector or other high-speed
amplitude monitoring application. The
0.1 dB bandwidth of this rectifier cir-
cuit using the HFA 0002 is 2.3 MHz,
with about 40 ns response time from
input AC to output DC.

Circulator/Isolator Circuit

The 1991 winner of the RF Design
Awards Contest [4] submitted the cir-
cuit of Figure 5, which uses the phase
accuracy of high-speed op amps to
make a three-stage “circulator” for low
frequencies. The circuit provides about

Sy,
l(u,‘;;o

Uy

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
such features as:

* 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-size

DIP and miniature J-lead ceramic surface mount.

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

VALPEY-FISHER %]

Hopkinton, MA 01748.
Voice: (800) 982-5737 ext. 285.
Fax: (508) 497-6377.

75 South Street
A SUBSIDIARY OF
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RFICs.

Everything points
to the largest

selection of
the smallest

Introducing more of the
world’s smallest 3V RFICs
- with the price, perfor-
mance and size you need
for wireless applications.

Now there’s an easy way to get
the building blocks you need for
emerging higher-frequency
applications, such as PCS, PHS,
wireless data and Wireless Local
Loop .

We've expanded our SOT-363
RFIC family with cost-effective
downconverters and driver

amplifiers that complement our
LNA and gain block lines.

The versatile new MGA-81563
and MGA-82563 medium-power
amplifiers deliver excellent
dynamic range and high effi-
ciency.

And our new [AM-91563
downconverter provides high
conversion gain and linearity,
with surprisingly low noise figure.

Plus, you can specify our new
RFICs with confidence because

proven high-volume manufac-
turing capability.

Our stocking distributor
Penstock has 20 offices nation-
wide staffed with engineers to
support your design applica-
tions.

Call HP at 1-800-537-7715,

ext. 1430 for a Selection Guide
and Data Sheets.

Or get right to the point
and call 1-800-PENSTOCK
for information on

they're backed by HP quality and  free samples.

Typical Performance

Part Description Frequency Voltage Current NF Gain  IP3
Number Range (MHz) (V) (mA) (dB) (dB) (dBm)

» 1AM-91563 Downconverter 800-6000 3 9 85 9 +2.5
INA-51063 Gain block DC-2400 5 12 3.0 205 46
INA-52063 Gain block DC-1600 5 30 4.0 22 +15

» MGA-81563 Driver amp 100-6000 3 42 2.7 12 +27

» MGA-82563 Driver amp 100-6000 3 84 22 13 +31
MGA-86563 LNA 1500-6000 b 14 1.6 22 +15
MGA-87563 LNA 500-4000 3 4.5 1.6 14 +8

p New product for ‘96
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In Northern California, (408) 745-8100
In Canada, (613) 592-6088

PENSTOLK

RF/MICROWAVE DISTRIBUTION
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High Power
Two Way Combiners

HIGH pow
Co MB'NER/DWIDER

0

—

PWR D, S iy

<3 Wary
WERLAT N
BREWSTOE‘ G INc.

TYPICAL SPECIFICATIONS
POWER LOSS ISOLATION

250w  0.2dB  20dB 1.2:1
150w 0.3dB  20dB 1.2:1

¢ Octave Bandwidth 0.2 - 2.0 Ghz
¢ Conservatively Rated Up To 250 Watts
¢ Coherent and Non-Coherent Applications
e Three Options...
H3887: 4 Port Hybrid Junction
D3888: 3 Port Divider/Combiner, 25 Watt Intcrnal
Isolation Termination
D3889: 3 Port Divider/Combiner, 100 Watt Internal
Isolation Termination on Massive Heat Spreader

DECADES AHEAD

WERLATONE Inc. * P.O. Box 47 « Brewster, NY 10509 ¢ Telephone: (914) 279-6187 « FAX: (914) 279-7404
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100 V+

40 dB isolation between ports using
low-inductance precision resistors.
This broadband performance level can-
not be achieved by passive circuit.

The author’s initial application of
this circuit was to measure output
return loss of an oscillator while in
operation, which requires isolation of
the circuit output from the measuring
instrumentation. Low-level amplifier,
mixer or multiplier testing are other
useful applications for this isolator. RF

References

1. Scott Evans, David Potson, “High
Speed Monolithic Op Amps: New RF
Building Blocks,” RF Design, January
1988, p. 27.

2. Bill Kulas, “Tunable Active Filter
Reaches 25 MHz,” RF Design, June
1991, p. 41.

3. Brian Mathews, Dave Reimer,
“High Frequency Op Amp Makes Pre-
cise Detector and AGC,” RF Design,
November 1989, p. 76.

4. Charles Wenzel, “Low Frequency
Circulator/Isolator Uses No Ferrite or
Magnet,” RF Design, July 1991, P. 39.
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Figure 5. An active circulator/isolator for “low” frequencies (<100 MHz).

We make flawless printed circuit
board prototypes for low and
high frequency applications.

“When Iseeit, Y

. Tlbelieveit” ¢
\ - - '~O

of
WANNA SEE IT? 3
CALL 1-800-279-5572

Multi-layers, Quick-Turn or Exotics.
Don't skip the profotype process when you
need printed circuit boards on PTFE,
Teflon, Duroid or GX laminates.

SOUTHWEST CIRCUITS specializes in
prototyping circuit boards for all
MICROWAVE and WIRELESS applications.
Our propriefary technologies and processes
give us an edge over ordinary printed
circuit board fabricators.

Make us prove it. Call Now.

(520) 745-8515
FAX (520) 747-8334
Modem (520) 747-5108

3760 € 43rd PI
Tucson AZ 85713
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RF Design

| GHz Clock
Oscillators,
Less Than
3psec Jitter!

Master clocks, frequency multipliers, VCXOs,
and programmable synthesizers, ideal for high
performance computer, telecommunications,
ATE, and data communications applications.

SONET Designers!

622.08 MHz VCXOs
available NOW for
your SONET applications!

* 300MHz-1GHz Cali for further

= 10, 25, or 40 ppm stability information and

= Single supply operation specifications.

= Extended temperature ranges nsal

s ECL/PECL logic ~
compatibility @

1.8 EN ISO 8001
ro 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
MORE IN MICROELECTRONICS
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Think new.

Think power.

See the latest
technologies, trends,
and techniques at

SCEC '96!

Tp% 18t nual .
atellite m|mu|n|1|cu Q1S
Expo & Confere

20 Educational Workshops and Roundtables

100 Exciting Exhibits Featuring the Latest Satellite Technologies
1000 New Ideas and Solutions for the Technical & Engineering
Management Professional

September 24 - 27, 1996
Sheraton Washington Hotel
Washington D.C., U.S.A.

Formerly SCUC
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Grounding and Radiation Reduction
in PCBs 86

Radiation from printed circuit boards can be reduced significantly
is proper grounding techniques are used. Of particular importance
are the boundaries between analog and digital portions of the circuit.
This article offers solutions for grounding that minimize currents
that can cause excessive radiation.

— David A. Weston
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subscription information, see the indicia on page 122 .
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TELECOMMUNICATIONS -

CONFIDENCE...
when you're

tested hy
the hest.

Product evaluation
testing or strategic
evaluation of conformity,
test your product with
Retlif and see the
difference a Strategic
Compliance Organization
(SCO) can make. We're
ndependent, with leading
edge expertise in inter-
national and national
approval processes...and
the list of accreditations,
approvals and certifica-
tions to prove it.

For FCC, European,
Canadian or Australian
EMC and Telecomm-
unications testing...
for Acoustic Noise,
Product Safety, or testing
to the latest MIL-STD
EMC or Environmental
test requirements. . .trust
Retlif’s certified
engineering team and
state-of-the-art test lab
facilities. And enjoy the
confidence the leading
SCO creates with your
testing requirement.

“Put us to the test " ”

@ Retlif
l Testing
Laboratories
795 Marconi Avenue, Ronkonkoma, NY 11779
Tel: (516) 737-1500 « Fax: (516) 737-1497

101 New Boston Road, Goffstown, NH 03045
Tel: (603) 497-4600 « Fax: (603) 497-5281

TELECOMMUNICATIONS
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M Calendar

June 17-20

Conference on Precision Electromagnetic

Measurements

Braunschweig, Germany
Information: Sabine Rost, Conference Secretary, Physikaliche-Technische
Bundesanstalt, Bundesalee 100, D-38116 Braunschweig, Germany. Tel: +49
531 592 2129; fax: +49 531 592 2105; E-mail: erich.braun@ptb.de

July 21-26

1996 IEEE AP-S International Symposium and URSI

Radio Science Meeting

Baltimore, MD
Information: Ms. Libby Croston (1 W 316), The Johns Hopkins University, The
Applied Physics Laboratory, Johns Hopkins Road, Laurel, MD 20723-6099.
Tel: (301) 953-5225.

ESD Tutorials
April 30-1 Schaumburg, IL
May 6-7 Andover, MA
May 23-24 Bloomnington, MN

Information: ESD Association, 7902 Turin Rd., Suite 4, Rome, NY 13440-2069.
Tel: (315) 339-6937; Fax: (315) 339-6793.

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
e EMI Filter Plates
* EMI Gasketing/Vent Panels & Windows
¢ Mil-Spec-Filtered Mil-F-15733 & 28861
e SPECTRUM CONTROL ¢ RFI * KCK
* OXLEY » DELTA PRODUCTS
* MAJR PRODUCTS « STEWARD

mdl

Established 1972
METUCHEN CAPACITORS, INC.
YOUR PREFERRED SOURCE FOR QUALITY
ELECTRONIC COMPONENTS

1-800-669-2092 1-800-964-8201
FAX: 1-800-679-9959 FAX: 1-800-964-9351
139 WHITE OAK LANE BRANCH OFFICE
P.0. BOX 499 6395 DOBBIN RD. SUITE 206
OLD BRIDGE, N.J. 08857 COLUMBIA, MD 21045
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Multi-feature 500-watt

solid-state amplifier covers
10 kHz to 100 MHz band.

A new broadband amplifier. Model 500A100,
from Amplifier Rescarch, offers 500-watt
output over four decades of bandwidth

(10 kHz 10 100 MHz), and many features
not found in comparable units.

Complete control and preamplification
functions are built into the all-solid-state
500A 100: automatic leveling threshold;
detected rf input and output; pulse input
capability;
remote-con-
trol interface.
A front-panel
power melter
monitors both
forward and
reflected
power.

The full bandwidth is available instantly
for sweep testing without need for band-
switching or tuning. The amplifier is totally
immune to damage from load mismatch,
and is able to operate under worst-case
VSWR conditions without oscillation or
foldback. Its 500-watt output rating is stated
as a minimum cw figure across the band-
width. Minimum gain is 57 dB. Flatness
with internal leveling is +0.5 dB. Delivery
30 days ARO.

INFO/CARD 135

New ultra-broadband
30-watt rf amplifier

An all-new solid-state rf power amplifier
from Amplifier Research delivers 30 watts
of cw power from 25 MHz 10 | GHz.

The Model 30W1000M?7 is specially
designed for susceptibility and other rf
testing applications requiring level,
consistent output power over the test
bandwidth. A front-panel gain control
with a range
of 10 dB
minimuim
allows the
operator
to conveniently
adjust power level and radiated field
strength during shielded-room testing.

At the maximum gain setting, the ampli-
fier provides 30 watts minimum over the
entire bandwidth, even in cases of infinite
VSWR or open or shorted terminals. It is
100% immune 1o load mismatch and will
not fold back or shut down under such
circumstances.

Remote control is accessible through
a connector on the rear panel. Full band-
width is available without bandswitching
or tuning. Delivery 3 weeks ARQ.

INFO/CARD 136

Class A rf amplifiers deserve

Class A directional couplers.
10 kHz to 1,000 MHz, 50 to 15,000 watts cw, to 50 kW pulse

Twenty-five years of building outstanding
rf power amplifiers has taught us a thing
or two about couplers, too. Things that
give weight to the following recommen-
dation: To monitor the output of any
power amplifier (even some other
brand) in the ranges shown above, cou-
ple it to your power meter, scope, spec-
trum analyzer, DVM, or other measuring
instrument through one of the AR dual-
directional couplers listed below.

With all our couplers, you can moni-
tor both forward and reflected power—
very important in the harsh VSWR
environment of EMC susceptibility test-
ing. And, even if you mayv accidentally
have bought someone clse’'s power
amplifier, you can still enjoy the excel-
lent coupling factor, directivity, and
low loss of vour AR dual-directional
coupler. Plus delivery from stock and
the two-ycar AR warranty.

Call toll-free (800-933-8181)
and talk it over with the applications
engineer who'll answer the phone.

DC2500 DC3001 DC3010 DC4000 DC5000 DC6000 DC6180 DC6280
Frequency 10kHz- 100kHz- 10kHz- 10kHz- 220- 400- 80- 80-
range 220MHz 1000MHz 1000MH:z 100MHz 400MHz 1000MHz 1000MHz 1000MHz
Power 2500 cw 50 cw 50 cw 15,000 cw | 2500 cw 1500 cw 600 cw 1500 cw
{max. watts) | 5000 peak 1000 peak 1000 peak 50.000 peak | 5000 peak 3000 peak 1000 peak 3000 peak
Coupling
factor 50+ 1dB 40:06d8 | 40:06dB | 60+1dB 50+ 1dB 50+ 1dB 60+1dB 63+1dB
Directivity
typical 25d8 25dB 25d8B 25dB 25d8 25d8B 25dB 2548
minimum 20 dB 20 dB 20dB 20 d8 20dB 20 dB 2048 20dB
|
Insertion
loss, max, 0.15dB 05dB 0.6d8B 0.1dB 0.2d8 0.2dB 0.15d8 0.15dB ‘
vy PR Lace akd i VA e » 1314;

~ AMPLIFER
. AESEARCH
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160 School House Road, Souderton, PA 189619990 USA;
phone 215-723-8181; fax 215-723-5688. In Europe, call EMV:
Munich, 089-612-8054; London, 01908-566556; Paris, 1464-61-63-29
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For Precision EMI Testing
Antennas
Masts
Turntables
Probes
Accessories

SYSTEMS
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CALL OR FAX FOR A FREE CATALOG
9710 Cozycroft Ave., Chatsworth CA 91311
Ph: (818) 998-0223 Fax: (818) 998-6892
84 E-mail:info@ahsystems.com
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B News

NIST Helps Power Grids Make ‘Lightning Saves’

A NIST Technique has been incorporated into the latest version of an electri-
cal standard used to test the ability of electric power grid high-voltage equip-
ment to survive lightning strikes. Now a part of IEEE Standard 4-1995, “Stan-
dard Techniques for High-Voltage Testing,” the technique improves the mea-
surement of specific high-voltage impulse waveforms that simulate lightning.
Such test waveforms subject the equipment to up to 10 times its normal oper-
ating voltage. To certify that power grid equipment is lightning-proof, engi-
neers must evaluate the strength of the waveform. They use a “high-voltage di-
vider” device to scale the voltage down to levels that can be measured. Howev-
er, the process can produce a distorted reading. The NIST technique improves
the measurement process by enabling testers to mathematically estimate the
distortion. For more information, contact Gerald J. FitzPatrick, B344 Metrolo-
gy Bldg., NIST, Gaithersburg, MD 20899-0001. Tel: (301) 975-2737; E-mail:
fitzpa@eeel.nist.gov.

New European Automotive EMC Directive

The Automotive Directive 72/245/EEC as changed by 95/54/EC of October
31,1995, is about EMC Type Approval of vehicles and automotive electronic
components including after-market accessories. The Automotive Directive is a
Single Directive per 89/336/EEC and applies beginning January 1,1996. The
transition period is through October 1,2002. Requests EEC Type Approvals for
vehicles, units or components are now subject to the new Directive of January
1. The labeling requirement is “e plus Country Code etc.” for “CE.” Electric
powered vehicles, fork-lifts etc. are exempt and remain under the EMC Direc-
tive 89/336/EEC. Dual-Voltage equipment is subject to both directives result-
ing in “CE” plus “e” marking. EMCC Dr. Rasek, located at Moggast, D-91320
Ebermannstadt, Germany, was nominated as the first “Competent Body” for
the full scope of EMC and was accredited as the first EMC test laboratory cov-
ering the new Directive requirements. Tel: 49 9194 9016; Fax: 49 9194 8125.

Power Quality Fellowship at Texas A & M University

Current Technology, Inc., the leading manufacturer of electrical transient
suppression filter systems and other power conditioning products, has an-
nounced that the company will provide Texas A&M University with a $7,500
Power Quality Fellowship for the 1996-1997 academic year. The funding will
support graduate student research in the university's Electrical Engineering
Power Quality Laboratory, which is presently under construction on the Texas
A&M main campus in College Station.

New North American Headquarters

Technology International Incorporated announces the formal opening of their
new North American Headquarters. Their new address is: 609 Twin Ridge
Lane, Richmond, VA 23235. Tel: (804) 560-5334.

New Magnetics Technology Center

Walt Benecki, President of The Arnold Engineering Company in Marengo,
Illinois, has announced the completion of their new Magnetics Technology Cen-
ter (MTC). This state-of-the-art, 16,800 sq. ft. magnetics development laborato-
ry will be used for new product and improved process development by Arnold
Engineering and their customers. The MTC was developed to assist Arnold's
customers in minimizing their product-cycle time and costs. It will house a
multitude of process and analytical equipment making it the most complete
magnetics laboratory in the united States.

Berndt Associates Named New Representative

Lindgren RF Enclosures, Inc. has named Berndt Associates, Inc. of Arlington
Heights, Illinois, as its representative managing the sales of Lindgren
EMI/RFI shielding systems for the Midwest. These states include Illinois,
Iowa, Indiana, Minnesota, North Dakota, South Dakota and Wisconsin. Berndt
Associates will represent Lindgren’s line of industrial shielding systems in-
cluding double electrically isolated (DEI) Screen and solid rooms, cell type en-
closures, welded enclosures, and anechoic chambers for EMC testing.
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EMC Antenna Tower Improves Test Accuracy BiConilog™ Antenna Two New LISNs Meet European Standards

New Model 2071 Tower complies with Saves Time and Reduces Errors Designed for conducted emissions
antenna pointing requirements Sweeps from 26 MHz to 2 GHz with measurements to CISPR 16,

of CISPR 16 for EN 55022,  =2%=2 no bandbreaks. New Model 3142 A Appendix E, for EN 55022.

also ANSI C63.4. Patented ' ideal for testing to IEC 1000-4-3 Both feature earth line choke

“Bore Sight” design
continuously aims antenna
directly at designated test

immunity, / and artificial hand
EN 55022 \\\'ﬂ.”% Gl | connection. CSA

emissions. approved Model 3810 provides 10 A

point during height scans. Compact continuous current rating. Model 3816 has 16 A
Other features include design fits in rating, remote switching and high pass filter.
fiber optic control small chambers. EMCO 800.253.3761

lines and centerline EMCO INFO/CARD 142

polarization. 800.253.3761
EMCO INFO/CARD 141
800.253.3761

INFO/CARD 138

How to Build
a Better GTEM!

for EMC Compliance Testing

Reterence Radiator Useful
for Performance Evaluations

New Model 4630 “RefRad” is a field strength
transfer standard that performs evaluations of RE Use _J\ DeS|gn with double-walled

test sites, chamber comparison testing, shielding 2 oluminum honeymmb
effectiveness testing, normalized site attenuation, premium f h high RF
antenna calibration and more. Features 10 kHz to Rantec ey S"engt_ » g
1 GHz frequency range with user-selectable absorber. attenvation, and
frequency spacing. Includes remote better conductivity.
. control, fiber optic link and GPIB.
I EMCO
800.253.3761
INFO/CARD 139 i Give a
30 A“ two year
100 ;iB, warranty.
14 kHz-
10 GHz
EUT filter
with two
receptacles. Include
windowed door
FerroSorh™ Worthy Alternative To Traditional Absorber with RCM Seuling. Offer continuous
Applications include IEC 1000-4-3, EN 55022,
ANSI C63.4 (Class B), and MIL-STD 461/462D). wave and pulse
FerroSorb combines ultra-broadband, 30 MHz to 2 feeds.
40 GHz frequency performance, high return loss World Class Design
values, and 200 V/m power handling - all in Quality engineered and precision
com.p'act 41 cm (16 in) size. 80% s.maller than ' monufudured, EMCO’s GTEMI™
traditional absorber, test volume increases while
performance improves. Consider for retrofits or enables you to perform ANSI (63.4, 800.253.3761
new installations. IEC 1000-4-3, EN 55022, and other
Rantec 800.253.3761 INFO/CARD 140 US4 512.835.4684 1o/ 512.835.4729 F«

tests quickly, accurately and
repeatably. Five models available for
various EUT sizes. Coll to receive our

new twenty page color brochure. \\ j‘ ‘ L‘ ‘

Some of the equipment shown ts optional at extra cost and may

not be avaitable on all moudeds, Manufactured under heense from EMC TEST SYSTEMS - an ESCO Electronics Subsidinly
Asea Brown Bovert. Baden, Switzerland, US Pareat 4,837.581

EUROPE 49 89 856 20 71 1o/ 49 89 859 77 85 '«»
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David A. Weston
operates EMC
Consulting Inc.
Canada. For the
last fifteen years
he has specialized
in all aspects of
EMC including
analysis, EMI
problem solving
and PCB layout.
He has designed
commercially
available output
power line filters
for switching
power supplies
which can make
almost any switch-
er as quiet as a
linear supply. Mr.
Weston can be
reached at EMC
Consulting Inc,
P.O. Box 496, Mer-
rickville, Ontario,

Canada, KoG
INO. Tel: (613)
269-4247; Fax:

(613) 269-2045.
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Grounding and Radiation
Reduction from PCBs

By David A. Weston
EMC Consulting Inc.

he importance of grounding in reducing ra-

diated emissions from PCBs has been
demonstrated in practical terms in a number
of EMI investigations. This article describes
an experiment which was conducted to prove
the point and also to quantify the effect in one
specific example of poor grounding. The article
also describes two PCB grounding EMI case
studies.

The PCB grounding experiment was tried
during measurements made to characterize
the radiation from thirteen different PCB lay-
out configurations using six logic types. The
results of these measurements were published
in Reference 1.

The thirteen different layouts included:

* Transmission line (signal and signal return
traces located either side by side on one sur-
face of the PCB or one trace on the upper
surface and one trace on the lower surface
of the PCB)

Microstrip (signal trace located above a
ground plane which is used to carry the sig-
nal return current)

Image plane (a transmission line, i.e. signal
and return traces, on one surface of the PCB
with a conductive plane on the other side
connected to the signal return at one loca-
tion only)

Interleaved image plane (a microstrip con-
figuration with image plane interleaved be-
tween the signal trace and a lower ground
plane)

Partial stripline (a microstrip with a narrow
upper ground plane connected to the lower
full ground plane using vias either side, and
down the length, of the signal trace. The ra-
diation was measured with the distance be-
tween the vias at 3.3 mm, 6.6 mm and 13.2
mm.

* Large stripline (the same basic configuration
as the partial stripline but with the upper
ground plane extending almost to the edge
of the lower ground plane)

Full stripline (the same basic configuration
as the partial stripline but with the upper
ground plane extending over the same area
as the lower ground plane)

Full stripline with additional vias (The same
as the full stripline but, in addition to the
rows of vias either side of the stripline, with
vias, connecting lower and upper ground
planes together, at 13.2 mm intervals
around the edge of the PCB)

semi-rigid

cable \
Source in _I:

shielded
o3

enclosure

microstrip

PCB

Figure 1. Connection of the semi-rigid line,
used with the ECLinPS device, to the mi-
crostrip ground plane.

* Microstrip with a right angle bend con-
structed from either one 90° bend or two 45°
bends

As expected the experiments showed that
the major source of radiation from the PCBs
was common mode current flow with a large,
56 dB, difference between a high emission
level type PCB and a low emission level type
PCB. In addition to the different layouts the
investigation included a look at circuit level
reduction techniques such as RC and RLC net-
works at the signal source end of the trace to
slow down clock edges and reduce the high fre-
quency radiation from the PCB.

The signal source used to drive the PCB
trace, terminated in a passive RC load, com-
prised a battery, regulator, clock oscillator and
driver IC contained in a shielded enclosure.
The shielded enclosure ensured that only the
radiation from the PCB was measured and not
that from the clock and driver IC. Two ver-
sions of the enclosure were built. One con-
tained the 74XX04 type devices and the sec-
ond was used to house the ECLinPS device.
The difference between the two enclosures was
in the method used to make the signal and sig-
nal return connections to the PCB. The
ECLinPS device is designed for a 50 ohm load
and should be connected to the load by the use
of a structure with a 50 ochm characteristic im-
pedance.

The ECLinPS device was tested only with
the microstrip PCB layout and a piece of 50
ohm semi rigid cable was used to connect the
output of the driver to the PCB under test.
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Low Pass EMI Filters

High Current Surface Mount Filters

Spectrum control offers the most complete line of low pass New surface mount filter effectively eliminates EMI/RFI on
EMI filters for commercial and military use. Spectrum’s low pass  printed circuit boards operating at currents up to 20 Amps. PSM
filter line has the industry’s widest breadth of qualifications for series filters replace conventional thru-hole filters at these higher

Ferrite Filtered Connectors

A new line of EMI/RF! ferrite filtered
connectors provide superior filtering
of high frequency interference at a
low cost. Series 400 connectors allow
you to replace individual ferrite bead
filters with a .318" footprint connector.
These connectors offer both pin-to-
ground and pin-to-pin filtering and
are interchangeable with standard
D-subminiature connectors.
SPECTRUM CONTROL. INC.

INFO/CARD 132

.318 Footprint
Filtered Connectors

A new line of EMI filtered D-submini-
ature connectors offer a .318 footprint
for 90 degree PCB connectors and a
low profile housing on straight PCB
connectors. Series 500 filtered D-subs
are "drop-in" replacements for standard
unfiltered D-sub connectors. These
connectors use tubular capacitors

for high performance EMI filtering.
Popular board lock and thread options
are available. Series 500 connectors
complement Spectrum Control's
extensive line of filtered D-sub
connectors.

SPECTRUM CONTROL, INC.

INFO/CARD 133

MIL-F-28861, MIL-F-15733
and MIL-C-11015 specifi-
cations. Products include
miniature solder-in,
solder-in, resin sealed
bolt-in, high current/high
voltage resin sealed, and
hermetically sealed filters.

currents, allowing designers
to create an "RF fence"
without expensive RFI
bulkheads. PSM filters are
available with capacitance
values up to 10,000 pF
and provide excellent

high frequency noise
suppression.

SPECTRUM CONTROL. INC.

INFO/CARD 131

SPECTRUM CONTROL.. INC.
INFO/CARD 130

When EMI/RFI problems
are on the horizon,
let Spectrum Control
provide your filter solution.

Electromagnetic Division g e

SPECTRUM CONTROL INC.

Corporate Headquarters European Headquarters

6000 West Ridge Rd., Ere, PA 16506 Spectrum Control GmbH
Phone 814 835-4000 Fax. 814-835-9000 Hansastrasse 6, 91126 Schwabach, Germany
Phone: 49-9122-795-0 Fax: 49-9122-795-58
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B Radiation Reduction

The shield of the semi rigid was sol-
dered to the enclosure at the location
where the line penetrated the enclo-
sure. At the PCB end the semi rigid
was soldered to a copper plate and
this plate was soldered to the ground
plane of the microstrip PCB as
shown in Figure 2. Although the
ECLinPS device was only tested with
the microstrip layout so were the re-
maining seven different logic types
and a comparison between the logic
types is possible. A color plot was
made of the relative emission levels
using the eight logic types with the
microstrip PCB. Plots were also
made of the thirteen different PCB
layouts with one baseline type of
74XX04 device. Thus a comparison
can be made between the emission
profile of the baseline type of device
with the microstrip and any other
logic type. This comparison can then
be used to correct the emission pro-
file of any PCB layout for a different
logic type, including the ECLinPS
type.

In the construction of the shielded
enclosure used to contain the
74XX04 devices the enclosure must

be connected to the ground planes or
the image plane in the microstrip,
stripline or image plane PCB lay-
outs. Whereas in the transmission
line PCB layout the signal return is
isolated from the enclosure. Figure 2
illustrates the connection of the en-
closure to the signal wire from the
source and the ground/image plane.
The signal return connection is made
from the PCB plane to the
feedthrough in the enclosure via a
short length of wire, as is the signal
connection to the signal trace. To
minimize radiation from these short
lengths of wire a small copper dog
house enclosure covers both the
feedthrough connections and the
lengths of wire. This dog house ex-
tension can be seen in Figure 2 and
is used to connect the enclosure to
the ground/image plane of the PCB.
In the connection of Figure 2 none of
the signal return current flows in the
connection between the enclosure
and the PCB ground plane.

The grounding experiment in-
volved connecting the enclosure to
the PCB via a short length of wire
which was connected to the

feedthrough and then via the signal
return wire to the PCB. This ground-
ing technique is illustrated in Figure
3 and it can be seen that the signal
return current does flow on the con-
nection between the enclosure and
the PCB ground plane.

The radiated emissions from the
different types of PCB layout were
measured with this alteration in
grounding. The level of radiation
from the low emission type PCBs in-
creased from 56 dB below high emit-
ter types to 6 dB below these types.

The reason for this dramatic in-
crease is that an RF potential differ-
ence is developed between the enclo-
sure and the ground plane/s or image
plane. This potential difference is
caused by the signal return current
flow on the short (5 mm) length of
wire used to connect the PCB to the
enclosure. Although the wire is short
it exhibits significant inductance and
it is across this inductance that the
voltage is developed.

Whereas in the grounding connec-
tion shown in Figure 2 the enclosure
to ground plane connection is low im-
pedance, it does not carry the signal

Clamp Down on EMI...

-..With Fair-Rite’s Full Line of Ferrite Cable Suppressors.

Are you using cables to interconnect your electronic equipment?
These cables often behave like antennas by coupling ambient
electromagnetic noise to and from your system. With new IEC
regulations covering radiated and conducted immunity, it's more
important than ever for designers to have the tools to stop
EMI without resorting to costly, time consuming product

revisions.

Phone (914) 895-2055

The Fair-Rite line of clamp-on cable suppressors covers
round cable sizes from 0.100" to 0.590" providing

wideband EMI suppression from 10-1000 MHz.

We also offer ferrite suppressors for flat ribbon cable
widths ranging from 20 to 60 conductors (1.0"-3.0").
For board mounted applications, ribbon cables can be
clamped using our electroplated metal clips or with our new Nylon
end caps. Our newest cases for 5mm (0.200") diameter cable are
made from tough, clamp-on Nylon with a streamlined, snag-proof
profile and feature improved captivation to prevent movement of the
core when installed. Our clamp-on ferrite assemblies are manufac-
tured to the same exacting mechanical and electrical process
standards that have enabled Fair-Rite to be the choice of the
world's best electronics manufacturers.

You can trust Fair-Rite Products for
quality EMI solutions that work.

Call or Fax us today...

Fair-Rite Products Corp.

PO Box J, One Commercial Row, Wallkill, NY 12589
[ FAX (914) 895-2629
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Source

Signal connection to track

Source

Signal connection to track
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\ PCB (edge)

Ground plane connection
to enclosure via signal
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Shielded PCB (ed Shielded
S Enclosure ﬂ egog) Sl Enclosure
Ground plane connection
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retum path

or image plane PCB layout.

Figure 2. Connection of the source to a microstrip, stripline

Figure 3. The signal return is used as the connection be-
tween the PCB ground plane and the enclosure.

NN

<@F PCB

Signal return trace

Figure 4. PCB with digital and RF ground planes connect-

ed together with a thin trace.

return current and so no RF poten-
tial is developed.

Why is the same problem not seen
with the semi rigid cable connection
shown in Figure 1? The reason no po-
tential difference is developed on the
outside surface of the semi rigid
shield is due to both the mutual in-
ductance between the center conduc-
tor and shield and due to the skin
depth effect. The skin depth ensures
that above some relatively low fre-
quency the majority of the return
current flows on one surface of the
shield and the mutual inductance
ensures that this is the inside sur-
face of the shield. This effect is illus-
trated in Figure 5.

The problem of RF voltages devel-
oped between PCB grounds and
equipment grounds or the enclosure
has been seen in a number of practi-
cal EMI cases and two of these are
presented as follows:

The first case study involved radia-
tion from a PCB, which contained
digital and RF circuits, to a nearby
PCB which contained sensitive RF
circuits. The source PCB generated
emissions which were, at certain fre-
quencies, 40 dB above the FCC class
“A” limits!

The board layout was however ex-
emplary, it contained all the “good”
features such as effective ground
planes and stripline configurations
for signals which were potential
sources of emissions. The problem
was due to a thin trace used to con-

EMC Test & Design

planes together.

nect the RF and digital grounds to-
gether at a single point. The thin
trace carried the return current of a
digital signal driving a device on the
RF board. The two PCB ground
planes and single point connection
are shown in Figure 4.

The return current generated a
voltage drop in the inductance of the
return trace and so an RF potential
was developed between the ground
planes. This is the same problem as
seen in the grounding experiment, in
which the potential was developed
between the ground plane and the
enclosure. Many modern PCB anten-
na designs use a similar layout, dri-
ving the antenna at a similar point,
and achieve a high gain, that is effi-
cient radiation.

A significant reduction in radiation
was seen simply by widening the
thin signal return trace. Widening
the trace reduces the inductance and
the voltage drop in the return path.
The majority of the signal return cur-
rent flows in the return path directly
beneath the signal trace. This means
that when the width of the return
trace is five times or more the height
of the signal trace above the return
trace that an effective ground plane
has been achieved, for that single
signal connection. This concentration
of current under the signal trace is
again due to mutual inductance. The
reason the digital ground plane is
connected to the RF ground plane at
a single point is to reduce digital

Figure 5. The use of semi-rigid cable to connect the ground

noise current flow in grounds used by
sensitive RF circuits. However the
width of this single connection can be
increased when sensitive circuits are
located far away from the connection
or when digital signal return current
is routed away from the location of
the single point ground. For example
ensure that digital return current
does not flow between devices located
across the increased width of the
ground plane connection.

An even more effective solution is
the use of a semi rigid cable connec-
tion shown in Figure 5 or a stripline
PCB structure installed across the
gap. The stripline is not as effective
as the semi rigid due to some leak-
age through the gaps between the
vias used to connect the upper and
lower ground planes together. An-
other potential solution is to discon-
nect the two ground planes and to
use an opto-isolator to transfer the
digital signal to the RF section. Sep-
arating the two ground planes is
very effective in reducing current
flow between them. However if an
RF potential exists between the
planes, as it almost certainly does,
then the level of radiation may re-
main high or even increase with sep-
arated grounds. The digital return
current is forced onto a trace, which
is disconnected from the RF ground,
and the digital and RF grounds are
tied together at a single point. Negli-
gible current flows in this common
connection and the two ground
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M Radiation Reduction

planes are close together in poten-
tial.

Another common example of RF
potential developed between PCB
ground planes is when signal and
signal return connections exist be-
tween two or more PCBs. These con-
nections are typically made via pins
in edge connectors and a mother
board or back plane. It is important
that as many parallel signal return
connections as possible are made.

Also that these connections be as
short and as wide as possible to re-
duce the inductance of the signal re-
turn, and therefore the potential dif-
ference between grounds.

If external cables are connected to
the two PCBs then the RF potential
between the two ground planes ap-
pears on the signal connections as a
common mode voltage, regardless of
whether the signal is balanced or un-
balanced with reference to ground.

In EMC Testing...
Anything is Possible
When You Have the FACTS

=
< oS 5
N - (\(\\\\Qa g
. (-] NN
S, (e
Qe WS ¥ 35‘\2,3\\"\6"\5 hS
SN N
RIVAS W SO A
S\ Qﬂ\ﬂ%\%\m‘\
NS

P

Now you can meet your EMC test requirement. ..with the FACTS.
The FACTS are Free-Space Anechoic Chamber Test-site Systems,
meeting varying categories of International EMC Test Regulations.

FACT 1: Pre-Compliance FACT 4: Full Compliance
Scanning and MIL-STD Testing, = EMI/EMS Testing at 3 meters,
7m x 4m x 3.2m FCC Listable, 9.5m x 6.5m x 5.5m

FACT 2: Compliance Testing FACT 5: Full Compliance
to IEC 1000-4-3 and Pre-Scan EMI/EMS Testing at 10 meters,
EMI, 8m x 4.5m x 3.6m FCC Listable, 19m x 13m x 8.5m

FACT 3: [EC 1000-4-3 Testing
from 26MHz and High Correlation
EMI, 6.5m x 3.5m x 3.1m

If these predesigned facilities do not match your
exact requirements, Lindgren can custom design
one that does — and that’s a FACT!

For more information, request our brochure today.

ZANE LS UMREEE S N

& LINDGREN
R

400 High Grove Boulevard e Glendale Heights, IL 60139
E3 Tel: 708.307.7200 « Fax: 708.307.7571
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The two cables result in a very effi-
cient antenna as the RF potential be-
tween them drives one cable against
the other, similar to the two rods of a
dipole antenna. In this example the
use of finger stock or a similar con-
tact to connect the two ground planes
together will reduce the RF potential
between them. Ideally this common
connection should be made at the lo-
cation where the two cables leave the
enclosure, or at least where they
leave the PCB. To reduce radiation
from the cables due to a potential dif-
ference between the PCB ground
plane and the enclosure, finger stock
or a direct connection may be made
between the ground and enclosure. If
a DC connection is not allowed, an
RF (capacitive) connection should be
made.

Another practical example of EMI
was partially due to an RF potential
between a ground plane on an ap-
proximately 8 cm x 4 em digital PCB
and an RF ground. The digital PCB
was located approximately 0.5 cm
away from a receiver contained in a
small well shielded case. The small
microstrip antenna connected to the
receiver was approximately 2 cm
from the digital board and was refer-
enced to the receiver case. Due to ra-
diated coupling between the digital
board and the antenna the receiver
exhibited desensitization and nar-
rowband and broadband spurious re-
sponse. Part of the problem was due
to the RF potential between the digi-
tal ground plane and the RF ground
(shielded case). By shorting the case
to the digital ground plane at a num-
ber of points with finger stock mater-
ial the radiated coupling reduced sig-
nificantly, although not sufficiently
to totally cure the problem.

Conclusion

In conclusion, the use of low emis-
sion type PCB layouts in conjunction
with ICs which generate only low
level emissions can reduce radiation
to levels where shielding of the PCBs
i1s not necessary to meet commercial
radiated emission limits. However
when PCB-to-PCB or PCB-to-enclo-
sure/ground connections are high im-
pedance and carry RF current then
none of these reduction techniques
may be sufficient without the use of
an effective grounding scheme.

Reference

1. D.A. Weston, “PCB radiation due
to high speed logic and emission re-
duction techniques,” EMC Consult-
ing, 1992.
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B New Products

Metallized Fabric
Shielding Tape

3M now has a flexible metallized
fabric shielding tape, expanding
their line of shileding products. 3M
1190 tape combines copper-plated

“rip-stop” fabric from Monsanto with
3M’s conductive acrylic adhesive,
making a tape that is 75 percent
lighter than one-ounce copper foil.
3M Electrical Specialties Div.
INFO/CARD #227

Low-Cost EMI Test
System

Dynamic Sciences anounces the
DSI-2020 EMI Test System, opti-
mized for FCC-EN precompliance
and certification testing over a 1 kHz
to 1.9 GHz frequency range. The
DSI-2020 consists of a single receiver
and a power EMI software package
that runs on the user’s GPIB-
equipped computer. Built-in spectral
and oscilloscope displays eliminate
the need for external equipment.
Price of the system is $29,950.
Dynamic Sciences International
INFO/CARD #232

Portable Shielded Enclo-
sure Test System

successor to the TS-450, with in-
creased dynamic range (110 dB),
longer battery life, and a more com-

EMC Test & Design

pact safety case for greater portabili-
ty. The test system is designed for
fast, repeatable measurements.

ASM Products, Inc.

INFO/CARD #235

Finger Stock Shielding

Sets

Tech-Etch has new “Snap-to-Trac”
RFI/EMI shielding sets that come
ready-to-install with beryllium-cop-
per finger stock and a mounting
track complete with installed plastic
rivets. This configuration allows in-
stallation of shielding without distor-
tion during the assembly process.
The design provides secure mechani-
cal assembly and long life.
Tech-Etch, Inc.
INFO/CARD #229

Inexpensive EMC

Software

Rohde & Schwarz is now offering
EMI software ESxS-K1, designed for
reilaible, fast and reproducible EMC
measurements to be performed at
small- and medium-sized companies.

The software supports the Rohde &
Schwarz test receivers of the
ESHS/ESVS/ESS family, as well as
the ESVD/ESVB/ESN/ESVN instru-
ments for European standards.
Rohde & Schwarz GmbH & Co.
INFO/CARD #230

EMC Shielding Fingers

James Walker now offers ten de-

finger strips, for EMI shielding. The
Be-Cu material combines conductivi-
ty with spring action and durability.
The strips are rated at better than
120 dB E-field from 1 MHz to 100
MHz. Tin and nickel plating is avail-

EMC/ESD Literature
Suppressor Product Data on Disk

Semtech Corp. announces the TVS Access Disk, an alternative to thumb-
ing through catalogs and data sheets. The disk allows customers to locate
the right transient voltage suppressor for their applications. The disk in-
cludes a tutorial on suppression of transient voltages, standards, a selection
guide, and ordering information.

Semtech Corporation
INFO/CARD #223

Silicone Rubber Packaging Catalog

A new catalog from Fujipoly describes four silicone rubber product lines:
RFI/EMI shielding and ESD grounding; ZEBRA elastomeric components;
SARCON thermal management components; and custom moldings and ex-
trusions. Technical background and mechanical details of each product are
included.
Fujipoly America Corp.
INFO/CARD #224

Data Sheets on Shielded Doors

Lindgren RF Enclosures is offering a series of technical data sheets on its
high performance EMI/RFI shielded doors. Among the offerings are the
Doubler Knife Edge (DKE) Door, a manually operated door with perfor-
mance superior to single knife edge doors, the Pneumatic Sliding Door
(PSD) and Pneumatic Hinged Door (PHD).
Lindgren RF Enclosures, Inc.
INFO/CARD #225

Modular Shielding Guide
Ray Proof now has an updated Modular Shielding Specification Guide,
featuring 25 standard enclosures for EMC and TEMPEST.
Ray Proof, EMC Test Systems
INFO/CARD #226
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Bl New Products

able for galvanic compatibility.
James Walker & Co. Ltd.
INFO/CARD #231

1206-Size Ferrite Beads
Dale Electronics has introduced a
new series of 1206-size multilayer
ferrite beads for noise suppression in
high-spped, low-voltage electronic
circuits. 10 models are available of-
fering impedances from 19 ohms to
600 ohms +25%. The ILB-1206 series

has been proven effective over a fre-
quency range of 10-500 MHz, with
DC resistance of 0.1 ohm to 0.75 ohm
maximum, and current ratings of
100-500 mA. Pricing is $0.17 each in
quantities of 2500.

Dale Electronics, Inc.
INFO/CARD #228

Solid State Amplifier
The SMX 100 from IFI is a broad-
band laboratory amplifier covering

SEMINAR SERIES

THE ,\EW WAVE OF £/

As today’s wireless marketplace continues to be rede-
fined, so do the strategies that are needed to bring
these products to market. Industry leaders are seeking
opportunities to reach the greatest number or
prospects. The new RF Design Seminar Series pro-
vides decision-mikers with the most cost effective

Wakeficld, Massachusetts!

Special Courses
«./» Technical Paper Presentations

educational experience availuble to the RF industry.
Catch the new wave of RF October 21-23, 1996 in

¢« Basic and Advanced RF and Wireless Engineering

¢~ Unlimited Networking Opportunities With Key RF and Wireless

Users and Suppliers

October 21-23, 1996

Colonial Milton & Resort Motel
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For exhibiting opportunities
contact Joe Randall at:
770.618.0419.

For registration
information contact
Shelby Smith at:
770.618.0323.

Intertec Presentations
6151 Powenrs Ferry Rd.. NW
Adanta, GA 30339-2941
fax 770.618.0441

Sponsored by:

A

=]

0.01 MHz to 1000 MHz for both radi-
ated (IEC-801-3) and conducted
(IEC-801-6) immunity testing. The
unit provides 75 watts of linear
power (100 watts saturated), and can
generate fields in excess of 10 V/m.
The SMX 100 includes a full set of
protection and control features, in-
cluding 40 dB of power control, LCD
display, and IEEE-488 bus interface.
IFI, Inc.

INFO/CARD #233

Transient Voltage Sup-

pressor in SMT Package
The PSOT series from ProTek De-
vices is a SOT023 surface-mount

signed to provide ESD and EFT pro-
tection for low power switiching
power supply components aand
PCMCIA cards. Specific voltage
types are available from 3.3 to 24
volts, in single- or dual-junction for
unidirectional or bidirectional appli-
cations. Prices start at $0.27 each in
quantities of 10,000.

ProTek Devices

INFO/CARD #234

SMT EMI Filters

Tusonix Introduces the 4700 SMT
EMI r-Filter in a space-saving .315 x
.083 inch package. The 4700 series;

S

. ‘ ‘a ' =
square, sectional body allows easy in-
stallation with common production
soldering processes. The filters are
available in capacitance from 100 pF
to 5000 pF, operating up to 100 VDC
at up to 125°C.

Tusonix
INFO/CARD #236
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LITERATURE
& PRODUCT
SHOWCASE

Easy 1
Emissions
Assessment
System

’.1 \

Wayne Kerr has released a 26-page literature cot-
lection detailing the components of their EASY 1
Emissions Assessment System for pre-compliance
EMC testing. Included is dafc on the SSA1000A
Spectrum Analyzer, Broadband antenng, Line
Impedance Stabilization Networks, and EASY 1
Software. A demo disk for this turnkey system is
also available.

Contact: Ken Harrlson (800) 933-3919
wayne Kerm, Inc., 11 Sixth Rd., Woburn, MA 01801-1744

Tel: (617) 938-8390
Fax: (617) 933-9523 :rcrisvies MK

WAYNE KERR

...........

AMP FILTER CONNECTORS
AMP offers a range of filter connectors using
either ferrite; chip, planar, tubular, or film capac-
itors; or distributed element filters. Most versions
are drop-in replacements to standard connectors
such as D-sub, modular jock/mulfiport, CHAMP,
mini-DIN, headers and adapters. Custom
designs include plates, bolts and cable assem-
blies.

(800) 522-6752 » FAX (717) 986-7575
http://www.amp.com

INFO/CARD 100

INFO/CARD 101

CHO-SORB® Cable and Surface Ferrites
Reduce Radiated Emissions

Chomerics offers 29 forms of CHO-SORB EMI
suppression ferrites for reducing emissions on
signal lines, power cables and PCBs without
affecting data transmissions. CHO-SORB atten-
uators possess high magnetic permeability,
which concentrates magnetic fields. Their high
?.Ielgtrical resistivity limits current flow in the
ield.
Chomerics, Div. of Parker Hannifin
77 Dragon Court, Woburn, MA 01888
Tel:617-935-4850 Fax:617-933-4318

FREE Ry¥NSNEI
Electronic 2 MOUSER
Components
Catalog

324 page catalog
featuring complete
product & pricing
data for over
61,000 products
from 120+ leading
manufacturers 2
including AMP,
SGS Thomson, 3M, NEC, Littlefuse, Belden
Keystone, Switchcraft and dozens more.
Complete line of semiconductors, passive
components,electro-mechanical devices,
resistors, capacitors, switches, wirefcable,
connectors and more.

Same day shipping on all stocked products.
Mouser Electronics

958 N. Main St., Mansfield, TX, 76063
Sales (800) 346-6873 Catalog (800) 992-9943
Fax (817) 483-0931;
http://www.mouser.com.

Flectron®
NOTHING Metallized
Materials

Flectron® Metallized Fabrics are ideal
for EMI/RFI shielding applications and
components requiring flexibility and
durability. EMI profile gaskets, 1/O gas-
kets, shield laminates and custom fab-
ricated parts provide high performance,
cost-effective EMI| solutions through-
out the electronics industry.

(800) 843-4556
or Fax (314) 344-9333

INFO/CARD 102

ESD Anti-Static
Drinking Cups For
Use In Computer
and Cleanroom
Assembly Areas

ANTISTATIC INDUSTRIES
announces a new ESD
anti-static insulated
foam cup for coffee, tea
or soft drinks—FDA approved.
Completely recyclable.

* Available in 8, 12 or 16-ounce sizes

*» ESD anti-static lids available to fit each size cup

» ESD-safe for hot or cold beverages

= FDA approval No 21 CFR 178 3400

= 1000 cups per carton. Min order-1 carton

ANOTHER NEW PRODUCT FROM ANTISTATIC INDUSTRIES

ANTISTATIC INDUSTRIES. INC.
130 Gamewel St P 0. Box 480
Hackensack, NJ 07602-0460
800-214-7900 / Local: 201-489-4400 / Fax: 201-489-7654

INFO/CARD 105

INFO/CARD 103

r
|
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|

Conductive
Thermoplastics
Brochure

RTP Company has
carved out a special
niche as an indepen-
dent compounder of
thermoplastics. RTP
Company compounds
thermoplastics with a
variety of conductive
fillers to provide pro-
tection from electrostatic
discharge (ESD) or
shielding from electro-
magnetic and radio interference (EMURFI). In our conductive
thermoplastics brochure, you'll learn about the materials we
make and their role in your applications.

. .04

Send for Free Brochure:
RTP Company
580 E. Front Street
Winona, MN 55987
1-800-433-4787
or Email us at: “*rtp@luminet.net”

INFO/CARD 106

INFO/CARD 104

EMI/RFI
Suppression
Connectors

New Full Line
catalog features
ferrite D-subs
for EMI/RFI
suppression
(right angle.
vertical, high
density and
stacked), shielded modular jacks. and fully
shielded snap and lock mini-DINs. Full speci-
fication and technical drawings are included
and samples are available upon request.

Kycon Cable & Connector, Inc.
800-544-6941
http:/ /www.kycon.com/kycon
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w ! 800-214-7900 M
' ETey Hi-Tech Conductive |

i Powder Coating for Complete
|
! Conductive powder

Protection on All Shelving ;
cUT PGA/PLCC NOISE coated shelves in

= — -—

DECREASE NOISE,

‘ L | IMPROVE EMI/RFI
AND IMPROVE EMI/RFI | | allcolorsfor easy <= - AND SAVE SPACE
MICRO/Q 3000" capacitors reduce noise associat- |deptlf|_l:atlon of .par@s, products anq tools MICRO/Q 1000" ceramic decoupling capaci-
ed with PGA and PLCC devices. Desigred to be Antistatic Industries introduces the first powder tors share board mounting holes with IC pins
mounted under the device and take no extra coating that is fully conductive and easy to ground. and reduce noise. Now add more active
board space. Can be used under MPUs, Gate Now carts, shelves, cabinets, racks, too! bins, devices W(ljth '“c'eiﬁeﬁ, density in &he same
Arrays, and ASIC's. Choose from Z5V, X7R, and 7 T g g space, or design with the same package on a
P3J dielectrics. Several sizes available to fit all | | SAfety cabinets for hazardous materials can be | | grajier hoarg.
devices. oY supplied with conductive powder coatings Send for Product Literature.
end for product literature.
CIRCUIT COMPONENTS INC. CIRCUIT COMPONENTS INC.
24005, R ANTISTATIC INDUSTRIES, INC. 2400 S. Roosevelt St. » Tempe, AZ 85282
. Roosevelt St. » Tempe, AZ 85282 130 Gamewell St.» P.0. Box 460 Ph 602) 967-0624
Phone: (602) 967-0624 Hackensack, NJ 07602-0460 one: {602) 967-
Fax: (602) 967-9385 800-214-7900 / Local: 201-489-4400 / Fax: 201-489-7654 Fax: (602) 967-9385
INFO/CARD 108 INFO/CARD 109 INFO/CARD 110
STETICOTIN
A ATt lha d Lo - M EMC Test Labs & Consultants

NEW TUFF/RUFF HI-TENSILE STRENGTH

LONGER WEARING QUALITIES WITH KEVLAR®
* MAKE ANY SURFACE
ESD SAFE 10/s OHMS/SQ

i Two methods of
o e getting your product
through the red tape:
AN

NON FLAMMABLE

* CONDUCTIVE ACRYLIC-
URATHANE-EPOXY

« NEW SEALER AND
CONDUCTIVE PAINT FOR
FLOORS, CONCRETE, CEMENT,
TILES, WOOD IN ALL COLORS

® NEW® CLEAR TRANSLUCENT
CONDUCTIVE COATINGS

s ALL “STATICPAINTS™ ARE

BRUSH-SPRAY WASHABLE, NO WAX

NO STRIPPING...

TWO PART WATER-BASED CONDUCTIVE SYSTEMS
Inventing products to combat ESD...

°  800-214-7%00

<7 /ICC)|
130 Gamewell Street, P.O. Box 460 = 17
L

ANTISTATIC INDUSTRIES, INC.
Hackensack, NJ 07602-460 USA

(201) 489-4400 USA/FAX: (201) 489-7654
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1. Hire him. 2. Call us.

Why advertise in EMC Test & Design’s

Literature & Product Showcase? We are your certification solution.

EMC's Literature & Product Showcase section offers S g ® NVIA, 9

an attractive and cost-effective way to reach the pri-

mary purchasers of EMC/ESD Prod- L v enc —

ucts. Get into the best advertising, ok :":;':5 saermaen | [rccecers V@I
buy in the EMC/ESD industry— —_—

EMC Test & Design. TETROESIN International Compliance Corporation
For more information call (800) 443-4969 Dallas/Ft. Worth Austin

(817) 491-3696 (512) 719-3555
or fax to (770) 618-0342. Fax (817) 491-3699 Fax (512) 719-4211




RF' synthesizers

Structured Design of Third-Order,
Type-2 and Type-3 PLLs

By Fu-Nian Ku

PLLs are ubiquitous, and many
books and papers have dealt with the
subject. In this paper, I present PLL
characteristics in a graphical format so
that people can readily see the charac-
teristics in whole and get approximate
results. The complicated mathematical
formulae are in the Appendix, where
they can be examined or used in the
reader’s choice of computer program.

Comprehensive study of PLLs is a
very complicated task. There are
different types of phase detectors, dif-
ferent requirements of lock-range and
lock-time, different added-on filters. In
addition, the real performance of
devices must be considered, as must
the noise rejection of PLL. Second-
order PLLs have been thoroughly
studied in past two decades [2], but
there is still much to learn about the
behavior of third-order and higher
PLLs. Przedpelski’s papers [3] have
won wide acceptance in the last two
decades, and they have made high-
order PLL characteristics calculable.
This paper is an introduction. It
does not touch non-linear phenomena,
and does not try to predict capture-
time, capture-range or other quanti-
ties. However, it does give a basic rela-
tion among all physical-interpretation-
oriented parameters. I have simplified
these complex formulae and extracted
as few as possible parameters to show
the physical meaning for easy design.

Type 2 PLLs (Active Filter)

I use the conventional symbols and
definitions. Let 8,(t) be the phase dif-
ference of two input of phase detector,
0,(t) = 6,(t) — 6 (t)/N Assume this is a
linear system; the output of phase
detector is K;0,(t). If the initial 6,(0) =
0. The Laplace transform of this loop
results in the following equation 1(a):

2
3 S
g% 4
Ge(s) » T3 2
\ P 2 7
Sy S
Ts T,T3 TTs

RF Design

c2
| |
2l |
C1 R2 C3 R2
R1 R1
= R2
GND GND c2 _|_
T1=C1*R1 T, =R1-C3
N
T2 =R2 «(C1+C2) T, =R2+C3 =
T3=C3+R2 T; = R2+C2
@) F(s) = (s°T2 + 1)/(s*T1 (s*T3 + 1)) = Type 2, Third-order Filter
9(S)In K 14T, > K 5 & 9(5)0m e
+ © soTy(1 + sT) YIRS | s i
5.0
(b) N

Figure 1. (a) Loop filter circuit and open-loop transfer function. (b) Block dia-

gram of the loop.

where,
K = KdKaKO
N
For the purpose of expressing para-
meters in a form that has physical
meaning, we change the denominator
in equation 1 to:
(s+a)f s + 2 L on?)
\ % )
There are three types of input refer-
ence signals:

(1b)

2)

o Case 1: The input reference is con-
stant phase 6,(s) = ¢/s.

e Case 2: The input reference is con-
stant frequency f,, 8,(s) = 2nfy/s2.

¢ Case 3: The input reference is con-
stant frequency ramp f, 6,(s) =
2nfy/sd

Case 1 is rarely used; sometimes peo-

ple use case 3, but most people use
case 2.

Appendix equations (al) and (a2)
give the solution for case 2 and case 3,
where, b =1/T,.

In equations (al) and (a2), there are
trigonometric terms that have a com-
mon angle argument.

Let the argument:
2 9 t t
on“t® -1—=2nFg —
v s S T, 3)
where,
P8 _y1+Fg?
“on e N “)

In this way, the argument has physi-
cal meaning. Fg is swing frequency. T.
is the time scaling factor. We still nee
another parameter. I suggest the max-
imum deflection angle of the open loop
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transfer function, ¢, is another one [4].
The quantity ¢ is defined by:

Ty =T3P 5)
and
= cos ¢

" 1-siné (6)

When we define equation (2) as the
denominator of equation (1), there is
an relation between these three para-
meters, Fg, T, and ¢. Using this rela-
tion, we get:

B =wn?. (1-p)+ 4/12 )
; 2
VPt o - B2—(4ﬂ) (8)
4 \ T
b=o+21 9)

o in equation (8) must be real, so ¢ has
a limitation:

Opin < O < W2 (10)
where (11):
¢min(Fg) = Z _2atn
S 9 2
1+
\1+FSZ

When Fg = 0, ¢, has the largest
value, 53.135°.

Given Fg, T, and ¢ (¢ satisfying
equation 10), we can calculate o, 1, 0,
and b using the above equations. Then
equations (al) and (a2) are calculable.
The time constants of the active filter
are given by the following equations:

T3 = 1/(a + 1/1) (12)
T2 =T3P (13)
T1 = KAT3 a wn2) (14)

where K is defined by equation (1b).

Analyzing the above three time con-
stants, we discover that T1 is propor-
tional to T 2. T, and T, are proportion-
al to T,. T,/T% T,/T, and T4/T, are
independent of T_, leaving only the
two parameters, Fg and ¢. The follow-
ing graphs show these relaticns.

First, Fg limits the range of ¢ by
determining ¢, .. (equation 11). Figure
2 shows the relation between Fg and
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Figure 2. ¢,,,;, as a function of Fg.

®,.in- The x-axis is Fg, and the y-axis is
¢_. in degrees.

nﬂ‘ns is the frequency in the scaled
time base. A large Fg means rapid
variation, and fast settling to steady
state (i.e. fast locking). Fast settling is
the advantage of a large Fg. Its disad-
vantage is that a loop with large Fg is
less stable, and is more likely to be
unlocked due to noise, interference, or
other causes. Figure 2 shows that a
larger Fg has a smaller ¢_; . This
means we can select ¢ from a bigger
range. It does not give us more range
of stability. Conventionally, engineers
use phase margin to gauge stability.
Large phase margin ensures good sta-
bility. Phase margin is defined as the
difference between the phase angle of
the open loop transfer function and n
(or —nt) when the amplitude of open
loop transfer function is one. Using
this defininition, phase margin is plot-
ted in Figure 3.

The x-axis is Fg, and the y-axis is
the phase margin in degrees. Different
curves correspond to different values
of ¢. As mentioned before, the range of
¢ is limited by Fg. If ¢ = 20°, Fg can
not be larger than 4.563. In Figure 3,
the dotted curve corresponding to ¢ =
20° ends at Fg = 4.5663. However, those
curves corrseponding to ¢ > 253.135°
do not break in the figure.

The y-axes of Figures 3(b,c,d) repre-
sent Ty/T,, T,/T, and KT >T,, respec-
tively. The x-axis of all fglgures is Fg.
Figures 3a through 3d each have five
curves corresponding to different val-
ues of ¢. Sometimes, two curves are
very close in the display and graphics
only shows the second curve legend.
When ¢ approaches 90°, the third-
order case degenerates to the second-
order. In this case, Ty = 0 (see Figure
3b). Using the ¢ = 89.99° curve, we can
investigate the properties of second-
order loops. Further analysis shows

Phase margin
I o ©
(o] o o

N
o

0.06 T T

U

i
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4
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0.6
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T,/ Ts

0.2 W 4
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3000

G 2000 1
N N

1000 }

0 2 % _86 8 1
SF
Legend

¢ = 20.00 degree

¢ = 89.99 degree

Figure 3. Various quantities as a
function of Fg and 6.
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that when the input reference is con-
stant, 8,(t) Case 2, equation (al), is
proportional to f;*Ts, and 6,(t) of Case
(3), equation (a2), is proportional to
f,T,2. Now, we define F = f)*T,. If we
doe ine Fg, ¢ and F, and use t/T, as the
time coordinate, equation (al), denot-
ed as 6,(t), is independent of T,. Mean-
time, tﬁe result of Case (3) (frequency
ramp), denoted as 8°,(t) is proportional
to Ts. The curve 8°,(t)/T, is also inde-
pendent on T, if we take t/T, as the
time axis.

In practicable design, selecting F
may be a problem. If F; is too big, the
locking process will be slow, even it
will not be locked (especially in analog
phase detector). How to select F is out
of the scope of this paper. For safely
quick locking, keep F, to a low value.
The better way, but not necessary, is
after selecting all Fg, ¢ and F, plot
0,(t) and 67°,(t)/'Ts of equations al and
a2 versus the t/T_ axis. These two
curves are indepemient of T_. 8,(t) dis-
plays the result of the input as a fre-
quency jumping F; in an infinitesimal
time. While 0’°2(t)/T, displays the
result of input as a constant continu-
ous frequency change, the rate of
change is F, Hz in T, second. When we
design a real synthesizer, we use a
crystal oscillator as the reference fre-
quency generator. The reference fre-
quency is not established instantly.
So, the initial part of real description
should resembles 0’2(t)/Ts curve.
Later, after reaching a certain fre-
quency it should stop increasing and
settle to zero. The real transient is
below 8,(t) and settles to a steady
state zero. In a Type 2 PLL, 8°,(t) does
not tend to zero. Nevertheless, 0,(t)
tends to zero. Using a digital phase
detector, the PLL should be locked
finally. If we hope it has a fast cap-

200 e p———eay

50007020304 0506070809 1.0

Figure 4. Phase error 9.(t) of Case 2
and 0,(t)/T, of Case 3. The X-axis is
T (UT,); the Y-axis is in degrees.

RF Design

ture, the maximum value of transient
should below 180° which is the linear
range of digital phase detector. If it is
too big, lower 6,(t) by decreasing F,,
and/or changing Fg and ¢ properly.

Example

A 3rd order PLL using a Type 2
active filter produces an output of
16.95 MHz from a 5-KHz reference,

F,. The phase detector, active filter
and VCO have the following factors:

K4 =0.19 V/rad

K=1

K, =10.6 1 06 rad/slV

Divider ratio N = 16.95/0.005 = 3390
then, K=K ; K, K /N =594.1

Features include .

« Input and Output VSWR <1.5:1

« Unity gain linear operation with a
sinusoidal input signal.

MEETS STRINGENT SATELLITE
GROUND STATION REQUIREMENTS

LOW
COST

HIGH

ISOLATION

DISTRIBUTION
AMPLIFIERS

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

= Low Phase and amplitude noise bursts
with isolation in excess ot 100 dB.

» 1.75 in. height and 19" rack mounting.

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

« Operates from a 115VAC or +15VDC.

7 Frequency Electronics, Inc.
E 55 Charles Lindberg Bivd. Mitchel Field, NY 11553
516-784-4500 » FAX: 516-794-4340

Call or write for
more information.
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Figure 5. For the Type 3 PLL — (a) Loop filter circuit and open loop transfer
function; (b) Block diagram of the loop.

(" TR

SAW components andY
subsystems for IF signal
processing in military and
professional OEM equipment.
Engineering support and un que
design capabilities enable

prototype development allowing

more competitive NRE pricing and
quick delivery.

)

240N0i)

CORYP

ik
EXPERTISE! =~

-

L —

-

COMMUNICATIONS: IF bandpass filtering
for: cellular base stations, microwave links,
mobile digital radio, MSK matched filters.
RADAR: Wide band matched filters, pulse
compression using bi-phase, linear and
non-linear frequency modulations.
ELECTRONIC WARFARE: Real time
spectrum analysis, channelized filter banks,
delay lines.

SPACE: High reliability SAW components
for satellite use.

PHONON CORPORATION
P.O. Box 549
7 Herman Drive, Simsbury, CT 06070

Tel: (860) 651-0211 Fax: (860) 651-8618
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Assigning Fg = 1.2, from Figure 2 or
equation 11, we have ¢ = 42.6°.
Select ¢ = 42.7° and F, = r R = 5. The
phase margin is 42.69° WthCh can be
found in Figure 3 (approximately).
Next, assume T, to be any value.
Using above formulae, we can calcu-
late wn, T, o and b. Substitute all para-
meters in equations (al) and (a2).
Draw 8,(t), in solid line, and 87,(t)'T,,
in the dashed line, on Figure 4. The X
axis is in scale of T(t/T,), and the Y-
axis in degrees.

The maximum value of 8,(t) is about
150°. Because it is smaller than 180°,
it is a fast locking one. Be reminded
that the curves on Figure 4 are inde-
pendent of T_. First, we select T, =
0.0165. From Figures 3(b,c,d) or equa-
tions (3,4,6-8) and (12-14), we have:

Tl =. 3.61 x 1073 sec.
T2 = 3.66 x 1073 sec.
T3 = 7.030 x 10~ sec.

These data are equal to result of
Przedpelski’s [5] within a tolerance of
10%. Because, f;, = F /T, = 5/T, = 303
Hz. That means the initial jump of ref-
erence frequency is not bigger than
300 Hz. If the jump is much bigger
than 300 Hz. The locking process will
be slow.

Select T, = 103, f, = 5 kHz, this is
the reference frequency In the case of
jumping 5 kHz instantly, we have

Tl =. 1.327 x 1075 sec.
T2 = 2.22 x 10~ sec.
T3 = 4.26 x 1079 sec.

The locking speed is much faster
than before, which is directly propor-
tional to T,. Because the time constant
is much smaller, we must consider the
frequency response performance of op-
amp. If this device has sufficiently
large gain bandwidth product, it is a
good choice. Or, we increase T, to
make a compromise.

Type 3 PLL

I use the conventional symbol and
definition. The Laplace Transform of
Type 3, represented by Figure 8, is the
following equation (15):

Be(s) _
ei(S)
&
(T, ) T, 1)
s% +2K| -2 +2KI 2‘+K 2'
\1h \T?) 1)
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Figure 6. T,/T_ (dashed line) and
T,/K%5 T,15) (solid line) are functions
of Fg (x-axis) only.

The above equation is correct, only
the all initial conditions are zero. K is
still defined by (1b).

As with Type 2, assume the denom-
inator of equation (15) in the form of
equation (2). Also, there are three
cases of input reference signal:

* Case (1): The input reference is con-
stant phase ¢, ®,(s) = ¢ /s. Never
deal with this case.

* Case (2): The input reference is con-
stant frequency f,, ®.(s) = 2nf/s2.
The initial condition of 6,(t): 8,(0) =
0, 6,(0) # 0. In equation (al),

b = KITYT,)? (16)

* Case (3): The input reference is con-
stant frequency ramp f;, ®.(s) =
2nfy/s3. The initial condition of 8,(t):
6,(0) = 0, 8,(0) = 0. In equation (a2),

b=0 17)

Because the solution of 8,(t) in Case
2 or Case 3 still uses (al) or (a2), we
define Fg and T, as before, equations
(3) and ?4) are still effective. Due to
variables in the denominator of (15)
being only T, and T,, parameter Fg
and T, are su}ﬁcient to determine this
problem. Using the internal relation-
ship of (2), we get:

i wn?
S oL 1 (18)
2|wn+ |
\§ T,
2»0{+a)n2 (19)
T2=__f_2_
20wn
1 K
Mges o ' (20)
8 ana

We have all equations now. Analysis
shows T,/T, and Tl/(Ko~5 T81'5) are

RF Design

function of Fg only. In Figure 6, the
dashed line represents T,/T_, and the
solid line represents T1/(K%5 T 1-5).
The X-axis is also Fg.

Phase margin is shown in Figure 7.
X-axis is also Fg, and the Y-axis is
phase angle in degrees. Further analy-
sis proves the same behavior as Type 2
on the solution of two cases. Let the
3rd order Type 3 Case 2 solution (al),

with b = KI(T,/T,)2) be 0,(t). 85(t) is pro-
portional to T_. If we define I%O = f,*T,,
and keep F; constant. 8,(t) 1s only a
function of I(<l and F; on the T, scaled
time axis. T?le Case 3 solution (a2,
with b=0) is denoted as &’4(t). 85(t)/T,
is also independent of T,.

Example
A 960 MHz transmitter is based on a

PCS Base Station
- Power Module

E&Iehay

ﬁ:'_supply
dB

1.8GHz - 2.0GHz
Vob=+4+9V Vea=-4V
>34dBm

in_ >10dB/25dB
i >40%

| iRej ction Level
lodulation

//

RL -10.82 dBm
RTTEN 1B dB
1@.08 dB/OIV

| MARKER o
528 §Hz
| -69.8¢ dB

a

Fia

; |
CENTER 1.800 83D GHz
*RB 1.828 kHz *U8 10.8 kHz

HEXAWAVE

Hexawave, Inc.
2 Prqsperity Road Il

Science-Based Industrial Park

Hsinchu ,Taiwan

INFO/CARD 80

<-60dBc @ Pour 800mW
n/4 DQPSK

MKR 81aFRQ gaa kHz
| | 1-69.92 dé

| SANALE

“sPAN 2.28@ Miz
ST 6.882 sec

Int'| Customer Service:

Tel: 886-35-785100
Fax:886-35-770512

U.S. Customer Service:

Tel: 1-703-690-8909
Fax:1-703-690-8414

99



3rd order Type 3 PLL, the reference
frequency is 15 MHz, where:

K, = 0.25 V/rad
Ka ==l
Ko = 3 x 10° rad/s/V

Calculate N = .960/15 = 64. Select Fg
= 2.7. With Figure 10, we have phase
margin 40.8°. Assume any T, value,
calculate wn and t with (3) and (4).
Calculate a with (18). Calculate b for
Case 2 with (19),(20) and (16). F;, = f;
T, =7. Substitute all parameters in

(al) and (a2). We then get the curves of
Figure 8.

We can see maximum value of solid
line is about 140°. And both curves
tend to zero. These curves are inde-
pendent of T,. We have the freedom to
select T,. Select T, = 0.001. Using Fig-
ure 9 or (19) and (20), get the following
results:

T, = 2.31 x 1073 sec.
T, = 9.37 x 1073 sec.

With this choice, f; = 7 kHz. If the

Voltronics

debunks
the myths

Myt

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 50 pF,
2,000 V, 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

The Trimmer Capacitor Company

How about a voltage

rating of 2000 V,
capacitance valves to 50 pF,
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 50 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 performance in
a high-power trimmer, you should be talking to
Voltronics. Call us today at (201) 586-8585.

Voltronics

CORPORATION =y

{

=—=

Voltronics
delivers: Any
model stock to
4 weeks!

100-10 Ford Road

Denville, NJ 07834
201.586.8585

FAX 201.586.3404

e-mail: voltron@styx.ios.com

1

WRITE, CALL OR
FAX FOR CATALOGS
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Figure 7. Phase margin versus Fg for
the Type 3 PLL

150

~500 0.1 0.2 0.3 0.4 05 060.7 0.8 0.9 1

Figure 8. 6.(t) for Case 2 (solid line)
and 0.(t) of Case 3 (dashed line) in
degrees.

reference frequency jumping more
than 7 kHz instantly, the maximum
swing of 6,(t) may be bigger than 180°.
That may cause slow locking. Select-
ing small T, can reduce capture time,
but that is himited by the performance
of device.

Comparing Type 2 and Type 3, one
more op-amp is needed in Type 3.
However, continuous frequency ramp,
Case 3, makes steady phase error 6,(t)
not zero in Type 2. RF
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Appendix: ’
Equation (al) — The function:

_ eafglseb)

(s+a)(52 + 2s+wn’
T

has the inverse transform:

2xfgt

2a+a’t+on’t

b—a)

( 2 _p)
+le 17 TON +r2ak2) a bJsin(l fwnztz_l)

yonre -1 X

+eVT(a-b cos(—l-\/;n%z -1
T

Equation (a2) — The function:

27rf0(1+ b
s

(s+ a)(52 + i

s+ wn”

has inverse transform:

2ﬂf0

2T+ anT

[ ]
-2a+a

1/t ]
+} % [12 a—b) kl+ ab2)+ 2b2‘
,\/wn 2 -1} @on Ul
sm(l\,anTZ—I
T
+e V7| 14 5(2-1a cos(- wn?7? -1
wn

ONE-STOP OSCILLATOR SHOPPING

EMF Systems can meet all of your
oscillator requirements. Qur new series
500 DROS feature low phase noise,
rugged construction, and the latest

Bipolar silicon transistors are used to
approximately 10GHz and GaAs FET
transistors above 10GHz. These units
are suitable for military or commercial

circuit techniques and cornponents.
tuning options are available for phase
locking, Call our Systems Application
Engineers to discuss your specific
requirements.

Phase Locked DROS:
31018 GHz

Free Running DROS:

applications. Electronic and mechanical

Model
S12xxx
513
Sldox
S150x
S16x0xx
S17xxx

Frequency  Spedifications

3<4GHz  Power Output: +13dbm

4<6GHz  Freq. Stability: 3- 5 ppm”C

6<8GHZ Harmonics: > 20dbc

8<10GHz  Spurious: > 80dbc

10<12GHz Phase Noise @ 6GHz: 100dbc @ 10KHz

12<13GHz Pushing: < 200KHz/Volt Typical
Pulling: .01% Typical 1.5:1 VSWR
Input Power: + 15VDC @ 35ma

OPTIONS: Mechanical Tuning: 1%, Voltage Tuning: 0.1%, Phase
Locking: Ext. or Int. Reference

RF Design

31018 GHz

INFO/CARD 82

%

EMF Systems, Inc.
8[4/237-5738 FAX: 814-237-7876

121 Science Park, State College, PA 16803
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ENGINEER?S!

NOTEBOOK'

Simple Direct-Conversion Receiver
Checks Frequency Counters

By Michael A. Covington
The University of Georgia

Many frequency counters use a 10 MHz precision crystal
oscillator and include an “oscillator out” jack where
this frequency can be sampled. The circuit presented here is
a direct-conversion receiver that tunes in WWV on 10 MHz,
using the frequency counter timebase as its local oscillator,
thus providing immediate confirmation that the oscillator is
on frequency.

The circuit is an adaptation of the American Radio Relay
League’s “Neophyte Receiver” [1] and can be built on a
printed circuit board made for the receiver [2]. It has been
modified to have a 9-volt supply, a 10 MHz front end, and no
local oscillator. The audio section has also been simplified.

The two ICs are an NE602 mixer-oscillator (with the
oscillator disabled) and an LM386 audio amplifier. Note
that the LM386 is fed in differential mode by the differen-
tial outputs of the NE602. This greatly improves rejection
of nearby AM signals. If the output of the NE602 were
taken single-ended, it would include some audio from short-
wave broadcasters in the 9.5 MHz band and possibly even

ble that WWV and WWVH will not be heard during night-
time hours. In periods of high solar activity, daytime recep-
tion of the stations at distant locations may be hindered by
absorption.

In normal use, this receiver serves to confirm that the fre-
quency counter has not drifted drastically, and it renders
the timebase NIST-traceable. For critical adjustment of the
TCXO, an oscilloscope can be connected across the speaker
to observe the subaudible beat frequencies. Note, however,
that the signal from WWYV is reflected off the ionosphere. If
the reflective layer is rising or falling at the time, Doppler
shifts can change the frequency by 1 Hz or more. RF
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2. One source for the printed circuit boards is: FAR Circuits,
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some local AM stations.
Antenna requirements depend on location. In Georgia, a 7 About the Author
MHz dipole mounted in an attic was found to be sufficient; a Michael Covington is Associate Director of the Artifi-
10 MHz dipole would, of course. be better. Near the WWV cial Intelligence Center at the University of Georgia,
and WWVH transmitters in Colorado and Hawaii, an indoor Graduate Studies Research Center, Suite 111, Athens,
whip antenna might suffice. Radiowave propagation will GA 30602-7415; tel: (706) 542-0358; e-mail:
affect the reliability of reception. With the low sunspot meovingt@ai.uga.edu
activity that is occuring in the present solar cycle, it is possi-
OSC in from
freq. counter 33 pF 1K
sk — T A
10 MHz dipole ==
NC.
6 & 8 10uF
0SC Vs
= out b { I 2
.05
— NE602 ==
10uF
1 + 2
N ouT { } 8Q
V-
10.7 MHz 3]
FM radio = —
IF transformer 3
(Tune to 10.0 MHz)
Figure 1. Circuit diagram of the WWYV direct-conversion receiver.
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One Event Designed to...

EXPAND YOUR WIRELESS

COMMUNICATIONS COVERAGE

how do You SEE YOURSELF?

P No one in wireless communications can alford to be uninformed about emerging technologies and their
across-the-board effects. The International Wireless Communications Expo is the only event dedicated 10

o delivering every aspect of two-way communications in one place, at one time, offering dealers, carriers, engineers,

operators, end users and manufacturers a comprehensive look at today’s - and tomorrow's - applications.
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will bring together the best minds on howto | I M oy e

develop and implement effective strategies for the futureof  , ¢ 1.0 o ol e E e ctiives
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* Carriers & Operators

° Be « pa" Of IWCE '96 it de“veri”g Widel" o Consultants & \gcnls
coverage for your wireless communications needs! + Distributors & Manufacturers

what WCE MEANS TO YOU!

8 I "or the past 19 years, the wireless industry has relied on the International Wircless Communications Expo

to deliver the latest technology, insights and product introductions for wireless and mobile communica-
tions. Featuring over 350 companies showcasing the latest in wireless technologies, the exhibit floor has already

[ ]
surpassed last year's show!

° In addition to a product-packed exhibit floor, IWCE's comprehensive education program delivers RF
technical training, real-life case studies and expert forecasts of fast-moving trends that are invaluable for pro-
fessionals looking to build their knowledge base in the domestic and international markets.

° 8 8
Opening Session: Wedncsday, April 24, 1996 Featured Educational Sessions:

° What is the Future Role of the Land Mobile Provider? Wednesday, April 24, 1996 - Friday April 26, 1996

: : _ Program Includes:
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: ! ) . * Paging Technology Update
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propel traditional mobile communications into new direc- « pCS Technology Shootout
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These wireless leaders are positioning their companies 10
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: 3 . ; * Implementing Refarming - A Technical Overview
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International Market Growth

The Regulatory Landscape: A Global View
) ) X * Mobile Daia and Your Wireless Network
panel will explore the various business opportunities, Regulatory Issues: Washington Insider's Roundtable

and service convergence, it is hard to know how best to
position your business and with whom to partner. This

°
niche markets and application strategies open 1o wireless ¢ FCC Auction Update
service providers preparing for the future. * Int'land Regional Agreements in Latin America
. * State of Regulation in Latin America

Dial our fax-on-demand for full session descriptions, Siting Requirements for Tower Structures

program additions and schedules! 800-601-3858 .. and much more!
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today is the day to STRENGTHEN YOUR FUTURE

Expo ‘96

egister now and plan to be a part of IWCE's 20th Anniversary. We want you 1o have your

first choice of session picks, hotel rooms and discounted airfares. Make a positive move to

insure your future in the wireless communications industry by signing up today. lf, after consid-

ering this material, you have any questions as to how this conference can benefit you further, call
the IWCE hotline at 770-618-0323 or our IWCE fax-on-demand at 800-601-3858

EXHIBIT HOURS/PRODUCT INFORMATION

Wednesday, Aprl 24, 1996

10:00am - 6:00pm  Exhibits Open

4:00pm - 6:00pm  Welcome Reception in Exhibit Hall
Sponsored by Andrew Corporation

Thursdeary, Apnl 25, 1996

9:00am - 6:00pm  Exhibits Open

4:00pm - 6:00pm  Cocktail Reception in Exhibit Hall

Friday, Apri 26, 1996

9:00am - 2:00pm  Exhibits Open

he 20th Anniversary brings with it the largest
Tcxhibilion in IWCE history! This one-stop-
shop features over 350 suppliers showcasing the lat-
est in wireless technologies. Experience this
product-packed expo and participate in demonstra-

tions featuring:

¢ Cecllular Phones
»  Consulting Services
*  Crystals

» Dispatch/Voice Storage & Retrieval/Consoles

¢ Interconnect

s Microphones/Headsets

e Microwave Radios & Transmission

¢ Mobile Data Terminals

e Mobhile/Portable Base Station Antennas

¢ Mobile/Poriable Radios & Accessories

e Mounts/Installation Hardware

* Pagers

¢ Paging Terminals

» Satellites

¢ Scrambling/Encryption

¢ Software

» Test Equipment

+ Tone Signaling & Control Equipment

e Towers/Shelters/Lightning Protection

+  Transmission & Management Over Radio
...and much, much more!

Introducing the RF Design Seminar Series -
the NEW WAVE of RF! RF Design magazine
is proud fo bring this special series to the
International Wireless Communications Expo
in Las Vegas, Nevada. These RF courses will
run April 23rd through the 25th, with IWCE
continuing through the 26th. In combination
with IWCE's exhibit floor, {featuring the RF
Technology Pavilion) this merger is sure to be
the largest and most important technology
mecca in both RF's and IWCE's history!

Spedal Course, Tradk One: Engineering
Fundamentals
Part I: Fundamental Concepts
Tuesday, April 23, 1996, 8am - 5pm
Part II: Fundamentals of Amplifier Design
Wednesday, April 24, 1996, 8am - 5pm
Part lll: Amplifier Design
Thursday, April 25, 1996, 8am - Spm

Spedd Course, Tradk Two: Engineering
Applications
Practical High Frequency Filter Design
Tuesday, April 23, 1996, 8am - 5pm
Oscillator Design Principles
Wednesday, April 24, 1996, 8am - 5pm

Spedial Course, Tradk Three: Advanced
Tedhniques
Digital Modulation and Spread Spectrum for
Wireless Communications
Tuesday, April 23, 1996, 8am - Spm
RF Power Transistors and Amplifiers: Principles

and Practical Applications
Wednesday, April 24, 1996, 8am - 5pm
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If you operate in a cosite environment,
you need a Pole/Zero Tunable Fifter.

Our electronically tunable RF Bandpass Filters will reduce spurious and noise outputs from transmitters, exciters, or
synthesizers and significantly improve the dynamic range of your receivers using precise digital tuning. Our filters achieve
high intercept performance with excellent selectivity and low loss. Standard products include Tunable Bandpass and
Notch Filters in the 1.5 MHz to 1 GHz frequency range as well as custom products above 1 GHz. Our line of Cosite Products
now includes a new UHF Low Noise Amplifier (Pyqg = 5 Watt, 2db NF) optimized for SATCOM receive applications.

MINI-POLE® Series from $§ 510
MAXI-POLE® Series from $§ 920
g:g%m &m[s_mm | POWER-POLE® Series from $1430
e i oy NOTCH™ Series from $ 640

o o e ane & UHF Low Noise Amplifiers .......... $1500

C ORPORATION

5530 UNION CENTRE DRIVE « WEST CHESTER, OHIO 45069 » PHONE (513) 870-9060 « FAX (513) 870-9064 « http://www.polezero.com




RF software

Analog Tool Delivers Break-
through in Oscillator Design

Avista Design Systems announces the 1B
release of Avista Spectre/XL, “the what-if
solution for analog circuit design™.” Avista
Spectre/XL. embeds accurate circuit simula-
tion inside Microsoft Excel, the world’s
most popular analysis and presentation
package. Avista Spectre/XL’s special fea-
tures give analog designers a flexible tool
for developing, escalating and optimizing
circuit designs.

Avista Design Systems
INFO/CARD #246

Universal Synthesizer

Controller Software

SERSYNTH software enables RF engi-
neers to easily program wireless synthesiz-
er IC’s using an IBM PC/compatible com-
puter. It eliminates the frustrating task of
interpreting manufacturer’s data sheet and
days of trial and error software/hardware
debugging.
SERSYNTH
INFO/CARD #247

Wireless Engineering
Software

Comsearch introduces its 1Q line of soft-
ware developed to address every phase of
PCS design. IQ Clear for microwave reloca-
tion; I1Q Signum for RF planning and
design; and IQ Link for microwave inter-
connection. 1Q Clear quickly and easily
answers the question “to relocate or not to
relocate” incumbent microwave links in the
1.9 GHz band. An advanced user interface
streamlines and speeds the process of
determining which microwave incumbents.
PCS Licensees can also use 1Q Clear to
automatically determine the best
channel(s) in which the fewest microwave
links need to be relocated in a given mar-
ket, getting the answers needed in the most
timely and efficient manner. IQ Signum is
Comsearch’s latest RF engineering design
and planning tool developed specifically to

address the needs of the burgeoning PCS
industry. Key elements of IQ Signum
include small cell modeling, variable bin
size, measurement integration and Com-
search’s proprietary terrain database. 1Q
Link is the first comprehensive domestic 38
GHz interconnection software product.
Comsearch

INFO/CARD #248

Mathematical Reference

Software

CRC Press, Inc. of Boca Raton, Florida
and Waterloo Maple Inc. of Waterloo,
Ontario announced today a new partner-
ship. This partnership with will launch a
generation of software products that com-
bines the technical contents of the CRC
Handbook series with Waterloo Maple’s
state-of-the-art mathematical and visual-
ization algorithms in a way that will
increase the productivity of engineers, sci-
entists, and technical professionals every-
where.
CRC Press, Inc.
INFO/CARD #249

System Analysis Software
Update

Elanix, Inc. today introduced Sys-
temView version 1.8-5. This release of the
leading Windows-based development soft-
ware for Communications, DSP, Signal
Processing and Control applications fea-
tures and enhanced Communications
library with new WANs (Wide Area Net-
works) and LANs (Local Area Networks)
and PCS (Personal Communications Sys-
tems).

Elanix, Inc.
INFO/CARD #182

Partial Differential

Equation Toolbox

The new addition to the MATLAB Tech-
nical Computing Environment enables
engineers and researchers to model and

solve a variety of problems involving par
tial differential equations over two space
dimensions and time. MATLAB PDE Tool
box also features a unique and innovative
GUI which includes a toolbar and dialog
boxes that step the user through the
process of defining the 2D geometry, set-
ting boundary conditions, selecting the type
of PDE, solving the PDE and displaying the
results.

Mathworks

INFO/CARD #183

Software for RF

Communication Test

Hewlett-Packard Company introduced a
software package for its HP 8921A RF
Communications Test Set that makes opti-
mization and maintenance of Motorola
MicroCITE AMPS/NAMPS base stations a
fast, simple procedure. Motorola’s
MicroCITE products are self-contained cel-
lular base stations that measure only 8 feet
and provide complete cell-site functionality.
HP 11807B Option 070, reduces the time
required to optimize the performance of a
microcell site and provides and a standard
test methodology to ensure that all sites
are optimized to the same standards.
Hewlett Packard Company
INFO/CARD #184

Magnetics Designer
Package

Magnetics Designer is a new software
program for Windows that helps you design
all types of transformers and inductors.
Typical design applications include high
frequency switching regulator transformers
and output chokes for off-line full-wave and
forward converters, 50 Hz single phase line
transformers, AC inductors, planar mag-
netics and 400 Hz aircraft transformers.
Virtually any single phase, layer wound,
inductors or transformers from 10 Hz to
over 1 MHz can be synthesized with Mag-
netics Designer.

Intusoft
INFO/CARD #185

a unique Calibration Kit.

Our connectors will non-destructively mate with standard 50
Ohm SMB connectors but for critical impedance matched
applications, these are true 75 Ohm connectors.

Call today!1-800-247-8256

Johnson Components, Inc. (tormerly £.£ Johnson Components Division)
P.O. Box 1732, Waseca, MN 56093-0832 Fax: (507) 835-6287

ested and
rue Mini 75 Ohm

Right On Target

Mini 75 Ohm SMB

On the market for over five years, our mini 75 Ohm SMB
connectors were the first in the industry developed on a com-
mercial basis. Since that time we have included mini 75 Ohm
cable assemblies, terminations, in-series matched adapters,
between series adapters, our original end launch design and

INFO/CARD 84
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Crystal Oscillator Catalog

A new catalog from MF Electronics sum-
marizes specifications for more than 200
different units. It describes fixed frequency
and voltage controlled (VCXO) types. New
generations of extended temperature range
oscillators are especially emphasized.
Thru-hole and surface mount designs are
detailed, including low height SMD units
with 5mm x 7mm footprint for Type Il
PCMCIA use. MF Electronics also offer the
ClockChip® family of oscillator-building
ASICs which enable users to make, rather
than buy crystal oscillator circuits.
MF Electronics
INFO/CARD #237

Applications Notes on
Timer/Counter/Analyzers

Fluke Corporation has available two free
application notes on its high performance
timer/counter/analyzers. The application
note, ABCs of Time and Frequency Analy-
sis, addresses the basics of signal analysis,
and why a time and frequency analyzer
(TFA) is necessary to view frequency noise
and frequency modulation. The application
note Sources of Error in Time Interval
Measurements, explains factors that con-
tribute to inaccuracy in time interval mea-
surements.

Fluke Corporation
INFO/CARD #238

1996 |IEEE Standards

Catalog

The Institute of Electrical and Electron-
ics Engineers, Inc. (IEEE) announced today
the release of its updated printed, and
improved electronic versions of the 1996
IEEE Standards Catalog, featuring a com-
plete line of standards products and ser-
vices. Other new and revised editions are
also available, making all related informa-
tion convenient for users of these stan-
dards. The IEEE SPAsystem® World Wide
Web is searchable by key word in a stan-
dards’ title, numeric designation, product
order number and ISBN number, at
http://stdsbbs.ieee.org/.
The Institute of Electrical and Elec-
tronics Engineers, Inc.
INFO/CARD #239

TTP Launches

Logistics Newsletter

Transport Technology Publishing has
just published its first issue of Logistics
Technology News, a new bi-weekly newslet-
ter devoted to reporting on information
technology in freight transport. The new
publications chronicles the increasing use
of advanced technologies in transportation
logistics. LTN provides exclusive coverage
of the following technologies: Bar coding,
Radio Frequency Identification (RFID),
Electronic Data Interchange (EDI) Soft-
ware, applications, Mobile Data Communi-

RF Design

cations, Vehicle Positioning and Imaging.
Transport Technology Publishing
INFO/CARD #241

New Solid State Switch
Brochure

K&L Microwave, Inc. introduces a new
brochure featuring their Solid State Switch
line. The eight page brochure is in full color
and includes a capabilities overview. The
new literature is divided into three cate-
gories including Broadband Microwave,
Broadband RF and Communications Band.
K&L Microwave, Inc.

INFO/CARD #240

Electronics Catalog

Jameco Electronics winter ‘96 edition
features over 185 new products, including:
ICs from Comlinear and Microchip, BNC
connectors, stranded hookup wire, wall
transformers, cordless soldering equip-
ment, Windows ‘95 keyboards and much
more. Jameco also has hundreds of items
on sale at exceptionally low prices.
Jameco Electronics
INFO/CARD #242

Full Line Connector Catalog
The new Molex 950 full-line catalog,
which is also accessible through Molex’s
web site on the Internet, offers technical
information on more than 50,000 Molex
products available worldwide. Molex incor-
porated many suggestions made by the cat-
alog’s users, including: a standard page for-
mat, standardized 2D and 3D catalog draw-
ings, a trade name index and a glossary.
Each product section now includes related
application tooling and isometric drawings
replace part photographs.
Molex, Inc.
INFO/CARD #243

RF Interconnect Products
Catalog

Trompeter Electronics, a leading producer
of RF interconnect products, is introduces a
new 40-page “Telecommunications Prod-
ucts Catalog.” The catalog serves as a com-
plete source and guide to coax connectors,
assemblies, patch cords, tools and DSX
products. Supported with product draw-
ings, the catalog is a versatile tool.
Trompeter Electronics

INFO/CARD #244

Film Capacitor Catalog
Aerovox Group has published a film capaci-
tor catalog which includes two of its new
product lines, the AC rated Blue Mike dry
film axial wrap and full capacitors and a
new IGBT snubber capacitor line. The new
Aerovox film capacitor catalog provides all
vital product information including perfor-
mance testing results.

Aerovox Group

INFO/CARD #245

RF POWER

AMPLIFIERS

2MHz to 2 GHz
Modules 1 W to IkW

Rack Mount Amplifiers to 2 kW
Custom Designs

Short lead times
Broadcast/Comm./EW/Industrial/Medical

Fixed/Portable/Mobile
11 ) Silicon Valley
PO WE'R
| AMPLIFIERS
The RF People

529B Forman Dr., Campbell, CA 95008

CALL 1-800-986-9700
or fax 1-408-986-1438

INFO /CARD 85

~ Target
Responsive
Decision Makers
With A List From
. RF DESIGN.

Rent the circulation file of
this publication for your direct
mail needs. Call Etta
at (770) 618-0266.

SINTERTEC

PUBLISHING
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World’s Smallest Chip Inductor
Just Got Smaller!

Toko has added a microminiature 0402
package 10 it’s line of multilayer chip induc-
tors. Made from a proprietary laminated
ceramic material allowing SRI's over 6GHz,
Toko’s LL1005 features a 0.5mm profile
with inductance range from 1.2 to 27nH.
Call 1-800-PIK-TOKO for specificaticns.
TOKO AMERICA, INC.

1250 Freehanwile Or ive
Mt Prospect, Il 600156

1-800-PIK-TOKO

[.‘ .
TOKO AMERICA, INC.

INFOICARD 112

| RFIC Test
Sockets:

Now you can test your RF devices and circuits fo unmatched accuracy and
repeatability. Condel Technology offers test sockets with less than .4nH
contact inductance and bandwidths in excess of 10 GH2. Sockets are

 ovailable for ll the stondard RFIC packages such as TSSOP, SSOP, QFP |
I and we can also make custom machined sackets to fit your unique pack- |

, oge or module. These RF test sockets can be used for hand fest and inside
. high volume automated device handler such os Multtest, Daymark or
Delta. So please call us for your next RFIC socket o fixiure requirement.

19925 Stevens (reek Blvd.

Cupertino, (A 95014
Phone: 408-973-7832
e CHNOLOGY

Fox: 408-253-9463
e-mail: CondelT@uol.com

INFO/CARD 115

Eclipse 4.0 for windows

+ Comprehensive
Element _ibrary

User-defined
Equations

+ Flexible Sweep
“ - Capability
Y * Multiple Graph
Sheets

Manual Element/
Variable Tuning

s

o ¥ | .« * Optimization

maleF] 1] mielw

Customizable
Graphs

Network Analyzer
style Markers

-

An Unparalleled RF/Microwave Linear Simulator

00 http://www.inmind.com/ati
only $795% for a fully functional demo
irden Technologies, Inc.
PO Box 286 - Forest, VA 24551
Voice 804-525-6837 Fax 804-525-5376

e-mail: arden@inmind.com
 EREE——— e
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ERIRAN

setting
the pace
for circuit
protection

HIGH SPEED PCB PROTECTION
The E-T-A 1410 Series of circuit breakers for equipment
(CBE) offer cost effective reliable, extremely fast acting
protection for a wide range of equipment. The 1410-F
type is the fastest thermal, rocker switch, circuit breaker
available today. The 1410 series innovative design
dramatically increases the speed of the thermal mecha-
nism. The 1410 series opens in between 0.2 and 2
seconds which is faster than a non-time delay fuse.
E-T-A Circuit Breakers,
1551 Bishop Court, ® Mount Prospect, IL 60056

(847)827-7600 Fax (847)827-7655

INFO/CARD 113

SysCavlc 3.1 for Windows
« Drag and drop block
| block-by-block basis.
DPSK, FSK, OOK, MSK).
PO Box 286 - Forest, VA 24551

nganize system block\
[&] = diagrams into subsys-
. tems using unique
NoteBook metaphor.
0 icons from the ToolBar
» View Noise figure and
- intermodulation "bottle-
‘ necks” displayed on a
« Specify BER require-
ments for various mod-
| ulation schemes (BPSK,
| QPSK, Pl/4 DQPSK,
CE 5 + Do "what if" scenarios
= \__ instantly J
http://www.inmind.com/ati
01
$249-) for a fully functional demo
Arden Technologies, Inc.
| Voice 804-525-6837 Fax 804-525-5376
| e-mail: arden@inmind.com
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RF POWER AMPLIFIERS

200 W » 150-200 Mz o 3 Fliciency ® 3%
1M1z 2G4 1W-1KW
* Small Size * High Efficiency * Durable

* Module and Rack Mount Systems

¢ Customization Available

651 Via Alondra, #712

\ Camarillo, CA 90312 USA
=) TEL: (805) 388-8454
FAX: (805) 389-5393

RF  POWER AMPLIFIERS

SINGLE LAYER CHIP CAPACITORS

TypeA © <,/ Type B <>

600 250V

—

Type C <\\$¢/':’
100V \

FOR CAPACITORS WITH:
* Extremely smooth and uniform metalized surfaces
* Pt metalization to withstand 400'C die attach temperatur:
up to 20 min max
* TiW adhesion layer to prevent diffusion and provide
stability at very high temperatures

TECDIA

2672 Bayshore Parkway, Suite 702, Mountain View, CA 94043
Tel: (415) 967-2828 Fax: (415) 967-8428

INFO/CARD 116

-
L

L ldeal for Wireless Products.
<45 1008 & 0805 Models &
<% High Q & Self Resonant Frequency

L S.Parameters data on disk

‘ i 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 e http:/www.pulseeng.com

INEAINADN 140
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LOW COST

HIGH PERFORMANCE
FREQUENCY SOURCES

CRYSTAL OSCILLATOR MULTIPLIER

v MODEL VSA - $195.00 .016Hz 70 1.0 6Kz

v MODEL USA - $245.00 1.0 61z 70 1.5 GHz

v MODEL SSA - $295.00 1.5 61z 70 4.2 GHz

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

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

B+: +12 to +16 VDC

Wilman c 0 5350 Kazuko Court, Moorpark, CA 93021

(805) 523-2390 FAX (805) 523-0065

MPAAARA aAn
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'ULTRA BROADBAND
AMPLIFIERS

* 28 ps Risetime
_‘ et v " 65 kHz-12 GHz
) “ 12 dB Gain
Only $500!

Several different models available.
Many other quality products:
pulse generators...bias tees

P.0.Box 44
Boulder, CO

Free Electronic
Hardware Catalog

Broadest selection
of quality hard-
ware for electron-
ics assemblies. &
350-page catalo% :
in-cludes a ful
range of standoffs, |
captive screws and [
nuts, chassis fas-
teners, handles,
ferrules spacers
and washers. Special sections
include: new/unusual products,
metric information, and Mil-plating
specifications. Full inventory, fast
turnaround, samples. ACCURATE
Screw MACHINE Co., Fairfield, NJ, 1-800-

Portable Spectrum Analyzers
PS - 2A Series

e 0.1 - 1060MHz range in one scan ( 0 - 100MHz in 11 span widths)
& Measurement range: -108 dBm to +20 dBm

@ Fully portable for field operation

o 5 resolution bandwidths ( 10 KHz -
e 50 dB input attenutor in 10 dB steps
e 2 / 10 dB scale display with base line clipper

e Multi-turn tuning

o Built-in AM / FM demodulation with speaker

o Digital controlied center frequency display

e Tracking generator ( optional PS-2A TG-01)

e AC / DC / Battery powered ( optional +12 V battery pack )

e Compact size (10.3" x 4.0" x 12.3") light weight {approx. 10 |bs}

1 MHz)

PICOSECOND
PULSE LABS 1nc

List Price: 2175 *** $1895 **
V.TECH Instruments, Inc.

U.S.A. 80306
Fax: (303) 447-2236

* Introductory offer
Tel (201) 546-7635

237-0013. Fax: 201-244:9177.

Phone: (303) 443-1249

171 Burns Ave, Lodi, NJ 07644 Fax (201) 546-7651
INFO/CARD 121 INFO/CARD 122 INFO/CARD 123

Filter Design Software

Designs:

Low, High, Band-Pass, Band-Stop

Elliptic & NEW Cross-Coupled Filters | | G

BN pes: : | et the most from your advertising dollar
Paterdigital with RF Design Literature/Product Showcase.
Half-Wave

Hairpin Call Shannon Shuman

Shunt-$ | a 9 ¥

HPCL or DXF File at1-800-443-4969

Structures: o & for more defails.

Microstrip A g

Stripline @ ]
| Bar & Rod § pral I\ E
‘ Suspended SL & \ nl?t 2 .
ey 2P ‘design

FREQUENCY IN GHz = : Ny
Tel: (619) 747-6922

) (@) WAVECON gy (619) 747-5270

P.O. Box 2697 * Escondido, CA 92033

INFO/CARD 124

REPRIN 1Y

Finally. An inexpensive way to
promote your products and services.

How can you use reprints
as a solid marketing tool?

* Promotional material at trade shows
¢ New product announcements
¢ Internal/stockholder education

¢ Direct mail pieces
* Sales presentation aids and
leave-behinds

That’s right. Now you can take advantage of a powerful, yet inex-
pensive way to promote your company. We can reprint any arti-
cle, ad or section of this magazine
and customize it to your specific needs!

Take advantage of this cost-effective marketing
opportunity by calling Ed LaBorwit
at (770) 618-0481. Minimum order 100.

v Increase your company's visibility
v Enhance your corporate image
v Position yourself as an expert in the field

RF Design 111



RF marketplace

Classified display ads are available at $125 per column inch. Frequency rates available for multiple
insertions. Please call for further information, 1-800-443-4969, ask for Shannon Shuman. Or fax your ad
copy for a rate quote to (770) 618-0342.

CAREER OPPORTUNITIES

RF EXPLOSION

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

For consideration send your resume to
Louis Schwartz, Technical Employment C I
52 E. Street Road * Suite C1 « Feasterville, PA 19053

Ph: 215-396-1840 * Fax: 2/5-396-I50I

| HAVE 30 YEARS EXPERIENCE

As a Nati e RF Specialist, Microwave, Ampli-
fiers, Transmitters, Receivers, Synthesizers, Filters,
NMIC, L-Band, KU-Band, Satellites, Antennas,
Audio, Video, Telecomm, CATV, Wireless, VHF,
UHF, Radio, Commercial or military Communica-

tions.
Call, Fax, Mail Resume to: Bill Elias, Dept. RF
P.0. Box 396, East Brunswick, J.J. 08816
Phone: 908-390-4600 Fax: 908-390-9769
ELIAS ASSOCIATES

Annually A National Award Winning Search Firm

The high-tech
activities of CSEM
range from applied
research to industrial
products, at an
international level.
The high degree of
expertise of our staff
is our strength.

Around 350 employees work closely with world renowned compa-
nies. Wireless communication is one of our fastest growing activi-
ties. To meet this challenge, we are looking for

a3

RF Integrated Circuit Designers

to join our team of integrated circuit and system designers for wire-
less applications. They will act as:

- Project leaders for custom RF circuit & system development
projects

- Internal technical coordinators between design groups

- Primary customer interface on strategic development projects

We are looking for professionals who have experience in the design
of low-power RF circuits for wireless communications.

Good interpersonal skills, the drive to succeed in a dynamic tech-
nical environment and the capability to work on one’s own initiative
would be highly appreciated.

If your profile corresponds, please send your application to:
Ph. Widmer, Head of Administration

CSEM Centre Suisse d’Electronique et de Microtechnique SA
Jaquet-Droz 1, CH-2007 Neuchéatel

Phone +41 38 205 111. Fax +41 38 205 700

YOUR
RECRUITMENT

EFFORT SHOULD
START HERE

Go with one of the nation’s most
established search firms, the leader in the
Wireless Industry. We have earned the
respect of America’s Wireless
organizations through a reputation built on
experience, integrity and results.

Let F-O-R-T-U-N-E work for you.
800.875.2230

-o-r-t-u-n-e
Communications Group
Div. of Fortune Personnel Consultants
18552 MacArthur Blvd. 2345
Irvine, CA 92715
Fax:714.250.8535
Fax:714.250.8046

MIDWEST OPENINGS

RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS
BS/MS. 2-8+ yrs. experience. base-band 10 3.0 Ghz, in any of the fol-
lowing: Receivers, Transmitters, Power Amplifiers. Synthesizers,
Spread Spectrum, RE ASIC'MMIC Design. Modems. Communica-
tions DSP. Requires strong analytical skills and eaperience in RF cir-
cuit simulation using RF CAE twols. Reply with assured confidential-
ity to:
Don C. Gallugher BSME
Gallagher & Associates
418 Baitinger Ct., Sun Prairie, W1 53560
(608)837-5647 Fax(608)837-6096
Now review details of all our enginecring openings on the Web at:
http://www.midwestcarecrs.com

CDI Telecommunications is part of

a large public corporation (NYSE)
serving customers nationwide.
We are sseking experienced personnel
for the following positiens:

CELLULAR & PCS_

P Enainoers’ ,
Network Engineers Installers

Call (800) 669 1890 ext. 396

or Fax resume to:
CDI Telecommunications, Inc.

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

.F. : PCS RF NETWORK ENGINEERS TO MID §70's EMC Test Systems, a world leader in the
! R.F NGINEERS NATONlDE PCS ANTENNA ENGINEERS TO $80’s manulacl):”ing of Electro-Magnetic
R F /CELLULAR/WIRELESS/PCN/PCS PARABOLIC RF & MECHANICAL ENGINEERS TO $70's Compatibility products, is seeking candidates
CDMA/TDMA/SPREAD SPECTRUM/VSAT Please fax resume in confidence fo PR S SRS AL Lo s Yl
STAFF & MANAGEMENT POSITIONS 916.549-4168 : g2
! Eeespxnd o Icm, er" Pont RAN%LHF‘ C#AMBE%S fQASSOCIATES m
arlem Av. - Glenview, Il. ireless Recruiting Professionals”
Ph. g e 35@‘2‘;3:;;657'0%] PO Box 723, Bella Vista, CA 96008 * Tel 916-549-5331

Responsible for the design of EMC antennas
and shielded test chambers. Involves develop-

° (] ing new products/pro , performin -
JOln The PCS ReUOIut'on! sugrement.; and geﬁer;ﬁ?ﬁéﬁicﬁﬁicgl progorg;;:.

Join the world's leading companies with Teleconsult. Teleconsult, Inc., is an estab- Wil interface with customers performing mea-
lished international engineering company and has been providing services to its For- Wﬁfgggt?n?gﬂa%m?ﬁ"fu;?mf:' ;Lrgg:);?rl]s.
tune 500 clients for over 25 years. Great compensation and career opportunities EMC tests and antenna measurem%nts, Thg
available immediately for experienced wireless professionals (2+yrs exp.). successful candidate should have at least a BS
Domestic & INTERMATIONAL POSITIONS degree in EE-majoring in antennas and electro-

magnetics. The candidate should have a work-
ing knowledge of antenna measurements.
Experience with network analyzers,microwave
CELLULAR = PCS - GSM sources/receivers, antennas and positioning
equipment is essential, as well as strong pro-
gramming skills (Fortran, C++or HP basic).

Permanent and Contract

* RF Engineers * Interconnect Engineers Experience with analog circuits would be a

3 ol & plus. Excellent verbal written communication

* Systems Engineers ¢ RF Technicians skills and the willingness to travel are required
* Switch Engineers < Network/Traffic Engineers obh L

. i ; EMC Test Systems offers competitive

* Design Engineers * Program Managers/Directors salaries and an excellent benefit package

Send denitial ahs including a smoke and drug-free environment.
end confidential resume to: For immediate consideration, please send your

Director - Wireless * Fax: (202) 337-7534 resume including salary history to:

Email 7222652@mcimail com EMC Test Systems

Human Resources Department

P.O. Box 80589 = Austin, TX 78708-0589
ﬁ Hﬂn“sn 2 Phone Number: 512-835-4684
Fax Number: 512-835-4729

Teleconsult, Inc. 2715 M. Street, N.W., « Washington, DC 20007

RF ENGINEERING OPPORTUNITIES
with MOBILE SYSTEMS INTERNATIONAL

Mobile Systems International (MSI), an international telecommunications consulting firm, is continuing to experience explosive growth.
We invite qualified individuals to join our organization as we expand our engineering team and strive for leadership in the industry. MSI
requires various experience levels of personnel to work as radio system consultants/design engineers and work with large clients on chal-
lenging projects with the most advanced communication systems worldwide. MSI is a world class company with a reputation for providing
high quality advanced consulting support to telecommunications, PCS/PCN, ESMR, Cellular. and Paging operators. as well as other wirc-
less system operators worldwide. MSI offers a wide range of services covering CDMA, GSM, 1S-54 TDMA, AMPS, MIRS. Paging, and
other wireless technologies. Job responsibilites include:

*Radio System Design * Traffic Analysis * Frequency and Traffic Planning
* System Optimization * Propagation Modeling * Site Evaluation and Selection
* Performance Analysis » System Expansion/Upgrade -« Integration for Wireless Technologies
Typical services provided to eur customers include:
+ Radio. Signaling, and Network System Planning and Design * System Dimensioning
* Technology and Vendor Selection * System Design Audits
* New Technology Integration * System Performance Monitoring
* Strategic and Management Consultancy * Technical Training

MSI offers the opportunity not only to be involved with all of the newest wireless technologies but to also work with a group of highly
qualified and experienced enginecrs. At MSI our engincering team takes pride in holding themselves to the highest engineering standards.
Applicants should possess a BSEE or MSEE degree with a minimum of 2 years’ experience in the wireless engineering industry, and must
be innovative as well as highly detail and results oriented. Technology knowledge includes COMA, GSM, AMPS/N-AMPS. D-AMPS and
MIRS. Knowledge of cellular system design and dimensioning required. Excellent presentation and technical writing skills are also
required. Travel may be required. We at MSI are committed to further expanding our RF engineering consultancy by the addition of experi-
enced, well qualified wireless engineers. Engineers are needed in our Chicago, Dallas, Atlanta and Washington DC offices as well as other
customer locations throughout North and South America and Asia. If you are a highly motivated engineer who meets the above mentioned
qualifications MSI is the career move you are seeking. Please send your resume in strictest confidence to the address below. MSI is an
equal opportunity employer.

° MOBILE SYSTEMS INTERNATIONAL
” HR Department AD-RFD
‘:V 1755 N. Collins, Suite 400 * Richardson, TX 75080 « FAX: (214) 479-9902
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' " CAREER OPPORTUNITIES |

Nationwide opportunities in the
CELLULAR/WIRELESS industry.
Debra Sola-Furnari
TELE-TECH SEARCH
4773 Split Rail Place
W. Melbourne, FL 32904
(407) 951-4200 FAX (407) 951-0808

E-N-"G N E E R I N GJ
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RACAL COMMUNICATIONS, INC. (RCI), growing leader in the
design and manufacture of high quality secure tactical com-
munications products, has immedicte openings in Engineering.
These positions are highly visible, career opportunities for indi- |
viduals with the following backgrounds: |
[

SENIOR DIGITAL SOFTWARE DESIGN ENGINEER

t
The ideal candidate will have a BSEE degree and at least 5 ‘
years of experience in digital/software design and development |
of tactical communication systems with a strong background in
digital design and software/firmware development of realtime, |
embedded microcontroller applications for portable radio prod- |
ucts. Experience in developing microcontroller firmware in C |
and/or Assembly is @ must. Hardware and firmware design l
experience using the Hitachi H* microcontroller families is pre-
ferred. Also requires proficiency using the PC for engineering |
design and administrative tasks. ‘

PRINCIPAL RF DESIGN ENGINEER

The ideal candidate will have a BSEE degree and 10-plus years
experience in hands-on RF hardware design and analysis of
VHF battery powered transceivers. A strong background
designing synthesizer, IF Amplifiers, mixers, low-noise small
signal amplifiers, RF filters and power amplifiers up to 10 wafts
is required. Experience in designing frequency hopping trans-
ceivers is preferred. Candidates must have working a knowl-
edge of computer aided analysis tools, good administrative
skills with the IBM PC and Windcws and proficiency in using
standard RF test equipment. Familiarity with MIL-STD test
methods is desired.

PRINCIPAL DIGITAL/DSP DESIGN ENGINEER

The ideal candidates will have a BSEE degree and 10+ years
experience in hands on digital hardware and software develop-
ment of DSP and microcontroller based portable VHF radio
products. A strong design background using microcontrollers
and DSPs, and developing real time software for spread spec-
frum, Type | secure radios is required. Experience designing
SINCGARS compatible frequency hopping digital processing
hardware and software is preferred. Software development in
both C and assembly is a must. Familiarity with the Analog
Devices ADSP-21xx DSP family and Hitachi H8 microcontrolier
family is a plus. The position also requires proficiency using
the PC for engineering design and administrative tasks.

RCI offers our associates the rewards, opporfunities and profes-
sional environment necessary fo promote success. We are
located in Rockville o beautiful Maryland suburb minutes from
our nation’s Capital, Washington, DC. Rockville offers one of
our counties best school systems and a wide range of choices
in art, enferfainment, recreation, and housing fo accommodate
any lifestyle. For immediate cons deration, please forward your |
resume with salary requirements fo: [

RACAL COMMUNICATIONS, INC. |

5 Research Place = Rockville, Maryland 20850
E.0.E. Attention: Human Resources » Fax #301-948-6015 M/F/D/v
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Have Cutting Edge
Technology, Will Travel.

R
= —— 3

If there’s progress,
M/A-COM’s behind it.

M/A-COM PHI is a state-of-the-art designer and
manufacturer of RF and Microwave transistors and
amplifiers, planning projects that not only exploit
technological innovations but also incorporate such
development in creating quality, cutting-edge products.

Now M/ A-COM can be the force behind your progress.
Increased technology, resources and a commitment to
research and development continue to take M/ A-COM
further into the world of wireless — and wired
communications. Imagine where you could goas partof
the team that’s driving the cutting edge in
RF/microwave technology. We have the following
opportunity available:

SENIOR RF DESIGN ENGINEER

As an innovative, seasoned designer, you possess the
creative ability to design around product or process
problems - envisioning new approaches that help us push
the technological envelope in developing new products.
To qualify, you must have a BS, MS or PhD in Electrical
Engineering and 5-7 years’ related RF design experience.

M/A-COM offers a highly competitive compensation
package and attractive benefits. If you are
interested in the opportunities at M/ A-COM PHI,
please forward a resume or letter of interest to:
M/A-COM, 1742 Crenshaw Blvd., Torrance, CA 90501.
Fax: (310)618-9191. Email: salomonr@corp.macom.com
Check our Internet home page: www.macom-phi.com
An equal opportunity employer.

STOP BY OUR BOOTH #5
AT THE IWCE CAREER Expro!
Las VEGas, CA

APRIL 24-26
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Microwave RF Engineer

A self starter degreed engineer must have suc-
cessful design analysis and testing of RF circuitry
‘ including Amplifiers Filters. Hands on experience

——

in using modern CAD circuit design and layout.

OPPORTUNITIES

Recruiters for the Wireless
& Telecom Industries PCS/PCN/CELLULAR/CDPD Resumes To:

800-JOB LINK" ewSWIWES? |t et

20542 Plummer St., Chatsworth, CA 91311

Specializing in Sales, Marketing,
Technical, Engineering, Operations
& Executive Placements

N 16540 East Ashbrook Dr. » Fountain Hills, AZ 85268-2832
Gables One Tower, Suite 801
1320 S. Dixie Highway
Coral Gables, FL. 33146
joblink@aol.com

E-Mail: FITZPAT @ix.netcom.com '
FAX: (602) 956-7644 |

® CauiForniA B COLORADO

Fax Resume to (800) JOB-FAXX ® Arizona B Texas

» OREGON » WASHINGTON

RF-Wireless Communication
Digttal Cellular, Cordless PCN
DSP: Video, Audio, Multimedia

RF and MICROWAVE Custom VLSI Design-CMOS
IC Design: Digital, Analog, Mixed Signal

Design/ Pr%ggction/ Mfg. ASIC/FPGA Ddesign (VHDL. XILINX)

CATV MMDS (Products & Systems) ROBERT MILLER & ASSOCIATES
eriin Urive * an viego,

] PH: 619-566-4325
Live and work in Boca Raton, Florida FAX: 619-566-4376

Fav Besme--d07-088-37 12 LD email: rmiLleasoc@aol.com

B E=2=1=3

Q
So3 ..YOUR CAREER t
QQQ RF PA Engineers: Requires 3 + years experience in design, test and manufacturing of high
QQOQ efficiency GaAs MESFET and HBT class A and C power Amplifiers {c2watts} In the frequency EEERES
D (:) range (-2GHz). Experience In both discrets and MMIC design a ptus. [

Product Marketing Manager: Lead the technical marketing ettort for the Wireless Communica-
tons Group; develop business/marketing plans, manage customer relationships, perform mar- N Ot ]u St an Oth e r

ket analysis, develop sales/marketing matenal

RE WILAN, PCS, ATM, CDPD, VSAT, SATY, GPS,
LEO, CDMA, TDMA, QAM, DSP, MPEG, LPC, }
ASIC, ITS, PCMCIA. . .you've heard them all.

We'd like to add a new one to the list: ACT.

Wireless Engineers: RF Design Engineers: Design of Si RF lo’s for Wireless Communication
applications (AMPS, DAMPS, GSM, DECT, POS). Si RF ixc design experience In the 300-2400
Mhz tast RF PLL design RF re: fil using
Si Bipslar and MOS technologies
Cellular Engineers: Design/Deveiop RF and analog circuits for high capacity cellular systems. Requires minimum of 2
years experience in any of the foliovang: DSP. ASIC Dewn CAE Development, Digital Modulation, Digital Mobile Communi-
cations, Channel Receiver izer or Audio Design, Digital Signal Processing

| Reqlnnal Field Sales: Aggresswe individuals to create and serve new accounts. Positions are located throughout the
U.SA. An engineer who wants to enter sales worid is acceptable. Base salary, commission and car. BSEE.

IC Design (RF/Analog): 2+ years' experience vith BICMOS/BnpoIar processes; des-gn background in AMPS, mixers,
VCOs, FM Demode, CpAMPS and basic logic; circult design, layout, test
board generation and testing

Sr. Project Antenna Design: Lead the conception, design and development of a wide vanety of antennas and antenna
systems, Including both reflector and array systems using microstrip, stripline and waveguide technologies. BS/MS with

§ years experience.

MMIC Engineer: Develop LS band GAA's MMIC power amplifiers tor wireless Requires:
M S or BSEE, +2 years experience with GAA’s MMIC design, simulation, packaging and test.

Sr. MMIC Design: Design hghly integrated GaAs MMICs for advanced cellular products.Circuits to be designed
include power amplifiers. LNAs, mixers, IF bufter RF are 900 and 1800 Mhz.

Product Line Manager Wireless: Specific responsibilties include product line strategic planning, establishing revenue and
price obecties, sotteq #meiral cost targets and oversight of internal product realization schedules.

Sr. MMIC Design: Design highly integrated GaAs MMICs for advanced cellular products.Circuits to be designed
include power amplifiers, LNAs. mixers, IF amplifiers, butfer amplifiers.RF frequencies are 960 and 1800 Mhz

Sr. Analog IC I for circurt design and developing new analog/mixed signal ic's. B&/MS
expenence in A/O D/A, ASIC's bipolar and BICMOS

Rt Systems Engineer PCS: Responsibie for developing radio system performance requirements including
modulations/demodulations, coding, channel models, deployment models, hardware performance requirements, interfer-
ence rejection, blocking power control, handover ect . BSMS

Applications Englneer: 5 years of directly relevant RF/MW engineering appiications and mea-
surement Strong pi and skills, must be able to communicate
eftectively with individuals and groups of alt levels of technical expertise and experience.

ACT keeps you on the cutting edge of
technology by providing the information
you need to make the best career decisions.

Call us to learn more about exciting
opportunities with established industry
leaders as well as pioneering start-ups that
are developing the technologies for advanced
microelectronics and communications systems.

Advanced
Communication
Technologies

Career Consultants/Search Specialists

25492 Hillsboro Drive m Laguna Niguel m CA 92677
T14/365-9090 Fax: T14/365-9191  Fees paid by employers
E-mail: weact4u@snni.com Ask for John Kratz l

RF Systems Design: RF system dasign fos low cost battery operated systems, battery powered
systems, including receiver and transmitrters system planning, analysis and simulation using
CAD tools Experience with COMA/TOMA. BSEE.

COMMUNICATIONS
‘ EXECUTIVE SEARCH

We specialize in the placement of wireless, RF, microwave communications.

FOR THESE AND OTHER OPENINGS 800 Turnpike St. » North Andover, MA 08145
CALL COLLECT: TEL: 508-685-2272 E-maii: micsearch@aol.com FAX : 508-794-5627
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CAREER OPPORTUNITIES

RF DESIGN

radio - data - phone
RF design from circuit to
system level. Analog, digital,
éIC DSP, spread spectrum.

Lanni Johnson, CPC

505 262- 1871
FAX 505-268-4954
Excel of Albuquerque, Inc.
excelalb @ix.netcom.com
1700 Louisiana NE, Suite 210
Albuquerque, New Mexico 87110

YOUR FUTURE STARTS NOW!

KEY CAREER OPPORTUNITIES FOR QUALIFIED
R.F. ENGINEERS, NETWORK ENGINEERS,
SYSTEMS ENGINEERS, TECHNICAL MANAGERS
MIXTEC GROUP
LEADERS IN EXECUTIVE SEARCH
Phone: (619) 773-0717 * Fax: (619) 862-9207

ENGINEERING
— OPPORTUNITIES

Nationwide positions available for
Engineering, R & D and Management
candidates with our Communications
Clients in Venture Capitol to Fortune
100 corporations.

Reply confidentially to:

EXECUTIVE SEARCH NETWORK
7 1AE. Milner St. - Dept. RF3
Arlington Heights, IL 60004

Fax (847) 394-1841 / 1891 (alternate)

E-mail: esn@ais.net

CRYSTAL OSCILLATOR
DESIGNER/CONSULTANT

We require consultants for crystal oscillator
design for High Frequency VCXOs, TCXOs
and OCXOs.

Andhra Electronics Pvt Limited
34 & 35 IDA KAKINADA India 533 005
FAX (91) 884 61145 or (91) 44 484 0041

MANAGEMENT
RECRUITERS®

OF BOULDER, INC.

The search and recruiting specialists

WINDY BRADFIELD

RF ENGINEER

Tegal Corporation is worldwide leader in the development
and manufacture of plasma etch systems for the semicon-
ductor industry and winner of Semiconductor Internation-
al's 1994 Editor’s Choice for Best Product. Tegal is locat-
ed just north of San Francisco in beautiful Petaluma, CA.

This position is responsible for all aspects of the RF Sys-
tem - including design, development, modification imped-

RF / MICROWAVE SPECIALIST ance metering and evaluation of parts and compo-
B ANTENNA ENGINEERING & DESIGN B neny,

Wanted: Expert in RF Propagahon CONTINENTAL BLDG., SUITE 301 Qualified candidates will have a BSEE degree with 3-5
aﬁ'%‘g;gr&%&r g?ﬁre%\'s'?%?a'sgggtd]eg "]S éo' excel' 1401 WALNUT STREET, P.O. BOX 4657 years eql:liprr'lent/circuitry' experience. Previous relatgd RF
Contract work Ieodln% to permanent position. Solory I BOULDER, COLORADO 80306 communications or semiconductor industry experience
and profit share possibly considered. Sunny S. Florida. (303) 447-9900 preferred. Demonstrated competence in all functional
Send confidential replies fo: areas is a must.

RF-Design Classified, Box #37313, 6151 Powers
Ferry Rd.. NW, Atlanta, GA 30339

FAX(303) 447-9536

#

Peregrine's UTSi" technolog
ent isolation, and th .
from 26 employeg

» RF Field
+Lab Tech
* Reliability
* Device

offers microwave speeds, inher-
MOS. Join us as we grow

116

ufacturer of high-
Compensation

Tegal offers an excellent working conditions. This is an
excellent opportunity for the right candidate to join a
challenging, progressive and innovative company. For
consideration, please send your resume along with salary
history to: Tegal Corporation, Attn: PJL, P.O. Box 6020,
Petaluma, CA 94953-6020. Fax (707)765-9311. We are
an Equal Opportunity Employer.

FLEETWOOD"

_Fleetwood is a leader in the
wireless communications market

ELECTRONICS
RF ENGINEER

This position has responsibilities to design
and develop new products in support of key
company programs. The holder of this posi-
tion will use advanced RF electronic design
techniques to develop creative new product
concepts and will seek to expand the com-
pany’s overall core competencies.

We are looking for someone with a
demonstrated skill in design and develop-
ment of RF, analog and digital circuits. A
familiarity with antenna designs from VHF
through C Band microwave is desirable. A
highly creative person that enjoys new
product design and development and has
experience in designing RF transceivers.

Candidates should have an engineering
degree and 5 years experience with RF
design in telecommunications related prod-
ucts. If you are interested, please send your
resume to:

HUMAN RESOURCES
FLEETWOOD * P.O. Box 1259
HoLLAND, MI 49422-1259
Founded on, and dedicated to, Christ
and Christian business principles

April 199¢



CAREER OPPORTUNITIES

Without Tears®

| Learn DSP and put your knowledge to work
| IMMEDIATELY!

To receive an informative brochure on this popular seminar, call

Z Domain Technologies, Inc. at 1-800-967-5034 :

770-587-4812. Hours: 9 - 5 EST. Or E-mail dsp@mindspring.com
Also, a 3-day ADVANCED class in DSP is available on a
limited basis -- call for more details.

By taking this 3-Day Course, you will really
learn DSP. Guaranteed!

Coming to a City Near You:
Ft. Lauderdale FL - Boston MA - San Jose CA

wha e 57 * L

Froehl):;f;“é-&.lclc:).
gcutive search

Communications Positions:

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

RF Equipment and Systems Design: Transmitters,
receivers, amplifiers, mixers, filters, synthesizers,
modulators, demodulatars, PLL's, VCO's. Skills
include: PCS, PCN, Spread Spectrum, DSP,
CDPD, TDMA, COMA, GPSK, GAM & others.
Digttal/Analog, OC 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

COMMUNICATIONS ENGINEERS

Our clients are hiring RF engineers with the
following skills:

Wireless Telecomm, Cellular, Mobile, Telephony,
NPCS, spread spectrum, DSP, AMPS, SMR,
GSM, CDPD, TDMA, COMA, WLAN, WPBX,
Transmitters, Receivers, modulators, demodula-
tors, low noise amps, mixers, oscillators, filters,
DDS, synthesizers, 900/1900 MHz.

+» Never a fee to applicants.

+»~ Positions available nationwide.

v~ Send email, fax, or call Randy Brei today!

Brel & Assoclates, Inc.
P.O.Box 445 Marlon, 1A 52302-0445
(319)377-9196 FAX(319)377-9219
RBREI@NETINS.NET
http://www.NETINS.NET/showcase/RDBREI/

including satellite payloads, earth terminals,
handsets, and more. Requires MSEE or PhDEE,
and 3+ years of applicable experience.

tong an innavative Jeader in space communication
systems, TRW Electronics Systems and Technology
Division is expanding frontiers in advanced wireless
communication = both system designithe Odyssey~
program) and technology development (GaAs MMIC).

System Designers

TRW has prime positions for system designers
who excel in concept development, performance
modeling and design. Apply your strengths in
communication theary and DSP to the design of
state-of-the-art space communication systems,

In addition to competitive salaries and generous
benefits, expect to work side-by-side with some
of the industry's brightest minds. You'll also have
plenty of opportunity to soak up the sun and fun
of Southern California, thanks to TRW's enviable

Relocation assistance is available.

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

Commumication can be sky 58
high and dovin te earth

location in Manhattan Beach and Redondo Beach.

]

Please send your resume to: TRW ES&TD,
Dept RF, Recruiting Office, M5/1426,

One Space Park, Redondo Beach, CA 90278.
FAX: (310) 814-8022. U.S. citizenship may

be required. EQE.

Visit us on the World Wide Web at http/Awww.rw.com

' N AS 44

TRW Electronics Systems and
Technology Division

RF Design
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PRODUCTS & SERVICES

DAVID G. SHIVELY, PhD
ENGINEERING / R&D / CONSULTING

Electromagnetics a Antennas
Microwave a RF a Wireless Systems
Scientific Programming a Analysis

W

; 10CUS

¢ OEM Product Definition, Design and Production
o RF Systems/Spread Spectrum

* Microprocessor-based Designs

* DSP/Digital Radio/FPGA

For customized OEM products, contact:

ATLANTA, GA

(770) 499-9377

dgshively@aol.com

MARKET RESEARCH

LOCUS Incorporated

1842 Hoffman Street

Madison, Wisconsin 53704

Phone: 608/244-0500 ¢ Fax: 608/244-0528

PART 15 WIRELESS DESIGNS

U.\L' one of our
proven Rf
designs for your next
wireless project. Apex
offers aver 70 years
of combined wireless
design experience and
extensive test and
simulation
capabilitics

CALL FOR

FREE VIDEO

o

m Spread Spectrum
Svstems

B Portable,
Low Power,
Small Size Devices

Put the information resource power of
one of the country's largest business-to-
business publishing companies to wiark
for you. Our Marketing staff will create a

custom research study to meet your

information needs. SN
a RF Identification

Awareness Studies Devices

Market Potential
Market Share
Focus Groups

Custom Studies

Inquiry Follow-Up

SINTERTEC

PUBLISHING

@ Pagers
aGPS
® Kevless Entry

For a free consultation contact:
Jennifer Warun {770) 618-0394
Tina D'Aversa at (770) 618-0337

2400 CeNtrAL AVE,, SUITE A, Boutber£CG 80301

(303) 443-6699 FAX (303) 443-4974
E MaiL: 75017.3120@COMPUSERVE.COM

Target Responsive
Decision Makers
\ / _

With A List From
RF DESIGN

INSTRUMENT CARTS

‘Mobilize Lab & Test Iquipment

FREE CATALOG! Over 100 carts including
shock-proof, oscilloscope & computer modeis!

MOBILE-TRONICS CO., INC.
(800) 368-8181

ID# RF496

PROBLEM
SohFrZ

Fully Integrated Product
Design Facility, Microwave, RF,
Analog, Digital, and Mechanical Design
Fast Response-Exceptional Results
Geotek Design Services
18512 Carrot St. e Suite 108 » Spring, TX 77379
Ph: (713) 376-4606
Fax:(713) 251-3860

Rent the
circulation file
of this publication
for your direct
mail needs.
Call Etta at
(770) 618-0266 or
fax (770) 618-0347.

SINTERTEC

PUBLISHING

Argus inc.. A Division of intertec Publishing Corporation
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dEBSiC]ll BuyersaGuice
C/ P j 4
erlssue  Total’Year All orders must be prepaid. You can forward
Regutar Listing $22.00 $264.00  your check or charge your ad to:
Additional Line $19.00 $228.00 -
The Buyers' Guide is a convenient guide to suppliers  Bold Listing $25.00 $300.00 m '3]
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, cali 1-800-443-4969.
sold on an annual basis at the rates shown. Drop Out in White $25.00 $300.00  Ask for your yellow page representative.
DISCRETE COMPONENTS MODULAR COMPONENTS
AMPLIFIERS
S Broagbang
; : Dressler HF Technik Gmbit,
Surcom Associates, Inc., 2215 Faraday Ave., Suite A, Carlsbad, CA 92008 ....... (619) 438-4420 Werther Str. 14-16, D-52224, Stolberg, Germany ............... +49-2402-71091 Fax: (-7105)
CRYSTALS/RESONATORS AMPLIFIERS
Jan Crystals, P.0. Box 60017, Fort Myers, FL 33906-6017 ..........c.cccoooovnnnins (B00)JAN-XTAL RF Power

SC-cut Crystal Resonators

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 <3x107/g
Holders HC37, HC40.

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

:

QuARTz CRYSTAL
PRODUCTS

@ American KSS Inc.

Corporate Office Eastern Regional Office Southern Regional Office '
3295 Scott Blwd., Suite 100 401 E. Louther St. 5696 Peachtree Parkway
Santa Clara, CA 95054 Carlisle, PA 17013 Norcross. GA 30092

Tel: (408) 986-9577
Fax: (408) 986-1717

Tel: (717) 243-6008
Fax: (717) 243-4343

Tel: (770) 263-3768
Fax: (770) 263-3769

Dak Frequency Control Group,
100 Watts St., PO Box B, Mt. Holly Springs, PA17065 ..............coooeninnnn (717) 486-3411

2 REEVES-HOFFMAN

= DMISION DYNAMICS CORPORATION OF AMERICA

For your AT Crystal requirements, including High
Frequency Fundamental Oscillator Crystals up to
155.52 MHz and Filter Crystals to 150 MHz HFF.

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079

FUNDAMENTALLY Better! VIR a3 | A |
‘AT’ Crystals for all of your FILTER A SUBSIDIARY OF MATEC
and OSCILLATOR requirements ¢ Ideal for SONET - SDH - ATM
. \IéVide slpur-free a1r8(a)% « Superior spurious suppression
« Pullability up to ppm . _9EQ.
* Fundamental Crystals to 350 MHz Eg;‘.’ -711 7722558855; 4205
489 East North Street « Carlisle, PA 17013

DIODES
Loral Semicanductor Division, 75 Technology Dr., Lowell, MA 01851 ..
Varactor
Knox Semiconductor, Inc.
13 Quarry Rd., P.0. Box 609, Rockport, ME 04856.................. (207) 236-6076 Fax(207) 236-9558

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

.(508) 256-4113 ext.3311

INTEGRATED CIRCUITS/MCM
California Eastern Laboratories,

4590 Patrick Henry Dr., Santa Clara, CA 95054-1817....... (408) 988-3500 Fax (408) 988-0279
Micro Hybrids, Inc., 2864 Route 112, Medford, NY 11763.........ccccccooovvrmrrrriiiciicinini (516) 732-3448

RF, Analog & MIxed-Signal ASICs

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

R TG Inc.

RF Design

TEL (310) 534-3016 + FAX: (310) 534-3728

P.O. Box 3986, Tor CA 90510 « E-MAIL sales@rtg con

Silicon Valley Power Amplifiers, 529 Forman Dr. # B, Campbell, CA 85008 ........ (800) 986-8700
FILTERS

Delta Mlicrowave Inc., 840 Vira Alondra, Camarillo, CA 93012 ..........c.ccvvennnnd (805)987-6892
it

Reeves-Holfman, 400 W. North St., Carlisle, PA 17013........ccccoivnvnncrnenened (717) 243-5929

RF Microwave

Microwave Circuits, Inc., 6856 Eastern Ave., NW, Washington, D.C. 20012........ (800)642-2587

Saw

Phonon Corp., 7 Herman Dr., PO Box 549, Simsbury, CT 06070 ...................... (203) 651-0211
SAW Components & SubSySteMS .......ccoeevvmimnirieniiinenniiniiiinniieeniee Fax (203) 651-8618

T 1A
RF Monolithics, Inc.

SAW-based RF Components and Modules for the Low-Power
Wireless, High-Frequency Timing, and Telecommunications Markets

Transmitters » Receivers « Resonators * Osciflators * Clocks ¢ Filters
Call, write, or fax for a free product data book.

4441 Sigma Road
Dallas, Texas 75244 US.A.
Tel: 214/233-2903, Fax: 214/387-8148

- REEVES-HOFFMAN

CORPORATION OF AM

For your Crystal Oscillator requirements, Clocks,
TCXO's, VCXO's, OCXQ’s, Hybrid & Discrete.

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929 Fax: 717-243-0079

VALPEY-FISHER 4d] A

A SUBSIDIARY OF AMATEC

CRYSTAL OSCILLATORS
m ACMOS TTL to 200 MHz
® HCMOS TTL to 80 MHz

m ECL to 630 MHz FUNDAMENTAL Crystals to 350 MHz
® VCXOs to 200 MHz

= SMD to 300 MHz 800-982-5737 (ext. 244)
Valpey-Fisher Corporation « 75 South Street » Hopkinton, MA 01748 Fax: 508-497-6377

OSCILLATORS
Crystal

Oak Frequency Control Group,

100 Watts St., PO Box B, Mt. Holly Springs, PA17065 .............ccvvvineinncnd (717) 486-3411
Saronix, 151 Laura Ln., Palo Alto, CA 94303 ...(415) 856-6900 (800) 227-8974
Wenzel Associates, Inc., 1005 La Posada Or., Austin, TX 78752 ...............c.c.cccccoc.......{512) 450-1400
Phase Locked.

Mode Space Digital

235 Circle Drive, State College, PA 16801 ...................... (814)466-3327 FAX:(814)466-6577
SYSTEM SUBASSEMBLIES
PRINTED CIRCUIT BOARDS
Harmon Electronics, Inc., 601 N. Main, Warrensburg, MO 64093 ................... (816) 747-2236

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

10 )



RF Design Yellow Pages continued from page 119

RF TRANSMISSION COMPONENTS

ANTENNAS
Sinclaerechnologies Inc. Oriskang Dr Tonawanda MY 14150 ... (800)288-2763
Syndetix Inc., 2820 N. Telshor Blvd., Las Cruces, NM 8801 ............. 505) 522-8762

Custom Antenna Design, High Power Includlng Flight Cartified .. ...Fax (505) 521-1619

Custom & Specialty
Myers Engineering International, Inc.

P.0. Box 15908, Ft. Lauderdate, FL 33318.......ccccccoeervmmrrrnrn (954) 345-5000 Fax: (954) 345-5005
Site
Dapa, Deleware Park Centre, Suite 6, Olean, NY 14760 ............cccoorrvcmmmrernnrrnonnns (800) 325-DAPA
ATTENUATOHS
SV Mll:mwave 3301 Electronics Way, West Palm Beack, FL(407) 840-1800 Fax (407) 844-8551
CABLE ASSEMBLIES
SRC Cables, 5590 Skylane Blvd., Santa Rosa, CA 95403 ............oevivveerinnnnnns 707)573-1900
Storm Products, Advanced Tech Group, 116 Shore Drive, Hinsdale, IL 60521..............(708) 323-9121
Cable Interconnect Systems
C&M Corporation, 51 S. Walnut St., Wauregan, CT 06387 . ...(203) 774-4812
FILTER ASSEMBLIES
Low Pass

RATION OF AMERICA

For your Crystal Filter recuirements from 1 KHz to
150 MHz Fundamentals and up utilizing Overtone
Crystals.
400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079
leSpeclaIty Co., 2730 Camlean Ind. Dr., PO Box 978, State College, PA 16801 .. (814)234-7044

INDUCTORS AND CHOKES
Kintronic Labs, 144 Pleasant Grove Rd., Bluff City, TN 37618 ...(615)878-3141 Fax (615)878-4224

ISOLATORS/CIRCULATORS

AEROTEK COMPANY LIMITED

= Manufacturers of Circulators and Isolators

= Coaxial and Drop-in types, 400 MHz-18 GHz
“TOP QUALITY, REASONABLE PRICE”
1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand.

AEROTEK Tel: (662) 311-4448, 332-5035 Fax: (662) 332-5034

Airtron Corp., 200 E. Hanover Ave., Morris Plains, NJ 07950...........cceeneennnnnns (201)539-5500

MICROWAVE CONNECTORS

Applied Engineering Products, P.0. Box 510, New Haven, CT 06513 ................... (203)776-2813
Coaxial Connectors, Inc., 1500 N.W. 62nd St.,Ste.501, Ft. Lauderdale, FL 33309......... &305 772-2664
Southwest Microwave, Inc., 2922 S. Roosevelt St., Tempe, AZ 85282................. (800) 587-5995

PRECISION

TELEPLEX, INC. - ALFORD DIVISION
4801 INDUSTRIAL PKWY. - INDIANAPOLIS, INDIANA - 46226-4200 (317) 895 8800

* PRECISION COAX & W/G SLOTTED LINES 30MHZ. TO 40 GHZ. / T Ny

* LOW V.S.W.R. INTERSERIES COAX ADAPTERS 6 1/8" T0 2.40mm. /  ALFORD ‘\

« HIGH POWER - LOW LOSS BIAS TEES 20AMPS THRUB.OGHZ. [ il

* CONSTANT IMPEDANCE LINE STRETCHERS LOW LOSS TO 18 GHZ. YT /
\\‘}i//"

* ADJUSTABLE COAX TUNERS MATCH SW.R. > 14:1, VHF TO 36 GHZ. |
* ANDREW ALFORD ANTENNA PRODUCTS VHF-UHF-ITFS-VOR-MIL.

RF CONNECTORS
Molex, Inc., 2222 Wellington Ct., Lisle, IL 60532 ............c.ccvcvevrenrriinneenneannenn 800-MOLEX78
Specialty Connector Companr,

2100 Earlywood, Franklin, IN 46131...........ccooevevrveennn. (317) 738-2800 Fax: (317) 738-2858

SURGE & TRANSIENT PROTECTORS

Lightning Suppressors - D.C. - 26 GHz
/m/ Coaxial - Powerline - Digital
FISCHER CUSTOM COMMUNICATIONS INC. 0)891-0635

SWITCHES

Electromechanical
Dow- Kesy Microwave Corp., 1667 Walter St., Ventura, CA 93003
Matrix Systems corp., 5177 . Douglas Flrﬂd Calab:sas CA 913
MBF Microwave, Inc., Rt. 2, Box 2524, Hardy, AH 72542

SYNTHESIZERS

Novatech Instruments,
1530 Eastlake Ave. E., #303, Seattle, WA 98102 .......... ........... (206) 322-1562 Fax (206) 328-6904

818) 222-2301

.iBOSE 650-0260
501) 856-2685
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RF TRANSMISSION COMPONENTS

TELEMETRY
V@«Yﬂﬁlm Feseamcn L

TEL (702) 345-2705
FAX (702) 345-2484

Verdl, Nevada USA
Will customize to your requirements:
Transmitters & Receivers
Telemetry o Video e Digital ¢« Command e Beacon
Command Encoders & Decoders

Since 1978

TEST SOCKETS & TEST FIXTURES
Condel Microwave Technology, 19925 Stevens Creek Bivd., Cupertino, CA 95014 ......

VACUUM TUBES

{408)253-1811

RUSSIAN POWER TUBES
RUSSIAN MICROWAVE TUBES
Gualty Engineering and Manufacturing

Tel: (800) 578-3852 o Fax: (415) 233-0439
ﬂ%‘gwncﬁ 3000 Alpine Road « Portola Valley. CA 94028

WATTMETERS & LOADS
R

gl'IENRY 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
MBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542........ {501) 856-2685
MATERIALS AND HARDWARE
CRYSTAL BLANKS
Reeves-Hoffman, 400 W. North St., Carlisle, PA17013...............ooovinnnenninnn. (717) 243-5929
MOBILE DATA TERMINALS
Dinet, |InC. (AVL/BPS) oot oo csuiiiienansanenancssnsmannand (619( 724-5355 Fax: (619) 724-6209

PACKAGING/CRYSTAL HOLDERS

Umted Glasstto Metal Se’ghn Inc. 11A Executive Park Dr., North Billerica, MA 01862... {508)670-6494
Components/Hybrid aéigaggs

Reeves-Hoffman, 400 W. North St., Carlisle, PA17013.............covevnrinnninnnennnd (717)243-5929

PC BOARDS
Laminates, P lad
Glasteel Industrial Lamlnates P. 0 Box 910, Collierville, TN 38027.... ....(901) 853-5070

TEST EQUIPMENT

Racal Instruments, 4 Goodyear St., Irvine, CA 92718 .............cccc.ccoervrrrresrvscsricnnnn.. (800) 722-2528

ANTENNA TEST & RF INSTRUMENTATION
Anritsu Wiltron Co., 490 Jarvis Dr., Morgan Hill, CA 95037 ......(408) 776-8300 Fax (408) 776-1744

RF TEST & MEASUREMENT EQUIPMENT
COAXIAL DYNAMICS, INC.,

15210 Ind. Pkwy., Cleveland, OH 44135 ........................ (216) 267-2233 Fax (216) 267-3142
Grayson Electronics, 306 Enterprise Dr., Forest, VA 24551....(800) 800-746 3 Fax (804) 385-7692

ANTENNA DESIGN & MEASUREMENT
Kintronic Labs, 144 Pleasant Grove Rd., Blutf City, TN 37618..(615) 878-3141 Fax (615) 878-4224
EMC/EMI TESTING

TUV Rheinland of North America, Inc.,
12 Commerce Road, Newtown, CT 06470 ....................... (203) 426-0888 Fax (203) 270-8883

O0EM PRODUCTS
Locus, Inc., 1842 Hottman St., Madison WI 53704 ...........ccccoevvrinenereenienand (608) 244-0500

RECRUITMENT
Technical Employment Consultants, 52 East St. Rd., Suite C-1 Feasterville, PA 19053
Refer fo advertisement on page 94 (215) 396-1840 Fax (215) 396-1501

TELEMETRY SYSTEMS & ENGINEERING
Telemetry Technologies, Inc., 3307 West St., Rosenberg, TX 77471 ................. (713) 344-9000
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RF Design Yellow Pages continued from page 120

SOFTWARE & SYSTEMS CAD/CAE

SOFTWARE
Gircuit Simulation
Design Automation, Inc., 4 Tyler Rd., Lexington, MA 02173
ingSoft Ltd. - the providers of the RF Designer® Solution
213 Dunview Ave., North York, ON M2N-4H9, Canada;....

(617) 862-8998 Fax (617) 862-3769
{416) 730-9611
ax:(416) 226-0861

SOFTWARE & SYSTEMS, CAD/CAE

Waypoint Software,
5540 Manor Court, Woodland Park, CO 80863-9084.......... (719) 687-5458 (Waypointsw@aol.com)

SYSTEM SIMULATION

RHR Laboratories, 207 Harding Blvd. W., Richmond Hill, Ontario,CN L4C 8x6 (905) 884-2392

Tesoft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076 800) 631-1113
Makers of TESLA Com Simulator ............ccccvrvenrenns Fax (770) 664-5817 Intl (770) 751-9785

EMG

TEST & DESIGN

Procusts &S

The Products & Services Directory is a convenient
guide to suppliers of products and services for the
EMC/ESD industry. Products & Services Directory
listings are sold on an annual basis.

SEVICESIDINECION

For information on rates, closing dates and
details on a special Introductory Offer, call

1-800-443-4969. Ask for your yellow page

representative.

EMI SUPPRESSION COMPONENTS

EMI/RFI Filters

RiroN Carp., P.0. Box 743 Skokie, ILBG0076..........c.ccoocevriviimmmiiineiiniiiieninnns (708) 679-7180
Ferrite Be Rods, Form

Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589.........cooocvniiiiviininiiinnn {800) 836-0427

ESD AND SURGE CONTROL COMPONENTS

Lightning Arrestors
Fischer Custom Communications, 2905 W. Lomita Blvd, Torrance, CA 90505.....

CABLE AND CONNECTORS
Connectors And Adapters

(310) 891-0635

ADC Telecommunications, 4900 W. 78th St., Minneapolis, MN 55435 ...(800) 366-3891 X3000
Optical Fibers And Connectors
ADC Telecommunications, 4300 W. 78th St., Minneapolis, MN 55435 .(800) 366-3891 X3000

EMC TEST EQUIPMENT - EMISSIONS

Absorbers

Advanced Electromagnetics, Inc., P.0. Box 711719, Santee, CA. 92072- 1718
Microsorb Technologies, Inc., 14A Airport Dr. Hopedale, MA 01747 .....
Rantec, P.0. Box 1546, Austin, TX 78767

...(619) 4499492
... (508)634-1900
(512) 835-4684

Anechoic Chamber.

Advanced Electromagnetics, Inc., P.0. Box 711719, Santee, CA. 92072-1719............ (619) 449-9492
Rantec, P.0. Box 1546, Austin, TX 78767 (512) 835-4684
Antennas

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... {301) 937-8888
EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684
Antennas Above 30 MHz

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsvilie, MD 20705....... (301) 937-8888
EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684
Antennas Masts

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888
Current Probes

Fischer Custom Communications, 2905 W. Lomita Bivd, Torrance, CA 80505................ (310) 891-0635

lon Physics Corp., 11 Industrial Way, Atkinson NH 03811 (603) 893-6687
Ferrite Absorber Tiles

Rantec, P.0. Box 1546, Austin, TX 78767......... ..(512) 835-4684

GTEM Cells

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888

Line Impedance

EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684
ine Impedance Stabilization Networks

EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684

Fischer Custom Communications, 2905 W. Lomita Blvd, Torrence CA 90505.........coemncnd (310) 891-063§

Rantec, P.0. Box 1546, Austin, TX 78767.............cc...... (512) 835-4684

Near Field Probes

EMCO, P.0. Box 1546, Austin, TX. 78767..........cc.ccoeenee. ..(512) 835-4684

Shielding Etfectiveness Testers

EMCO, P.0. Box 1546, Austin, TX. 78767.................... ..(512) 835-4684

EMC TEST EQUIPMENT - SUSCEPTIBILITY

Antennas

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888

EMCO P.0. Box 1546, Austin, TX. 78767 .(512) 835-4684
E-Field Probes

EMCO, P.0. Box 1546, Austin, TX. 78767

GTEM Cells
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888
ENIGONPIONBOXHEAE, TAUSHT, TXSTBTOTE, vvvsrevnvererosiecsssvans icsmmenemmssssrugsiepesmmstmuapent ---- (512) 835-4684

(512) 835-4684

You won't get any Lol
calls if no one knows
your number.

\
o
===

RF Design

ELECTRONIC COMPONENTS AND EQUIPMENT

EMC TEST EQUIPMENT - SUSCEPTIBILITY
Power Amplifiers
Applied Systems Engineering Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126 ....

....... (817) 249-4180
Puise Generators

nera
EMCO, P.0. Box 1546, Austin, TX 78767

Sheilded Fiber Optic Links
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888

ESD TEST EQUIPMENT
ESD Event Detectors

.. (512) 835-4684

TREK INC., 3932 Salt Works Rd., P.0. Box 728, Medina, NY. 14103...........................(800) FOR-TREK
Surface & Volume Resistivity Meters
TREK INC., 3932 Salt Works Rd., P.0. Box 728 Medina. NY. 14103 (800) FOR-TREK

MATERIALS. HARDWARE AND PACKAGING

SHIELDING MATERIALS

Antenna Towers

EMCO, P.0. Box 1546, Austin, TX 78767....
Conductive Adhesives

Venture Tape Eorp 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 Til

Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589........c..ccoveenivricnicrinnnns (800) 836-0427
Gasketing Materials

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370......... (800) 343-1076 Fax: (617) 871-0065
Laminates

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370........ (800) 343-1076 Fax: (617) 871-0065
Positioning Controi

EMCO, P.0. Box 1546, Austin, TX 78767
Sheilding Foils and Tapes

¥eptur(tla Tape Corp., 30 Commerce Rd., Rockland, MA 02370......... (800) 343-1076 Fax: (617) 871-0065
1rpoas

(512) 835-4684

(512) 835-4684

EMCO, P.0. Box 1546, Austin, TX. 78767...........c.ccovvvrvevnnn. .(512) 835-4684
Turntables
EMCO, P.0. Box 1546, Austin, TX. 78767 .{512) 835-4684
ESD PACKAGING
Antistatic and Conductive Polyurethanes
Pad-Tastics, Inc., P.0. Box 50479, Cicera, IL 60650 .............. (708) 780-8402 FAX (708) 780-1636
ESD ENVIRONMENTAL CONTROL
Antistatic or tive Flogrin
®] ESD Safe Rubber Flooring for Work Areas
nora I 1-800-332-NORA R
Nora Rubber Flooring
TEST LABORATORIES AND CONSULTANTS
LABORATORIES
TUV Product Service, Inc., 1775 Old Hwy. 8, New Brighton, MN 55112............... ....(800) 472-7999
CONSULTANTS
Kimmel Gerke Assoc. Ltd., 1544 N. Pascal, St. Paul, MN55108................c..cc..... (612) 330-3728

EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50+ years exp.

But the RF Design and EMC Test and Design Directory can help solve that prob-
\___'/_ lem. Our directory will put you in touch with over 40,000 decision makers in the
RF Design and EMC industry. There are fantastic introductory offers that make
advertising even easier.

Call 1-800-443-4969 for details.
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RF guide to editorial coverage

3dbm, Inc. 72 F. W. Bell, Inc. 22 Oscillatek 69
3M Electrical Specialties Div. 91 Fluke Corporation 109 Pacific Monolithics 66
ASM Products, Inc. 92 Frequency Electronics 69 Philips Components 68
Advanced Control Components 65 Fujipoly America Corp. 91 ProTek, Devices 92
Advanced Messaging Systems Division (AMSD) 26 Fujitsu Towa Electron Ltd. 22 Pulse 68
Aerovox Group 109 Gage Applied Sciences 67 Ray Proof, EMC Test Systems 91
Allied Bsiness Intelligence, Inc. 24 Group Technologies Corporation 22 Reeves-Hoffman 70
Aljliance Semiconductor 24 Harris Semiconductor 22 Richardson Electronics Ltd. 72
Anadigics Inc. 66 Hewlett-Packard Co. 65, 108 Rodgers Corporation 22
Analog Devices, Inc. 56 IF1, Inc. 92 Rohde Schwarz GmbH & Co. 91
ARLON, Inc. 22 IEEE 109 SGS-Thomson Microelectronics 22
Arnold Engineering Co. 84 Interad, Ltd. 22 SiS 24
Audra System 26 JEFA International 22 STB Systems 24
Avista Design Systems 108 Jameco Electronics 109 Scientific-Atlanta 26
Baltelle R&D 22 K&L Microwave, Inc. 68, 109 Semtech Corporation 91
Berndt Associates, Inc. 84 LCF Enterprises 65 SERSYNTH, Inc. 108
Bird Component Products 68 Level One Communications 66 Sierra Semiconductor 24
Booton Electronics Corp. 67 Lindgren RF Enclosures, Inc. 84, 91 Sony 22
Cadence Design Systems, Inc. 22 Logistics Technology News 109 Sprague-Goodman Electronics 65
Canadian Satellite Communicatons (Cancom) 26 Loral Communication Systems 62 Systems Science, Inc. 22
Champion Technologies, Inc. 70 James Walker & Co. 91 Tait Electronics—USA, Inc. 69
Cirrus Logic 22 MF Electronics 109 Tech-Eteh, Inc. 91
COMSAT RS], Inc. 22 Metrum, Inc. 22 Technology International Inc. 84
Comlinear 74 Metric Systems Corp. 72 TEMIC Telefunken 66
Comtech Microwave Products Corp. 22 Micro Networks 69 Toko America, Inc. 68
Comtech Telecommunications Corp. 22 MicroWave Technology 66 Transport Technology Publishing 109
Connec t-Tech Products 72 Mitsubishi Electronics 68 Trident 24
Cubic Communicatons, Inc. 22 Molex, Inc. 109 Trompeter Electronics 109
Current Technology, Inc. 84 Motorola 26, 66, 108 Tru-Connector Corp. 72
Dale Electronics 91 NIST 24, 84 Tusonix 92
Densitron Corporation of America 22 Noble Publishing 8 ULSI Systems 24
Dynamic Sciences International 91 Noise Com, Inc. 65 Ultraview Corporation 67
EMC Consulting, Inc. 86 Oak Frequency Control Group 70 Vectron Labs 69
Ecliptek Corporation 69 Oak Technology 24 Vectron Technologies Inc. 70
Elanix, Inc. 108 Ocean Applied Research Corp. 22 Weischel Corporation 22
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25101025MHz VCO's s119%

load insensitive (+9d8m output)

From Mini-Circuits...here’s the ZOS solution! A winning lineup of
low cost, connectorized voltage controlled oscillators that typically
provide wide octave band linear tuning, low phase noise, and
excellent 25dB harmonic suppression. The dual output provides
wellisolated ports(47dB typ), and frequency settings are virtually
independent of the load. Applications include frequency
monitoring, PLL circuitry, laboratory use, and as a frequency
source for burn-in, power test, and other production testing. So,
turn to the ZOS solution for reliable, high performance VCO's
with the * £ Mini-Circuits” stamp of value.

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

Model Freq. Range  Phase Noise  Puling, Typ. Harmonics

No. (MHz) {dBc/Hz) (MHz)pk-pk {dBc)
Min.-Max. SSB@10kHz Typ. @ 0 dBr Typ.
Z0S-50 25-50 -107 0.012 -22
Z20S-75 37.5-75 -110 0.016 -26
Z0S-100 50-100 -1 0.026 -29
Z20S-150 75-150 -107 0.017 -26
Z20S-200 100-200 -106 0.015 -25
Z0S-300 150-280 -103 0.017 27
Z20S-400 200-380 -100 0.021 -24
Z20S-535 300-526 -96 0.018 27
Z20S-765 485-765 -96 0.033 -27
70S-1025  685-1025 -92 0.051 -25
Notes: Tuning voltage 1 to 16V required to cover freq. range. Power output
+9dBm Typ. (Main). Power 12V DC, +130mA (MAX.). Operating

temperature range: -55°C to +85°C.

[ JMini-Circuits R

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

CUSTOM PRODUCT NEEDS...Let Our Experlence Work For You. F 218 Rev Orig
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@ PLLatinum.

PLLatinum™: the industry’s highest performing PLLS.

We could spend hours talking about eur amazing single and

dual PLLs, but we'll make this quick—our FastLock™ technology

enables improved lock times with no added noise or changes
in loop feed. The PLLatinum product family performs over the
widest frequency range in the industry (510MHz to 2500MHz).
And very low power consumption extends battery life. So call
1-800-324-4443, Ext. 605 for a free sample and a product - —

. . ) . LMX2332A switching from 865MHz to 915MHz
selection guide. Because isn't it time you went PLLatinum? (the GSM band) in less than 350us

LMXIE01A | LMXT511 |LMX2314/15 LMX2320 | LMX2325 | LMX2330A | LMX2331A | LMX23324 | LMX2335

RF Input-Main PLL | 1.1GHz 1.1GHz 1.2GHz 20GHz 2.5GHz 2.5GHz 2.0GHz 1.2GHz 1.1GHz
RF Input-Aux PLL 510MHz | S10MHz | 510MHz | 11GH:z

I, (typ) @3V 15mA 14mA 8mA 9ImA
Powerdown (typ) 1pA 1pA 1A 1pA

National Semiconductor

“In Europe call +49 (0) 180 532 78 32 (English) or +49 (0} 180 530 85 85 (German}; in Japan call 81-43-299-2300; in Southeast Asia call 852-2737-1600.
©1995 National Semiconductor Corporation. PLLatinum and FastLock are trademarks of National Semiconductor Corporation. All rights reserved

INFO/CARD 89






