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1 A. Legal Alcohol Content in California Beer?

4 B. Your College Grade Point Average?

-1 C. Designations for Hard-to-Find High-Frequency
Connectors and Adapters!

If you checked “C” call us today
to receive your free SRI
Connector Gage High Frequency
Connectors catalog.

We are proud to offer the full line
of products from SRI Connector
Gage Company, which specializes
in the design and manufacturing of
custom and standard connectors,
adapters and interface gages.

C.W. Swift & Associates is the
original RF and microwave
stocking distributor, providing TN reduecy Conecione
delivery and personalized sales
and service for over 40 years.

Call 1-800-CW SWIFT (1-800-297-9438)

In-stock orders received before 4:00 p.m. PST are shipped the same day!

C.W. SWIFT & Associates, Inc.

15216 Burbank Blvd., Suite 300, Van Nuys, CA 91411
800-CW SWIFT « 818-989-1133 » 818-989-4784 (fax)

Mivnlo 1N




Now, you have a choice!

WITH IW YOU CAN HAVE IT OUR WAY...OR YOUR WAY!
BUY Fully Tested Cable Assemblies,
or BUY Cables & Connectors Unassembled.

simply "improved

available. Contact us for

MIL C-17" cables, but :
complete details.

feature materials

MICROWAVE PRODUCTS DIVISION
20 East Franklin Street « Danbury, CT 06810
Tel: 203-791-1999 « Fax: 203-748-5217

WWW.iw-microwave.com
e-mail: sales @iw-microwave.com
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180°; 50 and 75 ohms covering 2kHz to 10GHz. Mini-Circuits will also supply your special nesds and custom
designs such as wider bandwidths, higher isolation, lower insertion loss and phase matched ports...all at catalog
prices with rapid turnaround time. Case styles include surface mount, plug-in, flat pack, and coaxial connectorized. .
and custom case styles are no problem! Super-miniature and ultra-low profile surface mount units provide excellent
solutions in cellular communications, cable systems, and countless wireless applications, And all units come with a

1 year guarantee and skinny 4.5 sigma performance repeatability unit-to-unit and production run to production run.
Add fast delivery, unsurpassed applications support and value pricing, and the decision is easy. Call Mini-Circuits today!

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



see us on the web
http://www.minicircuits.com

[ JMini-Circuits

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET http://www. minicircuits.com
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technology f

Stanford

Microdevices

_ Broadband Perforr mmme

"Aslow as

A new generation of HBT MMIC Amplifiers " %3.09

Using Gallium Indium Phosphide/Gallium Arsenide Technology 5 in quantity

NGA-489 DC-8 GHz NGA-589 DC-6 GHz

Designed with InGaP process technology for High gain and high output make this

greater reliability, this Darlington configured, - NGA-489 _NGA'SB_?_ heterojunction bipolar transistor MMIC amplifier

high gain, heterojunction bipolar transistor Frequency (GHZ) DC 80 DC-6.0 ideal for use in all wireless applications. InGaP

MMIC amplifier offers value and performance ain 145 199  HBT technology improves the reliability and

for all wireless and broadband communication : 385 —  performance and minimizes leakage current

applications. Outstanding features are; s _ between junctions. Other features include:
Cascadable 5002 1.5:1 VSWR R 4.5 - Cascadable 500 1.5:1 VSWR

Low positive voltage supply PiaBi('dBrrj)j 175190 Low thermal resistance package

Low thermal resistance package > 42 5 High linearity

High linearity Supply Cument 50 g0 Mohaan
Ig

All data measured at 900MHz and is typical.
MTTF @ 150C T; = 2 miilion hrs. (Rpy = 110 C/W typ.)

Wi:, : 5 F . 1.7 P
' Stanford
Stanford Microdevices is a world leader in meeting the need for high performance : H

components at market leading prices. Fabless technology allows us to manufacture ‘.L M 1C1 ()dev IC S
over 200 different products covering the following: Cellular, PCS, Wireless LAN, 1-800-764-6642
Wireless Internet, GSM and ISM. InGaP represents the latest in design and t

innovation for swiftly growing wireless communication technologies. Founded in 1992, VEE g 3” v’.\,lg ‘?ilyl 1at
Stanford Microdevices has grown to become the favorite of OEMs worldwide. http://www.stanfordmicro.com

©1999 Stanford Microdevices. All company and/or product names are trademarks and/or registered trademarks of their respective owners.
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| SXA-289 High Linearity -

Power Am lifier

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

The SXA-289 is a high efficiency GaAs
Heterojunction Bipolar Transistor power
amplifier, housed in a low cost surface-
mountable plastic package and uses
Darlington pair technology for broadband
performance from 50-2000 MHz. It's fabri-
cated using molecular beam epitaxial
growth technology which produces reliable
and consistent performance from wafer to
wafer and lot to lot. The SXA-289 amplifiers
were specifically designed for use as driver
stages for infrastructure equipment in the
50-2000 MHz cellular, ISM and narrow band
PCS bands. Its high linearity makes it an
ideal choice for multi-carrier as well as
digital applications.

Freq.  Goin{dB) S11 522 P1dB T0IP Voltage Current (mA)
{Miz) Typ. Typ.  Typ. (dBm) (dBm)
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$6 75 \

in quantity

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

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

We Deliver RF Innovation
& 1-800-764-6642
www.stanfordmicro.com

All company and/or product names are trade-
marks and/or registered trademarks of their
respective owners.
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.smaller size .better performance .lower cost 200kHz fo 4200MHZ from 10 49

® Searching high and low for a better frequency ADE* TYPICAL SPECIFICATIONS: = L Risal

'tw, mixer? Then take a closer look at the vkl M a0 R o el
innovative Innovative Technology built into Mini-Circuits et G S o b i
technology ADE mixers. Smaller size is achieved using Mootk 5 BTk o 80 o ° Lo
an ultra-slim, patent pending package with a profile as low as PR S C AR e I P
0.080 inches (2mm) in height. Electrically, ADE mixers deliver MER 3 fprooo 7 68 s ® 42
better performance than previous generation mixers through all AEE 8 Soi0 a7 58 o I Sa
welded connections and unigue assembly construction which MEs 5 Eojgoe 8 o " P
reduces parasitic inductance. The result is dramatically improved high ADE18 3 1700-2500 +7 48 27 10 3.45
frequency and IP2-IP3 performance. Plus, ADE's innovative package ESG 8 awosi00 L7 8 % 18 S5
design allows water wash to drain and eliminates AE® 3 o000 17 5a % s e
- R 4mm ADE-35 3  1600-3500 +7 6.3 25 " 495
the possibility of residue entrapment. Another : ADEBW 3 1750-3500 +7 54 a3 ’ 305
ADE high point is the lower cost...priced from ek 4 0%k’ o o8 . 2%
only $1.99 each (qty.10-49). So, if you've been o Rt e O D
searching high and low for a mixer to exceed ! VAT o N S pE Y i
expectations...ADE is ff" ACTUAL SiZE MEaMi 3 a0 T3 es Eo 8 e
ADE-42MH 3 5-4200 +13 75 29w 17 14.95
ADE Mixers...Innovations Without Traditional Limitations! R NG LA oo . i
ADE-12H 3 500 1200 +17 6.7 34 28 8.95
ADE-20H 3 500-2000 +17 5.2 29 24 8.95

Component mountmg area on customer PC board is 0.320"x 0.290".
«-Specified midband *Patent Pending.
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On Our Gover
Selectable-Gain
Amplifiers Launch
Integrated
Subsystem Line

Cougar Components
Corporation

Representing the compa-
ny’s move to the develop-
ment and manufacture of
of subsystems, three high
dynamic range amplifiers
with selectable gain offer
high performance design
options for demanding sys-
tems in communications
and instrumentation.
Photo provided by Cougar
Components Corporation.

CONTENTS

e

EEATIURES

28 Wideband Low Phase Noise Push-Push VCO

This article describes the design methods used for push-push oscilla-
tors, which can reduce phase noise by 9 dB over single-ended designs.
Analysis, simulation and experimental results are presented.

— Marco Gris, Alcatel Telecom

36 A Simple Analytic Method for Transistor
Oscillator Design

A straightforward theoretical analysis for oscillators is offered by the
author, allowing the designer to optimize the feedback elements in
bipolar transistor circuits.

— Andrei Grebennikov, Institute of Microelectronics

62 Design Ideas — EMI/RFI Radiation and Susceptibility
from Cables and Enclosures

Here is a review of techniques useful for reducing radiation and pickup

of unwanted RF energy.
— Gary A. Breed, Publisher

66 Second Order Effects in Feedforward Amplifiers
The improvements achievable in distortion-cancelling power amplifiers
depend on factors other than the direct signal processing path, espe-
cially isolation between circuit elements.
— Barney Arntz, Arntz Design

00 Biasing LDMOS FETs for Linear Operation
Bias choices for power amplifier transistors involve not only linearity
and efficiency, but must also include thermal considerations, since gain,
gate threshold and on resistance all vary with temperature.
— Cindy Blair, Ericsson RF Power Products

N

ISESRIECHNON0.GI ESH

g7  Low Cost UHF/VHF Transmitter ICs
New frequency synthesizer/transmitter ICs from RF Micro Devices tar-
get 433, 868 and 915 MHz unlicensed applications.
— Alan Nicol, RF Micro Devices

JANUARY 2000 - 7



06 Product Focus: Products for the Next Generation of
’ Wireless Technology

Here are some of the latest devices for upcoming wireless services.

100 Telemetry Transceiver Operates in New European
Unlicensed Band

Wood & Douglas has developed a credit card style transceiver for
the recently authorized 868-870 MHz band.

102 System Planning Software Helps Determine Electrical

and Mechanical Requirements
Andrew Corporation offers the Powertools CD-ROM to help select
products and properly design communications links.

0 Repeaters Can Solve Wireless System
Growth Problems

Repeaters are an established technology, but recent
improvements have increased their performance to
make them more attractive for the expansion of wire-

less systems into new coverage areas.
David McKay, CI Wireless

[0 Editorial

|2 Letters to the Editor

[4  calendar — Conferences & Short Courses
/. News

47 Products

49 Reader Service Card

|05 Classified Advertising

106 Advertiser Index

8 ¢ APPLIED MICROWAVE & WIRELESS

January 2000
Vol. 12 No. 1

Publisher
Gary A. Breed

Associate Publisher
Scott Spencer

Managing Editor
Shannon O Connor

Art Director
Timothy Pengelly

Senior Consuiting Editor
Dr. Joseph F. White

Editorial Advisors
Dr. Peter Staecker

Dr. James C. Rautio
Dr. Frederick H. Raab
Dr. Les Besser

Dr. Eli Brookner

Dr. Peter Rizzi

Dr. T.B. Ramachandran
Ben Robinson

Assistant Editor
Sherry Johnson

Associate Editor
Martina Voigt

Data Manager
Nancy Breed

Advertising Sales East
Scott Spencer

Tel: 603-472-8261

Fax: 603-471-0716

Advertising Sales West
Tim Burkhard

Tel: 707-544-9977

Fax: 707-544-9375

Classified & Spotlight Ads
Tel: 770-908-2320
Fax: 770-939-0157

New Subscriptions and

Address Changes

Mail: 4772 Stone Drive
Tucker, GA 30084

Fax: 770-939-0157

Reprints/Back Issues
Tel:  770-908-2320

V/BPA

NaaLk

Applied Microwave & Wireless
Noble Publishing Corporation
4772 Stone Drive
Tucker, GA 30084
Tel: 770-908-2320
Fax: 770-939-0157

E-mail: amw@amwireless.com

www.amwireless.com




AMPLIFIERS
10 MHz to 18 GHz Ultra-Broadband

for Fiberoptic and
Telecommunications , .4

\
AL w\v AN \

8-20 U1-8.0 ;
g-20 01-8.0 U
8-20 01-8.0 U
§-30 01-8.0 0
8-30 01-8.0 U
AQ0E-30 U1-6.0 0 ( U 0
ADD10-201 01-10.0 n 0 0 n o |deal for Fiberoptic, Telecommunications,
A010-202 .01-100 ( i1 A and Test Equipment
e =+ = < Drop-in Style Packages
AOD10-302 01-100 | e Multi-Octave Operation
A0010-303.01-10.0 30 0 0 0 0 e Compact Size
:: : : : : ' ' : - e Competitively Priced
ADD12-203 .0 0 20 0 0 | 0
AOD 01 0 0 0 0 0 00 4 s se st e
AD0TZ-302 0 I |
“HIER RS JCA
ADT18-30 8.0 0 0
Gion Ty — DELIVERY IN 2-4 WEEKS ARO
oise Figure is specified above 300 JCA's catalog can now be downloaded
0ise Figure is specified above 300 ! from the Web at www.jcatech.com

4000 Viia Pescador, Camarillo, CA 93012 « (805) 445-9888 Fax: (805) 987-6990 « Email: jca@jcatech.com
Circle 49 :




| VT- 1200 PLL Instruments

] 1 75" Ehassls

= Excellent spectral purity
= Fine Resolution

= 110V ac, +12VDLC supply
= Counter, Power Meter
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1305-2630 MHz
—— 640-1305 MHz
—*—160-320 MHz

---~ 320-640 MHz
80.0-160 MHz

@18GHz

100Hz to 10MHz

e P e

\"PLL & DDS CARDS

" Narraw & Wide band
= lIp to 50% bandwidth
" 3"X4"x .5"
= DL to 80 MHz - DDS
= CMOS technology
= Exellent spectral purity
= SPEED

““'”TUB"H? P esca“lers

= TRAINING |
* MARKETING REPORTS

ViTcam

Wireless, Communications,
Training and Technical Marketing
3521 Mercer Lane

San Diego CA 92122

Cell: (619) 846-1071
Fax: (619) 452-6649
Pager (619) 340-9898
email: gioral8®@tns.net
wWww.vitacomm.com

Circle 68

Editorial

Thinking Well Beyond
the Year 2000

By Gary A. Breed
Publisher

It’s January 1, 2010 — What wireless technologies are you using? What
new technologies are you working on for your company’s next major prod-
uct release? What components do you use? What tools help you get the
design finished, tested and manufactured?

I didn’t think it was ambitious enough to
just look ahead to the first year of the new
millennium! We need to see as far into the
future as possible. A few years ago, we final-
ly reached the development of wireless tech-
nology where we could say, “We can build
more things than we know what to do with.”
There are more potential applications for
wireless technology than there are dollars in
the economy to buy them.

The challenge is to identify the most valu-
able, the most useful ways to put radio
waves to work for us. What will ten years’ evolution do for LMDS’ and
cable’s ambitious bandwidth-to-the-home efforts? Will fully interactive
video and high speed data drive that market, or will entertainment contin-
ue to be the primary use of communications bandwidth? Will cellular tech-
nology expand further and grow in capability, or will it stabilize like the ter-
restrial phone system did for many years?

Will we continue to have diverse, individual solutions to specific commu-
nications needs, or will more and more services be integrated into a giant
Internet as the medium through which most communication takes place?

How will society respond to faster, cheaper, and universal communica-
tions? We are already overloaded with information, so it will be interesting
to see whether we adapt to accommodate the avalanche of data, or whether
some kind of backlash arises as portrayed in science fiction stories. It’s fas-
cinating (and scary) to think about all the possible ramifications of major
social change. As I've noted before, we are clearly in the midst of changes
every bit as dramatic as the Industrial Revolution of the 1800s.

Maybe communications will move to the background of high tech in five
years. Biology and medicine are on their way to becoming breakthrough
technologies that are at least as far-reaching as recent communications
developments. Materials science has also been moving ahead rapidly, start-
ing with high temperature superconductors, then advanced ceramics and,
more recently, molecular-scale tools, actuators and sensors.

But don’t worry about your job; wireless will still be here in a big way. m
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Letters

Comments on scientific integrity
and the disputed calcium studies

Editor:

I read your editorial regarding
“Fraudulent Science” in the
November issue with great interest.
I fully share your concern that fake
results in one or two studies can
sometimes tarnish the image of the
whole area. Recently, I reported on

this issue in my column in the
October IEEE Antennas & Pro-
pagation Magazine, and 1 thought
the following comments would be
complementary to your editorial.

As far as the mainstream media
were concerned, the hot news this
summer was the allegation that Dr.
Robert Liburdy, employed until
recently as a cell biologist by the
Lawrence Berkeley Laboratory in

ADVANCED "C2K"
TECHNOLOGY...

TRIMMERS 30% - 40% SMALLER WITH
HIGH Q & MINIMUM ESL FOR
POWER AMPLIFIER APPLICATIONS

* Model 57283

Capacitance Range: 0.8 to 4.5 pF

Height: 0.23"
* Model 57273

Capacitance Range: 0.8 to 8.0 pF

Height: 0.33"
Tuned To Your Needs

Johanson Manufacturing Corporation

* Tape and reel available
* High Resonant Frequency

* Delivery: Stock to 6 weeks

Rockaway Valley Road
Boonton, New Jersey 07005
Tel 973033402676
Fax 97303342954

www.johansonmfg.com
1ISO-9001 CERTIFIED
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Berkeley, California, “faked what
has been considered crucial evidence
of a tie between electromagnetic
radiation and cancer.” (The New
York Times, July 24, 1999). The fed-
eral Office of Research Integrity
(ORI) declared that Dr. Liburdy had
committed scientific misconduct by
“intentionally falsifying and fabri-
cating data” in two 1992 papers
about EMF effects on calcium
changes in rat blood cells.

In a voluntary settlement with
ORI, Dr. Liburdy agreed to retract
the three disputed graphs and not to
receive any federal grant money for
the next three years. However, in a
letter published in Science (July 16,
1999), Dr. Liburdy claimed,

“The raw data for my two calcium
studies are valid. Thus, these papers
are not being retracted, and my sci-
entific conclusions stand as pub-
lished. I admit no wrongdoing. I
could not afford a protracted legal
battle with the federal Office of
Research Integrity (ORI), and a set-
tlement was reached in which I
admit no liability. ... My error was in
not describing these procedures
[baseline adjustment, normaliza-
tion, etc.] in the methods section...
There was no intent to deceive.”

However, the ORI lawyers argue
(and as the Applied Microwave &
Wireless editorial emphasized) that
“Liburdy simply chose data points to
express his desired experimental
outcome.” On the other hand, it
should be noted that the ORI does
not challenge any of Dr. Liburdy’s
other work, including his studies
purporting to show that environ-
mental magnetic fields can block
tamoxifen and melatonin action in
human breast cancer. According to
Dr. Liburdy, “Four independent
replications of these findings have
been reported at scientific meetings
in 1998 and 1999.”

Rajeev Bansal
University of Connecticut

Send your letters to “Editor” at the
mailing or e-mail address on page 8.
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Calendar

CONFERENCES E-mail:wem@tqgs.com

Internet: http://www.gaasmantech.org

FEBRUARY
May 20-26, 2000

IEEE International Conference on Phased Array

February 15-17, 2000 Systems and Technology

IZS 2000 — 2000 International Zurich Seminar on Dana Point, CA

Broadband Communications Information: Dr. Michael Thorburn
Zurich, Switzerland Tel: 310-336-2197; Fax: 310-336-6225
Information: Professor R. Vahldieck E-mail: m.a.thorburn@IEEE.org
Tel: +411 632 27 42; Fax: +411 632 11 98 Internet: http://www.ieee.org

E-mail: vahldieck@ifh.ee.ethz.ch

June 7-9, 2000

March 20-25, 2000 2000 IEEE/EIA International Frequency Control
Hannover Fair 2000 Symposium and Exhibition
Hannover, Germany Kansas City, MO
Information: Hannover Fairs USA Inc. Information: IEEE Ultrasonics, Ferroelectrics and
Tel: 609-987-1202; Fax: 609-987-0092 Frequency Control Society
E-mail: info@hfusa.com Internet: http://www.ieee.org/uffc/fc

Internet: http://www.hfusa.com

June 11-13, 2000

March 28-30, 2000 2000 IEEE Radio Frequency Integrated Circuits
RTS 2000 Symposium
Paris, France Boston, MA
Information: BRIP Information: Jyoti Mondal
Tel: + 33 01 53 17 11 44 Tel: 847-259-9600, ext. 4130
E-mail: crey@birp.fr E-mail: mondajy@mail.northgrum.com
Internet: http://www.birp.com/rts Internet: http://www.ims2000.org/rfic.htm

R L SRR 111 11-15. 2000

MTT-$ International Microwave Symposium

April 8-13, 2000 Boston, MA
NAB2000 Information: LRW Associates
Las Vegas, NV Tel: 704-841-1915; Fax: 704-845-3078
Information: NAB E-mail: Irwassoc@sprintmail.com
Internet: http://www.nab.org.conventions Internet: http://www.ims2000.org
April 10-11, 2000 June 15-16, 2000
2000 IEEE Emerging Technologies Symposium on Automatic RF Techniques Group 55th Conference
Broadband Wireless Internet Access Boston, MA
Dallas, TX Information: D. Michael Fennelly
Information: Dr. Jon Velhl Tel: 978-258-4101; Fax: 978-258-4102
Tel: 972-952-4190 E-mail: m.fennelly@ieee.org
Internet: http://www.ieeedallas-els.org Internet: http://www.arftg.org
MAY June 18-20, 2000
IMAPS Europe Prague 2000 — European
May 1-4, 2000 Microelectronics, Packaging and Interconnection
2000 GaAs MANTECH Conference Symposium
International Conference on Gallium-Arsenide Prague, Czech Republic
Manufacturing Technology Information: Gurrant Ltd.
Washington, DC Fax: + 420 2 2421 2103
Information: Wes Mickanin E-mail: micro@guarant.cz
Tel: 503-615-9253; Fax: 503-615-8903 Internet: http://K313.feld.cvut.cz/micro
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ENVIROFLEX"...

The new green cable.

The world of RG cables has changed
forever. The European Community
already demands low-smoke, zero
halogen emission cable; similar
North American mandates won't
be far behind. ENVIROFLEX
coaxial cable from
Huber+Suhner is available
now for your next

telecommunications

installation.

Since they are
fully compatible
with all the
popular connector
types, you can
quickly switch to the
halogen-free alternative...

ENVIROFLEX.

This environmentally friendly
cable is also more flexible and

even costs less than teflon cable!
Don't settle for yesterday's cable
technology! This blue and black cable

is truly “green”.

Visit our web site for complete
information.

Cable and Assemblies
You Can Count On

I\E\’ HUBER-SUHNER

US.A. 802-878-0555 www.hubersuhnerinc.com
Canada 613-271-9771 www.hubersuhner.ca
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Calendar

SHORT COURSES

University of California at Los Angeles Extension
Digital Signal Processing: Theory, Algorithms, and
Implementation

Los Angeles, CA .. ... ... January 10-14, 2000
Introduction to Software Radio and Wireless Networks

Los Angeles, CA ... ..... January 24-26, 2000
Digital Avionics Systems

Los Angeles, CA ........ Feb. 28-March 3, 2000
Kalman Filtering

Los Angeles, CA ........ March 13-16, 2000
Information: UCLA Extension, Short Course Program
Office, Tel: 310-825-3344; Fax: 310-206-2815.

RTT Programmes Limited
RF Design
London, England
Cordless Design
London, England
Cellular Design
London, England

....... January 17-19, 2000
....... January 24-26, 2000

....... February 7-9, 2000

RF Amplifier Design

London, England . ... ... February 14-16, 2000
RF Oscillator Design

London, England . ... ... March 13-15, 2000
RF/IF Processing

London, England .. ..... March 20-22, 2000
Information: Lorraine Gannon, Tel: +44 181 844 1811;
Fax: +44 181 751 2616; E-mail: seminars@rttsys.com;
Internet: www.rttsys.com

Georgia Institute of Technology
Low Cost Flip Chip Processing and Analysis with
Hands-on Application

Atlanta, GA . ... ....... January 19-20, 2000
Information: Georgia Tech Distance Learning, Continu-
ing Education and Outreach, Tel: 404-894-2547; Fax:
404-894-7398; E-mail: conted@gatech.edu.

Besser Associates
Digital RF Communication Systems

Mountain View, CA ... ... January 24-28, 2000
RF Component Modeling

Mountain View, CA . ... .. Jan. 31-Feb. 4, 2000
Wireless Measurements: Theory and Practice

Mountain View, CA . . .. .. February 14-18, 2000
Signal Integrity of High-Speed Digital Design

Mountain View, CA . . .. .. February 28-29, 2000
Multitone Amplifier Design

Mountain View, CA ... ... March 2-3, 2000
Introduction to RF Transceivers and Systems
Components

Mountain View, CA . ... .. March 6-7, 2000
RF Test Equipment Operation (laboratory course)

Mountain View, CA . . .. .. March 8, 2000
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RF Testing for the Wireless Age (laboratory course)

Mountain View, CA . ... .. March 9-10, 2000
Behavioral Modeling

Mountain View, CA ... ... March 13-15, 2000
RFIC Techniques for Wireless Applications

Mountain View, CA ... ... March 20-22, 2000

EMC/EMI and Thermal Issues for Electronic Packages
and Systems

Mountain View, CA . .. ... March 23, 2000
Applied RF Techniques II: Nonlinear RF and Wireless
Circuit Design

Phoenix, AZ ........... March 26-31, 2000
Applied RF Techniques |
Phoenix, AZ ........... March 27-31, 2000

Information: Annie Wong, Tel: 415-949-3300; Fax: 415-
949-4400; E-mail: info@bessercourse.com; Internet:
www.bessercourse.com/

University of Wisconsin at Milwaukee
EMC Printed Circuit Board Design

Tampa, FL. .. .......... Feb. 28-March 1, 2000
Information: Mark Schmidt, Program Assistant, Tel: 1-
888-545-4700; Fax: 1-888-545-4600; E-mail: dschmidt@
uwm.edu; Internet: www.uwm.edu/dept/ccee

Applied Technology Institute
Fundamentals of Radar Technology

Washington, DC ... ... .. February 8-10, 2000
Radar Systems Design and Engineering

Washington, DC . ....... February 15-17, 2000
Mathematical and Physical Wavelets

Newport, RI ........... March 13-16, 2000
Satellite Communication Systems Engineering

Los Angeles, CA .. ... ... March 21-23, 2000
Information: ATI Defense Systems Training, Tel: 1-888-
501-2100 or 410-531-6034; Fax: 410-531-1013; E-mail:
ATIcourses@aol.com; Internet: www.ATIcourses.com

R.A. Wood Associates
Introductory RF and Microwaves

Niagra Falls, NY ....... March 20-21, 2000
RF Power Amplifiers, Classes A through S

Niagra Falls, NY ....... March 20-21, 2000
RF and Microwave Receiver Design

Niagra Falls, NY ....... March 22-24, 2000
Contact R.A Wood Associates, Tel: 315-735-4217; Fax:
315-735-4328; E-mail: RAWood(@ rawood.com.

Companies, organizations and institutions may sub-
mit information for our Conference and Short Courses
Calendar to: Shannon O’Connor, Managing Editor,
Applied Microwave & Wireless, 4772 Stone Drive,
Tucker, GA; Fax: 770-939-0157; E-mail: amw@
amwireless.com

More courses listed at www.amwireless.com
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Sloping Shoulders.
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Spectral growth can compromise the most precise CDMA technologies. Often, the difficulty lies in the
transmission equipment, a potent source of distortion or the "shoulders" you see on your display. Now there are
amplifiers that help you eliminate shoulders, keep the space between carriers narrow and optimize bandwidth.

AR "S" Series amplifiers are uniquely linear. Thanks to their exceptional design, CDMA signals get amplified
but distortion stays low. You quickly pinpoint problems when testing your driver amp (or other transmission
equipment) because you know the one place it's not coming from (the AR test amp).

"S" Series amplifiers offer a broad band that accommodates the 0.8 to 0.9 GHz, 1.85 to 1.99 GHz and 3.5
GHz frequencies used in wireless transmission. Plus spurious emissions and noise figures that are unusually low.

Email us for a copy of our new microwave brochure and specs at info@ar-amps.com.

wwawar-amps.com/amwy/shoulders

1SO 9001
Certified

US. Pat. & Tm. Off

rch. The orange stripe on AR products is |

- AMPLIFIER®
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USA 215-723-8181 or 800:933-8181 for an applications engineer. . .
In Europe, call EMV—Munich: 89-614-1710 * London: 01908-566556 ® Paris: 1-64-61-63-29 * Amsterdam: 31-172-423-000 The Force BEhlnd The Fleld‘
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Calendar

CALLS FOR PAPERS

EuMC 2000 — 30th European Microwave Conference

October 2-5, 2000 — Paris, France

Topics: Microwave materials, passive components
and circuits, active circuits and systems, MMIC for
telecommunications, automotive, military and space
applications, CAD of microwave circuits, including non-
linear and neural network techniques, antenna design,
modeling and measurement, millimeter and submil-
limeter wave components and circuits, microwave mea-
surements, microwave and optical interaction, super-
conducting components and subsystems, electromagnet-
ic compatibility, packaging, biological and medical
effects, and remote sensing, including active and passive
radars.

Authors should submit an author information form
(call or e-mail to receive a form) and either six hard
copies or an electronic file (.doc or .pdf) of a summary
for each paper. Send to:

Professor Christian Rumelhard

Conference Chairman

CNAN

292 rue Saint Martin

75041 Paris Cedex 03, France

Tel: + 33 140 27 21 79; Fax: + 33 1 40 27 24 81
E-mail: rumelhard@cnam.fr
Deadline: March 17, 2000

GAAS 2000 — European Gallium Arsenide and Other
Semiconductors Application Symposium

October 2-3, 2000 — Paris, France

Topics: Compound semiconductor material (including
SiGe, SiC, GaN and AlGaSb), device and circuit tech-
nologies, technology CAD, device characterization and
modeling, high speed digital devices and circuits, micro
and nano-technologies, MEMs and MOEMs, MMIC for
telecommunications, automotive, military and space
applications, and packaging.

Authors should submit an author information form
(call or e-mail to receive a form) and either two hard
copies or an electronic file (.doc or .pdf) of a summary
for each paper. Send to:

Professor Alain Cappy, Conference Chairman

TEMN

Avenue Poincare, BP 69

59652 Villeneuve d’Ascq, France

Tel: + 33 3 20 19 78 59; Fax: + 33 3 20 19 78 92

E-mail: alain.cappy@iemn.univ-lille1.fr
Deadline: March 17, 2000

tel: 650-949-3300

Join a new class of engineers! Over 20,000 satisfied industry professionals profit from our courses.

Besser Associates™
The Worldwide Leader in RF and Wireless Training

201 San Antonio Circle, Building E, Suite 280, Mountain View, CA 94040
fax: 650-949-4400 web: http://www.bessercourse.com

Space for all classes is limited; early registrations are encouraged. Schedule and venues subject to change
The Besser Associates name and logo are trademarks of Besser Associates, Incorporated

February 22-25, 2000

San Jose Convention Center, San Jose, CA

the wireless future gets built.

er Associates, the Conference Director for
enton Media Electronics Event, is

ing conference topics online right now!
hittp://www.bessercourse.com and
ect to our open online forum.

Visit www.bessercourse.com for our
complete course catalog and the schedule
through March 2000, including upcoming
courses in Phoenix, Arizonal

Private and/or custom training can be
delivered at your workplace.

Call 650-949-3300 for details.
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connectors, C()uplers.

meter and antenna problems

filters

The Company whose products have

been in existence for over ten years and has

been providing the U.S. industry
leaders with the German engineered

MAFIA Simulation Software, announces:

(ST MIGROWAVE STUDIO

“Changing the standards .
for 3D EM Simulation

AN . TE .
B ANEW product usinga NEW technique
“Perfect Boundary Approximation” combined

with a powerful optimization tool. CST

COMPUTER SIMULATION
TECHNOLOGY

e

Discover the applications and the new

technologies now available and reserve a

seat at one of CST’s free training seminars

being held in the following locations: CST OF AMERICA
124
Mount Auburn Street
Houston .
Suite 200N
Boston Cambridge, MA 02138
Seattle Phone:

(617) 576 - 5857

San Francisco
Fax:
(617) 576 -57 02

San Diego

CST_America
Atlanta @compuserve.com
- Website:
[oronto www.cst.de
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fast, easy, affordable

EAGLEWARE

RF and Microwave Design Software
tel: 770.939.0156 | fax: 770.939.0157
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News

Report: Global RF semiconductor market to nearly double by 2004

The worldwide market for radio frequency (RF) semi-
conductor devices in cellular telephones will reach $7.7
billion in 2004, up from $3.9 billion in 1999, according
to a report from Strategies Unlimited, a Silicon Valley-
based market research firm.

The report, RF Semiconductors for Cellular/PCS
Handsets, Market Review and Forecast 2000, examines
the semiconductor technology and trends behind the

TDMA, PDC and analog chipsets with $1.9 billion.
Small signal amplifiers, frequency conversion devices
and IF chipsets represented the largest part of the total
market by chip type. Power amplifier and RF control
chips also showed strong growth over 1998 levels.
Leading silicon bipolar technology companies such as
Infineon, Motorola, NEC and Philips provide the major-
ity of the silicon RF chips used in the handset market,

evolution to third-genera-
tion (3G) cellular chipsets.
It projects worldwide
demand for handsets
through the year 2004 and
the accompanying RF
semiconductor market.

The number of cellular and PCS
subscribers is forecast to reach
1.3 hillion in 2004.

the report says. Gallium
arsenide (GaAs) chips made
up 33 percent of the market
in 1999, with strong growth
in heterojunction bipolar
transistor (HBT) sales by
Conexant and RF Micro

Led by the strong global

demand for mobile communications, the number of cel-
lular and PCS subscribers is forecast to reach 1.3 billion
in 2004. Annual handset demand is projected to grow
from 240 million units in 1999 to 600 million in 2004.
New services such as instant messaging, wireless data
and Internet access will provide continued momentum
for strong growth over the next five years.

According to the report, GSM handsets are the
largest market for RF semiconductors with device ship-
ments of $2 billion in 1999, followed by CDMA, 1S-136

Devices. Other GaAs suppli-
ers, including Alpha, Anadigics, Infineon, Motorola and
TriQuint, demonstrated solid performance in 1999.

Over the next five years, increased integration of RF
and IF circuits will reduce the number of chips per
handset dramatically, with CMOS, BiCMOS and silicon
germanium (SiGe) ICs playing the major roles. GaAs
1Cs will continue to lead in power amplifier and switch
sockets. Bluetooth data links and GPS receivers for loca-
tion-based services will appear beginning in 2000, lead-
ing to a $500 million chip market in 2004.

Motorola Labs announces
world’s thinnest transistor

Motorola Labs, based in Tempe,
AZ, has built the world s thinnest
functional transistor using a new
class of semiconductor materials.

The company has built a working
device that uses perovskite, a class
of crystalline oxide materials with
unique material properties. The new
technology enables the development
of a transistor with an effective
thickness that is initially three to
four times thinner than those built
with conventional semiconductor
materials.

While this technology is still at an
early stage of development, it has
already produced working devices
that are electronically much thinner
than those made with existing tech-
nology. The advance should allow
computer consumption to continue
to be significantly reduced in size
and power consumption.

Motorola, based in Schaumburg,
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IL, provides semiconductors, inte-
grated communications solutions,
embedded electronic systems and
components.

Omnipoint testing
Ericsson GPRS equipment

GSM service provider Omnipoint
has begun the first U.S. trials of
high-speed wireless data technology
using Ericsson s General Packet
Radio Services (GPRS) solution. The
new technology, being offered to cus-
tomers in the New York, NY, metro-
politan area, provides better wire-
less access to the Internet as well as
a wide range of other IP-based ser-
vices at speeds to reach 115 kbps, up
to 12 times faster than current
Omnipoint data rates and more than
double the average speed of most
dial-up modems today.

Omnipoint, a subsidiary of
Omnipoint Corporation based in
Cedar Knolls, NdJ, provides advanced
wireless communications services in

more than a dozen states. Ericsson,
based in Stockholm, Sweden, pro-
vides communications products and
services worldwide.

CTS establishes RF integrated
modules unit

CTS Corporation of Elkhart, IN,
has created a new business group,
RF Integrated Modules, as part of
its Wireless Group. The division will
develop high frequency modules to
be used in cellular handset phones.

CTS manufactures electronic
components and custom electronic
assemblies for OEM customers pri-
marily in the communications
equipment, automotive and comput-
er equipment markets worldwide.

Companies, organizations and institu-
tions may submit information for our
News section to: Shannon O Connor,
Managing Editor, Applied Microwave &
Wireless, 4772 Stone Drive, Tucker,
GA, 30084; Fax: (770) 939-0157; E-
mail: amw@amwireless.com.




Low Paow Noise
YIG-Based Synthesizers
for Digital Radios

"Look to the leader in YIG-Technology'

LAMBDA, INC.

Micro Lambda, Inc. a leader in the
development of next-generation YIG
devices now offers YIG-Based
Freguency Synthesizers covering the
2-12 GHz frequency range. Designed
specifically for Digital Radio 0DU’s and
harsh commercial environments, these
synthesizers offer excellent integrated
phase noise characteristics over carrier
offset frequencies from 10 kHz to

10 MHz.

Tunable bandwidths of either 2 GHz

or 3 GHz are available as standard
products. This results in fewer numbers
of synthesized sources required for a
variety of Digital Radio frequency plans.
Millimeter-Wave frequencies can easily be
obtained using frequency multipliers to
obtain output frequencies between

24 GHz through 44 GHz.

Applications include QAM and QPSK
modulated Digital Radio’s and a multitude
of general purpose applications.

Features
e 2-12 GHz Frequency Coverage

* Excellent Integrated Phase Noise
Characteristics

Compact Size

» 3-Line Serial Interface
Low Prime Power
500 kHz Step Size

* Internal Memory
(last frequency programmed - recall)

MLSL-Series Synthesizers

This series of synthesizers utilize an
external 1 to 50 MHz crystal reference
oscillator to generate tunable frequencies
covering the 2 - 12 GHz range. Output
power levels of +12 dBm to +15 dBm are
offered depending on frequency, with a
standard tuning step size of 500 kHz.
Input tuning commands are via 3-Line
Serial interface. The size of these
compact units is 2.5" x 2.5" x 1.0" without
mounting plate and consume less than

6 watts of prime power. The units have
an internal memory capability which
“recalls” the last frequency programmed
when the prime power is removed and
reapplied. Standard models include

2-4 GHz, 4-6 GHz, 5-7 GHz, 7-9 GHz and
9-11 GHz. Specialized frequency ranges
are easily implemented utilizing the
versatile synthesizer architecture.

T
Cards

mcrolambda@aol.com  www.micro-lambda.com

48041 Fremont Blvd. Fremont, CA 94538

(510)770-9221



News

BUSINESS AND FINANCE

Motorola NSS receives $228 million in new contracts

Motorola Inc. s Network Solutions Sector (NSS) has
received six contracts from Unicom and China Mobile
to upgrade the companies GSM networks in China.
The contracts are worth a total of $228 million.

Five of the contracts, totaling $163 million, were
awarded by China Unicom for the expansion of the
GSM900 networks in the provinces of Jiangsu,
Guangdong, Fujian, Shandong and Xinjiang. The work
will increase the capacity of the networks by 1.65 mil-
lion subscribers. The contract awarded by China
Mobile, worth $65 million, is for GSM network expan-
sion in the Sichuan province and will increase the
capacity of that network by 700,000 subscribers.

Motorola, based in Schaumburg, IL, provides semi-
conductors, integrated communications solutions,
embedded electronic systems and components.

Conexant to acquire Maker Communications

Conexant Systems Inc. has announced that it is
acquiring Maker Communications of Framingham, MA,
a provider of programmable, high-performance network
processors, software solutions and development tools.
The transaction is valued at $990 million.

Conexant, based in Newport Beach, CA, manufac-
tures components, subsystems and semiconductor sys-
tem solutions for digital wireless voice and data com-
munications.

Andrew acquires lowa-based Conifer

Andrew Corporation has annouced the acquisition of
Conifer Corporation, which manufactures
Multichannel Multipoint Distribution Service (MMDS)
subscriber products, wireless LAN equipment, and
Direct Broadcast Satellite (DBS) accessories. Terms
were not disclosed.

Andrew, based in Orland Park, IL, supplies commu-
nications systems equipment and services. Conifer is

based in Burlington, IA.

L-3 announces acquisition, contracts

L-3 Communications has signed an agreement to
purchase the Teterboro, NdJ-based Space and
Navigation Systems business of the former AlliedSignal
Inc., in a transaction valued at $55 million. Space and
Navigation Systems provides navigation products for
weapons systems and satellites and related systems.

L-3 also announced three new contracts for three of
its divisions. L-3 s Power Systems Group, a unit of its
SPD Technologies division, has been selected as the
supplier of electric plant power-conversion equipment
to Bechtel Plant Machinery Inc. for use in the first
Virginia class attack submarine for the U.S. Navy. The
value of the contract was not disclosed.
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L-3 s Display Systems division has received a con-
tract from Naval Air Systems Command (NAVAIR) to
provide additional Programmable Tactical Information
Displays (PTID) for the F-14D Tomecat aircraft. The
contract modification is valued at $11.2 million.

L-3 s Ocean Systems division has signed a contract to
supply ten Helicopter Long Range Active Sonars (HEL-
RAS) to Agusta, a Finmeccanica Company. The con-
tract, which includes logistics support items, is valued
at more than $30 million.

L-3 Communications supplies secure communication
systems and products, microwave components, avionics
and ocean systems and telemetry, instrumentation,
space and wireless products.

Cadence to acquire Diablo Research

San Jose, CA-based Cadence Design Systems Inc. has
signed an agreement to acquire Diablo Research
Company LLC, an electronics design services company
based in Sunnyvale, CA. Terms were not disclosed.

Cadence supplies electronic design automation prod-
ucts and services for the design of semiconductors, com-
puter systems, networking and telecommunications
equipment and other electronics products.

SEZ to supply spin processing equipment

The SEZ Group has received an $18.2 million order
from Nanya Technologies Corp., a microchip company
based in Taiwan, to supply its semiconductor spin-pro-
cessing equipment.

SEZ, based in Villach, Austria, manufactures semi-
conductor spin-processing equipment for the semicon-
ductor chip manufacturing industry.

Micronetics receives microwave subassembly order

Micronetics Wireless Inc. has received the first phase
of a U.S. Government contract for microwave integrat-
ed assemblies, switch/filter banks and PIN diode
switches. The contract was obtained by Micronetics
wholly-owned subsidiary, Microwave & Video Systems
Inc. (MVS), of Danbury, CT. Terms were not disclosed.

Based in Hudson, NH, Micronetics Wireless manu-
factures broadband test equipment and components, as
well as microwave components and subassemblies.

Atmel to acquire Thomson-CSF subsidiary

Atmel Corp, based in San Jose, CA, has agreed to
acquire Thomson-CSF Semiconducteurs Specifique
(TCS), a wholly owned subsidiary of Thomson-CSF.
Terms were not disclosed.

TCS manufactures specific integrated circuits,
including CCD and CMOS image sensors and RF
ASICs. Atmel manufactures advanced logic, mixed-sig-
nal, nonvolatile memory and RF semiconductors.
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DCto8GHz >11°

(up to +18.5dBm output) From (1000 aty)

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

monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in
amplifiers cover your applications to 8GHz with higher gain, more output, and
flatter response. Characterized with S-parameter data, these amplifiers are very
easy to use. Simply sketch an interconnect layout, and the design is done.

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

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

wide bandwidth, and lots to...gain!

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

AW HEARIWAS I

*Freq.  Gain Max. Power Out Dynamic Range @Device ®Price
Model (MHz) ~ (dB) (dBm, @ 1dB Comp) NF(dB) IP3(dBm) Current(mA) $ea. (10 Qty.)
ERA-1 DC-8000 11.8 1.7 53 260 40 1.80
ERA-1SM  DC-8000 118 13 55 260 40 185
ERA-2 DC-6000 156 12.8 a7 26.0 40 1.95
ERA-25SM  DC-6000 152 124 46 26.0 40 2.00
ERA-3 DC-3000 208 12.1 38 230 35 210
ERA-3SM  DC-3000 202 15 38 230 35 2.15
ERA-4 DC-4000 135 al70 55 4325 65 415
ERA-4SM  DC-4000 135 41638 52 4330 65 420
ERA-5 DC-4000 188 4184 45 4330 65 415
ERA-55M  DC-4000 185 4184 43 325 65 420
ERA-6 DC-4000 113 al185 8.4 4365 70 415
ERA-6SM  DC-4000 11.3 al7g 84 a36.0 70 420

Note: Specs typical at 2GHz, 25°C. Exception: a indicates typ. numbers tested at 1GHz.
* Low frequency cutoff determined by external coupling capacitors.
@ Price (ea.) Qty.1000: ERA-1 $1.19, -2 $1.33, -3 $1.48, -4, -5 or -6 $2.95. SM option same price.

DESIGNER'S AMPLIFIER KITS:

K1-ERA: 10 of each ERA-1,-2,-3 (30 pieces) only $49.95

K1-ERASM: 10 of each ERA-1SM,-2SM,-3SM (30 pieces) only $49.95

K2-ERA: 10 of each ERA-4,-5 (20 pieces) only $69.95

K2-ERASM: 10 each ERA-4SM,-55M (20 pieces) only $69.95

K3-ERASM: 10 each ERA-4SM,-55M,-6SM (30 pieces) only $99.95

Chip Coupling Capacitors at 12¢ each (50 min.)

Size (mils) Value

80x50 10, 22, 47, 68, 100, 220, 470, 680,
1000, 2200, 4700, 6800, 10,000 pf

120x60 .002, .047, .068, .1 uf

R
Typical Biasing bias (Required)

Configuration ERA

Ve

RFC(Optional)

ERA-1 ERA-1SM
|— oL T

SIZE

¢ block

f—e ouT ;
Free User Guide!
d Packed with comprehensive
L ;‘:’n:f;";“;; o technical support. Shipped with
4 order, or call for your free copy today.

[JMini-Circuits 89 .90

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com CIRCLE READER SEFRVICE CAFD

For detailed specs on all Mini-Circuits products refer to ¢ 760- pg. HANDBOOK « INTERNET « THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY « EEM
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Everyday at Vari-L innovative engineering designs are coupled with

state-of-the-art manufacturing technologies to create high

performance, cost-effective RF and microwave solutions for the

world’s largest wireless equipment companies.

At Vari-L, we are dedicated to
research and development.
Our exceptional commitment to
innovation has resulted in eight
new patents in the last three
years alone. Since 1953, our
products have been utilized in
many diversified and demanding
applications ranging from satellite

and aerospace systems, CATV and fiber

optic transmission systems to wireless base

stations and handsets.

Our intensive investment in state-of-the-art
manufacturing technology gives us the ability

to offer low cost product realization through
automated assembly, handling and testing. Recent
expansions in our automated production systems have
created a projected Year 2000 manufacturing capacity
in excess of 12 million units housed within Vari-L's
80,000-square foot facility in Denver, Colorado.

Over 90% of our shipments are custom solutions
tailored specifically to a customer’s RF/microwave
signal sources or signal processing project require-
ment. At Vari-L, our continued focus on research and
development and commitment to enhancing
manufacturing technology is intended to ensure
that “We have a part in your future.”




¥ :
Military Signal Sources
* High Performance Voltage Controlled Oscillator Modules * Ruggedized High Performance Hybrid
» High Performance PLL Synthesizer Modules * Voltage Controlled Oscillators

<&

Military Signal Processing
» High Performance Wideband RF Transformers * Ruggedized Double Balanced Mixers
* High Performance Power Dividers and Couplers * Ruggedized Wideband RF Transformers
* High Performance Double Balanced Mixers * Ruggedized Power Dividers and Couplers

* High Performance RF Chokes * Ruggedized 1/Q Modulators and Demodulators

* High Performance Bias Tees ®

« Ruggedized Special Frequency Generation Assemblies
 Ruggedized Special Frequency Conversion Assemblies
* Ruggedized Special RF Distribution Assemblies

Subscriber Signal Sources We Have A Part In Your Future

* Miniature Voltage Controlled Oscillator Modules
* Miniature PLL Synthesizer Modules

4895 Peoria Street VARI-L is a precision manufacturer of RF components for a wide range of aerospace, commercial, military, space and subscriber applica
Denver, Colorado 80239 At VARI-L, our continued focus on research and development

= = L s > PROUDLY MADE
o 303.371.1560 and commitment to enhancing manufacturing technology is IN THE USA
fax 303.371.0845 intended to ensure that “We have a part in your future.”
e-mail: sales @ vari-l.com | Contact the VARI-L Sales Department for your special microwave and RF component assembly needs. 1509001 Certified

VARI-L Company, Inc. www.vari-l.com




Wideband Low Phase Noise

Push-Push VCO

Push-push topology reduces noise compared to a conventional design

By Marco Gris
Alcatel Telecom

any papers have shown the effective-
I \ / I ness of the push-push configuration in
the reduction of oscillator phase noise
and attempted to theoretically explain its
behavior. This paper proposes an explanation
based on the theory of phase noise in coupled
oscillators and phase opposition and expects a 9
dB reduction of noise-to-carrier ratio for the
push-push oscillator compared to that for the
single oscillator. The simulation and experimen-
tal implementation of a wideband, low phase
noise push-push VCO is also presented.

The push-push oscillator

A push-push oscillator consists of two identi-
cal oscillators that share one common resonator
and oscillate 180 degrees out of phase with each
other. According to existing literature, the push-
push configuration can be used to realize a VCO
characterized by a very wide tuning band, main-
taining low phase noise levels. If we have a set
of N identical oscillators and their output volt-
ages are summed in phase, then the total carri-
er power is multiplied by N2. However, the noise
power increases by N if we assume that noise
sources of different oscillators are independent
[1]. Thus the phase noise relative to the carrier
decreases by a factor of N. Theory of coupled
oscillators shows that phase noise can be
improved [2]. According to Chang et al., the out-
put phase noise spectral density S (@) produced
by two bilaterally coupled identical oscillators is
3 dB lower than the single oscillator. If the sig-
nals generated by two coupled oscillators in
phase opposition are subtracted, the amplitude
of the sinusoidal waveform generated by the
push-push oscillator is doubled compared to the
one generated by one single oscillator, and the
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A Figure 1. A hipolar push-push VCO hased on a
microstrip resonator is used to evaluate the per-
formance of the push-push configuration.

output power is 6 dB higher. The noise-to-carri-
er ratio L(f,,) for the push-push is then 9 dB
lower than the single oscillator. This theoretical
result agrees with the experimental results
reported in [3].

Topology

The implementation of a push-push configu-
ration by a microstrip resonator allows us to
vary the oscillation frequency over a very wide
band, using a couple of varactors for tuning. To
evaluate the performance of the push-push con-
figuration, a bipolar push-push VCO based on a
microstrip resonator has been designed, as
shown in Figure 1.

Two identical negative resistances share the
same resonator coupled to the output microstrip
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Longer Lite When You Switch
to Our New LDO.

Block Diagram Toko's new TK716 family of LDO regulators Output Noise
B 1 0l0Ngs battery life with an internal output VO e e

disconnect switch that prevents low capacitance
loads in the circuit from discharging. This

reduces capacitance losses normally associated
L with standby or sleep mode in wireless systems.

DISCONNECT |
SWITCH

. The TK716 family also offers excellent low-

NOISE (uV4/fz)

noise performance — less than 0.1uV VHz at 0.14
10 KHz — due to its advanced design. Available
in a SOT23-5 surface-mount package, the

Why the TK716? TK716 also features precise line and load 0

Because with its unique, regulation, and 30 standard output voltages 100 ) 100K
innovative disconnect circuit, - in 0.1V increments...from 1.0V to 5V.

reverse bias current losses

are essentially eliminated... TK716’s very low dropout voltage of 90mV Drgﬂ(:;ﬁt\)ggfrge?]tvs.
prolonging battery life. (typical) at 50mA load current is essential to T ——

such products as wireless communication
devices, radio-controlled systems and
electronic toys...any portable product that

runs on battery power. ;
-1007

On the Roadmap: LDO regulators with a rated
current output of up to 5 Amps.

VDROP (mV)

1504

For more information on the TK716 family or .200‘

to order samples, visit www.ictoko.com.

Cory R A R TR AR, AT IR R M . ¢
0 100 200
oUT (mA)

= TOKO
IC Toko

Toko America, Inc.
1250 Feehanville Drive, Mt. Prospect, IL 60056
1-800-PIK-TOKO Fax: 847-699-1194
http://www.ictoko.com
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A Figure 1b. A low value resistor placed on the common
cathode node of the varactors, where there is the symme-
try plane of the VCO.

line. The voltages in phase opposition are summed at the
output by the properly loaded and dimensioned coupler.

The coupler is very important for this topology of
VCO. It has been designed by placing two sources in
phase opposition where the negative resistances will
operate. The termination load for the best summation of
voltages is not a 50 ohm resistor but a capacitor with a
value that varies with the gap and the length of the cou-
pler. The impedance of the sources is an estimate of the
average value presented by the active devices. Although
this procedure is not rigorous, it is useful at least for a
coarse design of the coupler. Tuning of capacitance, gap
and length of the coupler will allow optimization during
non-linear simulation of phase noise.

Two coupled oscillators can oscillate in the phase or
antiphase mode and, in order to ensure the latter, the
former can be suppressed by placing a low value resistor
on the common cathode node of the varactors, where we
have the symmetry plane of the VCO (Figure 1b).

Because of symmetry and phase opposition, the mid-
dle of the resonator behaves as a voltage node, and here
the varactors experience the lowest RF voltage swing.

Models

The behavior of the circuit has been simulated with
the software tool HP MDS. The BJT is the Avantek AT
42035. For the BJT, the nonlinear model based on the
data reported in the datasheets has been used. This non-
linear model has been completed (for the noise analysis)
with the Ayand &y parameters for the BJT’s flicker noise:

A
Iz™
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d<ig” >

Spl(w)= af
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A Figure 2. The test bench for the measurement of the cor-
ner frequency of the BJT, operated at rest.
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A Figure 3. The tuning band results of the measurements.

where I is the base current. The values for these para-
meters have been obtained by a measurement of the cor-
ner frequency of the BJT operated at rest. The test
bench for this measurement is shown in Figure 2.

For the low noise measurement test bench, the OP27
opamp has been used with metal film resistors, ceramic
capacitors and battery supply voltages [4]. Two measure-
ments at two different collector currents allowed the
solution of a nonlinear algebraic system for Agand £y

The values Ay = 1.304 and &y = 1.574.1071* have been
introduced in the model in MDS.

The varactor used is an Alpha SMV 1206-004 with
junction capacitance, C;(V,), modeled as indicated in [5],
by fitting the curve reported in the datasheets; two
devices are housed in SOT23 package.

Resistors (Philips), capacitors (ATC) and inductors
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(AVX) have been described by the equivalent models
suggested in the datasheets.

The simulations show that the oscillation frequency
of the VCO ranges from 1.267 to 1.815 GHz, with tuning
voltage from 0 to 22 V.

Careful dimensioning of negative resistance and res-
onator is necessary to intersect their reflection coeffi-
cients T';;"! and T'j, orthogonally, minimizing phase vari-
ations due to active devices for the whole voltage tuning
range of varactors [6].

The results of the measurements agree with the
results of the simulation. The tuning band ranges from
1.187 to 1.780 GHz (Figure 3): it is a 40 percent band
around a 1.48 GHz center frequency. The output power
of the VCO is between 4.4 and 5.6 dBm over the entire
tuning band.

The measurement of the phase noise L(f;,) has been
realized by locking the oscillation frequency of the VCO
with a narrow band PLL. Thus the phase noise levels
measured represent the intrinsic phase noise limits of
the VCO, and are not corrupted by contributions associ-
ated with the long term frequency fluctuations of the
free-running VCO. The resulting phase noise level L(f,,)
@ f,, = 10 kHz is lower than -103 dBc¢/Hz over the
entire tuning band. The noise-to-carrier ratio L(f,,) for
Vrung = 8 V is shown in Figure 4. The layout of this
VCO is shown in Figure 5.

Conclusion

A theoretical explanation for the behavior of a push-
push oscillator has been proposed. The good phase noise
performance of this configuration has been experimen-
tally proved by realizing a wideband push-push VCO
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A Figure 5. The layout of the VCO.

(600 MHz tuning band around a 1.5 GHz center fre-
quency) with less than —103 dBe/Hz over the entire tun-
ing band.

More detailed simulations may be performed with low
noise dynamic measurements of the devices becuase
there are big differences in flicker noise distribution
compared to static conditions. B
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A Simple Analytic

Method for

Transistor Oscillator Design

This straightforward mathematical technique helps optimize oscillator designs

By Andrei Grebennikov
Institute of Microelectronics, Singapore

simple analytic method for transistor
Aoscillator design has been developed. This

technique defines explicit expressions for
optimum values of feedback elements and load
through bipolar transistor z-parameters. Such
an approach is useful for practical optimization
of a series feedback microwave bipolar oscillator.

Microwave oscillator design in general repre-
sents a complex problem. Depending on the
technical requirements for designing an oscilla-
tor, it is necessary to define the configuration of
the oscillation scheme and a transistor type, to
measure the small-signal and large-signal para-
meters of a transistor-equivalent circuit and to
calculate electrical and spectral characteristics
of the oscillator. This approach is very suitable
for implementing CAD tools if a transistor used
in microwave oscillator circuits is represented
by a two-port network. There are two ways to
evaluate the basic parameters of the transistor
equivalent circuit; one is by direct measurement
and the other is by approximating based on
experimental data with reasonable accuracy in a
wide frequency range [1-3]. Furthermore, the
equivalent circuit model can easily be integrat-
ed into a RF circuit simulator.

In large-signal operation, it is necessary to
define the appropriate parameters of the active
two-port network and the parameters of exter-
nal feedback elements of the oscillator circuit.
Therefore, it is desirable to have an analytic
method to design a single-frequency optimal
microwave oscillator. This helps to formulate
the explicit expressions for feedback elements,
load impedance and maximum output power in
terms of transistor-equivalent circuit elements
and their current-voltage characteristics [4].
Such an approach can be derived based on a
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A Figure 1. The series feedback hipolar oscillator
equivalent circuit.

two-step procedure. First, the optimal combina-
tion of feedback elements for realizing a maxi-
mum small-signal negative resistance to permit
oscillations at the largest amplitude is defined.
Second, for a given oscillator circuit configura-
tion with maximal output power, by taking into
account the large-signal nonlinearity of the
transistor equivalent circuit elements, the real-
ized small-signal negative resistance will be
characterized to determine the optimum load.
Recent progress in silicon bipolar transistors
has significantly improved frequency and power
characteristics. In contrast to the field-effect
transistors (FETs), the advantages of reduced
low-frequency noise and higher transconduc-
tance make bipolar transistors more appealing
for oscillator design up to 20 GHz. A simple ana-
lytic approach used to design a microwave bipolar
oscillator with optimized feedback and load will
speed up the calculations of the values of feed-
back elements and simplify the design procedure.
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General approach

Generally, in a steady-state large-signal operation, the
design of the microwave bipolar oscillator is achieved by
defining the optimum bias conditions and the values of
feedback elements as well as the load that corresponds
to the maximum power at a given frequency. Now, lets
look into the generalized two-port circuit of the transis-
tor oscillators as shown in Figure 1, where Z; = R; + jX;,
1 =1,2Z; = R; + jX;. Such an equwalent oscﬂlatlon
circuit is used mainly by microwave and radio frequency
oscillator design. The dotted-lined box (as shown in
Figure 1) represents the small-signal SPICE2 Ebers-
Moll model of the bipolar transistor in the normal region
of operation. This hybrid-p model can accurately simu-
late both DC and high-frequency behavior up to the
transition frequency fp = g,,/2nC, [5]. For generic
microwave bipolar oscillator design, the oscillation will
arise under capacitive reactance in an emitter circuit (X,
<0), inductive reactance in a base circuit (X; >0), and
either inductive (X;, >0) or capacitive (X; <0) reactances
in a collector circuit.

For a single frequency of oscillation, the steady-state
oscillation condition can be expressed as

Z,,d.0)+Z, (©)=0 L)

where Z; (0)=R () +jX; (o) and Z,,(I, ®)=
X, U, o).

R, o)+

The expression of output impedance, Z,,, can be
written as

(le + Zz)(Zm + Zz)

Zyy =2Zgg+Zy~ 7 +7.+7
11 2 1

(2)

where Zl-j (z, j = 1, 2) are z-parameters of the hybrid
transistor model.

To optimize the oscillator circuit, the negative real
part of the output impedance Z,,, has to be maximized.
Based on expression (2), it is possible to find optimal val-
ues for X; and X, under which the negative value R, is
maximized by setting

aRout _ 0

X,

JR

out =0

3
e (3)

The optimal values X” and X, based on condition (3)
can be expressed with the impedance parameters of the
active two-port network in the following manner [4]:

Xip + Xy

X0 = Ry - Ryp (Rm + Ry

~R,,-R |-X,, +
X21_X12 2 ! 1) !
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(2R, + Ry, + Ry)) X+ Xy
2 Xy - Xyy) 2

X9 =- (4)

By substituting X,”and X, into equation (2), the opti-
mal real and imaginary parts of the output impedance
Z,,: can be defined as follows:

(2R, + Ryy + Ry ) +(Xpy — X10)
out RZ + R22
4Ry, + Ry + Ry)
(5)
Ry —Ryy (s
X(?ut - X2 + X22 ﬁ(Rout RZ - RZQ)

Small-signal oscillator circuit design

At radio and microwave frequencies, the condition ry,
>>1/w C, is usually fulfilled. Besides, it is possible to
ignore the effect of base-width modulation (the so-called
Early effect) without a significant decrease of the final
result accuracy, and to consider the resistance r, as an
infinite value. The parasitic lead inductances and sub-
strate capacitance can be taken into account in the
external feedback circuit. By doing so, the internal bipo-
lar transistor in common-emitter small-signal operation
can be characterized by the following real and imaginary
parts of z-parameters:

2
Em Op

Ry =Ry = Ryy +

wpl,

(6)

w1
X=X, = ‘aﬁ(— - er
a7 gm

2
a [ o
2 1 wC( J

e\ @7

2
wherea=1/ [1+ (ﬂ) }mT =2nfp
@7

By substituting the expressions for real and imagi-
nary parts of the transistor z-parameters from the sys-
tem of equations (6) to equations (4) and (5), the optimal
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A Figure 2. Amplitude dependencies of large-signal
transconductance, constant bias collector current and
fundamental amplitude.

values of imaginary parts of the feedback elements X,°
and Xy can be rewritten as follows:

o 1 w

5l oy o
0 1 ®

T 200, ‘o,

In addition, the real and imaginary parts of optimum
output impedance

0
out

Zgut = RU

ou

¢+ JX

can be expressed as:

0 "
RO, =r +—0"

a
out = rL’+Rll+ -
i‘b +7‘E+R11 6()7va

“ L (8)
1y +r‘e +R11 2(Lﬂy

1
Xout = M_(RSM - ’1)%

From equation (8), it follows that as frequency
increases, the absolute value of the negative resistance
RY,,; will be reduced and the maximum oscillation fre-
quency f,,,, becomes zero. Without considering the par-

asitic series resistors r, and r., the expression for f,, . is

- fr

fnex = \8m,C,

(9
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A Figure 3. Amplitude dependencies of (a) optimum cicuit
parameters and (b) the real and imaginary parts of output
resistance and output power of the bipolar oscillator.

Equation (9) matches with the well-known expression
for f,,4. of the bipolar transistor, on which a maximum
power amplification factor is unity, and the steady-state
oscillation condition is carried out solely for the lossless
oscillation system [6].

Large-signal oscillator circuit design

Generally, at least three steps are required for design-
ing a large-signal oscillator circuit. First, it is necessary
to choose an appropriate circuit topology, second, to
determine the device large-signal characteristics and,
third, to optimize the oscillator circuit to achieve the
desired performances. To analyze and design the funda-
mental negative resistance bipolar oscillator, it is advis-
able to apply a quasi-linear method, based on the use of
the ratios between the fundamental harmonics of cur-
rents and voltages as well as the representation of non-
linear elements by equivalent averaged fundamental lin-
ear ones. The derivation of equivalent linear elements in
terms of signal voltages is based on static and voltage-
capacitance bipolar transistor characteristics. In a com-
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mon case, all elements of the transistor equivalent cir-
cuit are nonlinear and depend significantly on operation
mode, especially for transconductance g,, and base-
emitter capacitance C,. However, in practice, it is
enough to be limited to the nonlinear elements g,,, w;
and C,, as the base resistance r; poorly depends on a bias
condition. Besides, to calculate the constant bias and
fundamental collector currents, it is sufficient to use a
linear approximation of transition frequency oy and the
small-signal value C, at operating point [4]. Under the
assumption of a sufficiently low collector-emitter bias
value, the applied bipolar transistor model does not rep-
resent the effect of the forward-rectified current across
the collector-base junction and the collector voltage-
breakdown phenomenon. In this case, it is assumed that
the transition from a soft-excited oscillation mode to a
steady-state stationary mode is caused mainly by the
nonlinear characteristic of the transconductance g, in
contrast to the FET oscillator. Here, under large-signal
operation both the oscillator impedance and power pre-
diction are primary due to a change in differential drain-
source resistance [4].

When the base-emitter current is sufficiently small, the
following exponential model can be applied to approximate
the family of the experimental transfer I-V characteristics:

Ic: = Ics [exp(vbe / VT) - 1] (10)

where V3, is the base-emitter junction voltage, I is
the reverse collector saturation current, and V is the
temperature voltage. By restricting to the fundamental

frequency, V,, can be expressed as
Ve = Ey, E, I,R,+ vp,cos0t,

where [, is a constant bias collector current, E;, and E,
are the base and emitter bias voltages, and R, is a self-
bias resistor.

Taking into account that the voltage drops on collec-
tor and emitter transistor equivalent circuit resistors r,
and r, are negligible, the values of the large-signal
transconductance g,,; and the constant bias collector
current I, as the functions of the junction fundamental
voltage amplitude v, can then be defined as follows:

21(:3 exp( Eb — Ee — IcuRe ) Il(h]
Upe Vi Vr

Icu = ICS Iﬂ[h]exp( Eb — Ee - IcoRe J_ 1}
‘/T VT

where Iy(vy, /Vyp), I1(vy, /Vp) are the modified first order
Bessel functions [7].
For the steady-state stationary oscillation mode, it is

8m1 = (11a)

(11b)

42 + APPLIED MICROWAVE & WIRELESS

necessary to define the analytic relations between the
load current amplitude and fundamental amplitude of
collector voltage with input voltage amplitude v;,. These
relations are expressed in terms of the transistor z-para-
meters and oscillator circuit parameters in the following
manner:

Zy+ 2o+ 7,
Icl = be
Zy1Zy —Z12(22 +Zl)
(12)
V. - Zzz(Zn +2Z, +Z1)‘ 221(22 + le)
“ Z12(Zl + Z2) —Z1Zy

In a steady-state operation, the output power of the
oscillator is

P

ot = Lo ReZy /2

By replacing load resistance Z; from equation (1) and
using the parameters of transistor equivalent circuit
from (6) to (8), P,,, can be expressed as

RO

2
out i Ube

0
Ty * 7 _Rout

(13)

out

Results

An analytic approach was applied to the microwave
bipolar oscillator design. The bipolar transistor has the
following parameters of its equivalent circuit: £ = 6
GHz, C. = 0.5 pE, g,, = 1.6 A/V, r, = 4 ohms, r, = 0.3
ohm, r, = 1.75ohms, L, = L. = 0.5nH, L, = 0.3 nH. The
numerical calculation was performed using the values of
the oscillation frequency f = 4 GHz, biases E;, = 0 V and
E, = 2V, self-bias resistor R, = 100 ohms and reverse
saturation collector current 7., = 10 pA. The numerical
results obtained are shown in Figures 2 and 3. Figure 2
shows the amplitude dependence of large-signal
transconductance g,,;, constant bias collector current I,,,,
and fundamental collector amplitude v,,. Figure 3 shows
the amplitude dependence of (a) optimum circuit para-
meters, X{"and X5’ (b) the real and imaginary parts of
the output resistance RY,;, XY, and output power P,,,,.

According to Kurokawa [8], as the negative resistance
RY,,; reduces with the increase of the base-emitter junc-
tion and collector voltage amplitudes, the stable oscilla-
tions are established in the oscillator. In that case, the
value of the large-signal transconductance g, is signif-
icantly reduced as shown in Figure 2. In order to realize
the maximal or required output power in a linear opera-
tion region without the saturation effect, it is necessary
to choose the appropriate load value or to use the diode
in parallel to load for restriction of collector voltage
amplitude. The applied model of the microwave bipolar
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JTOS-1000W 500-1000 -94 -26 18V 25 21.95
JTOS-1025 685-1025 -94 -28 16V 22 18.95
JTOS-1300 900-1300 -95 -28 20V 30 18.956
JTOS-1550 1150-1550 -101 -20 30 19.95
JTOS-1850 1200-1650 -95 -20 13V 30 19.95
JTOS-1750 1350-1750 -101 -18 30 19.956
JTOS-1910 1625-1910 -92 -13 12v 20 19.95
JTOS-1950 1550-1950 -103 -14 30 19.956
JTOS-2000 1370-2000 -85 -1 22v 30 (@8V) 19.95
JTOS-3000 2300-3000 -80 -22 25 (@5V) 20.95
JCOS-820WLN 780-860 -112 -13 25 (@9V) 49.95
JCOS-820BLN 807-832 12 -24 14v 25 (@10V) 49.95
JCOS-1100LN 1079-1114 -110 15 25 (@8v) 49.95

Notes: *Prices for JCOS models are for 1 to 9 quantity. **Required to cover frequency range. ***Tuning Voltage
for JTOS-3000 is 0.5 to 12V, JTOS-1550, JTOS-1750, and JTOS-1950 is 0.5 to 20V, and JCOS-820WLN
and JCOS-1100LN is 0 to 20V, For additional spec information and details about 5V tuning models available,
consult RF/IF Designer's Guide, our Internet Site, or call Mini-Circuits

DESIGNER'S KITS AVAILABLE

K-JTOS1 $149.95 (Contains 1ea. al JTOS models except JTOS-25, -1000W, -1300 to -3000).
K-JTOS2 $99.95 (Contains 1ea. JTOS-50, -100, -200, -400, -535, -765, -1025).
K-JTOS3 $114.95 (Contains 2ea. JTOS-1300, -1650, -1910)

m Mini-Circuits -9,

P.O.Box 3501 66 Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
(L“” ’ "The Design Eng.rneers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com
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OSCHULATOR DESIeN

transistor does not include a collector-base diode, as
such an operation region is not recommended for the
oscillator due to the significant deterioration of its noise
properties. By means of the condition v,, < E,, the appro-
priate amplitude restriction at the numerical calculation
can be considered.

From numerical calculations, it follows that v,, and
I, are increased linearly with the increase of base-emit-
ter junction amplitude vy,, starting from some signifi-
cantly small values as shown in Figure 2. Therefore,
analytically it is interesting to consider the influence of
the emitter self-bias resistor R, on the character of
amplitude dependence of the fundamental output cur-
rent I ;. The fundamental output current can be
expressed as

I,=21, exp[ By~ E - E R, J p Il[vﬂ]
Vr Vr

By differentiating, equation (11b) can be rewritten
based on d;(v,,/Vy)/d(w,/Vy) = I;(vp,/Vy) in the form of

(14)

dIco _ Ico +Ics ) Il(ube /VT)
dvbe ‘/T + (Icv + Ics)Re IO(Ube /VT)

(15)

From the definition of modified first kind Bessel func-
tions, it follows that for values (v,,/Vy) <5 the following
inequality is to be defined:

09 < Il(Ube /VT)/IO(UbE / VT) < 1

Hence, as it follows from (15), the value of constant
bias collector current I, varies practically linearly with
the increase vy, under condition v,, > 5V, and the slope
of the dependence I,,(1;,) is defined by value R,. By sub-
stituting expression (11b) into equation (14), it allows us
to rewrite the expression for fundamental output cur-
rent I.; as

I(vs / Vi)

(16)
IO(Ube /VT)

Icl (Ube) = Q{Im(vbe) + Ics X

From equations (15) and (16) it follows that for a
bipolar oscillator with an emitter self-bias resistor, the
collector constant bias current I, and the fundamental
output current I,; depend linearly on the base-emitter
Junction voltage amplitude v;, under the condition
Upo/Vp 2 5. Thus, the linearizing influence of the emitter
self-bias resistor for the transistor oscillator is similar to
the influence of the negative feedback resistor on a lin-
earization of the amplifier gain-transfer characteristics.
From Figure 3b, it follows that it is possible to realize a
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sufficiently high level of output power under the direct
connection of standard load R; = 50 ohms without use
of a special load matching circuit.

Conclusion

A simple analytic method of microwave and RF bipo-
lar oscillator design has been developed, allowing the def-
inition of explicit expressions for optimum values of feed-
back elements and load through bipolar transistor z-
parameters. A negative resistance concept is used to
design series feedback microwave and RF bipolar oscilla-
tors with optimized feedback elements and maximum
output power in terms of transistor impedance parame-
ters. Based on its small-signal z-parameters and DC char-
acteristics, a simplified large-signal model for a bipolar
transistor is derived. The linearizing effect of the exter-
nal emitter self-bias resistor is analytically shown. &
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EMI/RFI CONTROL

RF shielding with
removabhle cover

Photofabrication Engineering is
now producing a line of photochem-
ically etched RF shielding cans with
a patented easy access removable
cover. The unique design allows th

N

N el

user to replace or repair internal
components without damaging the
surrounding shield. A tab connect-
ing the lid to the shield can be
snipped and resoldered quickly. The
new shields are available in brass
and solder-plated 10-10 steel. A free
sample is offered by the company.
Photofabrication Engineering Inc.
Circle #160

EMC cable entry

Holland Shielding Systems has
developed a cable entry system that
simultaneously handles cables with
large or small diameters. Separate

parts of the shielding strips can
deflect separately to guarantee that
every cable makes optimal contact.
It permits new cables to be added
easily without disassembly. The sys-
tem also makes sure that there are
no gaps in the shield. The entry sys-
tem can be supplied ready-made or

easily integrated into an enclosure.
The shield strips are available for
cable diameters from 1 to 25 mm,
and are offered in high temperature
or flame retardant versions.

Holland Shielding Systems BV

Circle #161

Clips hold shields in place
A new version of the Mini-Shield
line from Autosplice, Inc. provides
flexibility in the configuration and
mounting of EMI/RFI shields. The

Regular

shield clips eliminate secondary
hand-soldering operations. EIA
packaging and ample surface area
for vacuum pick-up allow for
smooth handling and placement at
up to 2,000 parts per hour on com-
mon equipment. The clips are self-
aligning with as much as 20 percent
correction during reflow soldering.
Shield covers can then be placed
into the spring loaded contacts at
the end of the process after cleaning
and inspection has been completed.
Autosplice, Inc.

Circle #162

TEST EQUIPMENT

Microwave analyzers get

power boost

IFR Systems has extended the
capabilities of its 6800 Series
Microwave Systems Analyzers with
the addition of a high output power
source option. The option provides
a minimum of +10 dBm of leveled
power up to 24 GHz, making it suit-
able for local oscillator substitution.
The higher power results in a 5 dB
increase in dynamic range for
scalar and tuned input modes. The
6820 line of analyzers provides full

scalar analysis capabilities, while
the 6840 line adds spectrum analy-
sis features. The High Power
Option 030 ranges in price from
$1,620 to $4,050, depending on the
analyzer model.

IFR Systems, Inc.

Circle #163

Communication analyzer
gets software upgrade

Anritsu Company has developed
a software option for its MT8802A
Radio Communication Analyzer

that makes possible true soft hand-
offs with independent power con-
trol bits in a single instrument. The
software eliminates the need to
have a live base station in the lab,
or to conduct handoff tests in the
field. With the software, the
MT8802A can simultaneously sim-
ulate two base stations, creating a
real-world scenario in the laborato-
ry. The software option is priced at
$2,000. The MT8802A is $53,000.
Anritsu Company

Circle #164

New spectrum analyzers
Tektronix, Inc. announces the
FSP family of spectrum analyzers
by Rohde & Schwarz, a pair of value
instruments with high accuracy
and measurement speed. Model
FSP-3 covers 9 kHz to 3 GHz, while
the FSP-7 spans 9 kHz to 7 GHz.
The instruments are designed for
high volume production testing of
second and third-generation wire-
less handsets and base stations.
Prices start at $18,950 for the FSP-
3 and $25,950 for the FSP-7.
Tektronix, Inc.
Circle #165
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For RF & Microwave Communications from
350MHz to 75GHz, with applications in Point to
Point Radio, Point to Multipoint, LMDS and
Satellite

@ Reduced Insertion Loss

® Improved Return Loss

@ No Tuning Screws

@ Better Group Delay Flatness

@ Improved Temperature Stability

@ Fast Custom Design
Quasar has the design and manufacturing
capability to produce Waveguide Filters and
Diplexers without the need for tuning screws.
This leads to improved electrical characteristics
and a more reliable system component.
For reduced leadtimes as well as unit costs,
call today and be impressed.

o
(luasar
Quasar Microwave Technology Limited
Battle Road, Heathfield, Newton Abbot,
Devon TQ12 6XU, England
Tel: +44 (0)1626 834222

Fax: +44 (0)1626 832994
Email: sales@gqmtl.com

See our NEW WEBSITE www.
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Combline Filters

Designed to your specifications.

T
* For Frequencies

> Foreign
.. Distributors
Sought.

MICROWAVE FILTER COMPANY, INC.
6743 KINNE STREET » EAST SYRACUSE, NY 13057
800-448-1666 = 315-438-4700 « FAX: 315-463-1467
http://www.microwavefilter.com

e-mail: mfcsales@microwavefilter.com
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Multiple port vector network analyzer

The S200 Vector Network Analyzer from Ballmann
is a true multi-port VNA that uses RF heads on every
port. Full 12-term error correction is used for all ports
and all measurements have no residual error because
no switching is
performed. Up to
8 RF heads can
be included in the
base unit, with
another 8 heads
available in a sec-
ond case. The
main benefits of e eSS e S o )
the S200 are high speed measurement of n-port
devices, measurement accuracy and dynamic range of
140 dB with a 1 kHz IF. Other features include up to
500,000 points per sweep, log sweep, 50 or 75 ohm
heads, internal or external head and two optional syn-
thesized sources for intermodulation and frequency
converter testing. A built-in Pentium PC operates with
Windows NT and a 112-inch LCD TFT color display.
$J Technologie
Circle #166

Cellular power monitor

The Cellular Power Monitor from Praxsym has a
wide dynamic range and immunity to multi-tone dis-
tortion, making it suitable for use with newer digital
transmission formats. The unit monitors operation of a
cellular transmis-
sion system, mea-
suring the for-
ward and reflect-
ed power to indi-
cate transmitter
and antenna sys-
tem performance.
Power levels are
represented by a
linear (mV/dB) signal that can be detected by an analog
circuit, including portable voltmeters. The power mon-
itor is priced at $795 each in quantities of 1,000.
Praxsym, Inc.
Circle #167

Bi-directional coaxial switch matrix
Dow-Key Microwave has released the Model 2101 bi-
directional coaxial switch matrix. The switching sys-
tem is designed for use in ATE systems, laboratory test
systems and programmable interconnect systems. The
matrix is configured as 10 inputs and 10 outputs, using
Dow-Key electromechanical coaxial switches to cover
DC to 18 GHz. Each unit has a solid state controller
with front panel LCD display, a keypad for manual con-
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trol, and three remote interfaces
(RS-232, RS-422 and IEEE-
488/GPIB).

Dow-Key Microwave

Circle #168

Power sensor reaches for
lower frequencies

To provide low frequency cover-
age for EMC and EMI test applica-
tions, Agilent Technologies
announces the new E9304A power
sensor for the EPM series E4418B
and E4419B power meters. The
new sensor’s 9 kHz to 6 GHz fre-
quency range and wide dynamic
range (-60 to +20 dBm) allows
EMC test engineers to capture the
full range of field strengths during

testing, usually without the need to
switch power sensors. The E9304A
permits high speed measurements,
reducing the time required for field
uniformity measurements or EMC
test receiver calibration. The power
sensor is available now for $1,500.
Agilent Technologies

Circle #169

Set top tuner chipset

Mitel Semiconductor has intro-
duced a double-conversion chipset
solution for tuners in cable set top
boxes. The chipset offers the bene-
fits of alignment-free operation
with improved performance. The
use of bipolar technology reduces
cost and increased immunity to

electrostatic discharge, compared to
GaAs devices in this application.
The chipset includes the SL2030
and SL2035 up and down convert-
ers, along with the SP5848 dual
phase locked loop. Together, they
consume 0.4 watts of power. The
three-chip set costs $3.50 in high
volume quantities.

Mitel Semiconductor

Circle #170

SP4T switch MMIC

M/A-COM offers the new SW65-
0440 MMIC, an absorptive SP4T
GaAs switch with an integral
TTL/CMOS driver. It is intended
for diversity and channel switching
in applications such as wireless
telephony, WLAN and GPS
receivers. Insertion loss is typically
1.2 dB with 35 dB isolation up to 2
GHz, 29 dB up to 3 GHz. The 1 dB

ave Sources

Aenum as part of your Total Microwave Solution

From VCOs to synthesizers, REMEC Magnum offers Microwave Sources

for communications systems and creates custom solutions to meet the

challenging requirements of the rapidly evolving marketplace. REMEC has
shipbed thousands of VCOs and DROs for Point-to-Point Radio links, VSAT

terjminals, SONET and SDH clock recovery.

10 Gbit Optical Clock VCOs

Take advantage of REMEC Magnum's 15 years experience producing
highly reliable hybrid microcircuit VCOs for your SONET/SDH optical
clock recovery circuit. Consistent low phase noise over a broad

spectrum insures low jitter.

» Frequency 9.95328 GHz, 10.664 GHz

» Tuning Range + 100 MHz
» Power QOutput +9 to +13 dBm

» Phase Noise (100 KHz offset) -80 dBc/Hz

LMDS Phase Locked Sources

Whether you are using harmonic conversion, multiplying a PLDRO

or need a fundamental oscillator for an LMDS ODU, REMEC Magnum
has the solution. REMEC offers phase-locked DROs using an oven
stabilized internal crystal oscillator or locking to your external reference.
These units are designed for high production at low cost.

» Frequency Capability 8 GHz to 28 GHz
» Stability (internal reference) £ 4 ppm (optionally + 2 ppm)

» Power Output +16 dBm

» Spurious -85 dBc

» Harmonics -40 dBc

» Phase Noise (12.4 GHz)
100 Hz -70 dBc/Hz
1 KHz -95 dBc/Hz
10 KHz -105 dBc/Hz
100 KHz  -110 dBc/Hz
1 MHz =130 dBc/Hz

The Total Microwave Solution

Email inquiries to sales@remecmagnum.com
Visit our website at www.remec.com

1-877-66-REMEC

REMEC Magnum
1990 Concourse Drive
San Jose, CA 95131
Fax 408.432.1551
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Insertion Loss (dB) @ 25 °C

Loss (dB)

0.003 1 2 3 4
Frequency (GHz)

compression point is +20 dBm

from 0.5 to 3.0 GHz, with in input

IP; of +46 dBm over the same fre-
quency range. The SW65-0440
switch is priced at less than $6 each
in 1,000 quantities.

M/A-COM

Circle #171

Chips support HDR
QUALCOMM announces the

iIMSM4500 and iMSM5500 Mobile

Station Modem chips that add the
company’s High Data Rate (HDR)
capability to their present CDMA
handset products.

QUALCOMM

Circle #172

IC detects true RMS power

Analog Devices has developed a
new IC offering true RMS-to-DC
power detection over a frequency
range of 0.1 to 2.5 GHz. It accu-
rately measures complex wave-
forms such as CDMA and W-CDMA
in wireless applications. The
AD8361 has a frequency coverage
that includes all worldwide cellular
bands. The IC is specified for oper-

TR ¥ & /

v b i L

ation over a -30 to +85° C temper-
ature range and operates from a 2.7
to 5.5 VDC supply. The AD8361 is
provided in an 8-pin micro-SO
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package and is priced at $3.75 each
in quantities of 1,000.

Analog Devices

Circle #173

High linearity, high effi-

ciency SiGe MMICs

Stanford Microdevices’ SGA-
6000 Series high linearity SiGe
RFIC MMIC amplifiers are offered
in industry standard 85mil, SOT8&9
and SOT23-5 surface-mount plastic
packages for design flexibility.
These unconditionally stable ampli-
fiers operate with single-supply
voltages as low as 4.2 V. 75 mA of

current and are ideal for use appli-
cations such as HomeRF, Wireless
Internet and IEEE 802.11. Model
SGA-6386 has 1 dB compressed
output power of +20 dBm, output
third-order intercept point of +36
dBm and 15.5 dB of gain at 900
MHz. Pricing of the SGA-6386 is
$1.21 in quantities of 10,000 pieces.
Stanford Microdevices, Inc.

Circle #174

WIRELESS SYSTEMS

Multilayer chip antenna
Murata  Electronics North

America announces availability of

the LDA82 Chip Multilayer

' Antenna, using LTCC technology to

achieve a small, surface mountable
ceramic monolithic design. The
LDAS82 type is targeted to applica-
tions in the 900 to 2600 MHz range,
including PDAs, pagers, cordless
telephones, WLAN cards and ISM
2.4 GHz products. The primary
advantage is mechanical robust-
ness, resulting in an antenna with
no protrusions that can be broken
off. Surface mounting simplifies

manufacturing of wireless prod-
ucts, while its 9.5 X 2 X 2 mm vol-
ume reduces their size. The LDAS2
antenna is priced at $1 each in high
volumes.

Murata Electronics North America
Circle #175

Spread spectrum trans-

ceiver operates at 2.4 GHz
RF Neulink introduces the

SS9600 Spread Spectrum Data
Transceiver, providing point-to-

point or point-to-multipoint com-
munications at 9600 bps. The unit
is a true frequency hopping design
and large systems with as many as
238 units can be configured. The
859600 operates in the 2.4 GHz
unlicensed band. It is a true plug
and play product for most small
point-to-point applications.

RF Neulink

Circle #176

Ceiling mount 7 dBi
antenna array

Cushcraft recently engineered a
directional PCS antenna for ceiling
mounting in locations where direc-
tional coverage and low visibility
are required. The S1857MD
exhibits 7 dBi gain in the 1850 to
1990 MHz band. Its size is 3-3/4 X
7-1/4 x 2 inches and it weighs 3.2
oz. (90 g). The housing is vacuum
formed UV-stabile thermoplastic in
standard white color or with custom
finishes.  Applications include
microcells, picocells and RF distrib-



LOW COST 1150 TO 1550MHz VCO
HAS LINEAR TUNING

Mini-Circuits has introduced a broad band
1150 to 1550MHz surface mount voltage
controlled oscillator with 22 to 32MHz/V
(typ) linear tuning characteristics. Typically,
the JTOS-1550 operates with high 7dBm
power output and features low 121dBc/Hz
SSB phase noise at 100kHz offset,
-20dBc harmonic suppression, and
0.5 to 20V (min. to max.) tuning
voltage. Solder plated J leads provide
superior mechanical integrity over
temperature. Ideal for GPS applications.

N FROM
l't $6.95

75 OHM DIRECTIONAL COUPLERS
FOR CATV

Mini-Circuits announces off-the-shelf availability
of their new 20 to 1000MHz ADC-12-4-75
directional couplers. These broad band 75
ohm units provide a nominal 12.6+0.5dB
coupling value with excellent +0.1dB (typ)
flatness for CATV applications. Housed in a
miniature 0.112” (max. height) water washable
package, these 1W couplers typically
exhibit low 0.9dB insertion loss, good
23dB midband directivity, and good 1.2:1
VSWR. Circuit and package patent pending.

[ JMini-Circuits

.

BROADBAND MIXER REDUCES
INTERMODS 10 TO 2400MHz

This level 17 (LO) SYM-25H surface
mount frequency mixer from Mini-Circuits
targets PCN, ISM, and cellular
applications within 10 to 2400MHz.
Typically at center band, the mixer
exhibits high 25dBm IP3, low 6.1dB
conversion loss, and high 40dB L-R
and L-I isolation. Ruggedly
constructed in a low cost plastic
package and covered by a 5 year

Ultra-Rel ® guarantee.

RF TRANSFORMERS HAVE 4:1

IMPEDANCE 500 TO 2500MHz

Mini-Circuits broad band TCM4-1W surface
mount RF transformers operate in the 3 to
800MHz band with 4:1 impedance ratio.
Referenced to midband loss (0.8dB typ),
insertion loss is 1dB from 10MHz to
100MHz, 2dB in the 5 to 400MHz range, and
3dB band wide. Input retun loss is 20dB
(typ) at midband and maximum RF power
is 250mW. Uses include CATV, VHF/UHF
receivers, balanced amplifiers, and
impedance matching. Shipped from stock.

FROM
$5.95

6WAY SPLITTER/COMBINER HAS
HIGH ISOLATION 75 TO 425MHz
Mini-Circuits JCPS-6-3 is a Bway-0° surface
mount power splitter/combiner for VHF
receiver and instrumentation applications
within the 75 to 425MHz band. Typically,
important performance features are high
23dB isolation, excellent 0.1dB amplitude
unbalance, good 2 degrees phase unbalance,
plus excellent 0.9dB insertion loss ( above
7.8dB). Maximum operating temperature
is -20°C to +85°C, and power input is
0.25W (max.) as a splitter. Excellent
price/performance value.

10pe. KIT

2W SMA ATTENUATORS AVAILABLE
IN DESIGNER'’S KIT

Ten different DC to 18GHz fixed attenuators
from Mini-Circuits “BW” series are now
available at a special evaluation price in
designer’s kit form. Kit number K-BW3
contains 1 each of models BW-S1W2 to
BW-S10W2 (hominal attenuation values 1
to 10dB), and each supplies precision
accurate attenuation from a small stainless
steel package measuring only .85" in
length. Built tough to handle 2W average,
125W peak power, this 10 unit kit ships
worldwide within 1 week.
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ution systems in hallways, tunnels
and subways, as well as malls, park-
ing garages, airports, office build-

Micro Springs™ line of extremely
small surface mount air core induc-
tors. Measuring as small as .06 x

ings and campuses.
Cushcraft Corporation
Circle #177

SMD air inductors

PASSIVE COMPONENTS

Coilcraft has introduced the

We can get you out

of some tight spots!

~ Harbour’s HPF “High Performance Foam”
Flexible Coaxial Cables curve, twist, and
snake their way into those hard-to-reach
spots that more rigid cables just can’t touch.
This ultimate flexibility ensures the best
_performance for applications on Wireless
¢ and Cellular Communications, Personal
Communications Systems, and Antenna
Systems.
‘A unique manufacturing process makes
/stripping the dielectric from the center
" conductor clean and easy. Every time. Most
importantly, Harbour’s high-strength, closed
cell foam polyethylene diclectric with a
composite braid configuration ensures low
(,ét‘tenuation, a high degree of shielding
| 7 effectiveness, and long term reliability.
+ A standard polyethylene jacket prevents
‘weathering, abrasion, and chemical damage.
For indoor applications, a PVC jacket is
~offered for CAT'VR rating and high per-
j‘formanc? materials are offered for CATVP
§ &,;’“\ ~ plenum rating. Popular cables
include HPF195, HPF240,
i _and HPF400 with sizes ranging
om .100” to .500” in diameter,
oth cable and connectors are avail-

o ¥

#ble from stock.

l '\!
- ‘-

Harbour

INDUSTRIES

High Performance Wire & Cable

44 Shelburne Road Shelburne, Vermont 05482

Phone (802) 985-3311 * Fax: (802) 985-9534

email: sales@harbourind.com
www.harbourind.com
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.08 x .05 inches (14 x 2.2 x 14
mm), these components provide
typical Q factors of 200 at 1.8 GHz.
The inductors are available in val-
ues from 1.65 nH to 12.55 nH with
tolerances as low as 2 percent. An

acrylic jacket with a flat top makes
them suitable for automatic place-
ment and reflow or vapor phase sol-
dering processes. Samples are
available in designer’s Kit C108. In
10,000-unit quantities, the Micro
Spring inductors are priced at 16
cents each.

Coilcraft
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Low cost chip attenuators
EMC Technology announces the
TS0400 series of low cost chip
attenuators for operation from DC
to 2.5 GHz. Input power is rated at
1 watt to 85° C with a VSWR of
1.25:1. The chips are available in
attenuation values of 1, 2, 3, 6, 10
and 20 dB. Attenuation accuracy is
as good as *£0.3 dB. They are con-
structed on an alumina planar sub-
strate that is 0.100 x 0.125 x 0.021
inch in size.
EMC Technology
Circle #179

Thin film resistors

Venkel Corp. manufactures thin
film chip resistors in three different
types. Rectangular Thin Film Chip
Resistors are designed for high pre-
cision with exceptional stability
and reliability. They are available
in 0402, 0603, 0805 and 1206 sizes.
Ultra Precision Thin Film Chip
Resistors feature minimized aging
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with TCR and tolerances of =5
ppm/°C and +0.05 percent respec-

tively. This line is available in 0805
and 1206 in 100 to 100k ohm val-

ues. MELF Thin Film Chip
Resistors are made of a tantalum
alloy, cylindrical in shape, with high
mechanical body strength.

Venkel Corp.
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HFSS optimization module

Optimetrics is a new optimiza-
tion and parametrics module for
Ansoft’s 3D simulation tools, begin-
ning with HFSS Version 7.0.
Optimetrics allows users to perform
optimization, parametric analysis,
sensitivity analysis and related
design-of-experiments (DOE) stud-
ies for manufacturability. These fea-
tures can be applied to magnetic,
electromechanical and microwave
products and circuits.

Ansoft
Circle #181

Tools analyze systems

and circuits

The APLAC Circuit Simulator
and Design Package helps design
and analyze RF circuits. The basic
package includes linear and har-
monic balance simulation with
schernatlc entry and editor. The RF

Design Tool supports microwave
components and special methods
for both PCB and IC-level design.
The System Simulation Tool is opti-
mized for path analysis of digital
communications, and the
Electromagnetic Tool permits the
study of complex structures and
multiple radiation sources.

APLAC Solutions Corporation
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EM software update

CST now offers CST Microwave
Studio version 1.1. This version
includes the new CST MWS
Eigenmode solver to allow fast cal-
culation of filters. Also included is
improved import of CAD data
(IGES, SAT, STL and DXF files).
Automatic “healing” of invalid EM
models has been improved. A new
SPICE extractor assists in the

More
For A

eliable
eason...

Stepped crimp sleeve grips
the outer jacket which increases
connector-to-cable reliability.

under braid.

Exterior
ferrule
surface
provides
superior cable
retention without
braid breakage.

Generous capture cone
design ensures easy
insertion of center conductor. £4

Spring loaded coupling
ring with a beryllium copper
crescent washer assures positive
electrical mating.

Nickel, non-tarnish finish
adds to the endurance and reliability.

Fully enclosed, heat-treated beryllium
copper outer conductor spring improves
EMI/RFI suppression and reduces signal loss
This feature is an integral part of a rugged construction,
important for handling the stress of cal

. Tapered ferrule facilitates
connector insertion

— 300" ferrule improves
connector-to-cable
tensile strength

le weight over time.

Unique plating flow hole
ensures uniform interior plating.

——— Captive center contact provides
positive tactile feedback for error-
free assembly. Also prevents
movement when cable is flexed.

—— Unigue locking design for high
contact retention.

50 millionths gold plating
improves durability. Provides
positive electrical contact over
thousands of cycles and provides
exceptional signal clarity.

Beryllium copper spring fingers
for high mating cycle repeatability.

Machined PTFE insulator for
superior RF electrical performance.

Better yet, make that 16 reasons!

If signal clarity and reliably are essential to your application, here are
16 solid reasons to select Trompeter connectors. Our 35-year commitment
to producing dependable connectors, coupled with world class lead times
and 99% on-time delivery, has made us the supplier of choice for BNC's.

Need one more reason to choose Trompeter? Visit our website for 24/7,

internet-fast service. You can access product information, download

drawings, obtain a quote and purchase products that ship Next Day.

It’s all about reliability.

TROMPETER

® ELECTRONICS, INC.

Circle 63

| D]FSIIL’: (CAn 150 3001 Registered Company )

RF SHIELDED CONNECTORS

www.trompeter.com or call: 1-800-982-2629
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design of high speed digital devices,
and version 1.1 also has improved
auto meshing, far field calculations,
edge correction and de-embedding.
CST of America
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New version of HP Basic
Agilent Technologies (formerly
Hewlett Packard) has introduced
Version 7 of HP BASIC for
Windows®. The new release com-
bines a new graphical interface
with new Rocky Mountain BASIC
(RMB) support. RMB is a 20-year-
old development language for test
and measurement that runs on
UNIX® workstations. Version 7 of
HP BASIC allows users to preserve
existing codes originally developed
for RMB. The new release also
incorporates new drivers for
National Instruments’ line of data
acquisition cards. The new soft-
ware is designated model E2060C

and is priced at $1,115.
Agilent Technologies
Circle #184

SIGNAL PROCESSING

Miniature log detector
Model STDLVA-15015 from

Signal Technology Corporation is a

2 to 6 GHz successive detection log

video amplifier with a linear RF
output gain of 50 dB. The dynamic
range at the video output is 65 to
+5 dBm, tangential sensitivity is
-75 dBm and total logging accuracy

over temperature, frequency and
power is =3 dB. The logging slope
can be set to between 15 mV/dB
and 50 mV/dB. The STDLVA-15015
1s provided ina 3 X 1 x 4 inch con-
nectorized machined housing.
Signal Technology Corporation
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Open-carrier mixers

Stellex Microwave Systems has a
new line of mixers featuring opera-
tion in frequency bands of 2.0 to
10.0 GHz, 4.0 to 22.0 GHz and 10.0
to 26.5 GHz. Typical IF bandwidths

BCP

Bird Component Products
10950 72nd Street N.
Suite 107

Largo, FL 33777-1527
Ph: 727-547-8825

Fax: 727-547-0806
E-mail: sales@birdfla.com

B C P is a division of Bird
Technologies Group
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We Deliver !

Attenuators
Terminations

Power Divider/Combiners

Couplers

Plus application specific designs for your
demanding requirements.
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OVERNIGHT DELIVERY

Semflex SIDEWINDER

FLEXIBLE INTERCONNECT
Cable Assemblies

SIDEWINDER FEATURES
THE FOLLOWING:

* Frequency: D.C. to 18.0 Ghz

* Mechanical Stability: +.02 dB

* Maximum VSWR: |.25:1

* RF Leakage (minimum): -100 dB

* N, TNC connectors also available.

UNBEATABLE PRICES:
"SMA(m) - SMA(m) FEP Jackets
Price @ 100 pcs

SWI10 "4-12" $29.00
SWI50 “4-12" $27.00
SWI180 “4-12" $29.00

** Other lengths available.

VESURCE

The North American distributor of Semflex, Inc Products.

WE ALSO STOCK A WIDE RANGE OF CABLE ASSEMBLIES, ADAPTERS AND PASSIVE COAXIAL COMPONENTS.

OUR CUSTOMERS COME FIRST * 24hr "quick-time" delivery anywhere in the US
« instant credit authorization

+ applications engineering
WE OFFER: °

a large inventory of regular and custom products

* special OEM stocking programs
* no minimum order
» up to 40 gigahertz cable assemblies in stock

We are the SOURCE for Service, Convenience and Delivery.

Call us today at 1-877-887-7970 and see how easy life can be.
www.wavesource.com
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are up to 6 GHz and LO power  average and frequency sensitivity
requirements are available from +7  of +0.75 dB maximum. The units
to +20 dBm. The mixers are pro- are 3.61 x 0.86 x 0.42 inches in

vided on an open substrate carrier. size and weigh 1.3 oz. (37 g).
MP257 & MP8015 Stellex Microwave Systems Bird Component Products
Fully Programmable ~ Circle #186 Circle #187

Coaxial Cable Strippers

* Stores up 10 99 wire programs; Miniature coaxial coupler 2hea LR

optional RS232 interface allows Bird Component Products (BCP) .
unlimited storage offers the 50-AC-FFA-10, a com. Pl’?ductsTl'e]SOUI;fe. QUIthTh
«  Strips typical 3 stage coaxial pact, cost-effective solution to UHF S eln sen 1001, a‘ division o ¢
cable in less than 7 seconds and cellular applications. This cou- uta(lin tey dWorks, has just reh;ased f'j'tn
version 0
- Maximum strip length is 3.15" pler operates from 0.5 to 1 GHz paated i i 115
: ; . : . . Commaunication Products Resource
while maximum stripping with available coupling factors of Guide for Fall 1999, This 100
diameter is .590" O.D. 10, 20 or 30 dB. Other specifica- teide lor fa - LS 1U0-page,

| tions include VSWR of 1.15:1 maxi- = [0l color catalog offers a wide

Schleuniger defines the standard for mum, reflected power of 5 watts range of tool kits, specialty tools,

quality, repeatability, precision and diagnostics, and service aids for the
electrical, telecom, cable television,

®
£ PRODUCTS FOR THE rucw-cn nb vt;.em niAues

service in wire processing.

Call us today to discuss your application:
(603) 668-8117
Schleuniger
87 Colin Drive
Manchester, NH 03103
Fax: (603) 668-8119

Schieuniger

To Be Precise.
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- FEATURED PRODUCT -

Combline Filters in 10 days

Order online and save B :
an additional 5! data, wireless and audio visual
alarm communications industries.
Many new products are featured,
. ) including the new line of JTS test
Series Number : ?15 750MH MH sets. Jensen’s customer benefits
Se'eCt_ any Fo : rom 750MHz to 3500MHz include same day shipping (free for
Insertion Loss @Fo <2C‘i)B o orders over $100), a 30 day uncon-
-1dBc passband : 1.5%Fo minimum ) ditional guarantee on all products,
Response _ 1 5 pole Chebyshev design lifetime guarantee on Jensen brand
Prototype Price 1 <$400.00 hand tools, free technical support, a
| Shipment - 2 weeks after receipt of order 24 hour/7 day FaxBack® service,
IM% and a complete online catalog with
e 1 1 secure ordering at www.jensen-
’@ RF a" d Mlcrawave Fllters ta 186Hz tools.com. Jensen also specializes in
the design and development of cus-
WWW. t t B C 0 m tom tool kits and cases.
TTE, Inc, Los Angeles, CA = 800.776.7614 /310478.8224 o FAX 800.473.2791 / 310 445 2791 Jensen Tools
America’s Filter Specialist Since 1956 Circle #1388
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Insulated tuning tools
Sprague-Goodman Electronics,
Inc. offers a new Engineering
Bulletin featuring its complete line
of Insulated Tuning Tools. The bul-
letin includes data on several mod-
els which were recently added to
the line, designed to fit the narrow-
er slots in the newest miniaturized
trimmer capacitors. Steel tips on all
Sprague-Goodman insulated tuning
tools are hardened and plated, and
feature tough molded plastic bod-
ies. The economical GTT Series
includes both antistatic and nylon
body styles with either metal or
plastic tips.
Sprague-Goodman Electronics
Circle #189

New buyer's guide product

catalog

Hub Material Company (HMC)
introduces a new buyer’s guide
product catalog containing a vari-
ety of technical supplies for design-
ing, assembling, testing and repair-
ing electronic products and sub-
assemblies. Products include preci-
sion hand tools, soldering and des-
oldering supplies, static-control
products, test equipment, measure-
ment and inspection instruments,
workstation and PC board handling
items, adhesives and cleaning
chemicals, tool cases and custom
tool kits. The guide offers color-
coded comparison tables of product
features, and large product photos.
Hub Material Company
Circle #190

Product summary hrochure

Applied Signal Technology, Inc.
has recently released its new 2000
Product Summary brochure. The
products are arranged according to
common processing functionalities.
For example, Section A presents
Voice Grade Channel Processing
products, Section B presents
Wideband Digital Processing prod-
ucts, and so on. The summary is
designed to help customers better
understand the capabilities of the

products and the performance dif-
ferences among similar products.
The company features hardware
and software products developed
through aggressive research and
development efforts as well as from
hundreds of development contracts.
Included in the brochure is a brief
overview of Applied Signal
Technology history.

Applied Signal Technology, Inc.

Circle #191

Website catalog update

includes newest products
Microlab/FXR has completed a

website update to include data

sheets on all catalog products.

Information is available in Adobe
Acrobat™ format for convenient
viewing and/or downloading. The
catalog includes the newest prod-
ucts for wireless designs, including
unequal power dividers, DC blocks
and lowpass filters. The address is
www.microlab.fxr.com.

Microlab/FXR
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0.5 to 18 GHz
NOISE IMMUNE
40/45 dB
TRULY DC-COUPLED
DETECTOR LOG
VIDEO AMPLIFIERS
(DLVA'S)

AN |

T
DETECTOR LOG

VIDED AMPLIFIER (DLVA)
LVD~0518-50

oeTiON Noi__ iAW

SERIAL NO:

. DL20899
ouit o 718982=001
ca-muw_lﬁ.!!i——w

~15v BMS W
2

€3 oo Ef

#1857

AMC manufactures wideband DLVA's
of superior construction using
state-of-the-art HYBRID MIC/MMIC
technology.

SPECIFICATIONS:

Model: LVD-0518-50
Truly DC-Coupled: 50 nsec Pulse Width to CW
Frequency Range: 0.5 to 18 GHz
Frequency Flatness: 1.0 dB (max.)
TSS: —42 dBm (min.)
Logging Range: —40 to 0 dBm min.
Log Error: 0.5 dB
Log Slope: 50 m V/dB or as desired
Log. Slope Accuracy: +4% max., of slope
Log Temp. Stability: 1.0 dB max., —54° to +85°C
Baseline Stability: = 1.0 dB max., —54° to +85°C
Recovery Time: 150 nS (typ), 300 nS (max.)
Rise Time: 20 nS (max.)
VSWR:3.0:1 (max.)
Video Load: 50 ohms (typ), or as desired
DC Power (No Load): =9V to +18V 75 mA (max.)
Size:2.3" x 2.3" x 045

OPTIONS AVAILABLE:

@ Self or Externally Biased Noise/CW Immunity
@ Extended Frequency Range of 0.2 to 20 GHz
® Faster Rise and Recovery Times

® High CW/Pulsed RF Power Protection

OTHER DLVA TYPES AVAILABLE:

® 2-18 GHz, 70/75 dB: 3" x 3.5" x 0.5"

® 0.2-20 GHz 45/50 dB: 1.5" x 2.2" x 0.4"
@ Conform to MIL-STD-202F, or 8838

® Availability: Stock to 90 Days

OTHER AMC PRODUCTS OFFERED:

@ PIN-Diode Switches, Attenuators

® Switched Filter Banks

® Hybrid MIC/MMIC Components,
Subsystems, and Switched Filters

A\

7311-G Grove Road
Frederick, Maryland 21701
Tel.: (301) 662-4700
Fax: (301) 662-4938

AMERICAN
MICROWAVE
CORPORATION
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EMI/RFI Radiation and Susceptibility
from Cables and Enclosures

By Gary A. Breed
Publisher

ere are a number of notes on the control of
Hunwanted radiation from electronic equipment

as well as protecting that equipment from the
effects of outside interference. In the U.S., FCC regula-
tions place limits on the field strength of radiation from
electronic devices of all types. In Europe, additional reg-
ulations specify that equipment should operate properly
when exposed to fields of 1 V/m to 3 V/m.

Compliance with regulations can require significant
investment in manpower, test equipment or services,
EMI shielding and other components. Time-to-market
can suffer greatly if the initial design is not robust from
an EMI standpoint. A friend who designs high-speed
DSP-based products claims that achieving regulatory
compliance takes longer than the functional design. As
he has learned methods for reducing radiation at the
component, board and system level, the extensive test-
ing and rework time is gradually diminishing.

Cables and connectors

Cables bear a similarity to antennas, which is both a
problem and the key to understanding their radiation
and susceptibility. These interconnections between mod-
ules or enclosures, from power sources and to antenna
systems are extremely important, as they represent one
of the main ways that unwanted energy gets radiated
from within an otherwise “shielded” enclosure.

Common-mode currents are the primary issue in
cables. These are the currents that flow on the outside
of a shield, or along with an unshielded “twisted pair”
cable. The desired signals carried by the cable are in dif-
ferential mode, and unless the conductors of the cables
are somehow separated to interrupt their transmission
line behavior, they will not be radiated.

Common-mode currents must be dealt with at the
point where they enter or leave an enclosure. Figure 1
illustrates the most common problems and possible solu-
tions. In (a), which is the worst case, a cable simply
enters an enclosure through an access hole. The cable
can easily couple to energy contained in the enclosure
and carry it outside where it can radiate, or bring cur-
rents generated by external fields into the enclosure to
cause interference.

Figure 1(b) is a more subtle case where a connector is
used for unshielded cables, or with shielded cables that
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& Common-mode RF currents

(a) Simple cable entry hole

<-ne_

|

(b) Unshielded connector

Common-mode RF currents

Common-mode RF currents

Grounded shield

(c) Shielded cable

Ferrite beads, possibly with

Beads integral .
9 bypass capacitors

with connector

(d) EMi-filtered connector

A Figure 1. EMI/RFI performance of common cable entry
methods.

do not have their shields grounded at the connector.
This installation gives the appearance of being robust,
and the connector may even have a metal shell that pro-
vides shielding. However, common-mode currents will
not be impeded and the performance is the same as that
shown in Figure 1(a).

The first, and simplest solution is the use of a shield-
ed cable, typically a braid that encompasses the entire
bundle of individual cables. This overall shield is bonded



CASCADED RF & MICROWAVE AMPLIFIERS

Spec:f:canons are typical @ +25°C.

Posr REV.
FREQUENCY GAIN NF. @1dB ISO. IPyIP, DC
MODEL MHz 8 d8 dBm dB dBm V mA

A2CP4121 300-4000 29.0 22 20.0 55 31/51 15 205
A2CP4122 800-4000 375 2.2 220 60 31/49 15 205
A2CP5021 1000-5000 36.0 23 215 79 2549 15 250
A2CP5121 300-5000 285 22 215 54 30.5/50 15 205
A2CP6115 10-6000 27.0 45 155 71 26/44 15 210
A2CP6120 1000-6000 29.0 45 21.0 55 31.5/57 15 240

- MICROWAVE AMPLIFIERS

Spec:f:cat.'ons are typical @ +25°C.
Pour REV.
FREQUENCY GAIN NF. @1dB 1SO. IP4lIP, DC
MODEL GHz dB dB8 dBm dB dBm V. mA

ACP12015 6.0-120 13.0 35 170 21 26/36 8 80
ACP12017 6.0-120 120 42 220 20 31/48 10 115
ACP12019 6.0-120 10.0 41 275 21 35/52 10 250
A2CP12026 6.0-12.0 240 35 180 35 26/36 8 125
A2CP12028 6.0-120 250 3.8 215 35 32448 10 175
A2CP12029 6.0-12.0 230 4.0 275 35 37/51 10 350

INCREASE THE POWER of your designs with Cougar's
amplifiers, from high frequency to high power output to high
dynamic range. Cougar's cascaded amplifiers offer excellent gain
output, low noise figure and high output power at efficient DC
current drain. From Cougar’s base of 6-12 GHz designs, many
optional designs can be tailored to meet your specifications.
All models shown are available in Cougar's new A\ 90@
hermetically sealed CougarPak™, shown at the
left, which comes with SMA connectors and
multiple stages, if necessary. Call, fax, or e-mail
us today for more information.

CLASSES H & K, TRB OPTION

/" / Signal Processing Components & Subsystems

,JEUL/EHH

COMPONENTS

384 Santa Trinita Avenue, Sunnyvale, CA 94086
408-522-3838 » fax: 408-522-3839
web: www.cougarcorp.com
e-mail: cougar.amps4@cougarcorp.com
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to ground at the entrance to the enclosure, keeping cur-
rents on the shield from entering the box. Figure 1(c) is
a sketch of this technique.

A more elaborate technique is shown in Figure 1(d).
Here, the individual cables within the bundle are fil-
tered at the connector. Special connectors are available
that include ferrite materials, or even L-C decoupling
circuits, avoiding the need to hand-assemble filters adja-
cent to the connector.

Figure 1 is a simplified description of the general
problem of cable entry, which applies to signal lines, AC
and DC power connections and all other cables that are
attached to the enclosure. There are also other methods
for reducing the radiation and susceptibility of cables
outside the enclosures that they are serving.

One simple, yet effective practice is routing the cables
along a grounded metal surface, such as a metal equip-
ment rack. Cables that simply cross open areas between
rack systems will be much more prone to unwanted radi-
ation and pickup. If they are routed along the metal sup-
port members or flat sides of a rack, common-mode
behavior is reduced, since the combination of cable and
surface acts like a transmission line, just like a
microstrip’s conductor-over-ground plane configuration.
Thus, the interconnecting cable is no longer an “anten-
na” since currents are contained between the “trans-
mission line” conductors.

EMI control inside enclosures

These same rules apply to the circuit elements within
an enclosure, especially the interconnections between
circuit boards, power supplies, ete. Similar techniques
regarding shielded cables, grounding at the point where
the cable leaves a p.c. board or applying EMI filtering
will reduce the energy circulating within the enclosure.
This may not change the external radiation that is mea-
sured for regulatory compliance, but it will reduce the
possibility of self-interference.

In addition, enclosures require attention to the inter-
ruptions in their shielding, including all openings, gaps,
panels, doors and mechanical bonds. Put simply, any gap
in a metal surface is a slot antenna that can couple ener-
gy between the inside and outside of an enclosure. The
size and shape of the gap determine its frequency
response. A 6-inch long slot will pass 900 MHz cellular
energy with very little attenuation!

Be careful with painted enclosures. The layer of paint
may be an insulator that prevents conductive contact
between panels, resulting in an unexpected “slot anten-
na” that is 12 or 18 inches long.

At a minimum, removable or assembled metal parts
should have clean, bare metal surfaces where they con-
tact one another. Access doors or panels that may be
removed regularly should have EMI control gaskets that
are designed to maintain electrical contact after repeat-
ed operations.
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Why worry so much about RFI?

The most obvious reason for EMI/RFI control is to
meet the regulatory requirements of various govern-
mental bodies. For the past ten years, interest in stan-
dards and regulations has increased as the European
Union implemented some of the world’s most stringent
standards.

Presently, all industrialized countries, plus many
developing nations, are working toward “harmoniza-
tion” to avoid dramatically different standards. The
global economy is dependent on access to many different
markets. If products must be built to meet widely varied
EMI standards, then it may not be feasible to offer them
in all markets.

These regulatory requirements are neither arbitrary
nor designed to restrict market access. They have a solid
practical basis: the reduction of interference.
Interference among electronic devices is regulated for
reasons ranging from simple consumer protection to
public safety. Not only do we want to assure a minimum
level of protection against products that are poorly
designed and constructed, we also want to avoid inter-
ference with communications.

The European Union has added a protection factor
that is not yet present in the U.S. — immunity to inter-
ference from external RF fields. There are many sources
of significant RF energy in our environment, and the EU
has determined that it is important to assure that elec-
tronic products have a reasonable level of protection
from their effects.

For example, in the U.S., the single largest source of
interference complaints to the Federal Communications
Commission is interference to telephones by radio and
television stations, CB operators, two-way radio, ham
operators and other licensed radio services. Telephones
are not intended to be radio receivers, and if they were
required to comply with EU standards for immunity to
interference from radio signals, the complaints would
almost completely cease.

Summary

As more wireless communication services are offered
to the public, the potential for interference will increase.
The growth in other types of electronic equipment such
as computers adds many more possible sources and vic-
tims of interference. It is both in the public interest and
good business to design and build equipment that does
not radiate unwanted signals and is robust enough to
avoid being an unwanted “receiver” of interference. M

DESIGN IDEAS WANTED!

Send us your short notes on any topic of interest to
microwave or RF engineers. As a reward, we pay a mod-
est honorarium for published items. Send your Design
Ideas to the mail or e-mail address on page 8.
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Optlmlzed for Low Power Dissipation
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Capable of Withstanding the Rigorous
.Demands of Lou,g Missmn Life
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Second Order Effects in
Feedforward Amplifiers

This article looks at the more subtle challenges in implementing

feedforward linearization

By Barney Arntz
Arntz Design

he use of feedforward linearization in
I power amplifiers has become widespread
in the wireless arena, because it offers
the ultimate performance in terms of intermods
and spectral regrowth. It also provides the ulti-
mate in distortion correction. It is often used
with some form of predistortion. Feedforward
can be used for amplifiers from under a watt to
several hundred watts and beyond, and with
almost any modulation technique. In the early
1990s it was used in wireless applications pri-
marily with FM multicarrier modulation. Now
the feedforward technique is being used for mul-
tiple CDMA channels through one amplifier,
GSM, TDMA, and has potential for use with
wideband CDMA (third generation) systems.

While the architecture of the standard feed-
forward amplifier is fairly straightforward on
paper, significant challenges must be overcome
in practical amplifiers. Controlling phase to less
than a degree over a band of frequencies is just
one problem if distortion terms are to be 60 or
70 dB down from the main carriers.
Considering that a typical regrowth spec of -60
dBec means that the distortion energy is on the
order of 0.1 percent of the signal energy, in volt-
age units (if the distortion bandwidth and the
signal bandwidth were the same), this distortion
performance is equivalent to the best audio
amplifiers, but the frequency of operation is five
or six orders of magnitude higher.

Operation over a band of frequencies such as

Pilot Generator
—20 dBm

Gain and
Phase Adj.

C1
20 dB

)

Delay Line
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+40 dBm
Intermod
Products
+10 dBm
Frequency
) -
Cs Delay Line Cal )
20 dB 10 dB 30 dB
10 dB
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20dB Atten
C3
10 dB
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A Figure 1. A typical feedforward amplifier and basic signal levels.
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power applied, this signal
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A Figure 2. Pilot isolation issues and preamp s,, issues.

20 to 60 MHz becomes difficult in light of the fact that
the core power sections of the amplifier have to be run
with tuned (rather than broadband) matching networks.
This requirement is driven by efficiency, and this tuning
results in band edge rolloff of both gain and phase. Also,
delay lines are used in both the low power and high
power paths, whose electrical lengths are many wave-
lengths long. These delay lines have large phase shifts
over the operating band and produce amplitude and
phase ripple throughout the band of operation.

Much of the literature on feedforward amplifiers has
concentrated on issues of efficiency, amplitude and
phase ripple, delay mismatch, the size of the correction
amplifier, and more. This paper addresses the issues of
shielding, coupler directivities and some other second
order effects which can limit the performance of the
amplifier. It will be shown that in some cases more than
100 dB of shielding may be required between some of
the circuit elements.

Analysis

Figure 1 shows a general block diagram for a feedfor-
ward ampliflier, as well as typical signal and intermod
levels. For analysis, this example uses ten equal power
CW (or FM) tones, each at 10 watts, for a total power of
100 watts (+50 dBm). The intermods are shown coming
out of the main power amplifier at ~30 dBec. The pilot
signal, injected before the main power amplifier, is set to
be equal to the intermods. This is a convenient level,
high enough to be measurable but not so high that if it
becomes partially re-established, it will not show up sig-
nificantly at the output. The gain of the error amplifier
15 60 dB, equal to the sum of couplers C2, C5, C4 and Al.

A log amplifier/detector is connected to a tap off point
at the first cancellation point. This would be used to
adjust the first loop gain and phase, for a minimum sig-
nal at that point. When unadjusted with full carrier
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haps 70 dB down from a
group of carriers. A full
fledged superhet receiver is
generally required (sometimes with two down conver-
sions), with a mixer input level set to trade off [P and
noise performance. A 30 dB coupler and 40 dB pad are
shown before the receiver, to prevent it from overloading
and creating its own intermods. In this example, the
maximum mixer level is set to —20 dBm for all carriers
combined. The pilot receiver would then be required to
receive signals at ~90 dBm.
It should be apparent that the amplifier will be oper-
ating with a large amplitude difference between signals
at different points.

Shielding and return loss issues

Figure 2 shows some of the potential pitfalls from
inadequate shielding, and also from an inferior return
loss on the pre-amp. The configuration of the input split-
ting is different from that of Figure 1, to highlight a
problem when that type of splitting is used.

First, we look at the pilot isolation. Suppose the pilot
generator were operating at —20 dBm as shown. This is
by definition operating at the same frequency as the
pilot receiver. If the receiver is to detect a signal at —90
dBm, the unwanted crosstalk through the air or through
the ground system should be below -100 dBm, at least.
This means that the shielding between the pilot genera-
tor and receiver (points A to G) must be at least 80 dB.

Now lets look at points D to G. The pilot level at point
D is +20 dBm, to cancel the pilot signal coming out of
the main amplifier at +10 dBm (there is a 10 dB loss in
the output coupler, from the coupled port to the output).
The isolation between points D and G, then, must be 120
dB. This is not achievable without considerable care,
and manufacturing methods that are optimized for cost
or ease of assembly rather than isolation might not be
adequate. The isolation requirement from point D to JJ
is only 80 dB, because of the 40 dB attenuator.

An interesting problem occurs with inadequate isola-



~ ALL NEW WITH
ligher Power, +50d8m I3

Need Higher Power? You need
Watkins-Johnson’s new AH11 amplifier.

p Power Output (dB Ultra high IP3 is what our new AH11 is all about. Combined with
a very low noise figure, it's the perfect choice for today's multichan-
£ R nel wireless systems. Drawing only 600mA, the AHI1 delivers
o e 17dBm of linear output power with an IP3 of 50dBm. A great price
2 - combined with the outstanding linear efficiency makes this versatile
0 | — - et N amplifier perfect for multiple sockets, reducing overall part count.
| o o

Need Lower Power? Both the AHI and AM1 offer low noise
Power Output (dB figures which, together with their inherent high 1P3, deliver
superior performance at the best price in the industry.

Produet | Frequency | IP3 P1dB NF | Bias curent For more details, call our toll free number or fax us at 650-813-2447.
() 1 (e b, | (o8 hp) | (dB.0p) | (mhbp) Email us at wireless.info@wj.com to request data sheets and a
AH11 | 250-3000 47 27 3.7 600 lete catal :
AT | 2503000 | 4 2 | 29 150 compiete catalog.
AM1 250-3000 36 18 26 7 H H
0] % 5 The Communications Edge™

|| | WATKINS-JOHNSON

Visi he web
st onthewchat1-800-WJ1-4401

Distributed In U.S.A. by Nu Horizons Electronics: 838-747-6846; Richardson Electronics: 800-348-5580
In Europe call WJ: +44-1252-661761 or your local Richardson Electronics Office: France: (01) 55 66 00 30; Germany: (089) 890 214 0; taly: (055) 420 10 30 UK: (01753) 733010

Circle 60



DIV EDEAVRIDEIEIEDC
RUOWERFAMEHIRIEIERS

+ A : .
RR% (b)

A Figure 3. Vector relationships for signal addition and sub-
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A Figure 4. Pilot receiver isolation issues.

tion from points F' to G. At the pilot frequency, if there
were leakage between those two points that were 70 dB
down, this would combine with the desired “coupler plus
attenuator” coupling to create a signal anywhere from
zero to twice the correct signal, in volts (6 dB above the
correct signal). This would become a problem if the
undesired leakage path changed in dB value, as a result
of a pilot frequency change, connector tightness, hous-
ing screw pressure, etc. Even if the undesired leakage
signal were 10 dB below that of the desired path, the
resultant could vary from -3.29 to 2.38 dB from its nom-
inal, as a function of the relative phases of the two sig-
nals combined. This is shown in Figure 3. The lower val-
ued signal, B, is 10 dB below that of A (a voltage factor
of, or 0.316).

The two dotted lines show the two extreme cases of
the vector addition, where the resultant signal R is
0.864 times the main signal amplitude in the minimum
case, and 1.316 times the main signal in the maximum
case. In general, the magnitude of the resultant R, in
voltage terms is

Ja+ B-cos(8))’ + (B sin()’
' A+B

R:=2 ()

70 - AppPLIED MICROWAVE & WIRELESS

where A and B are real and 60 is the deviation from the
ideal. The maximum and minimum values of R over all
phases can be found with 6 equal to 0 and 180 degrees,
or simply

Ry =A-BandRy,y =A+B, ifA>B. (2)

Limits of cancellation

Figure 3b shows two vectors which are close to can-
cellation. This typifies what would be at point C with a
single carrier applied, with imperfect gain and phase
match. The limit on cancellation is represented by the
length of the resultant, which is equal to
\3"‘(A +B-cos(@+1))* +(B-sin(6+1))*

A+B

RR:=2. (3)

in voltage terms. In dB it is 20 log(RR). For example, if
the two unity amplitude vectors differ by 1 degree, the
cancellation is 35.2 dB (in general, the cancellation is
referred to the vector amplitudes). For small angles and
unity amplitude vectors, the cancellation is approxi-
mately

RR = 20 log (sin ) in dB.

Although unrelated to the problem, Figure 2 also
shows how inadequate return loss from the pre-amp and
imperfect directivity in coupler C2 can combine to cause
a subtle problem. The intermods come out of the main
amplifier at —-30 dBc or +10 dBm (each intermod). They
couple through C5 and C2 and the 10 dB attenuator will
cause a signal at C of -40 dBm. The reverse coupled sig-
nal, which happens because of the imperfect directivity
in C2, is down by the directivity, defined here to be 20
dB. The intermods sent towards the pre-amp are thus at
—60 dBm. Now lets suppose that the return loss of the
pre-amp is 15 dB. A particular intermod will reflect back
at =75 dBm, and will add vectorially to the desired inter-
mod at point C. The desired intermod coupled down
from the power amp is -40 dBm at that point.
Therefore, the “leakage” intermod is 35 dB down from
the desired intermod (this figure is also equal to the sum
of the directivity and the return loss of the pre-amp).
Although this seems low enough in value, it must be rec-
ognized that there is hopefully 30 dB cancellation of the
desired intermods at point F, leaving the leakage inter-
mods only 5 dB down from the residual intermod left by
imperfect cancellation. In effect, this limits cancellation
to 35 dB. In practice that is about as far as one can
expect under the best of conditions, but this error mech-
anism is pointed out as an example, which in other con-
figurations could be a problem.
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A Figure 5. Log amplifier/null detector isolation and main
power amplifier self-isolation.

Power amplifier to receiver isolation

Figure 4 shows a configuration with no pilot genera-
tor. Here, the receiver acts as a spectrum analyzer, con-
stantly sweeping the spectrum and using programmed
intelligence and knowledge of the carrier characteristics
to ascertain the overall distortion, which is used in the
controller to adjust the loops. The isolation from B to G
must be 110 dB to have a 10 dB margin between the
desired intermod at -90 and the leakage intermod,
which starts out at +10 dBm and couples down through
leakage to —-100 dBm.

Figure 5 relates to the main amplifier output shield-
ing. If some of the output leaks back into the input, it
will not oscillate unless the leakage is severe. However,
it can cause amplitude ripple across the operating fre-
quency, because the phase of the two signals adding at
the input will typically go through many cycles of phase
as the frequency is changed. There is constructive/
destructive addition as shown in Figure 3. For the case
shown, with 60 dB of gain and 90 dB of output to input
leakage, the B term in Figure 3 would be down 30 dB or
a voltage factor of

(%)
10 ‘2% <0316

relative to A, which is unity. According to Equation 2,
the resultant R has maximum and minimum values of
1.0316 and 0.968 respectively, or approximately +0.27
dB. This is quite a lot. For cancellation in the first loop,
the gain of the amplifier from point £ to point C has to
match that of the passive path from the same two
points. With amplitude ripple, the best adjustment
might be where cancellation is optimized for the average
gain at all frequencies. Then, at a particular frequency,
the gain could be high by 0.27 dB. This would limit the
isolation to 30 dB, a figure which equals the “loop” gain
from the input of the main amplifier back to the same
point via the leakage path.

Figure 5 also shows the requirement for the main
amplifier output shielding to the log amplifier. With full
carrier power applied, and 30 dB cancellation in the first
loop, the “valid” intermods are -40 dBm for all carriers.
The total power at point D is +50 dBm. Therefore, for
an interference-to-desired signal ratio of —10 dB, the
required isolation is 100 dB.

Figure 6 shows the requirement for isolation from the
main amplifier (point D) to the input of a 20 dB pre-
amp. Intermods that reach that point will come out of
the feedforward amplifier, since that point represents
the “clean” reference for the error amplifier. Also in
Figure 6, there is an issue of leakage from point D to the
input of the error amplifier. The carrier leakage causes
the error amplifier to amplify and inject carriers into the
coupled side of C4. This is a minor problem for the out-
put of the feedforward amplifier (the carriers just add),
but a larger issue is that the power in the error amplifi-
er goes up. This amplifier is sized as small as possible to
get the job done, and extra carrier power through it may
cause intermods to be generated in it. (This problem can
also be caused by insufficient cancellation at point C.)
For the carrier power due to leakage to be 5 dB below
that of the intentional intermods at point C, the isola-
tion must be greater than 85 dB.

100 dB

An additional problem
with leakage from point D to
C is that the error amplifier
sees intermod terms that the

M?g i = DESEM . W> 1Qg amplifier does not see, apd
B B vice versa. The log amp will

thus not be adjusted (via the

gtgs control processor) to a point

of cancellation/null at C.

20 Finally, the frequency flatness

dB ] from D to C becomes an issue

Error amp

Delay Line

60 dB

because of the two indepen-
dent paths, whose phase will
not likely track with frequen-

A Figure 6. Main amplifier output leakage.
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cy, as mentioned previously.



Alien technology
or damn fine
engineering.

You be the judge.

gy

ag
gy
T g iCag

iy

With new integration technology, our hard-working
engineers can configure Trilithic’s state-of-the-art fixed,
tunable and switching component products into
dependable and flexible systems, addressing a
number of communications and instrumentation
measurement needs. From offering interference
protection in VHF communications networks to
providing a preselected passband for test and
measurement instruments, as used in advanced hybrid-fiber
coax systems, Trilithic subsystems engineering has creative
solutions for “out-of-this-world”™ performance, not to mention agile
and automated software capabilities for quick and reliable set-ups. As for

whether or not our technology is extra-terrestrial, we have no comment. We will say,

however, that our engineers have submitted some unusual travel expenses lately.

Call 1-800-TRILITHIC for more information & don’t forget to ask for your free catalog.

TRILITHIC

Hard Working Engineers—Like You

9202 East 33rd Street / Indianapolis, IN 40235

SOOTRILITHIC (800-874-3484)  (317)895-3000  (317)895-3012 Fax

AR LIS
PEREY JOHNSON
KEGISTRARS, INC

E-Mail: sales@trilithic.com / Internet:www.trilithic.com

Circle 18



@

Main amp

problem. Also, adjusting the coupling value is
not easily done, due to the lack of an attenuator.
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T0] Typical grounding issues

dB Achieving isolations on the order of 100 to
120 dB does not happen automatically, especial-
ly in cost-sensitive applications, which minimize
extra screws, housings, bulkhead connectors
and so forth. Simplifications such as board-
mounted (rather than housing-mounted) con-
nectors and backplane connectors are a particu-
lar problem if not implemented correctly.

A Figure 7. Alternate feedforward architecture.

Figure 7 shows an alternative arrangement of cou-
plers which is sometimes seen. This configuration saves
one coupler. The addition of the tapped off distorted sig-
nal from the main amplifier to the clean reference hap-
pens in that coupler. This puts tremendous constraints
on the coupler. First, it has to have a coupling of 50 dB
without using resistive attenuators. The wide spacing
required of the RF lines in the coupler makes it difficult
to achieve good directivity, which we have seen to be a

RECOMMENDED SOLUTION:

a direct, wide, low-inductance
connection from the backplane to
the housing and board ground.

“Housing

Figure 8 shows a situation with both of these
issues. There is connector ground inductance
with push on connectors because the number of
points of contact is limited. This may amount to
tens of picohenries, and this inductance is different from
the rest of the cable and presents a discontinuity. A
shield current caused by an interfering source (Figure 9)
causes a drop across that inductance. This shield cur-
rent may be due a nearby radiator, but more likely (if
everything is shielded) from a difference in potential
between two housings or ground planes, caused by
heavy RF currents elsewhere.

The shield current and connector inductance create a
voltage drop which trickles down to the destination on
the center conductor. The destination amplifier or cir-
cuit block is sensitive to voltages relative to its local
ground connection,

An inductance of 20 pH is 0.25 ohms. If an interfering
source of 0 dBm (0.226 V) from 50 ohms were applied to
the shield as shown in the figure, the entire current

_ Blind mate Push-on connector

* | connector

Hole in housing-

~Ground plane

DC power
connector

Interfering RF source (represented as shield currents)

A Figure 8. Ground problems in typical construction.
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A Figure 9. Electrical model of ground inductance.
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A Figure 10. Analysis of a single ground inductance.
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would make its way to ground. This
current is 0.226/50 =.0045 A, and
the IZ drop is .0045 * 0.25 = 1.12
mV. This is equal to -46 dBm.

The board connector shown in
Figure 8 poses a similar problem. A
surface mount connector has to be
grounded through vias. There are
sometimes mechanical requirements
such as thermal breaks which limit
the number of vias at the connector,
especially right under the connector
where they are needed most. The via
inductance then becomes an issue.

A solution to much of this is to
provide a connection from the back-
plane ground to the board ground
that is more solid and larger than
connectors provide. This is shown in
the figure. Although this creates a
local ground loop, in the sense that
there is more than one ground path,
the performance is much better.
Measurements show many tens of
dB of improved shielding with this
method.

Simulation shows similar results
as shown in Figure 10. This simu-
lates just one of the ground induc-
tances at the board connector. The
plot shows s in dB.

Conclusion

The shielding, isolation, and
directivity requirements in feedfor-
ward amplifiers present challenges
in terms of manufacturing methods,
component packaging, and cabling.
Although the input signal may be 0
dBm and the output may be +50
dBm, there are signals inside the
typical pilot-corrected amplifier
which are in the region of -90 dBm.
This low level is the result of how log
amplifiers and superhet receivers
operate, and also the result of the
dynamic range of the signal often

Technical articles from past
issues of Applied Microwave &
Wireless are available for viewing
or downloading from our Web site:

www.amwireless.com

entering the feedforward amplifier.
Isolation requirements between
two specific points in the system can
be as much as 120 dB. This is not
normally achieved with ordinary
inexpensive construction methods,
especially at the higher frequencies
now being used in cellular systems.
One example of a backplane to board
interface and its potential pitfalls
has been discussed, with remedies to

minimize the amount of crosstalk
picked up and inadvertently injected
into the board. |
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Selectable-Gain Amplifiers Launch
Integrated Subsystem Line

This month’s cover features multi-function integrated modules that
help designers maintain performance and control quality

Cougar Components Corporation

s part of its subsystems develop-
Aglent plan, Cougar Components
orporation has designed, manu-
factured and delivered three different
high dynamic range selectable gain
amplifiers. The three designs cover the
frequency bands of 0.5 to 30, 30 to 100
and 100 to 1000 MHz. Each amplifier has
three different gain states. The two lower
frequency bands use balanced class A
push-pull bipolar amplifiers, obtaining
high 3rd order and 2nd order intercept
points. Cougar uses bipolar transistors to
obtain noise figures lower than GaAs
FETs provide at frequencies below 100
MHz. The amplifier for the 100 to 1000
MHz band unit uses a single-ended GaAs
FET design.

A major advantage engineers achieve
by using selectable gain designs is mini-
mizing dynamic range degradation for
each gain state. Mode 1 provides 20 dB gain,
and Mode 2 provides 10 dB gain while Mode 3
serves as a bypass mode. Each mode provides
the same output linearity. The higher an ampli-
fier’s gain the lower the dynamic range on a dB-
for-dB basis. The amplifier remains effectively
linear over an additional 20 dB range by pro-
viding the same output intercept point for each
gain state. If the amplifier’s gain remained con-
stant at 20 dB, the amplifier would require +95
dBm 2nd order intercept and +64 dBm 3rd
order two-tone intercept points, which are not
practical levels.

Cougar optimizes the bias points to achieve
the best 2nd order and 3rd order two-tone sup-
pression. The two lower band amplifiers’ output
power is nearly +27 dBm, and the high band
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A Figure 1. PIN diodes control the signal path through two
amplifier stages, selecting one, two or none.

AF Cutput

i»_

amplifier is +25 dBm. The typical 2nd order
two-tone linear intercept point is +75 dBm for
the two low band amplifiers. The typical 3rd
order two-tone intercept point for the low band
amplifiers is +44 dBm. The high band ampli-
fiers’ typical 2nd order two-tone linear intercept
point is +60 dBm, with +39 dBm 3rd order two-
tone products.

Figure 1 shows PIN diodes D3 through D9
used to control the RF signal path. The diode’s
transit time is very long for the low band ampli-
fiers in order to maintain linearity and PIN
chacterictics to 0.5 MHz. The switching wave-
form does not remain clean if the diode lifetime
is too short. The CMOS high-level switch driver
must supply sufficient bias current when the
diodes are in the “on” state to keep the distor-
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The World of RF & Microwave
Design has Changed Foreverl

Microwave Office 2000 is the revolutionary
high-frequency design solution that is changing
all the rules! This award winning design suite now
includes the ultimate microwave layout solution,
statistical design capabilities, yield optimization,
MMIC foundry library support, plus new EM
based discontinuity models for incredibly
accurate simulations up to millimeterwave
frequencies and beyond. New schematic data
translators will import Agilent EEsof Series IV or
ADS designs directly into Microwave Office.
Finally you can say good bye to the expensive and
cumbersome solutions of the past. For more
information call your AWR sales representative!

AWR

Applied Wave Research, Inc.
1960 E. Grand Avenue, Suite 530, El Segundo, CA 90245
Tel: (310) 726-3000 Fax: (310) 726-3005
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A Figure 2. Mode 1 routes the signal through both ampli-
fiers, providing 20 dB gain.

tion products well below the level generated in the
amplifiers. At the same time, the “off” diodes must be
held off by a sufficiently high back bias voltage so that
the large forward RF signal swing does not cause diode
conduction. Even very small amounts of conduction on a
back-biased diode will have deleterious effects on the
linearity.

Figure 2 illustrates the Mode 1 RF path. Diodes D3,
D5 and D8 are all biased “on” to route the signal
through both amplifier stages. D4, D6 and D9 are all
biased “off.” The total gain in this configuration is a
nominal 20 dB, less the losses of the internal switching
circuitry. Diodes D1 and D2 are used for signal limiting
to protect the amplifiers from high input power levels.

A Figure 3. Signals are amplified by one stage in Mode 2,
providing 10 dB gain.

Figure 3 shows the Mode 2 RF path. Diodes D4, D6
and D8 are biased “on.” Diodes D3, D6, D7 and D9 are
biased “off.” These settings allow only the 10 dB gain of
Amplifier 2 to be in the circuit.

Figure 4 shows the bypassed condition of Mode 3.
Diodes D3, D5, D6 and D8 are biased “off” to disconnect
the amplifiers from the circuit, while D4, D7 and D9 are
all biased “on” to create the desired signal path.

The figures also show the logic gates, which operate
from straight TTL input. Table 1 is a summary of the
amplifier family’s specifications.

Cougar Components has built, RF aligned, and tested
several hundred of these mini-subsystem modules. This
design demonstrates ther company’s capability in com-

Model Freq. Small Signal Gain Gain Flatness Noise Figure Power Output Rev. Intercept SWR DC
Range dB at 1dB Compression | Iso. Point In/Out
MHz dB +dB dBm dB dBm
Typ. Min.  Min. Typ. Max. | Typ. Max Max. Typ.  Min. Min. Typ. 3rd/2nd | Typ Max | Volts mA
0/50°C -55/85°C 0/85°C 0/85°C -55/85°C 0/50°C -55/85°C Typ. 0/85°C | Nom. Typ.
A2KW5233 | 0.5-30
Mode 1 18.0 17.0 19.0 0.5 1.0 5.5 6.2 26.0 25.0 32 42/70 1.5 1.6| +156 500
Mode 2 10.0 9.0 11.0 0.5 1.0 6.2 24.0 21.0 16 42/70 1.5 1.6 -15 40
Mode 3 -1.5 -2.0 -2.0 0.3 1.0 1.5 2.0 15.0 11.0 2 42/70 1.3 1.6 +5 20
AZKW5232 [ 30-100
Mode 1 195 185 19.5 0.5 1.0 5.0 6.0 27.5 26.0 32 42/66 1.5 16| +15 530
Mode 2 10.0 9.0 11.0 0.5 1.0 5.5 6.8 255 22.0 16 42/66 1.5 1.6 -15 40
Mode 3 -1.8 -20 -2.0 0.3 1.0 1.8 2.0 15.0 11.0 2 42/66 1.3 16| +5 20
A2KW1331 | 10-100
Mode 1 21.0 204 21.7 0.5 1.4 4.7 5.0 26.0 25.0 32 35/57 1.8 19| +15 520
Mode 2 9.5 9.0 11.0 0.5 1.0 5.1 5.4 26.0 25.0 16 35/57 1.8 19| -15 40
Mode 3 -2.3 25 -2.5 0.3 1.0 2.3 2.5 15.0 11.0 2 35/57 1.3 19 +5 20

A Table 1. Specifications of the three selectable gain amplifiers.
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A Figure 4. Mode 3 is the bypass mode, routing the signal
around hoth amplifiers.

bining state-of-the-art high performance hybrid ampli-
fiers with high dynamic range RF switches and switch
drivers, including the digital logic. Each of these designs
is incorporated into very small packages devoid of screw-

In carriers, requiring high levels of assembly precision
and manufacturing capability.

As these selectable gain amplifiers demonstrate,
Cougar has expanded its capabilities to include subsys-
tem and multi-function solutions. Their component and
subsystem engineering staff can also help with analog
and mixed analog-digital solutions of hybrid, MMIC and
mixed hybrid-MMIC configurations. Cougar develops
designs built upon the strengths of its component exper-
tise to provide practical and efficient subsystem solu-
tions. Its subsystem development offers enhanced func-
tionality in reduced space, improved efficiency, increased
reliability, reduced cost, and improved schedules. [

For more information, contact:

Cougar Components Corporation

384 Santa Trinita Avenue

Sunnyvale, CA 94086

Tel: 408-522-3838

Fax: 408-522-3839

Email: cougaramps@cougarcorp.com
Internet: www.cougarcorp.com
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pHEMTs in Production...
from low noise to power!

Filtronic Solid State offers a variety of Single and Double Hetero structured pHEMTs
with a 0.25-micron gate length for low noise amplifiers, drivers, and gain and output stages
up to 2 watts from DC to millimeter wave for Pt-to-Pt Radio Links, Local Area Networks,
Military Programs and Space Applications.

Complete specifications are available on our web page. These devices are also
available in a variety of low-cost packages.

Model Power-Added
Number! Pias Gain Efficiency
LPD200 21 dBm 12dB 60%
LP6836 25 dBm 9.5dB 55%
LP750 28 dBm 10dB 55%
LP1500 31.5 dBm 8dB 50%
LP3000 33.5dBm 7dB 45%

LPS200 available in single hetero stucture with noise figure 0.7 dB.
Ta specs recorded at 18Ghz

Wireless Military Satellite
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Low Cost UHF/VHF Transmitter ICs

Integrated circuits simplify design of low power FM/FSK or AM/ASK transmitters

By Alan Nicol
RF Micro Devices

he RF2512 and RF2513 are low-cost
I monolithic frequency synthesizer
and transmitter ICs that provide all
the functions necessary to implement low
power FM/FSK or AM/ASK transmitter or
local oscillator operation in commercial
wireless products. The devices can be used
in the US 915 MHz ISM band and
European 433 MHz or 868 MHz ISM band.
Typical applications include wireless secu-
rity systems, wireless meter reading and
wireless data link.
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The parts are provided in a 24-pin plas- A Figure 1. RF2512 functional block diagram.

tic SSOP package and operate from a 2.2 to
5 volt DC supply. The Optimum Technology

Matching™ approach taken by RF Micro
Devices in all of its designs leads to the
choice of a 15 GHz silicon bipolar process
technology for these parts. The process fea-
tures a fp of 15 GHz at less than a 3 volts
and a 0.5 mA operating point. The only dif-
ference between the RF2512 and RF2513 is
that the RF2513 has on-chip tuning varac-
tors. The RF2513 is a more cost effective
integrated solution but has lower output
power, smaller tuning range and higher

Crystal Refererce H
Oscillater PhaseFrequency Detector ! 'I
i T

Typical Loop Fiter

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

VCo Fout

L

ELES 01 128/129

phase noise than the RF2512.

A Figure 2. PLL block diagram.

Operating features
The RF2512 and RF2513 operate as

FM/FSK or AM/ASK transmitters or local oscil-
lators. The integrated VCO, dual modulus/dual
divide prescaler and reference oscillator only
require the addition of an external crystal oscil-
lator to complete a fully integrated phase-locked
loop (PLL) system. A functional block diagram
of the RF2512 is shown in Figure 1. A second
reference oscillator is available to support two
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channel applications. In sleep mode, when only
V. is applied, the part draws less than 1 pA.
The PLL enable pin powers the VCO and PLL
while the TX enable powers the transmitter
stages. The level adjust control allows the trans-
mitter output power to be varied over a 15 dB
range. The dc¢ transmitter current is also
reduced with output power. The level adjust pin




250 WATT GaAs FET
POWER AMPLIFIER
SYSTEM

Model ARD1929-250 is a solid state
Class “A” RF power amplifier system
with a power output of 250 warts at

1 dB compressed (400 watts saturated).
Gain is 53 dB minimum and noise
figure is 10 dB nominal.

Comtech PST Corp.
Melville, NY 11747 (516) 777-8900

L-BAND 1 kW RADAR
AMPLIFIER

Model CPHC128148-1000 is a high
power pulse amplificr for high efficiency
battery-operated RADAR sysrems.
Weighs less than 9 Ibs, power output

is over 1000 watts peak with highest
efficiency for extended barttery
operation in severe environments.

Comtech PST Corp.
Melville, NY 11747 (516) 777-8900

MODEL BHED2758-1000

Model BHED2758-1000 operates over the 20 to 110 MHz band at 1000 watts
CW power output and 100 to 500 MHz at 400 watts CW power output.
Harmonic rejection filters are included to reduce harmonics to -50 dBc. These
filters are switched in 50 microseconds in VHF and 20 milliseconds in UHE

A single broad band 20 to 500 MHz solid state T/R switch as well as high
speed noise quieting is included.

Size is 19”W x 26”D x 55”H and the operating voltage is 208 VAC, 50/60 Hz.

Comtech PST Corp.
Melville, NY 11747 (516) 777-8900

Depend on PST's proven track record of reliability
for your HIGH POWER AMPLIFIERS.

Our versatile product line spans the frequency range

of 1.5 MHz through 3 GHz with output power
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must be set low if the transmitter output is dis-
abled. The dual modulus/dual divide prescaler
provides divider ratios of 64/65 or 128/129. This
allows for a certain amount of flexibility in the
choice of reference frequency.

PLL functionality

A block diagram of the PLL section is shown in
Figure 2. The VCO design is based on a balanced
configuration that utilizes cross coupling between
the bases and collectors of a transistor pair. A pair
of external inductors and a hyperabrupt varactor
diode form the tank resonator for the RF2512.
The RF2513 uses on-chip varactors, which are the
base-collector junctions of bipolar devices. The
base collector junction was chosen because
although the base emitter junction has more
capacitance, the breakdown voltage of the base-
emitter is much lower than the base-collector.
The VCO tuning ranges at the ISM band fre-
quencies are shown in Table 1, where the reduced
range of the on-chip varactors is evident. A bal-
anced configuration was used instead of a single
ended design since it provides differential drive to
the prescaler section and has better rejection of
unwanted modulation signals. There must be a
DC path to V,, on the VCO resonators.

The dual modulus prescaler is implemented
using a master/slave flip-flop divider architecture.
A current mode phase/frequency detector using
D-type flip-flops and charge pumps provide the
control signal to the varactors. A 2nd or 3rd order
passive loop filter is typically used to set the loop
parameters.

Crystal oscillator

The crystal reference oscillator is a fundamen-
tal mode common emitter Colpitts design that
operates in a parallel resonant circuit. The crystal
is calibrated with a 32 pF load. The on-chip ampli-
fier is an emitter follower, which gives a voltage
gain of one. The values of the external feedback
capacitors can be adjusted for optimal perfor-
mance at different frequencies. The capacitors
provide most of the phase shift and set the loop
gain. The crystal can be replaced by an external
source. The signal must be AC coupled and the
drive level should be at least 200 mV peak to peak.

Modulation and PLL characteristics

The RF2512 and RF2513 can support wireless appli-
cations with data rates up to 1 Mb/s using FSK or ASK
digital modulation or linear modulation using FM or
AM. The FM/FSK modulation is imparted directly to the
VCO using on-chip modulation varactors. The diodes are
formed in a similar way to the tuning varactors on the
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A Figure 3. Frequency deviation vs. modulation signal level.

Frequency (MHz) VCO Sensitivity (MHz/volt)
RF2512 RF2513

915 45 23

868 44 23

433 27 10

A Table 1. VCO tuning ranges at Cvv = 3.6 volts.
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A Figure 4. 915 MHz application schematic.

RF2513. The main difference is that the base-collector
Junction of a smaller bipolar device is used since less
capacitance is required. The TX enable and level adjust
control can be used to implement AM modulation. The
level adjust control and TX enable need to be tied
together to provide on-off keying functionality when
ASK operation is required. The level adjust control does
not provide enough range. The frequency deviation is
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RF Circuit Fundamentals

Instructor: Les Besser

This is the first part of the best one-two punch in basic RF
circuit design instruction. It's an ideal introduction to high-
frequency analog design for new engineers, or for engi-
neers from digital or low-frequency specialties. Topics
covered include — RF Concepts, Lumped-Element
Component Methods « Resonant Circuit and Filters ¢
Transmission Line Fundamentals * The Smith Chart and
its Applications * Small-Signal Amplifier Design with S-
Parameters. The course includes six one-hour tapes, class
notes, and the book AF Circuit Design by Chris Bowick.
This class offers thorough coverage of all the essential
basic concepts specific to RF engineering.

NP-16 ... $595.00

RF/Microwave Transistor

Amplifier Design

Instructor: Les Besser

Amplifier matching, stability and noise techniques are a
cornerstone of RF and microwave engineering. This
course is an outstanding way to learn classical amplifier
techniques — Review of Circuit Fundamentals e
Introduction to CAD + Amplifier Design Methods and
Comparisons = Impedance Matching < Lossless
Transformations = Applying Negative Feedback. Amplifier
design is covered completely, including CAD and Smith
Chart methods, gain and stability analysis, low noise tech-
niques and layout. Real-life examples are used throughout
the course. Six two-hour tapes (12 hours total) and the
book Microwave Transistor Amplifiers by G. Gonzales.
NP-14. .. ... $1195.00

Discounts

« For any TWO video courses, take 5% off

« For any FOUR video courses, take 10% off
« For any SIX video courses, take 15% off

« For any EIGHT video courses, take 25% off

« Save $1441 - Get the complete set of EIGHT
for just $4323

CRESTONE

TECHNICAL BOOKS
P P IR B TR E

Order today by phone, fax or on the web, using your VISA,
Mastercard or American Express.
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RF Circuit Fundamentals II

Instructor: Les Besser

Instruction continues from the above course,
adding the topics — Microstrip Transmission
Lines « Power Combiners and Dividers =
Broadband Matching Networks < PIN Diode
Circuits = Broadband Amplifiers  Large-
Signal Amplifiers. The course includes six one-
hour tapes, notes, and the boak Transmission
Line Transformers by Jerry Sevick.

NP-17. . . $595.00

Filter and Matching Networks
Instructor: Randall W. Rhea

Complete, well-presented information on prac-
tical filters and matching networks that you will
actually build, not just theory and equations
with no application. Topics — Fundamentals e
CAE Techniques e« Real-World Effects «
Matching * Bandpass Filter Symmetry « Group
Delay « Direct-Coupled Microwave Filters
Field-Coupled Microwave Filters. Nine one-
hour tapes and complete notes.

Microwave Filters, Couplers and

Matching Networks

Instructor: Robert Wenzel

Detailed instruction on distributed structures
— Filter Responses and Basic Calculations
Realization of Practical Filters « Filter Design <
Directional Couplers ¢ Distributed Element
Matching Networks. Six two-hour tapes plus
complete class notes.

NP-15. ... $1195.00

Oscillator Design Principles
Instructor: Randall W. Rhea

No other course gives you as much insight into
oscillator design. All common resonator types
are discussed — LC, coaxial, microstrip, crys-
tal, SAW; and many active devices — bipolar,
FET, MMIC amplifier. Noise performance, oscil-
lator starting, VCOs and more. Six-hours with
extensive notes.

NP-13.. ... .. $595.00

Microwave Transmission Lines and
Their Physical Realization

Instructor: Steven L. March

Six hours of transmission line education on
striplines, microstrip, coupled lines, suspended
substrates, coplanar waveguide, and more.
NP-18. ... $595.00

Introduction to the Smith Chart
Instructor: Glenn Parker

Learn the Smith Chart in 50 minutes. This tape
shows you how to navigate around the chart,
use various lumped and transmission line ele-
ments. A great teaching tool for new engineers.
NP19 ... $99.00
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A Figure 7. Transmitter output power and I, vs level adjust
voltage for the RF2512,

proportional to the amplitude of the modulation signal.
A typical graph of frequency deviation versus input
modulation level for a 40 kHz signal with no DC offset is
shown in Figure 3.

Direct modulation is a simple method of applying
FM/FSK modulation. However, care must be taken since
the modulation rate needs to be higher than the PLL
bandwidth otherwise the PLL will track out the modu-
lation. Another situation that can cause these errors is
when the modulation data has long strings of ones or
zeros. The minimum modulation frequency should
always be greater than the PLL bandwidth and a
Manchester encoding scheme is recommended to avoid
the modulation tracking problem.

The external second order passive filter using capaci-
tors and a resistor as shown in the 915 MHz application
schematic typically sets the PLL bandwidth, Figure 4.
The series resistor and capacitor set the loop parameters
while the single capacitor helps to suppress the refer-
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A Figure 8. Transmitter output power and I vs. level adjust
voltage for the RF2513.

ence sidebands. Classical PLL loop analysis can be used
to determine the loop component values for a specific
loop bandwidth. The graph of PLL lock time versus loop
bandwidth is shown in Figure 5.

This graph shows that if direct modulation is used for
low frequency modulation, such as audio, then the PLL
lock time could become excessively large for certain
applications. A solution to this problem is to modulate
outside the loop by modulating the reference crystal. A
simple implementation with typical component values is
shown in Figure 6. Low frequency modulation can then
be applied without having a very small loop bandwidth.

The turn on time of the RF2512 or RF2513 is affect-
ed by the PLL lock times but mainly by the start-up time
of the reference oscillator. The appropriate choice of
crystal and prescaler parameters can help reduce the
turn-on time. The start-up time is inversely proportion-
al to the crystal oscillator reference frequency. This
means that if start-up time is a critical parameter then
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the lowest possible divider ratio in
the prescaler should be used since
this would use the highest possible
crystal reference frequency. The
amplitude of the reference oscillator
signal is another factor, which can
affect the start-up time. The on-chip
phase/frequency detector requires a
certain amplitude of reference signal
before locking can occur. It is possi-
ble to decrease the start-up time by

changing the feedback capacitors on
the crystal oscillator to increase the
reference signal swing. The maxi-
mum drive level of the crystal must
be taken into consideration, howev-
er, when doing this. A start-up time
of around 1 ms is achievable with
these parts.

Transmitter output characteristics
The RF2512 and RF2513 both
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consume less than 1 pA in the sleep
mode at 3.6 volts and around 10 mA
at 3.6 volts and level adjust low. This
rises to around 28 pA when the level
adjust is brought up to 3.6 volts. The
RF2513 draws about 2 nA less than
the RF2512 since the drive level
from the VCO to the output PA is
lower than in the RF2512.
Transmitter output levels and dc
current consumption versus level
control voltage for the RF2512 and
RF2513 at 915 MHz are shown in
Figures 7 and 8 respectively. The
RF2513 is typically 3 to 5dB lower
than the RF2512 with maximum
output levels being around +8 dBm
for the RF2512 and +2 dBm for the
RF2513. The second and third order
harmonic levels are typically 23 dBc,
therefore the evaluation boards have
a low pass filter on the transmitter
output. Higher output levels are
obtainable when the part is used at
lower frequencies, 433 MHz for
instance. The phase noise at a 10
kHz offset and a 10 kHz loop band-
width is —-80 dBc/Hz for the RF2512
and -75 dBe/Hz for the RF2513.
These two parts are now available in
volume at a low cost. |
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Biasing LDMOS FETs for Linear

Operation

Bias choices determine linearity, gain and efficiency, but also require

attention to thermal effects

By Cindy Blair
Ericsson RF Power Products

he new CDMA and WCDMA
I wireless standards have dra- | '

matically impacted the opti- | %2 #~ o
mization criteria that a wireless base | 101"~ I . e 02
station designer might choose in 1 1; S - 1 .
designing or selecting RF ower ampli- | 0.99 | \\\‘ = | o 26
fiers. Now, more than ever before, lin- | 098 | T . w34
earity is of paramount importance. | 097 \\ : e 42
Lateral DMOS devices have provided | gg6 - T~ -
superior performance at a reasonable | g5 ,
price per watt. RF power amplifier 0 20 40 60 80
designers must choose the bias point TCASE °C
that will give them the best trade-offs

between linearity, gain and efficiency.
In order to provide these high degrees
of linearity under all reasonable con-
ditions, this bias point must be rea-
sonably maintained over time and temperature.

A FET device has three parameters that
change with increasing temperature: the gate
threshold shifts; g, drops; and Rpg (on) goes
down. The combined result of this is shown in
Figure 1, displaying a standard typical tempera-
ture plot given by most manufacturers of com-
mercial LDMOS devices. The gate bias values
shown are normalized to 1 volt at 25° C and
depict the bias values needed to maintain the
graphed current point over temperature.

At low drain currents, the LDMOS device has
a positive temperature coefficient. As the drain
current increases, the positive coefficient
becomes progressively less positive, until at very
high currents it goes negative. This is wonderful
protection against thermal runaway, but it makes
the designer’s job a little more difficult. These
plots serve as a good basic guideline, but the
designer should be aware that normal process
variations might affect these curves slightly.
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A Figure 1. A standard typical temperature plot given by most
manufacturers of commercial LDMOS devices.

Basic considerations

In all FET bias circuits, it is of critical impor-
tance that the gate bias voltage be derived from
a very well regulated source. It is also assumed
that whatever sense element is used should be
thermally linked to the device for which it is
providing the correction reference. With the low
currents present in the gate circuitry, this can
be accomplished simply and very inexpensively.
Furthermore, in linear operation, any “correc-
tive” bias circuit will reduce the bias voltage
with temperature to retain the same operating
point. While at the same time g, is dropping,
this will appear as less amplifier gain at high
temperatures. For most applications the gain
change is slight, and most system designers pro-
vide a system ALC loop, which should mask this
effect in the end product.

The diode compensation network
Diode compensation networks (as shown in
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Figure 2) are perhaps the simplest and most
widely used bias circuit. They have been used
for years in bipolar circuits to prevent thermal
runaway. There are excellent application arti-
cles available for their use in FET products as
well. Operation is very straightforward. As D1
becomes hotter, its enhanced conduction will
increase the current through R2, thus altering
the divide ratio of R1/R2/D1. Single diode net-
works are, however, somewhat limited, in that
it is more difficult to tailor the compensation
curve to a specific device curve without addi-
tional circuitry. One may also series two or
more diodes to increase the amount of compen-

sation available.

A Figure 2. Diode compensation network.

The thermal sensor
If the designer desires a bit more sophistica-

tion, a thermal sensor (as shown in Figure 3)
may be used. This eliminates the guesswork and
extra characterization associated with the diode
compensator. The designer simply looks up the
thermal coefficient of the device at the specific
desired operating current, then compares that

to the 10 mV/K slope of the temperature sensor 7Y

(in this case, LM335). A simple op-amp circuit
takes care of providing the desired slope conver-
sion. In the sensor shown in Figure 3, R1 can be
replaced by automated methods of main bias

control for the device (e.g., Ipq set from the sys-
tem controller). R4 will adjust the amount of
temperature slope at the output of IC1. R2, R3,

A Figure 3. Thermal sensor.

and R5 may be tailored to the bias controls of
individual systems. This is a well behaved con-
figuration that is easily modeled in Spice.

The “Like material” reference

When the designer wants the mirroring
effect in a compensation circuit as close to per-
fect as possible, there is no substitute for a “like
material” reference (as shown in Figure 4). Q2
contains an RF transistor die that is similar in
semiconductor processing characteristics to the

die contained in Q1, but is much smaller (for
this discussion, 1/56 size). Q2 is kept small to
maximize system efficiency. The reference
device may be any scalable size. R5 and R6 set the gate
bias on Q2, typically set so that the drain current is
scaled down to the same ratio as the difference in die
size. For example, if the normal operating current in Q1
is 2.6 amperes, Q2 would be set to run at 1/56 of that
value (assuming a 56:1 Q1/Q2 size ratio). As Q2 changes
temperature, the change in current causes the drain
voltage of Q2 to change. This voltage feeds the correc-
tion input of the op-amp Summing circuit above.

A second, less obvious advantage to this topology is
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A Figure 4. “Like material” reference.

compensation for hot electron effects. High frequency
(short gate length) lateral DMOS devices exhibit over
time a gate oxide charging phenomenon. This oxide
charging leads to an upward shift in threshold voltage in
the enhancement mode device. For example, assume
that the gate bias of an FET is set so that the quiescent
drain current is 1 A. If the FET is operated for 20 years
and the quiescent current is re-measured as 0.95 A, the
FET has drifted 5 percent, due to this oxide charging
effect. One ampere was the value of quiescent current
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that provided optimal linearity per-
formance; consequently the linearity
performance (and small signal gain)
of our device has degraded over
time. These effects are minimized if
the gate bias is increased over time
to compensate for the charging
effect. In the ideal case, Vpp* will be
above Vpp so that with the current
drawn the actual Vpp of Q2 will
approximate Vpp on Q1.

One very important assumption
for this is that both transistors are
“new” when installed. (On a mass
production base station line, this
will not be an issue.) When properly
implemented, the “like material”
reference compensates for many
drift and thermal effects. This is cer-
tainly not a perfect solution, but it
allows offsetting negative character-
istics to subtract; even if material
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types are not perfectly matched, you
are still subtracting errors.

Although device manufacturers
are continually reducing this drift
effect, it will be a factor for some
time to come. The “like material”
reference eliminates the need for
burn in, but requires the amplifying
and compensating devices be of
identical “age.” This may add sub-
stantial cost to any field replace-
ment of devices.

The correction circuits presented
here are generic in nature, and may
be modified to individual system
requirements. This paper is intend-
ed as a general reference only.
Equations for the sum/difference cir-
cuits are available in the references.
Most of these correction circuits are
easily modeled. If a higher degree of
manufacturing ease is needed a cus-
tom integrated circuit could be pro-

duced for method 1 or 2. ]
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NEW! . SXH-1 High Linearity
Power Amplifier

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

Offering significant advantages over existing
competitive MESFET technology, the SXH-1 is

a highly efficient GaAs Heterojunction Bipolar
Transistor power amplifier housed in a low-
cost surface-mountable plastic package.

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

Products for the Next Generation
of Wireless Technology

GaAs amplifier covers 5.8 and 3.5 GHz
Watkins-Johnson Company has introduced
the AH4 amplifier, packaged in a 3x3 Ball Grid
Array (BGA) J
package. The AH4
extends the linear
efficiency of the
company’s popu-
lar AH1 to higher
frequencies. The
AH4 can deliver
an output IP3 of
41 dBm from 0.1
to 6.0 GHz, with a 3.5 dB noise figure at 3.5
GHz. The device requires 150 mA from a single
5 volt DC supply. The amplifier can be used in
many WLAN, WLL and U-NII receiver and
transmitter designs where high dynamic range
is required. Devices are available for immediate
delivery and are priced at less than $4.50 in
quantities of 10,000.
Watkins-Johnson Company
Circle #193

LMDS hub antennas have precise patterns

REMEC Magnum has introduced Sector-
Shape™ antennas G
for LMDS. The
antennas are de-
signed using ad-
vanced EM analy-
sis and artificial
intelligence.
Shaped  vertical
radiation patterns
avoid nulls and
provide uniform
coverage. Down-

APPLIED MICROWAVE & WIRELESS

tilt is achieved electrically rather than mechani-
cally to avoid complicated installation hardware.
Twelve standard models cover 24.5 to 32 GHz in
three bands, with vertical or horizontal polariza-
tion and 45 or 90 degree azimuth coverage. Low
sidelobes improves isolation between sectors.
The antennas are weather sealed and UV hard-
ened, and can be provided with heated radomes.
REMEC Magnum, Inc.

Circle #194

100 watt amplifier for IMT-2000

Xemod, Inc. now offers QuikPAC™ power
modules for PCS
and DCS band
applications,
including the
model QPP-301
for IMT-2000 sys-
tems operating in
the 2110 to 2170
MHz band. The
amplifier provides
100 watts power
output. QuikPAC modules provide a complete
50 ohm input/output impedance for simplified
design, using advanced LDMOS technology for
maximum performance.
Xemod, Inc.
Circle #195

5 GHz radio for the U-NII bands

Plexus Corp. has developed an inexpensive
radio module which can operate in any of the
three U-NII bands. The radio is capable of oper-
ating at 20 Mbits/s in both directions over ten
miles line-of-sight or several hundred feet with-
in a building. The first in a series of GaAs




+30dBm IP3 5 1o 2200MHz .

The popularity of wireless communication services is soaring, but
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MMICs will become available in
early 2000. The radios support
streaming video applications for
fixed and mobile applications.

Plexus Technology Group, Inc.

Circle #196

LDMOS family supports EDGE

Motorola’s newest family of
LDMOS products are optimized for
GSM and EDGE base station appli-

\

cations from 1.8 to 2.0 GHz. Using
fourth generation (HV4) device tech-
nology, the family includes models

offering power output from 60 watts
to 90 watts CW. The MRF18060A/

MRF18060AS (60 watts, 1805 to
1880 MHz) is priced at $75.00 each
in quantities of 10,000.

Motorola SPS

Circle #197

Amplifier for U-NIl and Hiperlan
GaAsTEK announces a GaAs
power amplifier for the 5 to 6 GHz
range. The
ITT6402HB is
a two-stage
PA featuring
30 dBm power
output at 7
volts, and 28
dBm at 5 volts
DC power,
with 20 dB typical small signal gain.
Power added efficiency is 39 percent
at P14p. The amplifier is packaged in
a standard SOIC-8 with a simple
stub-tuned microstrip output match.
GaAsTEK
Circle #198

3.5 GHz WLL power amplifier
Celeritek’s CMM3554 is a 7.75

volt power amplifier providing 30 dB

gain and +24 dBm linear power out-

put at 3.5 GHz. An SO-8 plastic
power package keeps cost low and
maintains electrical and thermal
performance. The device is biased to
meet the linearity requirements of
W-CDMA. In volume quantities, the
price is $10.00 each, as individual
units or in tape-and-reel packaging.
Evaluation boards are available.
Celeritek

Circle #199

High Frequncy
Ceramic Capacitors

Porcelain NPO
Ceramic Capacitors

Single Layer

Capacitor
Proto-typing Kits
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Microwave Capacitors

Laser Adjustable
Ceramic Capacitors

SPICE AND S-PARAMETER MODELING SOFTWARE
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Let’s get started.

Symphony brings powerful RF and DSP system simulation to your computer. Quickly construct complete wired or wireless communication sysytems
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Telemetry Transceiver
Operates in New European

Unlicensed Band

versatile, credit-card-size transmitter-
Azeceiver to the new 868-870 MHz license

xempt telemetry band has been intro-
duced by Wood & Douglas Ltd. The SX850
transceiver provides either analog or digital
modulation modes for a wide variety of short
range applications in on-site monitoring,
process control, data exchange, control systems
and security.

The SX850 is type approved to the European
EN 300 220 (telemetry) and the more demand-
ing ETS 300 086 (mobile radio) specifications.
Manufacturers of systems requiring short range
data transmission can add that capability easily
with this transceiver module.

The pan-European 868-870 MHz band pro-
vides an alternative to the UK’s crowded 418,
433 and 458 MHz unlicensed bands, which have
become prone to interference after the introduc-
tion of the TETRA trunked radio allocation
around 420 MHz.

The SX850 uses a TCXO referenced synthe-
sizer that can be tuned to any channel in the
band, programmable by serial interface. It has a
low power (5 mW) output for short range use,
plus a high power mode (500 mW) for longer
range telemetry needs. With a 7.2 VDC supply,
power consumption is 75 mA while receiving,
and typically 450 mA when transmitting in the
high power mode.

Analog and digital modulation modes are
supported, along with an optional matching
Gaussian minimum shift keying (GMSK)
modem for high data rates up to 4800 or 9600
baud. Other features include a received signal
strength indicator (RSSI) and squelch outputs.

The SX850 has also received ETS 300 683
electromagnetic compatibility approval. |
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A The $X850 provides telemetry connection in the
868-870 MHz European unlicensed band.

For more information, contact:

Wood & Douglas Ltd.

Lattice House, Baughurst Road
Baughurst, Tadley

Hampshire RG26 5LP

U.K.

Tel: +44 (0) 118 981 1444

Fax: +44 (0) 118 981 1567

E-mail: info@woodanddouglas.co.uk
Internet: www.woodanddouglas.co.uk
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System Planning Software
Helps Determine Electrical
and Mechanical Requirements

ndrew Corporation has introduced the
Afowertools telecommunications system
lanning CD-ROM, containing an inte-
grated, easy-to-use suite of seven RF system
planning tools. Powertools includes programs to
speed the RF design process for cellular, PCS,
DTV and NTSC broadcast, terrestrial microwave
and other wireless communication systems. The
CD-ROM contains the following programs.

Andrew Antenna System Planner — for the
design of antenna systems, checking compo-
nents for frequency compatibility, calculating
insertion loss and VSWR for selected cables and
generating a bill of materials.

Andrew Broadcast System Planner — to help
consultants and engineers configure digital and
analog television broadcast systems, providing
printed antenna patterns, power analysis data,
electronic files of antenna patterns for propaga-
tion studies. It has data on 35 popular broadcast
transmission lines.

Andrew Microwave System Planner — for
complete terrestrial microwave system design,
helping to select the components for a microwave
site and generating a bill of materials.

ANTDES™ — an antenna selection program
detailing the entire Andrew line, including print-
ed radiation patterns.

AntWind™ — a program to simplify the calcu-
lation of wind forces applied to towers and sup-
porting steelwork by the installed Andrew para-
bolic antenna.

ezGuide™ — software to guide the ordering
and design process for microwave transmission
lines, with products pictured on-screen and dia-
grammed for reference.

PSI Select Pressurization Planner — for com-
plete information on Andrew pressurization

- APPLIED MICROWAVE & WIRELESS
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in A Communic ating World , ,

« Andrew §s Everywhere

A The Powertools CD-ROM from Andrew
Corporation aids in the design and specification
of transmission systems.

products and accessories and performing system
calculations and dehydrator selections.

The individual software tools can also be
downloaded from the company’s Web site. [ |

For more information, contact:

Andrew Corporation

10500 West 153rd Street

Orland Park, IL 60462

Tel: 708-349-3300 or 800-255-1479
Fax: 708-349-5222

Internet: www.andrew.com

Or circle Reader Service #203



SURFACE MOUNT

What makes Mini-Circuits your single source for surface
mount RF transformers? Variety, availability, performance,
and price! From wide band transformers with low droop and
fast risetime capabilities for pulse applications, to a particular
impedance ratio from 1:1 through 1:36 specified for a wide
range of impedance coverage, we will work with you on your
design challenges. Tangible benefits such as very high
dielectric breakdown voltage, excellent amplitude and phase
unbalance for balanced to unbalanced applications, and
easy to use surface mount package styles make Mini-Circuits

[ JMini-Circuits

4kHz to 2200MHz .. ‘193 ..

TRANSFORMERS

Over 100 off-the-shelf models...

surface mount transformers a great value. Qur new ADT
transformers are changing the face of RF transformer design
with patent pending i ~Innovative Technology delivering
small size, low cost, and better performance. This same
leading edge transformer expertise can also develop your
custom designs at catalog prices. So, simplify your transformer
search...Big Time! Capitalize on the quality, design know-how,
and off-the-shelf variety from Mini-Circuits. Call today!

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

5 86 i 96

CIRCLE READER SERVICE CARD

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

For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE « EEM « MICROWAVE PRODUCT DA

ISO 9001 CERTIFIED

ORY « WWW.RFGLOBALNET.COM
F 290 Rev Orig




Engineers and Designers:

‘Poriable by Design has been the most |
comprehenswe market-focused event designed specifically for wireless and portable ;? -
engineers and designers. -

AN EXCLUSIVE MIX OF

@ Qver 75 powerful
conference sessions

+ An exhibition featuring -
over 400 industry-
leading hardware,
software, testing,
and quality-control
vendors

+ Plus popular network-
ing/workshop functions makes
Wireless/Portable 2000 the center of industry
convergence

It you can’t find solutions to your engi-
neering, design, test, or quality-control
challenges at Wireless/Portable 2000,
they probably don’t exist.

EXHIBITION: February 22 - 24, 2000

CONFERENCE: February 22 - 25, 2000
Register on-line for a FREE Exhibit Hall pass,
which includes access to popular networking
sessions.

v On-Line Conference Registration is now discounted!

Register on-line today for the renowned conference program using code AMW?2,

and save 40% off the on-site prices. Log on now to
Call 1-888-WireReg to receive a conference brochure.

Don't delay, seating is limited.

San Jose Convention Center

San Jose, CA, USA

Platinum Sponsor: Gold Sponsors:

b TExAs ANALOG . . = :
INSTRUMENTS DEVICES NEC _Intersil  DigitalDNA
Sponsoring Publications: Produced By:

[ e
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Product Spotlight

Sﬁatis&&

Very Low Cost

High Function

A compact full fealured, modestly priced, manually operated probe station
developed for engineers and scientists.

Measure Microwave, RF and DC paramelers of Semiconductor Devices,
Packages and Assemblies with NIST traceability

« BenchlopSizel<1f‘) ® Vacuum chuck ® X-Y-@ stage «

« X-Y-Z probe positioners »Top Plate Z-Jift «Vacuurn Accessory Manifolds
« 7X-40X Stereo Zoom Microscope © Adjustable Halogen Mluminator »
eVacuum Accessories ® Compatible with 40GHz+ probes
« Agcessories for Thermal Chucks and Probe Cards

o Tes! walers, microstrip packages and surface mount components®

J microTechnology

3744 NW Bluegrass Pl
Portland, OR 97229
Techuology -

A Probe Station On |
Circle 101

Don’t You Wish You Had Longer Range or more power
GO FARTHER with SMARTAMPS

The low cost, patent pending bi-directional SmartAMPs can
automatically boost and maintain power to assure optimum
performance of your system for long range applications.

« Automatic Wide Range Input Adapting

* 900 MHz, 2.4 GHz, 5.8 GHz

« Direct Sequence or Frequency Hopping.

« Wireless Internet/LAN/Modems/Local Loops
OEM Military & International Applications

7.
b/ il
Call: 301-309-8500

Fax: 301-308-8851
sales@teletronics.com
www.teletronics.com

Teletronics International, Inc.
1803 Research Blvd. Suite 404
Rockville, MD 20850
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" WAVEGUIDE & COAXIAL
SWITCH SPECIALISTS

SWITCH OVER TO:

Imi SECTOR MICROWAVE
INDUSTRIES, INC.

999 Grand Blvd., Deer Park, New York 117229
(516)242-2300 - Fax: 516-242-8158

Request your “R-F Switch slide Guide” today!
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SUPER NARROW NOTCH
Our TNF400 tuneable filters
provide <0.7% notch width
with notch depths of >30 dB.
Frequencies available are 10 to
500 Mhz. Units will pass up to
1.0 GHz. Package size is 2"x 2."
Call for FREE application note!

CAGRF

More Info? Phone: 520.204.2597
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HYBRID FREQUENCY SOURCE
CRYSTAL OSCILLATOR-
MULTIPLIERS

gRcERsidy 534.953

i
3

it
L

T i i 1]
10z . 1whe <ok Lok 1

Typical measured phase noise of (2) model
VSA-100 MHz Freq. Source.

FREQ. RANGE: 10 MHz to

FREQ. STABILITY: +5ppm, 0°c to +50°c

POWER OUT: +8 dBm to +15 dBm

5350 Kazuko Court, Moorpark, Ca. 93021

Wl|m[lllt'.0 (805) 523-2390 Fax: (805) 523-0085
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Classifieds

required.

Radar Engineer

Calgis Inc. is looking for an energetic Radar
engineer to help bring to life a cutting-edge,
commercial radar mapping system mounted
in a Gulfstream Il business jet. We are look-
ing for self-directed candidates with practi-
cal experience in at least two of the follow-
ing fields: radar, avionics, microwave elec-
tronics at the subsystem level, UHF elec-
tronics at the subsystem level, digital elec-
tronics, and embedded real-time control
systems. This position requires domestic
and international travel. US citizenship

Send resumes to:
Calgis Inc.

Attn: Wendy Parker
1477 East Shaw Avenue

Suite Number 110
Fresno, CA 93710-8021
Facimile to: 559-298-1815

E-Mail to: wparker@calgis.com
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You have

guestions...

How many microvolts is —85 dBm at 50 ohms?

What is the spectral content of QPSK?

What the resistor color code and standard values? f 1
How do digital IIR and FIR filters work? Pr Siona
What mixer spurs result from 70 MHz RF oles

and 18.1 MHz LO?

How does an active filter work?

How do I wind a 120 nH inductor? h (I S 'h e

\é\tlr;e(\)t. ;ahﬁﬁzgor resonates with 2.2 uH u “ sw e r s !

What VSWR corresponds to 12 dB return loss?
What's the effect of reducing Q from 300 to 100?
What is Miller effect?

How do | perform two-port transformations?
How is bias set on bipolar transistors and FETs?
What are the basics of SPICE analysis?

What do all those noise parameters mean?

How do I make a 700 Hz active bandpass filter?
What are Maxwell’s equations?

Can | graph the sin(x)/x curve?

What dimensions do I need for a 50 ohm microstrip?
How do I match 25 +j40 ohms to my 75 ohm system?
Where can I find a review of Kirchoft’s Laws?

How much antenna gain does my system need?
How do I bias a BFR91 or 2N2222 transistor?

Will I get bad crosstalk between lines on my p.c. board?
Can I perform basic transfer function math?

How can a beginner learn about

components at RF?

What’s the difference between linear and non-linear?
What is the capacitance of two 1x1 cm plates spaced 1 mm?
Why do we use feedback?

[ know RF, but where can I find digital basics?

Can I do vector to scalar conversons?

What is the AC impedance of a parallel R-C network?

.
Professj
L f»vlqht-n..; System 1, SSle.na}

; , - SPECIAL
\é\(l)r(w)a’ltv;a??conductor s skin depth at INTRODUCTORY OFFER
What do those thermal resistance numbers mean?

Can [ visualize the field lines between capacitor plates? 89
What is the mismatch loss of a 5.22:1 VSWR?
How do I simulate a darlington pair amplifier? shipped FREE within US and Canada
What are the resistor values for a 50 ohm 6 dB pad? ($109 shipped worldwide)
Should I use a pi or tee matching network in my circuit? This is a limited time offer
‘r\ For information or to order contact:
/ /-3 Noble Publishing, 4772 Stone Drive, Tucker GA 30084
B Tel: 770-908-2320 * Fax: 770-939-0157
PuBLISHING www.noblepub.com * Dealer inquires invited
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Guest Editorial

Repeaters Can Solve Wireless System

Growth Problems

By David McKay
CI Wireless Inc.

any wireless system engineers are still unaware
I \/ I of the capability of repeaters for the extension
of wireless communications networks.
Traditionally, repeaters have simply been “bi-direction-
al RF amplifiers” used to extend the reach of rural base
stations, or to allow in-town base stations to cover areas
shadowed by hills, valleys or buildings.
Here at CI Wireless, we have added two major new
dimensions to repeater operation — fiber optic inter-

input/output isolation by cancelling out the repeaters’
own transmissions. Self-interference, which formerly
limited the power and range of a repeater, is reduced by
30 dB or more.

It is also important to note that AIC technology has
been implemented with full compatibility with the
major wireless protocols. The Eko-BTS repeaters can be
used with AMPS, CDMA, TDMA, GSM and IDEN. CI
Wireless is dedicated to offering the most advanced

connection using our EkoCel™
repeaters, and adaptive interference can-
cellation (AIC) in our recently-released
Eko-BTS™ products.

The low loss characteristics of fiber
allow a carrier to centralize base station
radios and distribute radio signals to
desired coverage areas where the size or
cost of deploying additional base stations
is not feasible. These repeaters are
designed to enhance coverage and capac-
ity in airports, malls, office campuses,
industrial facilities, dense metropolitan
areas, tunnels and highways. The system
performance is compatible with CDMA,
TDMA/IS-136 and PCS1900/GSM, and is
forward-compatible with 3G/cdmaOne
and W-CDMA. The fiber link not only
carries radio traffic but also includes
alarm and control signals for the base
station and system diagnostics that can
be accessed anywhere in the system.

Clearly, a repeater is no longer just
antennas, amplifiers and connecting
cables. The technology between the base
station communication end of the system
and the remote transmitters/receivers
has evolved to a new, more capable level.
Nowhere is this more evident than in our
new Eko-BTS products using AIC tech-
nology. CI Wireless’ implementation of
DSP-based technology in the intercon-
necting link has been accomplished with
the lowest possible time delay in the sig-
nal path, with the added ability to select

David McKay is president
of CI Wireless Inc. He has
more than 30 years experi-
ence in the wireless industry,
from equipment design, oper-
ations and product market-
ing to business development,
product strategy and hard-
ware/software specification
and development. Prior to
the launch of CI Wireless in
1997, McKay created, staffed
and led a new wireless divi-
sion at Ortel Corp. He may be
reached at CI Wireless Inc.,
1211 Ira E. Woods Ave.,
Grapevine, TX 76051; tel:
817-416-0583; fax: 817-488-
1949. The company’s Web
site is www.ciwireless.com.

wireless distribution products available.
The system can be selective down to the
PN code for CDMA transmissions, or
channelized to minimize the problem of
time delay in TDMA systems.

The business value of repeaters

Repeaters are far more economical
than a new base station when coverage
must be extended beyond the range of
existing base stations. With a growing
user base, wireless communications
providers want service extensions that
increase coverage, not just distance.
Coverage expansion can be inside build-
ings where the structure shields signals
from the nearest base stations or
reduces them to unreliable levels. It
may also be underground, in congested
areas or anywhere where better signals
are required.

Repeaters also improve system capac-
ity. This is not obvious, since no more
base stations are added to the system!
Repeaters allow each base station to
operate closer to its capacity by filling
“blind spots” in its coverage. More loca-
tions are served by the same number of
base stations by eliminating unusable
capacity.

To conclude, CI Wireless is totally
focused on the distribution of RF sig-
nals, with products for cellular and PCS,
SMR/ESMR, paging, LMDS, MMDS and
conventional two-way radio. Our prod-

only the desired base station transmission for rebroad-
cast. With these advantages, our repeaters can have
higher power, since AIC achieves much greater
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ucts are the tools our customers need to get the coverage
they want. This is our expertise and that’s what we will
continue to do for the wireless industry. ]



www.werlatone.com

Directional Couplers|Combiners |Dividers |90° /180" Hybrids

WERLATONE sincE 1965

Werlatone, Inc.
2095 Route 22

PO Box 47
Brewster, NY 10509
914.279.6187
FAX.279.7404
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w5 ULTRA-LOW ESR
Il@W MICROWAVE CAPACITORS

Tom * LOWEST ESR IN CLASS -

TYPICALLY 80 mQ @ 1 GHz

® HIGHEST WORKING VOLTAGE
FOR 0603 NPO

* BROADEST VALUE RANGE

* LOow COST, WITH THE SUPERIOR
PERFORMANCE AND RELIABILITY
YOU EXPECT FROM ATC

INTRODUCING ATC’'s 600S ULTRA-LOW
ESR CAPACITORS, DESIGNED AROUND RF
AND MICROWAVE APPLICATIONS TO SUP-
PORT REQUIREMENTS WHERE LOW LOSS
'AND HIGH PERFORMANCE ARE PARAMOUNT.
FOR USE IN:

® CELLULAR BASE STATION EQUIPMENT
® HIGH Q FREQUENCY SOURCES.

» BROADBAND WIRELESS SERVICES

® SATCOM

® POINT-TO-POINT / POINT-TO-
MULTIPOINT RADIO

S T —— SPECIFICATIONS
Click here :
www.atceramics.com  § ATC SERIES 600 S
CASE SIZE: 0603
CAP. RANGE: UP TO 100 PF
WVDC: 250 V
FORATCS. ESR @ 1 GHz: 80 mQ TYP.
EUROPEAN DIELECTRIC: NPO
SALES OFFICES, .
American MARKING: EIA CODE
; , PACKAGING: - " TAPE & REEL PLUS OPTIONS
Technical | -
i OPTIONS: SPECIAL TESTING & PACKAGING
SEE OUR WEBSITE Ceramics
IS0 9002
| REGISTERED
PHONE: 516-622-4700 * FAX: 516-622-4748 ¢« E-MAIL: SALES@ATCERAMICS.COM g
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