
EEE EM ~~~ ET 
NEWS LET ER 
ISSUE NO. 182 SUMMER 1999 (ISSN 1089-0785) 

THE INSTITUTE OF ELECTRI . 
AND ELECTRONICS ENGINEER 

Dan Hoolihan, President EMC Society, {left) spoke at the April meeting of the 
EMC Chapter in Sweden. The meeting was held at ETL SEMKO in Stockholm. 
Things got "exciting" following the meeting when the Inventor of the first ESD 
gun, lars-0/ov Johansson (center), presented a few of his "toys" to Dan and 
fellow chapter member Dag Bjork/of. President Hoolihan actively supports 
EMC chapter activity whenever possible during business travel for his com
pany, TUV Product Service. 

Nurturing Chapters 
he first half of 1999 is already over 
and that means, among other 

things, that I am three-quarters of the 
way through my two-year presidential 
term for the EMC Society. I would like 
to take this opportunity to talk about 
our EMC Society Chapters that are 
scattered around the world. 

To begin with, you should know 
that there are approximately 300 Sec
;ions within the IEEE and about 
350,000 members woldwide in the 
EEE. There are about 1200 chapters 
fTechnical Societies or, as you mathe-
1atical wizards have already figured 
ut, about 4 chapters per section. The 
MC Society has 46 Chapters on the 
)oks; that represents about 4% of the 
-tal of 1200 chapters. 

The 46 EMCS chapters are split in 
e following manner; 29 in the t nited 
ates and 17 in Regions 7 -10 (outside 

the United States). There are 3 chap
ters in Canada (Region 7), 8 chapters in 
Region 8 (Europe and Middle East), no 
chapters in Region 9, and 6 Chapters in 
Region 10 (Pacific Rim countries). 

So much for the statistics. The 
point of this message is that not all the 
Chapters are as healthy as we would 
like to see them. The minimum re
quirement to maintain a Chapter is to 
have two meetings a year and submit 
an appropriate report to the Section on 
those two meetings. In addition, most 
Societies (EMC included) like to be cop
ied on the chapter reports so that they 
can be reviewed by the Membership 
Vice-President and his chapter coordi-
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Out and About 

Janet O'Neil, Editor, enjoyed meeting Professor Shuichi 
Nitta, Chairman of EMC '99 Tokyo in Japan recently. 

One of the things I enjoy most about my job is getting out and about. I 
enjoy traveling to various EMC conferences and seminars in the US 

and abroad to meet new EMC engineers and to learn what they doing to 
further EMC engineering. The common denominator I find at every 
conference, no matter the location or the topic, is the enthusiasm exhib
ited by EMC engineers for their work. EMC may be frustrating, but 
more often it's a challenge. It's the challenge and the desire to learn 
more that prompts the organization of many conferences and conse
quently, the presentation of many great papers. 

That said, in April I attended the Society of Automotive En
gineers (SAE's) EMC TopTec in Novi, Michigan. This conference 
attracted a largely local group of EMC engineers, some 85% of 
whom do not attend the annual IEEE EMC Symposia. This was 
their opportunity to learn more about automotive EMC and they 
eagerly took advantage of the situation. Several EMC Society 
members, including Poul Andersen ofDaimlerChrysler, are also 
members of the SAE and they were very active in putting to
gether the diverse technical program. As automobiles become in
creasingly more computerized, the need for good EMC design 
and test practices increases as well. Cars just aren't what they 
used to be! 
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At the 1999 Mode-Stirred Chamber, Anechoic Chamber and OATS 
Users Meeting in Northbrook, Illinois, several "movers and shak
ers" convened, including Mike Hatfield (L) of the Naval Surface 
Warfare Center in Dahlgren, Virginia, and Olof Lundun of FOA in 
Sweden. Mr. Lundun received the "Best Paper Award" at the con
ference. 

I also managed to take in EMC '99 Tokyo this past May. Over 
400 people attended this conference from 19 countries. There 
were 196 general papers and 20 invited papers. This issue of the 
EMC Society Newsletter includes many photos from the confer
ence, details of the EMC Society Board of Directors meeting held 
at the conference (see page 25), and abstracts from several of the 
papers presented at the conference (see page 32). From your re
view of this material, I'm sure you'll agree this was a top-notch 
EMC conference. 

In June, I also happened to attend the 1999 Mode-Stirred 
Chamber, Anechoic Chamber, and OATS Users meeting in 
Northbrook, Illinois. Like the conference in Japan, this event at
tracted a very international group of EMC engineers. However, 
unlike the conference in Japan, the papers presented at this meet
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ing were very specialized. It was also a 
smaller, high intensity group, which 
led to tremendous, on-going interaction 
between the attendees and the present
ers. A few photos from this Users meet-
ing are included herein. 

Lunches during the Users Meeting provided an opportunity for the international attendees to get to 
know one another. (L-R) Luk Arnaut of the National Physical Laboratory in the United Kingdom used 
his lunch hour to meet Sam Newman of Micro Sales and John Ladbury of NIST. 

Of course, increasing the aware
ness and study of EMC just doesn't 
''happen." It takes enthusiastic, 
go-getters to organize EMC confer
ences and dedicated, talented engi
neers to write and present the papers. 
One such go-getter is Professor 
Shuichi Nitta, of the Tokyo University 
of Agriculture and Technology, and 
Chairman of EMC '99 Tokyo, whom I 
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At the Users Meeting dinner party, Gus Freyer (l) of the Northeast Consortium for En
gineering Education shared his expertise in EMC with Dan Horjus of Underwriters 
laboratories in Camas, Washington. 

had the pleasure to meet in Japan. One such dedicated, talented 
EMC engineer is Bob Dockey of Hewlett Packard in Vancouver, 
Washington who was recognized by the Academy of Electrical 
Engineering of the University of Missouri-Rolla for his outstand
ing contributions to the profession of electrical engineering and 
for leadership in his community and profession. Bob is a gradu
ate of the University of Missouri-Rolla class of 1970. He is also a 
Distinguished Lecturer of the EMC Society. As a member of the 
Seattle EMC chapter, I was fortunate to hear Bob speak to the 
chapter last year. 

For the ultimate "out and about" experience, nothing beats 
the annual IEEE EMC Symposia! The 1999 IEEE International 
Symposium on Electromagnetic Compatibility in Seattle will be 
featured in the next issue of the EMC Society Newsletter. Check 
it out! Also, be sure to put the 2000 IEEE International Sympo
sium on Electromagnetic Compatibility in Washington DC on 
your calendar for next year. The dates are August 21-25, 2000. 
See you there! 
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GE Medical Systems in Milwaukee turned up in force at the Users Meeting. (L-R) 
Keith Griffiths, Bruce Fiorani and Jerry ltzenheiser appreciated hearing the papers 
presented by EMC experts. 
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The Users Meeting concluded with an impromptu, light-hearted "awards" presenta
tion. Receiving hat awards from UL were (L-R) Kevin Goldsmith of the Defense Sci
ence and Technology Organization in Australia. He received the award for "coming 
the farthest" to attend the meeting. Paolo Corona with the Naval University of Naples 
in Italy received the award for "asking the most questions" during the meeting and 
Olof Lundun of the FOA received an award to commemorate his "best paper". 

Bob Dockey of Hewlett-Packard In Vancouver, Wash
ington (Jett) was honored recently by the University of 
Missouri-Rolla, Academy of Electrical Engineering. He 
was joined at the April presentation ceremony in Rolla 
by Professor Todd Hubing. 

The Users Meeting in Northbrook included a tour oflhe ten meter chamber at 
Underwriters Laboratories. UL 's John Niklewlcz (in suspenders) presented 
a paper at the conference and then conducted a tour of the chamber. 

President's Message 
Continued from page 1 

nator. We have a number of Chapters that are either not 
making that minimum requirement or are barely making 
the minimum requirement. 

The Board of Directors of the EMC Society has insti
tuted programs over the years to help the local Chapters. 
These programs include the Distinguished Lecturer Pro
gram, the Angel program, and special incentives to Board 
members to visit local chapters. We still don't see the level 
of activity in a number of chapters that we would like to 
see, despite these board incentives, so we are asking for 
ideas from the members. 

What would you like to see to stimulate local chapters 
of the EMC Society? What do local chapters need to grow 
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strong? How can the Board nurture chapters? Send your 
ideas to me at d.hoolihan@ieee.org or FAX 651-638-0285. 

Over the past few years, I have had the pleasure of vis
iting a number of chapters and participating in local meet
ings; this includes Portland (twice), Seattle, Phoenix, San 
Diego (twice), Los Angeles, Central Texas, Chicago, Rocky 
Mountain, Santa Clara Valley, and Sweden. (I, of course, 
also remain active in my own local chapter here in the Twin 
Cities of Minneapolis/St. Paul - Minnesota). It is always in
teresting to meet the grass-root members of our EMC Soci
ety and to participate in their local programs. 

Regardless of your Chapter's level of activity, I hope to 
see you all in Seattle the first week of August for the An
nual IEEE International Symposium on EMC. The local or
ganizing committee has been working diligently for months 
on the Symposium and they are promising us a great sym
posium plus sunny skies the entire week we are in Seattle! 



J.L. NORMAN VIOLETTE 
ASSOCIATE EDITOR 

Wireless 
Communications 
Design Handbook 
Volume I: Space 
(Interference: Aspects of 
Noise, Interference, and 
Environmental Concerns) 

Author: Dr. Reinaldo Perez 
Spacecraft Design 
Jet Propulsion Laboratory 
California Institute of 
Technology 

Academic Press. San Diego, 
CA 1998 

Introduction 
This book is part of a three-volume series 
that "cover introductory and advanced con
cepts in interference analysis and mitiga
tion for wireless personal communications." 
The first volume provides a generalized de
scription of launch vehicles including sev
eral satellite systems being built for world
wide access to personal communication 
services, such as Iridium, Globalstar, 
Teledesic, and Odyssey systems. Concepts 
of LEO, MEO, and GEO orbits used by these 
satellite systems are also presented. 

Chapter 1 - Introduction to Satellite Systems and 
Personal Wireless Communications 
The multiple uses of satellite systems (navi
gation, surveillance, communications, broad
cast applications, etc.) are briefly described. 
The basic spacecraft structural and power dis
tribution requirements are described and il
lustrated. The attitude and articulation con
trol subsystem (MCS) that assures that the 
spacecraft is placed in a precise orbital loca
tion and maintains the required attitude is 
described. Other subsystems presented as in
troduction include command and data han
dling, thermal, and propulsion control, and a 
variety of mechanical devices, instruments, 
and sensors. Payload functions and electrical 
connections for signal and power distribution 
are described briefly. 

Overviews of personal and mobile satel
lite communications provides descriptions 
and illustrations of satellite communica
tions networks including descriptions of 
launch vehicles and launch scenarios. The 
advantages and disadvantages of geosta
tionary earth orbits (GEO) and low earth or
bits (LEO) are described. 

Chapter 2 - Aerodynamics of Satellites for Mobile 
Systems 
Fundamental concepts of space mechanics 
are presented to help understand the inner 
workings of the attitude and articulation 
control (guidance) subsystem (MCS). 
Chapter sections describe the two-body cen
tral force motion; orbital determination; 
Keplerian (circular, elliptical, parabolic, 
and hyperbolic) orbits; and satellite earth 
area coverage. Descriptions of orbital termi
nology conclude the chapter. 

Chapter 3 - Attitude Control and Navigation 
This chapter contains detailed descriptions 
of space concepts and subsystems and asso-

ciated basic electronic circuits. The 
techniques and subsystems that essentially 
control the attitude and stabilization of a 
satellite are described. The physical princi
ples and electrical functional block dia
grams of a satellite AACS and sun sensors 
are presented and illustrated. 

Oscillation problems and possible solu
tions in sun-sensor operational amplifier 
circuits are described. Grounding tech
niques for proper operational amplifier per
formance are illustrated. 

The physical principles of momen
tum/reaction wheels that add stability 
against distorting torques, absorb cyclic 
torques, and transfer momentum to the sat
ellite body are described and the drive elec
tronics functionally illustrated. The noise 
problems generated in these reaction wheel 
assemblies are introduced and addressed in 
more detail later in the book. Noise genera
tion and suppression in motor drive circuits 
are described and illustrated. 

Other topics developed include intrinsic 
noise in operational amplifiers; a descrip
tion of the physical principles ofa star cam
era and associated noise concerns; noise in 
amplifier circuits; spectral (Fourier) repre
sentation of digital waveforms; simple elec
tromagnetic noise coupling; descriptions of 
common-mode and differential-mode cur
rents; satellite inertial measurement unit 
(IMU); noise issues in analog-to-digital 
(AID) converters; noise concerns in high
speed AID converters; noise figure in op
amps; total noise output; proper power sup
ply decoupling in op-amps; and fundamen
tals of op-amp grounding. 

Chapter 4 - Satellite Power Subsystems and Noise 
in Power Electronics 
This chapter addresses the various ele
ments of satellite power systems including: 
solar energy and power; solar cells and radi
ation; solar arrays; the space environment 
and radiation damage to solar cells; noise in 
switching-mode power supplies (SMPS), in
cluding input noise, input ripple noise, in
put inrush current limit, conducted interfer
ence, and sources of interference generated 
in the SMPS including EMI from diodes, sil
icon-controlled rectifiers, and power tran
sistors. Interference paths in SMPS are de
scribed and illustrated. A section is provided 
on a study in the proper design of grounding 
for SMPS converters in printed circuit 
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boards (PCBs). This includes transient effects in SMPSs, 
and proper grounding to suppress these transient effects. 
Energy storage (batteries) and battery charging and power 
control are described. Stresses on satellite power systems 
due to wide temperature variations are described. 

Chapter 5 - Command and Data Handling Subsystem 
This (C&DH) subsystem provides communications to and 
-from-the spacecraff.-A -brief overview is presented of satel
lite command C&DH systems including requirements for 
such a system with block diagrams provided to illustrate 
parts of the system. Fundamentals of modulation theory 
and coding are presented. Worst-case analysis guidelines 
are included for analog and digital design with examples of 
use in C&DH subsystems. Details of factors affecting prop
agation delays are addressed including timing analysis. 
Noise issues in satellite telecommunications subsystems 
are aciciress-eci," i:ri:ci.;iMng uphnk/downiirtl{ ~od~is. --- --
Chapter 6 - Noise Representations in Transponders and Multiple 
Access 
Detailed developments are provided on transponder func
tions. Included are descriptions of travelling wave tube am
plifiers (TWTAs), intermodulation distortion, and multiple 
access techniques in satellites (TDMA, CDMA, FDMA). 

Chapter 7 - Satellite Antennas 
Some fundamentals of antenna theory are presented which 
provide basic concepts useful for understanding more spe
cific satellite antenna developments that follow. Antenna 
basics presented include near-field and far-field concepts, 
antenna gain, power relationships, electromagnetic wave 
propagation, antenna factor, and antenna interference cou
pling model. Satellite antenna concepts include satellite cov
erage area, phased array antennas, lens and reflector anten
nas, feed systems, pulse-forming networks, unfurlable 
antennas, and multibeam frequency reuse in mobile 
communications. 

Chapter 8 - Space Environment and Interference 
Concepts of space physics are introduced that describe the 
natural electromagnetic environment encountered by or
biting spacecraft. The presence of plasmas that result in 
spacecraft charging is briefly described. Typical environ
mental parameters encountered at geosynchronous alti
tudes, and those encountered during auroral activity in 
low-altitude polar orbits, are presented. The effects ofeiec- ---
tron energy, and other factors due to spacecraft charging, 
are described. The author suggests assuming that the 
spacecraft be visualized as a Langmuir probe, used in labo
ratory plasma experiments, in order to facilitate under
standing spacecraft charging. The remainder of the chapter 
provides additional descriptions of charging environments 
and charging currents, differential charging, surface poten
tial differences, and arcing (electrostatic discharge, or 
ESD): The·latter discharging is the -primary mechanism by ·· 
which charging disturbs spacecraft. Methods and models 
are provided to analyze the coupling of the discharge tran
sient to the spacecraft structure and cables. A recom
mended analysis approach is illustrated. Parameters and 
threshold levels for component/circuit upset and damage 
are provided. 

References and Index: 
A list of References and an Index are included. 

General Evaluation 
The book is well-written by a knowledgeable author. This 
Volume I provides an excellent, easy-to-read introduction 
to space communication systems. It can be used by itself for 
an introductory course at the college undergraduate level 
and as a ready-reference for practicing engineers. It also 
leads to Volumes II and III for more details on space com
munication techniques. 

♦ IEEE/ABET Seek Evaluators for Accreditation Programs ♦ 
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The IEEE Educational Activities Board seeks engineering professionals from industrial, government, and academic sectors to serve as program evalua
tors for accrediting engineering and engineering technology programs at U.S. universities. Nominations will be accepted through 1 November 1999. 

The IEEE members selected will attend a one-day training seminar on the IEEE/ABET accreditation process, the first of which to take place at the June 
2000 ASEE convention in Saint Louis. The IEEE and ABET, through their pool of trained program evaluators, will be able to visit engineering and engineer
ing technology departments across the country. Evaluation sessions take place each fall and generally run for two to three days. "Participation in the ac
creditation process for IEEE/ABET engineering programs is a major responsibility," said Rae Toscano, manager of IEEE EAB Administration. "Service as 
a program evaluator provides IEEE members with the opportunity to contribute to the achievement of high quality educational standards in engineering 
programs." 

Nomination packages are available from: Accreditation Administrator, IEEE Educational Activities, 445 Hoes Lane, Piscataway, NJ. 08855-1331 ; accredi
tation@ieee.org 



TODD HUBING 
ASSOCIATE EDITOR 

Bigger companies with EMC departments 
often publish a set of EMC design rules 

for their product designers. Design rules can 
be a good thing, but there is a tendency to 
rely on them too heavily and sometimes in
credibly poor design decisions are made in 
an attempt to comply with out-dated or 
just-plain-bad design rules. 

As a case in point, the other day I came 
across the following EMC design rule in a 
corporate policy document on printed circuit 
board designs: "High-speed traces should 
not cross over gaps in a round plane." Is this 
really a problem? How many circuit board 
designs employ round planes? This is a clear 
case of some well-intentioned EMC engineer 
making a simple observation and then 
drawing a grossly incorrect conclusion. 

How many times have you seen this 
happen? For example, someone has an in
tractable radiated EMI problem. They work 
for days trying dozens of fixes. Finally some
body speculates that a "widget" is,the source 
of the EMI. A ferrite is placed on the widget 
cable and the problem is solved. Everyone is 
happy and the problem solver is a hero. 
However the story does not end there. Some
where is our hero's mind a new fact is 
stored: "Widgets radiate." And somewhere 
in the corporate database a new EMI design 
rule is registered: "Widget cables should 
have ferrites." It doesn't matter that wid
gets are low-speed devices with passive com
ponents. Evidence that widgets don't radi
ate is dismissed by our hero, because it is 
contrary to experience. Lessons learned by 
experience outlast, and generally overrule, 
lessons learned from a textbook. 

Maybe that's the way it should be, but it is 
important to remember that lessons learned 
by experience can be wrong. People do not al
ways draw the correct conclusions based on 
their experiences. This is particularly true 
when the experience is an EMI test marathon 
and the primary goal is to fix the product 
rather than to understand the problem. 

Which brings us back to the rule about 
traces crossing gaps in a round plane. This 
is evidently a rule based on someone's expe
rience. They may have observed that their 
boards with traces crossing gaps in rectan
gular planes did not have EMI problems. On 
the other hand, boards with traces crossing 
over a gap in a round plane may have radi
ated significantly. A design rule was born. 

Nevertheless, modeling of this phenom
enon reveals that the shape of the plane 
should have very little effect on the EMI. 
True, the size and shape of the plane affect 
the resonances. It's possible for a change in 
the plane's shape to have an effect on EMI 
due to alignment of clock and resonant fre
quencies. However, there is no reason to be
lieve that round planes (in general) should 
be any worse than planes with other shapes. 

This rule should be scrapped. In fact, all 
design rules based on experience that cannot 
be justified using thoughtfully constructed 
and experimentally validated models should 
be scrapped. Companies are spending too 
much money doing stupid things like putting 
ferrites on widget cables and avoiding round 

· planes. Unsubstantiated and out-of-date 
EMC rules-of-thumb are robbing our world 
economy of billions of dollars every year! It's 
time to take a stand. EMC engineers of the 
world unite! Just say NO to unvalidated de
sign rules! Show me the model! 

[Note: Of course, it's possible that the 
rule I saw was a misprint. Perhaps it was 
supposed to say, "High-speed traces should 
not cross ouer gaps in a 'ground' plane." In 
that case, neuer mind.] 

Central New England 
John Clarke reports that the April meeting 
of the Central New England chapter fea
tured "A Review of Taiwan's BCIQ EMC Ap
proval Process CNS 13438" presented by Pe
ter Boers, US National Committee, 
Technical Advisory Group for CISPR/G. The 
speaker provided a brief overview of the im
plementation schedule of CNS 13438 and 
the change in agency name from BCIQ to 
BSMI. His presentation was followed by a 
discussion of the differences between this 
standard and CISPR 22. 

The May meeting featured James Press 
of National Technical Systems, who gave a 
presentation titled: "Overview of Lightning 
and Other Transient Phenomena." The pre
sentation provided an overview of the phys
ics of lightning and the composite wave
forms used to simulate the effects of 
lightning. The speaker described commer
cial FAA, military, and telecommunication 
requirements for lightning hardness. The 
following specifications were addressed: 
ANSIC62.41, EN61000-4-5, SAE-AE4L, 
DO-160 and GR-1089-CORE. 
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CNEC Officers Elected for 1999/2000 were: Chairper
son and Secretary - John Clarke, Vice Chair - John Luchini, 
and Vice Chair - Lee Hill. 

Central and Southern Italy 
Prof. Salvatore Celozzi reports that the Central & Southern 
Italy chapter hosted two very interesting presentations on 
June 4th

. The presentations were given by Distinguished 
Lecturer, Dr. Elya Joffe, of KTM, Tel Aviv. About 25 per
sons attended the high-level presentations in the ancient 
cloister of the Faculty of Engineering of the University of 
Rome "La Sapienza". 

Elya's lectures were respectively on "Grounding and 
Grounding Implementa
tion in PCBs" and on 
''High-Speed Transmission 
Lines in PCBs". He got the 
attention of the audience 
not only with many exam
ples from the real world but 
also by means of very funny 
stories (both EMC-related 
and otherwise!). At the end, 
everybody was enthusiastic 

. about the content and the 
Elya Joffe giving a presentation to the way the presentations were 
Central and Southern Italy Chapter. . 

given. 
The Chapter also contributed to the promotion of a 

two-day meeting on "EMC-related safety issues in trans
portation systems" hosted by the University of L'Aquila 
and organized by professors M. Feliziani and R. De Leo. 
The meeting was held on June 23 and 24. 

Chicago 
Ray Klouda reports that this spring has been exciting for 
the Chicago EMC Chapter. Antenna Calibration Methods 
were discussed at their March meeting which was held at 
Underwriters Laboratories in Northbrook. Mike Howard of 
Liberty Labs and Dale Sventanoff of Lindgren RF Enclo
sures presented their thoughts regarding the latest im
provements in the field of antenna calibrations. By far the 

Rod Foley of EIA and Carla Robinson of 3COM at the registration table. 

Roosevelt Nesmith of Patterson, Belknap, Webb and Tyler presenting le
gal Issues in EMC. 

Tom Braxton {left) receives his award tor his contributions to the Chicago 
chapter from our chair Derek Walton (tar right). 

highlight of this spring was their first Chicago Chapter 
EMC Mini Symposium that was held May 24 at the Holiday 
~nn in Itasca. Over 100 people attended this event. 
Twenty-two companies exhibited. This one-day extrava
ganza featured "Legal Issues in EMC" presented by Mar
shall Miller of Baise, Miller, and Feer and Roosevelt 
Nesmith of Patterson, Belknap, Webb and Tyler. These two 
gentlemen gave a riveting account of EMC liability issues 
that are beginning to surface in the courts and things that 
EMC engineers need to consider. The program was rounded 
off with presentations including "Introduction to EMC" pre
sented by Tom Braxton of Lucent Technologies and Derek 
Walton ofLF Research, "Significance of Laboratory Accred
itations" presented by Mirko Matejic of Foxboro Co. and 
"EMC Testing Issues" presented by Pat Malloy of Amplifier 
Research and Dr. Mike Foegelle of ETS. A special award 
was presented to Tom Braxton of Lucent Technologies at 
our awards banquet to honor Tom for his contributions and 
dedication to the Chicago Chapter. His efforts are much ap
preciated. Two drawings were held at the conclusion of the 
symposium. Carla Robinson of 3COM presented a 3COM 
Palm Pilot to Joe Khammyvong. An HP meter went to Ken 
Pagenkopf. The event was a tremendous success. Many 
positive comments were received. 



Carla Robinson presents the grand prize to Joe Khammyvong. 

Frank Krozsl of Electronic Instrument Associates {left) and Tom Braxton of 
Lucent Technologies in the exhibit area. 

Germany 
The German Chapter will hold its annual meeting in 
Frankfurt, VDE Haus, Stresemannallee on November 
17th, 1999 at lO;00am. Please confirm your participation 
via e-mail to heyno.garbe@ieee.org. 

Israel 
The Israeli IEEE EMC Chapter held its first chapter meet
ing of 1999 in Haifa. This was the first time ever that a 
Chapter meeting was held in Haifa, in the North of Israel. 

The meeting - a full day workshop on EMI from Circuits 
to Systems, was held jointly with the Israel Association of 
Engineers and Architects (AEAI) and was hosted by them 
in their facilities. Many thanks to Dr. Josef Pecker, a mem
ber of the Chapter and the Society, for his dedicated assis
tance in the organization of the Meeting. Special thanks 
also to our "Angel" for providing the "Angel" support for re
freshments and a light lunch for the participants. 

Participation in the meeting was great! Over 60 atten
dees, most of whom were IEEE members. Others have re
quested application forms for the IEEE and the EMC Soci
ety, and we hope to see them as members, soon. 

After a short welcome by the EMC Chapter Chair, Elya 
B. Joffe, a welcome address on behalf of AEAI was given by 
Mr. Dror Ken-Dror, Chairman of the Electronics and Elec
trical Engineering Society of the AEAI in Haifa. 

Following the welcome address, elections for 1999 offi
cers were held. The following people were elected: Chair
man - Elya B. Joffe, Vice Chairman - Moshe Netzer, Secre
tary - Eli Recht, Stude~t Activities - Prof. Jacob Gavan, 
Technical Activities - Dr. Alex Axelrod. Good luck to the 
elected officers, and thanks to the retiring officers. 

Following the elections, the following technical presen-
tations were given: 

1) "An Investigation of a Capacitive Coupling Prob
lem", Mr. Yossi Dahan, RAFAEL 

2) "Interference due to Electrostatic Discharge, and So
lutions in Industry (with Demonstrations)", Mr. Eyal 
Zadok, The Israel Laboratory for Electrostatic 
Electricity 

3) "The Problems Emerging from Harmonics on AC 
Power Distribution Systems and their Solutions", Mr. 
Moshe Sherman, Consultant 

4) "Attenuation provided by Meshes and Conductive 
Plating", Dr. Gershon Friedlander, RAFAEL 

5) "Tactical Models for the Design of High Speed 
Printed Circuit Boards", Dr. Moshe Merzer, RAFAEL 

6) "Electrophobia", Mr. Moshe Netzer, RAFAEL 

7) "MIL-STD-464 - A System-Level EMC Standard", 
Mr. Elya B. Joffe, KTM Project Engineering, Ltd. 

On July 4-5, 1999, two full day tutorials on High Speed 
Digital Design of PCBs were held in Tel-Aviv, in conjunc
tion with ILTAM (the Israeli Consortium of High Technol
ogy Users in Electronics). The tutorials were presented by 
Dr. Istvan Novak of Sun Microsystems. 

The Israel EMC Chapter recently elected new officers, including (R-L) Eli 
Recht, Secretary, Moshe Netzer, Vice Chair (returning to office after a sab
batical), E/ya B. Joffe, Chapter Chairman (again/), and a "New Chapter 
Member" (holding the inevitable IEEE rsgistration form which was Just 
completed). 
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Over 140 participants turned out for the first day to 
hear presentations on "First Order Effects on PCBs," "Sec
ond Order Effects on PCBs," and "Power Distribution Sys
tems on High Speed PCBs." 

On the second day, a smaller group of interested parties 
attended a more "cozy" session with Dr. Novak for the discus
sion of High Speed Design and Analysis Tools. Many, many 
thanks to Dr. Novak, who agreed to come to Israel, for 2 days 
only, including the 4th of July, for this special seminar. 

Responses to the "Request for Proposal" (RFP) for selec
tion of the organizing company for the 2003 Symposium 

- --were- received in - November. The selected _comp~11y _j~-
ORTRA. ORTRA is extremely experienced in the organiza
tion of IEEE Symposia, and assisted in the organization of 
the 1992 IEEE Regional Symposium on EMC, which took 
place in Tel-Aviv, Israel. 

Sponsorship (or participation) has been approved al
ready by the IEEE EMC Society, IEEE Region 8, IEEE Is
rael Section, Israel IEEE EMC Chapter, and the Israel 
URSI National Committee. Future reports will continu
ously update the activities and preparations for this great 
and exciting event. Stay Tuned!!! 

Additional Chapter meetings and activities are sched
uled for1999. Information on them may be found in the Web 
Sites of the Israel IEEE Section at http://www.eng. 
tau.ac.il/~ajw/ieee.html. 

The Israel EMC Chapter wishes to extend a welcoming 
hand to all colleagues, EMC engineers and engineers in re
lated fields, from our neighboring countries, in particular 
Jordan, Egypt, and the PA, and invite them all to hold joint 
activities, conference meetings, etc. In particular, the Israel 
Chapter invites engineers from our neighboring countries 
to participate in our chapter meetings, and will hold such 
meetings in English for the benefit of our guests. 

Orange County 
On June 24th

, the Orange County chapter welcomed Steve 
Watkins and Mike Morino ofCassper Instrumentation Sys
tems, along with Ed Nakauchi of SARA Inc. to the June 
Chapter meeting. The trio demonstrated CIS's newest sys
tem, a two-channel spectrum-analyzer-like system, which 
has the ability to simultaneously and synchronously make 
two RF measurements. The system's amazing ability to 
identify and cancel out ambient signals was demonstrated, 
along with the unit's unique capability to localize and even 
pinpoint the source of EMI within a circuit design. These 
features are made possible by a combining the latest in EMI 
receiver design and cutting edge DSP technology. The pre
sentation was well received, with even the most seasoned of 
EMI engineers walking away from the presentation very 
impressed. Although a smaller than usual meeting, with 16 
attendees, the presentation ended up being one of the most 
exciting of the year. 

This fall The Orange County Chapter of the IEEE EMC 
Society is hosting EMCFest '99, a one-day tutorial featuring 

Stephen Watkins of CIS, Ed Nakauchl of Sara 
Inc., and Mike Morino of CIS with the 
CASSPER System {left to right). 

some of the top 
speakers in the EMC 
community. Sched-
uled speakers include 
Dr. Howard Johnson, 
Mr. Lee Hill, and Mr. 
Daryl Gerke. Topics 
to be presented in-
clude High Speed 
Digital Design for 
EMC, Standards Ac-
tivity, and EMC Trou
bleshootmg---'Pechni~ - ·-···
ques. Vendors from 
the EMC community 
will also be on hand 
with the latest infor
mation on EMC miti-
gation products and 

test equipment. For more information, please contact Randy 
Flinders at (714) 513-8012 or r.flinders@ieee.org. 

Oregon and S.W. Washington 
[Thanks to Henry Benitez, chair of the Oregon Chapter for 
submitting the following report.] 

Summertime is here and we are ready to enjoy it. We 
had great speakers at our monthly chapter meetings and 
events all year long. Chapter speakers included Bob 
Dockey, Chris Kendall, Dr. Howard Johnson, Dick Ford, 
Hans-Peter Bauer, Joe Butler, Ken Javor, and Jose Perini. 
The April EMC '99 Oregon Colloquium was a grand success 
once again. Vendor participation was excellent and has 
been a major contribution to these local events. Colloquium 
speakers included Henry Benitez, Greg Kiemel, Don Bush, 
Mark Montrose, and Doug Smith. 

At our May Chapter meeting, Jose Perini and Ken 
Javor gave excellent presentations on RF conducted immu
nity and RF fields immunity techniques. The gentlemen 
added excitement to the meeting by sparring one another 
on the issue of correlatability between the two methods 
when evaluating long cables in the frequency range below 
80 MHz. The views of both speakers were quite valid and 
very well respected. We considered the debate a draw! 

We started off this summer with an EMC Summer So
cial on July 26. We had 70 people join our picnic! In July we 
will help the Oregon IEEE Section celebrate via a "Portland 
Spirit" cruise on the Willamette river. 200 IEEE affiliates 
are expected! In August we expect to show up in numbers to 
the Seattle '99 EMC Symposium. 

Included are pictures of the EMC '99 Oregon Collo
quium, recent chapter meetings and the EMC Summer So
cial Picnic. 
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Charlie Toh/en of Tektronix {L} prepares his hot dog at the Oregon summer 
social while Jerry Page of Northwest EMC promotes the IEEE EMC Sympo
sium in Seattle. Who else would take an advance program to a picnic?/ 

At the March meeting of the Oregon Chapter, Joe Buller (L) of the 
Chomerics Division of Parker Hannifin, spoke on shielding effectiveness 
and standards. He is joined by Chapter Chairman Henry Benitez of 
Tektronix. 

The amusement park al the Oregon chapter summer social brought out the 
"kid" in several members, including Chapter Chairman, Henry Benitez of 
Tektronix. Go Henry go! 

• N 

Oregon Chapter member Orv Olson (standing) attended the summer social 
with his wife and eight of his 18 grandchildren -all future EMC engineers! 

Conversations at the Oregon summer social Included the chapter officer 
wives suggesting that they organize next year's picnic. 

Speakers Jose Perini and Ken Javor shake hands affer an extensive debate 
over the correlatabi/ity of two test methods at the May Oregon Chapter 
meeting. The Chapter called it an exciting "draw." 
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Dave Crawford of Tektronix {L) suggests adding liquid oxygen lo the char
coal at the June summer social organized by the Oregon chapter. 
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The Oregon Chapter held an EMC Colloquium and Exhibition on April 12 in 
Portland. At the pre-party for out-of-towners, speakers Don Bush (L} of dBi 
Corporation in Winchester, Kentucky and Doug Smith of Auspex Systems in 
Santa Clara, California, catch up on the latest. 

The speakers al the Portland EMC Colloquium Included (L-R) Greg Kiemel 
of Northwest EMC, Marie Montrose of Montrose Compliance Services, Don 
Bush of dBi Corporation, Henry Benitez of Tektronix, and Doug Smith of 
Auspex Systems. 

1'> 

The registration crew is shown hard at work at the Portland EMC Collo
quium. The able assistants seated behind the table are (L ·RJ Dan Arnold of 
Underwriters Laboratories, Charlie Toh/en and Jamie Moritz, both of 
Tektronix. Standing is Ann Toh/en who helped her husband at the Collo
quium. 

Phoenix 
The Phoenix Chapter of the IEEE EMC Society sponsored a 
one-day colloquium on EMC at the Double Tree La Posada 
Resort in Scottsdale, Arizona on May 3, 1999. Six 
world-renowned experts in EMC presented talks and an
swered questions on EMC requirements, electrostatic dis
charge, circuit board layout, testing and troubleshooting 
techniques. These experts included Dan Hoolihan, the 
president of the IEEE EMC Society, and Henry Ott, the 
keynote speaker for the event. Many of the people that at
tended the colloquium never get to attend the EMC Soci
ety's annual IEEE EMC symposium so this event provided 
them with a good source of education. Twenty-seven ven
dors offered exhibits of their products and fielded questions 
from over 80 attendees. This provided an excellent opportu
nity for local EMC engineers and technicians to learn about 
the latest in test equipment, EMC control products, and 
EMC prediction software. 

Six invited technical papers were presented during the 
one-day colloquium. Dan Hoolihan, TlN Product Service, 
provided an overview of EMC requirements. This talk was 
beneficial to both the novices and the experts in the audi
ence. Especially enlightening was the explanation of the 
how the new European Union RTT&E Directive will allow 
manufacturers of radio transmitters to self-declare to har
monized standards without the need for a Notified Body. 
This apparently caught the FCC by surprise since they did
n't think the EU was going to take such a liberal approach. 

Bill Ritenour, EMC Compliance LLC, provided an ex
cellent tutorial on ESD including a discussion of the various 
standards and information on mitigation techniques. Bill 
also put on an ESD demonstration during the reception 
that followed the talks. 

Scott Roleson, Hewlett-Packard Company, shared his 
techniques to evaluate emissions from products without the 
need for expensive shield rooms or open area test sites. The 
attendees enjoyed his analogy of finding the optimum set of 
EMI fixes to that of fixing the leaks on a tin can while 
blind-folded. You don't know which areas are just dents and 
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Enjoying the Phoenix chapter hospitality poolside at the DoublJJfr.#.tt.L.a.P.osad11 Besortare .. 
Leo Smale of Ka/mus;tnar10Tfchlik oTBM1, and Mike Hoen of Honeywell. 

The Phoenix Chapter sponsored EMC '99: A Colloquium 
and Exhibition on EMC Pre-Compliance Testing Problems 
and Solutions. Shown at the pre-party for out-of-towners 
before the event are Dave-Bernardin of TUV Product Ser
vice in San Diego and Dean Ghizzone of Northwest EMC in 
Newberg, Oregon. 

which are real holes. Therefore, you keep adding fixes until 
the can stops leaking and then remove them one at a time 
until only the necessary fixes are left. 

Henry Ott provided empirical data on the inductance of 
ground planes and contrasted his data with that of some 
theoretical work by Holloway and Kuester. We learned that 
the ground plane is low inductance except where the cur
rent bunches together near the board via. His empirical 
data showed that the inductance of the ground plane ap
proaches that of a single trace (about 5 to 10 nH/cm) when 
within a centimeter or so of the via. Henry also demon
strated that small holes have a negligible effect but slots 
can be a major contributor to ground plane inductance. 

Daryl Gerke, Kimmel Gerke Associates, provided some 
excellent techniques on troubleshooting conducted and radi
ated immunity problems. He explained that you must first di
agnose the problem by gathering and critiquing data using 
differential diagnosis as is done in the medical field. Then di
agnostic tests are performed as appropriate such as using an 
ESD gun or mobile and hand held radios to determine the 
coupling means for the problem. Finally, appropriate fixes are 
tried and the tests are repeated to verify that the fix is 
effective. 

Bill Kimmel, Kimmel Gerke Associates, enlightened us 
with troubleshooting techniques for radiated and conducted 
emissions. Bill recommended to work from the outside in by 
starting with external cables and shields and progressing in
side to internal cables, grounding and the circuit boards. Bill 
also echoed Scott's suggestion to leave all fixes in until the 
goal is achieved. Then the fixes can be removed one by one. 

The Phoenix Chapter of the EMC Society would like to 
thank all of the speakers, the vendors, the chapter officers, 
and the attendees for making this a vecy successful event. A 
very special thanks needs to go to Janet O'Neil, Lindgren RF 
Enclosures, for her exceptional work on coordinating the 
event. 

The organizing committee for EMC '99 Arizona included (l-R), Harry Gaul 
of Motorola, Treasurer, Janet O'Neil of Lindgren RF Enclosures, 
Vice-Chair, Terry Donohoe of Honeywell, Registrar, and Daryl Gerke of 
Kimmel Gerke Associates, Chair. 

The luncheon held during EMC '99 Arizona was outside on the resort's pa· 
tio. Who would have thought on May 3 that the temperatures would drop to 
the low 60s? Shivering are (l-R) Todd Robinson of CKC labs, Tom 
Lindgren of BF Goodrich Aerospace, and Vladimir Kraz of Credence Tech
nologies. 



It's an a/I-star line-up of speakers that contributed to the success of EMC 
'99 Arizona. Seated (L-R) are speakers Bill Ritenour of EMC Compliance 
LLC and Scott Roleson of Hewlett-Packard. Standing (L-R) are speakers 
Dan Hoolihan of TUV Product Service, Henry Ott of Henry Ott Consultants, 
Bill Kimmel and Daryl Gerke, of Kimmel Gerke Associates. 

-
Demonstrations of the material presented during EMC '99 Arizona were 
held during the reception following the technical program. Bill Kimmel (L) 
attracted an audience for his demonstration on conducted emissions trou
bleshooting techniques. 

The ever-popular Scott Roleson readied his demonstration on bench-top 
radiated emissions test techniques just prior to the EMC '99 Arizona re
ception. 
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Rocky Mountain 
[Thanks to Lyle Luttrell for sending in this report from 

the Rocky Mountain Chapter.] 
We knew the topic of PCB Design would be popular; we 

were pleasantly surprised that we underestimated the re
sponse we would have for our April 21 program on "PCB De
sign Techniques for Signal Integrity and EMC Compli
ance". Following a pizza lunch sponsored by TlN Product 
Service, 71 people filled the meeting room at StorageTek in 
Louisville, CO for a very interactive four hour session with 
EMC Society Distinguished Lecturer Mark Montrose of 
Montrose Compliance Services! Thanks to Mark, we have a 
better understanding of the linkage of signal integrity and 
Electromagnetic Compatibility, and many of the issues that 
the design team needs to consider with the trends of today's 
technology. 

Mark introduced the subject of signal integrity, which 
is a concern for logic designers, and its relationship to the 
field of EMC. The PCB designer, EMC engineer, and other 
design team members have a common goal of ensuring that 
a functional product is developed for corporate revenue. 
Signal integrity is a complex issue, and is hard to under
stand or analyze without advanced engineering education, 
experience or expensive simulation tools, however the fun
damentals are closely related to EMC. While signal integ
rity is a time domain issue, EMC engineers typically deal 
with the frequency domain. 

Mark's presentation helped EMC engineers gain 
knowledge for understanding complex digital designs, re
lated to EMC compliance, along with signal integrity for 
high-speed, high technology systems. He also raised an 
awareness of the mechanisms of how EMI is created and 
propagated within a PCB to help us understand control 
principles. Mark discussed basic printed circuit board con
cepts in both the time and frequency domains; this format 
allowed engineers to understand fundamental concepts 
and techniques that can be incorporated during the design 
and layout of a PCB for both signal integrity and EMC com
pliance. Finally, Mark provided a sampling of design and 
layout techniques that have a proven track record of suc
cess, providing attendees with some valuable information 
to use on their next project. 

Our 1999 Regional Symposium on EMC held May 18th 

at the Holiday Inn Northglenn was a great success! The 
Holiday Inn provided an excellent venue for our expanded 
program. The Technical Program, expanded to a full day 
event, featured ten papers of exceptional quality. The 
Workshops and Tutorials included five presentations and 
technical exhibits by twenty-seven regional and national 
firms provided attendees with the opportunity to check out 
the latest products and services for EMC design and test
ing. Participation by the Colorado Product Safety Technical 
Committee helped round out the program. 

Our attendance of 125 was more than double the event 
attendance of recent years. Attendees, presenters and ex
hibitors agreed that this was an exceptional program of 



Rocky Mountain Chapter officers welcome Mark Montrose to StorageTek. 
Lett-right are Vice chair Charles Grasso of StorageTek, Chapter Chair Lyle 
Luttrell of Breece Hill Technologies, Lecturer Mark Montrose of Montrose 
Compliance Services and Secretary Bob Reinert of StorageTek. 
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Reid Gardner of Hewlett Packard, Or. Chris Holloway of ITS/Dept. of Com
merce and Barry Wallen of Criterion Technology help themselves to the ter
rific buffet lunch at the Rocky Mountain Chapter's Regional EMC 
Symposium. 

Mark Montrose, center, provides insight on a technical problem with H. 
Holmes, StorageTek and Brent DeWitt, Datex-Ohmeda at the April meeting 
of the Rocky Mountain Chapter. 

value to EMC and Product Safety professionals. The sym
posium included a continental breakfast and superb buffet 
lunch for all registrants, sponsored by Fischer Custom 
Communications, National Technical Systems, Chomerics, 

Technical Program Chair Bob German of German Training & Consulting 
welcomes attendees to the EMC technical session at the Rocky Mountain 
Chapter's Regional EMC Symposium. 

Chapter Chair Lyle Luttrell of Breece Hill Technologies, right, welcomes 
Bob Cresswell of Criterion Technology to IEEE EMC Society membership. 
Bob was one of several new members to join IEEE during the Rocky Moun
tain Chapter's Regional EMC symposium. 

Tutorial and Workshop presenters at the Rocky Mountain Chapter's Re
gional EMC Symposium: Front row: Eric Lord, David Novotny, Charles 
Grasso, Otto Buhler,Ron Duffy. Rear: Bob Johnk, Chris Holloway, Ed 
Reilly, Monrad Monsen, Ray Perez, Greg Rigden, Bob German. 

Amplifier Research, and EMC Test Systems. We did not 
hear from anyone who left hungry after that lunch! 

A complete technical program is available at our web 
site, with many technical papers available for download. 
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The site also includes links to exhibitors and sponsor web 
sites. The site address is http://www.ewh.ieee.org/r5/ 
denver/rockymountainemc. 

Thanks to everyone that made this a great success! 
Special thanks to symposium committee and helpers: Lyle 
Luttrell, Chas Grasso, Bob German, Tony O'Hara, John 
Stadille, Bob Reinert, Danny Odum, Bill Bryant, and Rich
ard Georgerian. 

In other news, the Rocky Mountain EMC Society Chap
ter was selected as the 1999 recipient of the Society Chap
ter of the Year award by the IEEE Denver Section. The 
award recognizes the outstanding services provided by the 
Chapter to its membership. Lyle Luttrell, chapter chair, at
tended the Denver Awards Banquet on May 19 to accept 
the award, which includes an engraved plaque and an hon
orarium of $100 for the chapter. 

The Rocky Mountain Chapter web site is regularly up
dated with information on past and future programs with 
links to other sites of interest for EMC engineers. Our meet
ing program will resume in September; as meeting informa
tion is available it will be published first on our Chapter web 
site http://www.ewh.ieee.org/r5/denver/rockymountainemc. 

San Diego Chapter 
The San Diego Chapter held a meeting & BBQ on June 

16th
. Dave Bernardin, chapter chair, reports that they had 

a great BBQ at the Hewlett-Packard office on Aero Drive. 
Steak and salmon were served with potato salad, chips and 
cold drinks. There were three terrific speakers from 
CASSPER Instrumentation Systems, Inc. Mr. Stephen 
Watkins CEO/President, Mr. Mike Marino, Vice President 
Engineering and Mr. Ed Nakauchi, EMC Consultant 
SARA, gave a presentation on "EMI Ambient Cancellation 
and Source Localization Technology." 

Santa Clara Valley 
Mark Montrose reports that the Santa Clara Valley Chap

ter concluded its 1998-1999 season with two presentations 
prior to the annual summer break. With a large attendance at 
the April 13th meeting, Dr. Gary Haussmann of Silicon Graph
ics Inc., discussed ''Solving Real World EMC Problems Using 
FDTD Modeling Code." An analysis of how the FDTD modeling 
technique can be effectively used to solve real world EMC prob
lems was presented. Applications ranged from time-domain 
signal integrity problems, commonly found in high speed cir
cuit design, to the more traditional frequency-domain EMC 
problems associated with enclosure and printed circuit board 
resonances, radiation through apertures, and crosstalk. 

The May meeting has always been a special one for the 
chapter, as election of officers occur for the following year. In 
addition, it has become an annual event for Dr. Zorica 
Pantie-Tanner, Director of the School of Engineering, San 
Francisco State University (SFSU) to have students present 
results of ongoing research projects in EMC and signal integ
rity (SI). The university has received numerous equipment 
donations from industry, along with student research grants 
that have been put to excellent use. EMC concepts have been 

integrated throughout the EE curriculum, and expanded 
laboratory capabilities have given students the opportunity 
to pursue a high caliber of EMC and SI research. Topics pre
sented include the study in time/frequency domain analysis 
of PCB crosstalk, minimization of signal integrity waveform 
distortion using transmission line terminations, and radi
ated field coupling into shielded enclosures with apertures. 

Seattle 
The chapter took the month of April "off'' and did not 

hold a meeting as chapter members were encouraged to 
travel to Portland to support the regional EMC colloquium 
held there on April 12. 

On May 25, the chapter reconvened at the Hyatt Hotel 
in Bellevue to hear two distinguished speakers, Dr. Jose 
Perini and Mr. Ken Javor. The speakers presented differing 
viewpoints on the validity of substituting conducted immu
nity (CI) approaches for traditional radiated immunity (RI) 
techniques. Both Dr. Perini and Mr. Javor have investi
gated and published results on this topic over the last 
decade. 

Dr. Perini's analytical work and numerical simulations 
conclusively demonstrated the following: 

1. Conducted and injected measurements can only be 
made equivalent at specified ports of a linear 
reciprocal EUT. This rules out most EUTs with the 
exception of cables. 

2. All injected sources have to be coherent, that is, they 
are generated by a single generator. This is 
self-evident since in the radiated test all sources 
come from the same incident field, 

3. The equivalence is true only if the correct injected 
voltages or currents are used. 

4. The voltage sources are determined by leaving the 
ports open and measuring the open circuit voltage 

· ·· induced by a low level radiated field: 
5. The current sources are determined by 

short-circuiting the ports and measuring the short 
circuitcurrent induced by the same low-level 
radiated field. 

6. The injected voltages and currents have to bear the 
correct amplitudes and phases measured in 4 and 5. 

7. If these conditions are met, then the voltages and 
currents at any arbitrary loads placed at the ports 
will be identical for both tests. 

8. Nothing can be said on the voltages and currents 
induced elsewhere in the EUT. In fact, there is no 
reason to expect them to be equal since both tests 
are not electromagnetically the same. 

9. For the case of cables, if the correct injected sources 
are used, the measurements are equivalent at the 
ports irrespective of the cable length. The voltages 
and currents elsewhere in the cable differ by over 30 
dB in the simulation presented. 

continued on page 22 



Two practical papers are pre
sented in this issue. The first, 
by Kevin Slattery of Daimler
Chrysler, provides descrip
tions and comparisons of three 
measurement techniques for 
VLSI emissions. The second, 
by EMC consulting engineer 
Michel Mardiguian, consists of 
comments on the article by 
Ken Javor published in Issue 
No.180 (Winter 1999). 

Members of the IEEE EMC So
ciety are encouraged to submit 
practical papers and articles 
for publication in this section 
of the Newsletter. Maximum 
length is approximately 1500 
words plus 6-8 figures. Sub
missions may be transmitted 
via e-mail, fax or snail mail. 
See addresses on page 3. 

Comments from readers are 
also welcome, either as a letter 
( or e-mail) to the editor or di
rectly to the authors. 

Measurement Techniques for the EMI Evaluation 
of VLSI Devices 
K.P. Slattery 
DaimlerChrysler 

At the heart of almost every EMI/EMC 
problem is what to do about the source of 

emissions. These emissions may be causing 
problems in the surrounding environment 
through direct radiated interference; they 
may be showing themselves :indirectly 
through emissions emanat:ing from the mod
u1e harness; or they may show themselves by 
creat:ing functional problems within the mod
u1e circuitry itself. In all cases, the designer 
needs a method for identifying and then char
acterizing these emissions. This paper de
scribes three methods for accomplishing this. 
It is concerned primarily with emissions gen
erated by VLSI devices such as microproces
sors, ASICs and other large scale devices that 
use high speed clocks. Two of the methods to 
be described are essentially similar, but differ 
:in the frequency range that they address. The 
third method is complementary to the first 
two in that, once having characterized the 
spectrum of concern, the designer can use this 
method to investigate the geometry of the 
emissions at the device package and die level. 

The Fischer mini-TEM cell has been avail
able for some time now, and has seen use both 
by end users of VLSI devices, and by manufac
turers of the devices. The frequency range is 10 
kHz to 1.5 GHz. The device is described :in SAE 
1752/3, and :in [1]. The basic idea is that the de
vice to be measured is attached to a multi-layer 
PC board with the device on the side interior to 
the cell, and all supporting circuitry on the flip 
side, outside the cell. Because the device can 
now be considered a part of the cell structure, 
the device itself does not, to any appreciable 
degree, perturb the field structure within the 
cell. One then obtains quite good spectral mea
surements that can be correlated with OATS 
and anechoic measurements. 

The Lindgren OmniCell is a GTEM struc
ture constructed to perform a measurement 
similar to the Fischer cell. The Lindgren cell 
extends the range of the measurement to 7-8 
GHz, for correlatible measurements, and to 
16 GHz for comparative measurements. 

The DaimlerChrysler Surface Scan is a 
technique for scanning a VLSI device at the 

package and the die level. Both the magnetic 
and the electric near fields can be measured. 
For magnetic measurements, a simple loop 
fashioned from rigid coax is used and oriented 
in two orthogonal directions, the resulting 
data are then combined to arrive at the total 
magnetic near field. The electric probe is a 
truncated rigid coax. Both probes are placed 
to within 100-200 µm of the surface of the de
vice to be measured. 10,000 scan po:ints are 
typically accumulated at each frequency of in
terest. This results in scan steps of approxi
mately 70-100 µm. Structural resolution has 
been determined to be on the order of 100-200 
µm. While this cannot resolve individual tran
sistors, it does offer a means for scanning and 
characterizing functional areas within the de
vice, such as PLL, CPU, memory, ND, etc. 
Additionally, the VddNss topology and re
lated emissions can be measured. 

a 

b 

C 

Figure 1. a) Fischer mini-TEM cell b) Lindgren 
OmniCe/1 c) OaimlerChrysler Surface Scan. 
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compare GTEM vs mini-TEM 
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Figure 2. A comparison of the mini-TEM and the GTEM, 100-2000 MHz, elec
tric and magnetic field. 
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Figure 4. A comparison of measurements taken from a 16 bit micro
controller, operating at 16 MHz, mounted on a BGA. 

Figure 4 is a comparison of measurements made in the 
GTEM, and in the mini-TEM, of a 16 bit microcontroller 
running at 16 MHz, over the range 500-1000 MHz. Because 
of the density of spectral components it is difficult to do a 
point by point comparison of the results. Figure 5 is a plot of 
the same data sets, but the spectrums have been smoothed 

Figure 1 shows the three devices that will be dis
cussed. Figure 2 shows a set of measurements taken in 
both the mini-TEM and the OmniCell GTEM. The mea
surements were made using an electrically small electric 
monopole, and an electrically small magnetic loop. Obser
vation of the resulting plots shows that both devices have 
a linear response through the range of measurement. 
However, the GTEM is clearlymore-nionotonicthan is tlie · using a 16 point moving average. · 
mini-TEM above 1200 MHz. Equally obvious is that either 
device can be used in the range 100-1200 MHz without any 
fear of one device giving a set of data different from the 
other device. 

Figure 3 shows the measured data, using the same 
electric and magnetic probes, for the GTEM through 10 
GHz. The GTEM is seen to be monotonic through approxi
mately 7 GHz, after which the response levels off and 
then starts decreasing. This effect is assumed (at pres
ent) to be due to wall losses in the GTEM becoming pre
dominant. However, it should be noted that the magnetic 
and electric fields maintain a reasonably constant rela
tionship until 8 GHz. 

GTEM 2000-10000 MHz 
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As Figure 5 shows, both devices give approximately 
the same response. The interested reader is directed to [2], 
[3] where the mini-TEM cell is discussed in greater detail, 
and a better appreciation of the cell's applications can be 
gained. 

The plots in Figures 6 and 7 show the Daimler-C 
hrysler Surface Scan images from the same 16 bit micro
controller that was measured in the GTEM and in the 
mini-TEM cell, scanned at 32 MHz (Figure 6) and 80 MHz 
(Figure 7). 

These images are comprised of 10,000 scan points 
taken over the surface of the entire BGA package, 17 mm 
by 27 mm, with the probe at a distance of 150 µm. The 
peaks have been truncated to better show some of the un
derlying detail. Notice the differences between the mag-

Compare GTEM and mini-TEM 
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Figure 3. The GTEM, over the range 2000-10000 MHz, electric and mag- Figure 5. Same measurement as Figure 4. The data has been smoothed with 
neUc field. a moving average taken every 16 data points tor better comparison. 



pin 1 

Figure 6. Surface Scan Images of a 16 bit microcontroller, operating at 16 MHz, 
scanned over the entire BGA package at 32 MHz, magnetic and electric near field. 

pin 1 
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;;gure 7. Surface Scan images of a 16 bit microcontroller operating at 16 MHz, 
:canned over the entire BGA package at 80 MHz, magnetic and electric near field. 

Figure 8. Second derivative of the magnetic field over the 16-bit pro
cessor BGA, at 64 MHz. 

netic and electric field distributions at the two fre
quencies shown. Clearly, the current distributions 
within the device are markedly different as a func
tion of frequency. 

Figure 8 shows some of the image processing that 
can be done with the data array generated with Sur
face Scan. We have taken the discrete array of the 
measured magnetic field at 64 MHz, imported it to 
Mathematica, a commercial software package, and 
generated a continuous function of two variables. We 
then differentiated this function, arriving at a sec
ondary function related to the magnetic density over 
the VLSI device. This is shown in the figure. Using 
this method, further detail within the package, and 
deep within the die, can be seen. For instance, certain 
Vdd and Vss pin pairs can be seen to be more pro
nounced than others. Using this technique on a dif
ferent device, and working with the manufacturer, 
we were able to reduce the module level emissions by 

· 8° 10 dB by rearranging the· functional floorplan a~d . 
modifying the power and ground feed to the digital 
core of the device. 

Summary 
.By working at the VLSI device level to reduce 

system and module level EMI, the designer can have 
a large economic impact on the EMC of a product. By 
characterizing and mapping the emissions from the 
dominant source in a module, the EMC engineer 
may be able to identify and thereby mitigate EMI at 
the package and die level. By reducing the EMI at 
the source, EMC fixes introduced at the PCB level 
may be eliminated, thereby reducing the manufac
turing cost and easing the manufacturability of a 
product. 
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Comment on Javor's "Investigation into Radio Susceptibility to 
Power-Line Conducted Noise"1 

by Michel Mardiguian 

Ken Javor's paper is interesting in many respects. If noth
ing else, it is an example of what a good engineering at

titude should be: don't rest on acquired 
ground just because it was established 25 
years ago as a standard; question it periodi-

single LISN type of audio survey (Figure 1). This means that 
the receiver was, for frequencies below 1 MHz (we are in an 
AM broadcast scenario), more heavily attacked by Differen
tial Mode (DM) injection than by Common Mode (CM) injec-

cally and ask if the premises are still valid. Radio se}- corti (s'to 10) 
Then,_ oi:i.J,y jf it ~u~ves a ~horougb- re~check, ~5At IMIIZ ~H I• ~m 
keep using it. -----r'f"rY' ~ ::U=====I AM rcvr 

However, in this case, I must disagree AC so~ IIlpFTO,IJA~◄ -r~w-i:-- -- .... ,, 
with Javor on his interpretation of the low Z. l :_ ----
CBEMA study2 which was the essential foun- ~ 1 ~ J_ c;rr°'f eap. 
dation for CISPR 22, hence FCC, emissions f,c, Vi1i :lrnV -:- lo"~PF 

limits on computing equipment. Javor as-
sumes that, back in 1977, power line CE in-
vestigations and modeling were made consid-
ering that power return and power earthing 
reference were a same conductor, such as a Figure 1. Typical set-up for evaluating TOI. 
one-LISN configuration would represent ac-
tual installations. This is not correct. 
Looking at Figure 5.7 and paragraph 5.6.2 of 
the CBEMA study, it shows that the "un
grounded neutral" case was taken into ac-
count as well, resulting in a 6 dB reinforce
ment of the limit (see Table 7.1 of CBEMA 
study). Accordingly, as noted by Javor, the 
CE setup for single phase (Figure 10.8 of 
CBEMA) clearly has the two LISNs, as it is 
practiced today, 25 years later. 

The issue remains that CBEMA regarded 
this as a case for reinforcing the limit, not re
laxing it. Let us examine this. Assume, for in-

Culprit- AC ~roneh 

Vdra /IJ 

I 
I I 

...,.!.._ 

TT" 
I 1 

-::--

Neu~n1l • tb-earit impeda.w.e 
(' at- powfr ul"ilit''1) 

stance, that the TDI (Threshold for Audible In

terference) was found as: Vr(som = lm V with a Figure 2. OM voltage to CM Voltage conversion along AC distribution. 



tion. (The CM loop impedance is quite high at these frequen
cies, with a floating AC receiver, i.e., less CM current for a 
given USN-injected voltage.) However, the DM current path 
is easily trapped at the receiver AC input by the simple 
power supply filtering circuit, while the CM current path is 
uncontrolled, returning by the parasitic capacitance of the 
radio set PCB to ground and likely doing more harm. The as
sumption in the CBEMA study was that if the same noise 
had been injected in phase opposition on line 1 (Ph) and 2 (NJ, 
the radio would have seen 2 x Vr. 

If the EMI source is a high-Zone (i.e., typically CM, be
low a MHz), Vrl and Vr2 are equal, but not out-of-phase, 
and the victim receiver sees only Vr through a high-Z path. 
If the EMI source is a low-Z one (as typically DM), the two 
voltages will indeed add up. This is why the -6 dB adjust
ment was made. 

I think that the real danger, not spelled out in the 
CBEMA study but certainly implicitly thought of, is that of 
mode conversion in the utility wiring (urban power distri
bution inside buildings), where a purely OM-originated 
noise creates, after some distance, a CM component. Power 
distribution schemes, especially in Europe, exhibit large 
variance. Some are using lmpedant or Isolated Neutral 
schemes whereas the Neutral point at the step-down utility 
transformer is not grounded, causing a mode conversion 
(Figure 2) with an efficiency which can be greater than -20 
dB. Thus, the 20dB derating factor proposed by Javor may 
not be safe, after all. 

Another aspect is a statistical one: it is not sure that 
\ 

the radio sets which are in the upper percentiles of the 
Vdm TOI (dm mean+ lcr) are the same ones which have 
the highest V cm TDI (cm mean + lcr). If we allow for 
Murphy, the prudent approach would be to consider that 
a certain percentage of Javor's radio set population had 
TOI which were a mix of (cm mean + lcr) and (dm mean 
-lcr). In this case, the relaxation for DM-only emissions 
could probably be of 10 dB (instead of 20), which is still 
substantial in frequency regions where dBs are expen
sive to get. Notice that the CISPR 22B limit shown in 
Javor's Figures 8 and 10 is wrong; since we are dealing 
with NB EMI, the average limit of 46 dBµ V (close to FCC) 
should be considered, and not the 56 dBµV quasi-peak 
limit, as shown. 

Finally, another critical aspect not specifically ad
dressed by Javor, but clearly foreseen by CBEMA, CISPR 
md FCC, was that the conducted limit does not simply pro
;ect receivers from power-cord-injected RFI. It also protects 
'rompower line radiated RF noise, received by the radio set 
terial (ferrite coil antenna for AM). It is not clear in the ex-
1eriment how much of an effect this played, but I suspect 
hat being in a shielded room, the radiating portion of the 
ower line was short. In actual situations, in the near field 
fa long wire from a perfectly conductive ground, the radi
ted H field amounts to; 

H(Nm) = I / 21tR (Eq. 1) 

Taking the existing CISPR limit of 46d.BµV, converted 
into CM current via the two LISN in parallel, we get: 

!(limit) = 46 dBµ V - 28 dBQ = 18 dBµA, or 9µA 

Setting 9µA for I in Eq. 1 produces at 3 cm (Class B dis
tance): H "' 0.5µNm. 

Translated artificially into an equivalent E field, using 
377Q, we get 181µV/m or 45 dBµV/m. The lowest protected 
useful field in the CB EMA study was 48 dBµ V/m, quite 
close, and this is no mere coincidence. 
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Chapter Chatter 
Continued from page 16 

The Seattle Chapter treated its members to two outstanding speakers ANO 
a delicious three-course meal at the May meeting. What a way to close out 
the regular monthly program of meetings from September through May! 
Celebrating the intellectual and culinary feast are {L-R) speaker Jose 
Perini, Kitty Tam, Leo Smale, and speaker Ken Javor. Kitty represented 
Northwest EMC while Leo represented Kalmus, the two companies who 
generously sponsored the dinner. 

10. The simulation shows that even if the cable is 213rd 
of a wavelength the statement o of 9 is true. 

11. The simulation shows that for cables of the order of 
1115th of wavelength then the results are within 5 
dB everywhere in the cable. 

12. In light of all these difficulties, it is suggested that 
for the cases where radiated tests are not physically } 
possible or difficult to apply, an injected test be ~ 
specified and appropriate limits be derived for it. ~ 

E 
Using the radiated test limits, arbitrarily, without ~ 

any solid justification, is not appropriate or wise. a: 

Mr. Javor's position is that there has to be a linkage be
tween the CI and RI tests since the CI test is a means for 
demonstrating compatibility with an electromagnetic field 
environment. 

This was the first time a chapter meeting featured two 
speakers who presented different perspectives on the same 
topic. It was quite a spirited and thought provoking eve
ning! The format is highly recommended to other chapters. 

The Seattle chapter wisely decided to cancel the tradi
tional summer social meeting as the chapter officers and 
several chapter members would be ''knee-deep" in planning 
a slightly larger summer social - the 1999 IEEE Interna
tional Symposium on Electromagnetic Compatibility in 
downtown Seattle. 

Southeastern Michigan 

Mr. Javor stated that when cables are electrically long 
there is no way to inject a conducted signal in such a way as to 
replicate the precise pattern of standing waves induced by a 

· · · radiatecl:fiela:-He also·stated that such a degree of accuracy 
was unnecessary. Mr. Javor made the following points: 

Southeastern Michigan Chapter members attended the April 26-27 SAE 
TopTec on Automotive EMC in Novi, Michigan. Scott Lytle and Mario 
Mifsud manned the Eaton table top display. Can you spot EMCS Board 
member Kimball Williams in this photo? 

1. The conducted simulation was best at frequencies 
where the cable-under-test (CUT) was electrically 
short, and a lumped element technique was an 
accurate simulation of-field-to-wire coupling. Mr. 
Javor presented test data showing good agreement 
between RI and CI techniques at low frequencies. 

2. The substitution of CI for RI techniques is absolutely 
necessary when the CUT is both a) electrically short, 'iii 

and b) the CUT is shorter than the cable in the final ~ 
installation. 

3. The concept of substituting one test for another does 
not require absolute equivalence, but rather that the I 
substitute test provides a worst case bound on the 
results that would have been obtained from the 
original test. 

EMC Society member Poul Andersen of OaimlerChrysler and Kin Moy of 
Delphi Automotive Systems/Packard Electric were part of the organizing 
team tor the SAE's only technical conference devoted exclusively to EMC. 



. -
Tom Volpe of Ref/if Testing Laboratories supported the SAE TopTec on 
EMC. Janet O'Neil dropped by his table top display to see what's new with 
EMC automotive testing. 

Sweden 
Stellan Stenmark, Secretary of the Sweden chapter re

ports that the topic of their April meeting was EMC -reli
ability, a necessity for vehicle technology. The meeting was 
held at Volvo in Gothenburg and it was attended by more 
than 40 people. After ordinary proceedings, the attendees 
had the honor of listening to Dan Hoolihan, President of the 
IEEE EMC Society. 

Dan talked about the IEEE and the EMC Society in 
particular. He gave a very interesting historical review of 
the organization from the start at 1884 with AIEE to the 
IEEE organization of today with a number of Regions and 
Societies. After lunch, Dan presented the status of the new 
proposal for ISO Guide 25. 

Hakan Berg ofVolvo Car Corporation presented EMC As
pects of Future Vehicle Electronics. His presentation provided 
an overview of the complexity of future vehicle technology. It 
also highlighted the challenge ofintrasystem EMC. 

Bjorn Bergqvist of Volvo Car Corporation presented 
The Car -A Society in Miniature. His presentation gave ev-

EMC Society President Dan Hoolihan attended the meeting held by the 
Sweden Chapter of the EMC Society. He Is welcomed at the meeting by the 
curent chapter officers Including {left to right) Ste/Jan Stenmark, Per-0/ot 
Eriksson, Jan Carlsson, and Dag Bjork/of. 

ORDER YOUR PRINT COPY 
. · OF THE SEATTLE EMC 

SYMPOSIUM RECORD NOW! 
At the 1999 IEEE International Symposium on EMC in Seattle, fully regis
tered attendees received a complimentary CD0ROM containing four 
years of EMC Symposia Records (1996-1999) AND a print copy of the 
1999 Seattle Symposium Record. · 

EMC Society members who did not attend the 1999 IEEE International 
Symposium on EMC in Seattle will receive the 1996-1999 CO-ROM 
shortly in the mail. Print copies of the 1999 Seattle Symposium record 
will NOT be mailed to EMC Society members automatically as in prior 
years. Complimentary print copies are available to EMC Society mem
bers UPON REQUEST ONLY. Orders for print copies must be placed no 
later than December 1, 1999. They will not be available after this date. 

Contact AMC Applied Microimage at phone 781-893-7863 or fax 
781°893-0084 to order your copy. E7ma.il; amc@bx.com 

eryone a good understanding of the necessary functions 
needed in a modern cars and cars of the future. 

Jonas Bergqvist of Saab Automobile AB gave a presen
tation on EMC Experiences with the Implementation of the 
CAN-Bus. After defining a CAN Bus he provided an over
view of the application in a Saab 9-5 and also showed the 
physical layer implementation. The EMC approach was 
given particular attention and design and validation re
quirements were presented. A simulation method for stub 
analysis was discussed and a detailed description of the 
EMC/ESD filter design was given. 

Dag Bjorklof, chair of the EMC Sweden chapter, gave a 
presentation on Some Experiences with Round Robin Tests 
and summarized the meeting. Special thanks go out to the 
host, Volvo Car Corporation, and to Daniel Hoolihan. 

.......................•...........•...•...••.••............. 

MARK YOUR CALENDAR! 
August 21-25, 2000 

2000 IEEE International Symposium on Electromag
netic Compatibility at the Washington Hilton in 
Washington DC 

For more information, contact: 
Chairman: Bill Duff 

703-914-8450 
w.duff@ieee.org 

Technical Program: Larry Cohen 
202-404-7726 

Exhibits: Penny Caren 
804-897-5334, x109 

Publicity: Michael Violette 
301-417-0220 

····························································· 
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she is the lead for developing 
EMC requirements and anal
ysis for ISS payloads. In 
1996, Dawn received the 
NASA Medal for Exceptional 
Achievement. 

Dawn Trout started her 
EMC career at NASA's 

Marshall Space Flight Center 
(MSFC) in Huntsville, Ala
bama in 1989. MSFC is the 
NASA center for propulsion, 
space transportation, micro
gravity research and optics. 
bunng the first -year she de
signed and developed a power 
supply using SPICE based 
modeling to examine the EMI 
characteristics of power sup
plies. This provided her with a 
foundation for future EMC Dawn Trout 

In 1998, she became the 
team leader for the_ Electro-__ 
magnetic Environmental Ef
fects group at MSFC. In this 
role, she led a team of civil 
servant and contractor engi
neers in the areas of EMC, 
Spacecraft charging, and 
Lightning for MSFC and 

work. 
After supporting NASA Shuttle-based 

payloads in the electromagnetic compatibil
ity area, Dawn took the lead NASA EMC 
role for Space Station Module development 
in Huntsville. This offered a variety of chal
lenges, especially in the areas of identifying 
and verifying critical circuits (circuits 
whose failure to operate properly could 
cause loss of life or loss of the vehicle). 

In 1993, Dawn authored the EMC De
sign and Prediction Techniques Section of 
tlie MSFC EMC Design ~nd I~t~rfe~enc~ 
Control Handbook. This handbook includes 
design, analysis, and trouble-shooting tech
niques to aid electrical engineers to meet 
the NASA EMI requirements. Dawn and 
her co-authors (Tony Clark, Matt 
McCollum, and Ken Javor) received the 
NASA Research and Technology Award for 
this effort. She and her teammates are still 
using the laboratory developed during this 
activity to work on specialized EMI testing 
procedures for NASA programs. 

After the Space Station Freedom was re
designed into the International Space Sta
tion (18S) which included Russia as a part
ner, Dawn was the principal negotiator with 
Russia for the EMC area. This work in
cluded performing detailed analytical com
parisons of the Russian and US standards, 
developing test techniques to model the 
Russian power system and writing and per
forming EMC procedures so that US pay
loads could fly on the Mir. This work evolved 
into negotiations of the EMC requirements 
for the Russian Segment ofISS and the sys
tem level integration analysis and testing. 
Dawn also performed testing on Russian 
coatings to assess their bonding conductiv
ity for Space Station interfaces. In addition, 

NASA programs. 
Dawn is currently the lead of an Inter

national Organization for Standardization 
(ISO) standard, "Space Systems - Electro
magnetic Compatibility Requirements." 
She and her co-leader, Noel Sargent, lead 
international meetings with representa
tives from France, Italy, Japan, Russia, 
Germany, China, the European Space 
Agency, and the IEC. Also, Dawn is· the 
NASA Liaison in a related activity, the DoD 
and Industry E3 Standardization Co~~t
tee, which evaluates -commercial standards 
and makes recommendations about their 
use on military platforms. 

Dawn is active in the NASA Space Envi
ronments and Effects (SEE) program man
aged by Steve Pearson at MSFC. This pro
gram is dedicated to developing tech
nologies in the environments area that are 
needed for future space systems. Dawn has 
developed concepts and led contracts in the 
areas of critical circuit verification pro
cesses, spread spectrum EMI test tech
niques, power-line transient test techniques 
and most recently developing analytical 
transfer functions for commercial versus 
military test techniques. 

In July of this year she will transfer to 
Kennedy Space Center at Cape Canaveral, 
Florida where she will continue her EMC 
career at the Expendable Launch Vehicle 
Office. Dawn will also continue her work 
with the ISO standard and remain active in 
the SEE program. 

Dawn began her education in the nurs
ing field at the Methodist Hospital School of 
Nursing becoming a registered nurse in 
1985. She worked as a nurse while going to 
school under the HerffEngineering Scholar
ship for her Electrical Engineering Degree 



at Memphis State University. She graduated Summa Cum 
Laude with the Engineering Department Dean's award in 
1989. Dawn continued her education at the University of 
Alabama in Huntsville while working for NASA and re
ceived a Masters Degree in Engineering with a Major in 
Electromagnetics in 1995. Her thesis was the "Relationship 
between induced currents from bulk current injection tech
niques versus radiated electromagnetic field illumination." 
In April of 1999, she completed the NARTE exam and be
came NARTE certified. 

Dawn is a member of the IEEE and the EMC Society. 
She has participated in several EMC Symposia and pre
sented a paper related to bulk current injection (BCD. The 
IEEE EMC Symposia have allowed her to establish multi-

Board of Directors Activities 
Board Meeting, Friday, May 21, 1999 
Chuo University Surugadai-Kinen-Kan Memorial Hall, Tokyo, Japan 

Call to Order 
President Hoolihan called the meeting to order at 1:00 

pm. He welcomed everyone to Japan. A round of introduc
tions was made. Board members present included Dan 
Hoolihan, Janet O'Neil, Len Carlson, Todd Hubing, Don 
Heilman, Kimball Williams, Bill Gjertson, Joe Butler, 
Andy Drozd, Tom Chesworth, Dick Ford, Henry Benitez, 
Mark Montrose, Don Sweeney, Dave Traver, Takeo 
Yoshino, Elya Joffe, David Millard, Don Bush, Ghery 
Pettit, and Doug Smith. Absent Board members were War
ren Kesselman, Norm Violette, Henry Ott, Ferdy Mayer 
and Bill McGinnis. Guests included Gao You-gang and 
Shuichi Nitta. The agenda was presented and approved as 
modified. 

During the reception the EMC Society Board of Directors hosted in Tokyo, 
President Dan Hoolihan had the opportunity to informally socialize with the 
Chairman of the EMC '99 Tokyo conference, Professor Nitta {L) and Profes
sor Takeo Yoshino (R), EMC Society Board member. 

national contacts that have been crucial in the development 
of the ISO standard. She has also been active in side com
mittee meetings at the IEEE EMC Symposia, such as the 
G-46 committee. She has taken advantage of multiple 
training opportunities offered by the IEEE in the 
Huntsville area and plans to become an active member in 
the Florida area. 

Dawn and her husband are looking forward to Florida 
sunshine and beaches. They enjoy warm weather activities 
such as swimming, running, boating and biking, as well as 
a yearly trip to the Rocky Mountains for snow skiing. 

Dawn says she will sincerely miss her teammates at 
MSFC. 

President's Report 
President Hoolihan reported on the various Board ac

tivities during the week, including the demonstrations ar
ranged by Andy Drozd and the technical workshops pre
sented by Henry Benitez and Mark Montrose. The Board 
hosted reception was well attended and resulted in many 
new acquaintances for Board members with the interna
tional EMC community. President Hoolihan thanked Pro
fessor Yoshino for his assistance with all arrangements for 
the reception and the Board during the EMC conference. 

President Hoolihan reviewed the results of the Execu
tive Committee meeting on Tuesday, May 18. The Board 
meeting schedule was determined for the year 2000. Doug 
Smith and Elya Joffe volunteered to speak to the chapters 
during any chapter meeting scheduled in conjunction with 
the Board meetings. Don Heirman advised that there would 
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The demonstrations provided a unique opportunity for EMC Society Board 
members to interact with international EMC engineers who attended EMC 
'99 Tokyo. Elya Jone, Y. Fukumoto, Henry Benitez and K. Takahashi {front, 
left to right) found that the EMC "language" is truly universal. 
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be a four-hour Standards 
Committee meeting prior 
to the Board meetings 
scheduled in the year 
2000. 

Regarding the IEEE 
Millennium Awards, Pre
sident Hoolihan advised 
that the EMC Society is 
entitled to 17 awards. 
The deadline for the 
award submittals is Octo
ber 1. Send any comments 
or criteria ideas for recipi-

~ ents of these awards to 
tf. 

Professor Hokama, President of Chuo President Hoolihan. More 
University, delivered the EMC '99 Tokyo information about the 
welcome address. awards and criteria, etc. 
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Thanks to the efforts of EMC Society Board members Andy Drozd and Dave 
Traver, among others, the EMC Society organized the popular EMC demon
strations during EMC '99 Tokyo. Shown viewing the action are (front row 
left to right) Don Bush, K. Takahashi, T. Watanabe, T. Chiyojima, and Y. 
Fukumoto. Seated behind are E. Baum and £/ya Joffe. Standing are M. 
Stecher, 0. Hansen, and G. Mryzynski who all traveled from Germany to at
tend the conference. 

Rosemary and Dan Hoolihan really got around on the Tokyo subways dur
ing their visit to EMC •gg Tokyo. 
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may be found by visiting the following IEEE W eh Page: 
mmedalsnom. txt@ieee.org. 

Treasurer's Report 
President Hoolihan presented the Treasurer's Report 

in the absence of Treasurer Warren Kesselman. The 2000 
budget meets the IEEE guidelines to show a projected in
crease in surplus of 3%. For the EMCS, this equates to a net 
surplus of $148K. The 2000 budget will be formally ap
proved at the August Board meeting. 

A new EMCS ''Travel Policy" was discussed wherein Di
rectors and Officers residing in IEEE Regions 8, 9, or 10, 
may be granted a subsidy equal to 80% of reasonable total 
costs for transportation, lodging, associated EMC confer
ence registration, and food expenditures to attend Board 
meetings held in IEEE regions other than the region where 
they live. Directors and officers residing in IEEE Regions 1 
through 7 may be granted a similar subsidy to attend Board 
meetings in Regions 8, 9 or 10. This policy will be invoked 
on a trial use basis starting with the August 1999 Board 
meeting and ending in December 2000. The Board then de
termined an implementation and exclusion policy to apply 
to the "Travel Policy." 

Member Services 
Todd Hubing, Vice-President for Member Services, pre

sented his report. He advised that Scott Roleson would like to 
retire as Chairman of the Distinguished Lecturer (DL) pro
gram. Anyone interested in this position should contact Mr. 
Hubing. The newly elected DLs are Mark Montrose, Michel 
Mardiguian, and Elya Joffe. Andy Drozd presented a brief re
port on the IEEE Membership Development Retreat that he 
attended in February. Mr. Hubing moved to eliminate the In
ternational Committee and establish membership commit
tees for IEEE Regions 8, 9 and 10, each having its own chair
man. Regarding PACE, Bill McGinnis is the new PACE 
chairman. He will attend the annual PACE meeting this year 
and will report at a future Board meeting. Dick Ford spoke 
about the survey committee. He advised that $10Kis required 
to budget for a survey per the advice of the IEEE's Henry 
Shein. This will be performed during the year 2000 and will 

The EMC '99 Tokyo committee held a banquet at the Grand Palace Hotel tor 
the conference attendees. The tables were laden with a variety of deli
cious, traditional Japanese dishes. Conference attendees await the pre
sentation by the conference chairman, Professor Nitta. 



be budgeted accordingly. Mr. Ford requested suggestions for 
survey promotional items. Regarding the Constitution and 
By-laws, Bill Gjertson presented a summary report. As Chair
man of the Nominations Committee, his committee has a 
slate of 12 names for the ballot for new Board member posi
tions for the years 2000-2002. Mr. Gjertson advised that there 
are three ways for a name to be included on the ballot for the 
EMC Board of Directors as follows: 1. Nominated by the 
Board or the Chapter Chairman, 2. Petition for nomination 
using the 15 signatures required, or 3. Be slated by the Nomi
nating Committee (only item 2 requires the 15 signatures). 
The cost for the ballot was reviewed. President Hoolihan re
quested that Mr. Hubing budget for electronic balloting for 
the year 2000. Michael Adler's outreach letter detailing the 
IEEE's goal of increasing the number of chapters globally, 
starting with Region 8, was reviewed. Mr. Adler states in the 
letter, "I believe local activities are a key benefit of IEEE 
membership and if we expand our base I believe we will also 
expand our membership.'' Regarding Awards, Mr. Hu.bing 
made a motion to present the 1999 President's Memorial 
Award in memory of Dick Schulz. This was seconded and ap
proved. The IEEE approved the Board's request to increase 
the award amount to $2,000. 

Communication Services 
Len Carlson, Vice-President for Communication Ser

vices presented his report. Janet O'Neil, Newsletter Editor, 
discussed the Newsletter in general and requested the 
Board's assistance in encouraging members to contribute 
practical papers for inclusion in the Newsletter. Andy 
Drozd, Web Master, presented a report. He is attempting to 
coordinate all the Society W ebPages and set standards/es
tablish guidelines for commercial issues (i.e. corporate lo
gos). Moto Kanda, Transactions Editor, will have a special 
issue this year on EMC in Germany. This follows what he 
did last year with his special issue on EMC in Italy (cover
ing lightning). Next year, he will have a special issue on 

Diethard Hansen of Euro EMC Service in Germany visited with Lih Fang 
Chew of Schlegel Systems in Rochester, New York during the Board recep
tion in Tokyo. 

The EMC Society Board of Directors held a reception during the EMC '99 To• 
kyo conference to "network" with the international EMC community. Board 
member E/ya Joffe (L) is shown with 0/ethard and Rosemary Moehr. Mr. 
Moehr of Siemens AG in Germany is the secretary of /EC TC-77 (EMC). 

EMC in Japan. Henry Ott, Symposia Chairman, submitted 
a report, which was presented in his absence by Len 
Carlson. This included several motions related to EMC 
symposia activity. Bill Gjertson, Chairman of the 1999 
EMC Symposium, gave a brief report. Dick Ford reported 
for Bill Duff, Chairman of the 2000 EMC Symposium. The 
Symposium Committee wants to increase student atten
dance and has plans in place to do this. Extensive media 
coverage is also planned. Elya Joffe reported briefly on the 
Israel Symposium in 2003. A brochure for the symposium 
venue, the David Inter-Continental Hotel, was distributed. 
Joe Butler reported on the 2003 conference in Boston. He 
advised that the hotel and venue have been selected. The 
Hynes Center will house the exhibits. 

Standards 
Standards Vice-President Don Heirman presented his 

report. He reviewed the activity related to standards dur
ing meetings held in Japan. There were 22 people at the 
meeting so international representation was present. Com
plete elections will be held at the Seattle Symposium. 

At the Board's rsception in Tokyo, Carsten Probol of the Dresden University 
of Technology in Germany (L) is shown discussing an EMC theory with Jan 
Adolfsson of SEMKO AB in Sweden. 
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· -- The-Transactions onEMC Editor;Moto Kanda, attended EMC !99.fokyo with 
his wife, Yoko, and his daughter, Carol. Mr. Kanda appreciates interacting 
with the global EMC community in order to attract good papers tor the 
Transactions. 

-~- , 

At the EMC '99 Tokyo banquet, Dan Hoolihan shared a Japanese beer with 
past EMC Society Board member Or. Risaburo Sato. Or. Sato was a "spe
cial member" of the conference organizing committee. 

Technical Services 
Kimball Williams, Vice-President for Technical Ser

vices, presented his report. He discussed the symposium 
paper review process in detail. New procedures for this pro
cess are being explored. He would like the Board members 
to review this new process, which includes electronically re
viewing the papers. Reviewing the papers electronically 
can reduce the review process by up to 30 days, which can 
be required for distributing material via regular mail. RAC 
will be holding a special session on wireless EMC during 
the Seattle Symposium. Mr. Williams' report also includes 
the VP Technical Services budget through the year 2006. 

Secretary's Report 
Secretary Janet O'Neil presented the minutes from the 

last Board meeting held in November 1998. There was one 
correction to add the name of Tom Chesworth under ''Mem
bers Absent" on the cover page of the minutes. The minutes 
were approved as amended. Next, the action items from the 
current and previous meetings were reviewed. 

EMCS Board member Dave Traver pauses near the entrance to the EMC '99 
Tokyo venue, Chuo University, Surugadai Memorial Hall. The azaleas were 
in tu/I bloom in Japan during the conference. Just a hint of these beautiful 
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-llowers ls-rl lb/e.ln t/Je.Jawer /Bit at lhis.pho/G._ _ __________________________ . 

There being no further business, the meeting was ad
journed at 5:10 pm. 

Janet O'Neil 
Secretary, EMC Society Board of Directors 

IEEE-USA bas published 
the 4th annual 
National Directory 
of Electrotecbnology 
and Information 
Technology Consultants. 

This publication includes a 
description of each listed 
consultant, cross-references 
of consultants by category 
and state, and contacts 
for local IEEE-USA consultants network referral systems. 

Request ajree copy from Alliance of IEEE Consultants Networks, IEEE
USA, 1828 L Street, NW, Suite 1202, Washington, DC 20036, 
202-785-0017, 202·785-0835 (fax). Order No. UH2984. 
Contact: <W.auderson@ieee.org>. C2Ieck: out our searchable database: 
<WWWJeee.org/consultants>. 

♦ IEEE-USA 



Third Millennium Medals will Create Thousands·of Celebrations 

Honors from one's peers are always sweeter. ThelEEE tions to a section, community, chapter, area of technol
Third Millennium Medals - presented in the year ogy or . oµtstanding contributions to their · board. 

2000 with nominations now open - are such a sweet eel- Eise~tein said he favors a more open criteria to enable 
ebration. each entity to decide for themselves who should be se-

N ot since the 1984 IEEE Centennial Medal has the · lected. "It's hard to dictate from the top what would be 
IEEE given an Institute~wide award to honor such a se- good for everyone,'' he said. Each entity will use their 
lect and special group of members~ Now the IEEE will own awards processes to name nominees. 
mark the end ofone millennium and the beginning of an- The number of awards alloted to the societies and 
other with such an award. The Third Millennium Medals . sections is based on its population, excluding students 
will honor 3,000 outstanding members. and associate members. (Each of the six boards will be 

World reknowned sculptor Gladys Gunzer created given five medals.) This allows each entity to receive a 
the medals. Her work includes the 1984 IEEE Centen- proportionate amount of awards. Also, the Awards De
nial Medal and the 1980 Winter Olympics Medallions. .. partment has established a database that will track, 

The design will include a world map symbolizing the among other things, whether the same member is nomi~ 
global nature of the IEEE and th.e words "In Celebration nated twice and further ensure equitable distribution. 
of the Third Millenium." Each award is customized with The IEEE Centennial Medals were presented in 
the recipient's name. 1984 to 1,984 members to commemorate the 100th anni- . 

"I would like tci see hundreds of celebrations next versary of the IEEE's earliest predecessor society, the 
year, each one honoring special members while marking American Institute of Electrical Engineers. in 1884. In 
a special year," · said · IEEE President-elect Bruce · 1984 the Institute had a little over 260,000 members. To
Eisenstein. He has called upon sections, societies and . day, the Institute boasts a membership of over 335,000 
major boards to nominate their mosf deserving members • members and 3,000 medals will be given out . . 
to receive this prestigious award; · One of the few differences with the Third Millen-

Letters were sent out to the societies, sections and .· nium Medals is that this time the sections, societies and 
major boards and it is now up to them to decide who major boards are asked to keep in mind the GOLD mem
among their peers should receive this honor. ''The reac~ hers, the future of the IEEE, when making their 
tion I've gotten is very positive," said Eisenstein. selections . .. · 

The criteria for members to be named a Third Mil- The nominating group must submit a form to IEEE 
lennium Medal recipient includes outstandingcontribu- Award.s/Fellows Activities by 1 Oct. 

Why I Need Your Vote This Fall 
By Harold L. Flescher 
Division IV Director-Elect Candidate 

even in the more wealthy coun
tries. Although our membership 
is rising slowly, we have a large 

I believe that it is incumbent on people who run for__Qf: _ _!lli::!.!~Q.ver each year indicating. · -
fice to state cleariy why they are rllilni~g ~d ·~xactly what that many members don't see 
they would do if elected, rather than mouth the usual un- adequate value for their dues. 
controversial, semi-meaningless statements concerning 
motherhood and apple pie. First the what, then the why. 

While we must continue to find 
new ways to add value for our 
members we must also look for 
ways to make membership more 
affordable for everyone, every
where. To do that we must do 
two things. 

Harold l. F/escher 

The most important issue facing IEEE today is how we 
bring our vision of globalization to reality. Globalization 
means that IEEE membership in every country consists of 
a substantial percentage of each country's electrotechnolo
gists, people for whom dues must both provide value and be 
affordable. Past volunteer and staff activities have focused 
on increasing the value of membership without lowering its 
cost. This has produced benefits like free virus-scanned 
e-mail aliases and substantially enhanced financial advan
tage programs. Yet our penetration of our market is low, 

First we must go through our expenses · with a 
fine-tooth comb, eliminating activities that don't provide 
substantial value. As a member of the Ad Hoc Financial 
Committee that did this for the Technical Activities Board 
(TAB) in 1995, we cut 3.6% out of our budget without no-
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ticeable effect. This year we completed another similar ac
tivity, cutting our expenses by almost another 3% without 
noticeable effect. Identical activities must be carried out by 
all IEEE entities. After being elected to the TAB Adminis
trative Committee and elected chair of the TAB Liaison 
Council, I put motions in front of TAB to eliminate both of 
these entities (as well as my jobs) because it was clear that 
these entities did not add enough value to justify their ex
penses. Their absence has not affected TAB's effectiveness 
or usefulness. There will be difficult decisions to make in or
der to cut expenses, but they must be made for our future 
success. I am committed to making this happen. 

The second thing we must do is drive down the cost of 
membership. This can be done by unbundling our services; 
by not having membership dues include everything they do 
today. We must determine which of our current services are 
absolutely core to membership, services our members and 
the organization want and need, and set our dues at a level 
that will pay for those services. Members can select any ad
ditional services they both want and find cost-effective. 
That is the way membership in IEEE technical societies 
works; one doesn't have to join any society but may join as 
many as desired. I believe that we can lower our basic dues 
to 50% or less of the current level, and I believe that this 
would mean that IEEE would gain many more members as 
a result. It worked with students when we cut their dues in 
1998, resulting in a 21 % increase in student memberships. 

Wouldn't unbundling create an end to some services? 
Perhaps, but not if members perceive that they are getting 
value for money from those services. If members don't per
ceive value, then why is the IEEE continuing these activi
ties? Let me use IEEE-USA as an example. Some say that 
were membership in IEEE-USA voluntary, too few people 
wouldjoin to keep it as a viable activity. Let's ask that ques
tion differently: were IEEE-USA dues voluntary, what 
would be necessary for American IEEE members to happily 
pay the $24 they are currently assessed? Those of us who 
live in the USA generally feel that we need national repre
sentation. So the real trick is to make IEEE-USA respon
sive to us, its customers, by providing services we value. 
Unbundling dues would not mean an end to entity services 
but a new beginning for membership sensitive and support
ive IEEE entities. 

Doing these things won't be easy. They will require 
hard work, difficult decisions, and a well thought out and 
rigorous transition plan for implementation, but they must 
be done if we are to attain our stated vision and continue 
the successful progress of IEEE. 

Now, why? I feel very strongly that the program I advo
cate would be in the best interest of electrotechnologists 
world-wide and the IEEE. A stronger IEEE can help us for 
the future. My background in industry says that my propos
als are feasible and achievable. I ask for your support and 
your vote to begin this journey. Thanks! 

Connectivity= Membership Satisfaction 
by Peter Staecker 
Division IV Director-Elect Candidate 

Statement: As a working engineer in a global electron
ics company, I have experienced the cultures of the engineer
ing workplace and the demands it places upon the individ
ual contributor and technical leader to continue learning 
while adding value to the company. These demands exist at 
all levels within any organization, including IEEE. The 
challenge to IEEE is to offer information and interaction to 
ALL its members as quickly as the communications technol
ogy infrastructure allows. 

I have had the opportunity to serve the MIT Society in 
areas that affect its global membership - in Meetings and 
Symposia, Publications, and Awards - and am still active in 
all three areas. I understand the needs for, and challenges 
of, rapid communication. 

My primary goal is to facilitate global connectivity 
among the membership, by enabling and communicating 
best practices among the Societies of Division IV and of the 
Institute. 

I look forward to sharing the 
results of these efforts with you. 

Membership Satisfaction 
(Why Join IEEE?): The man
ner in which information is pro
vided and the facility with 
which we access it (connectivity) 
will transform the way we live in 
the next decade. Learning, ca
reer paths, technical achieve
ments, and volunteer efforts, all 
of which are components of 
membership satisfaction, will 

Peter Staecker 

be profoundly impacted. How can we give members a com
petitive edge in their profession, career, or volunteer activi
ties? I think the answer lies in access to technical informa
tion (connectivity) in its many forms (face-to-face, 
hard-copy, or electronic; real-time or archival), and making 
the tools and data readily accessible to our membership as 
quickly as the technology allows. (This vision drives 



growth. Cost-cutting serves a useful support activity, but is 
not a vision.) Here are some examples: 

Accessibility of archival technical information to Soci
ety membership. Many of the methods and techniques cap
tured in the archival journals of the MTT Society are of per
manent value. Because of the recent efforts by an 
individual MTI member, MTT's entire set of Transactions 
(1952-1999) is now available to IEEE members as a 22 disk 
CDROM set (http://www.mtt.org/pub/cdrom.html). 

Rapid and timely review of papers for large conferences. 
MTI is embarking on electronic submission and review of 
paper summaries (task: distribute 800 - 1000 summaries 
among a 250 person international Technical Program Com
mittee) for its upcoming International Microwave Sympo
sium in June 2000. This exercise will be easier to imple
ment because of the lessons and successes of AP, MAG, and 
NPS Conference Committees who have completed similar 
efforts. 

Chapter meetings, local technical conferences, and vis
its by distinguished lecturers. Global con
nectivity takes on quite different mean
ings depending on where you live. 
Communications infrastructure does not 
exist in some countries or is prohibitively 
expensive in others. A Region 8 (including 
Europe, countries of the Former Soviet 
Union (FSU), Middle East, and Africa) col
league relates that a lOOkB transmission 
in Ukraine costs the receiver US$ 5, a size
able fraction of a professional's monthly 
salary. In Eastern Europe and FSU, there
fore, global connectivity addresses, at least 
for the moment, very basic networking 
needs: chapter meetings, local technicaJ . 
conferertce·s; arid. visits by· tlisti~1P1ished 
lecturers. Membership growth is booming, 
but needs the basic IEEE infrastructure to 
flourish. 

Aside: Financial support and action at 
the local level addressed this issue in a de
cisive manner when the growth prospects 
and fragility of technical communities in 
this area of the world were first recog
nized. In late 1993, MTI, ED, and later 
AP, joined forces to subsidize chapter and 
membership growth in countries of East
ern Europe and the FSU. By the end of 
1996, 12 Joint Chapters in FSU countries 
had been established, with membership 
dues for 154 Members subsidized. As a re
sult, in 1998, Region 8 was the fastest 
~owing Region, not only in terms of MTI 
nembership, but also in technical events 
mch as conferences, workshops, lectures 
md educational activities 

Communicating the Process (the Task of the Di
vision Director): The Societies are a rich source of prac
tices that enhance Membership satisfaction. Implemented 
locally, as they are today, these practices are quick and ef
fective. Modifications gained by sharing and interacting 
with other Societies will yield improvements and lead to 
best practices. The Division Director should serve as a 
clearing house for reporting continuous improvement in 
membership satisfaction, by reporting his own personal ac
tivities in this area as well as those of the Societies. He 
should be responsive to inputs from individual Members. 

Improvements in information access and interaction 
(connectivity) will change our lives in the next decade. If 
elected your Division Director, I will work with the Com
mittees of TAB, the Societies of Division N, and the Insti
tute to identify, modify, and deploy best practices in these 
areas to keep pace with rapid technology improvements for 
the benefit of the membership. 
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Following are abstracts ofpapers from 
previous EMC sym __ - posia;refatediconfer~ 
ences, meetings and ·pub_ lications . 

. . • . . 

EMCAB COMMITTEE 
Bob Hunter; Consultant 
Ld,hunter@ieee.corn -- ·-
Sha: Fei, _ EMC Research Section, Northern -
Jiatong University, Beijing, China -
.emclab@centecnjtu.edu:cn 

· Ferdy Mayer, l£.A.D.; Maisons; AlfortFrarice 
FerdyMayerLEADFrance@compuserve.com 
Maria Sabrina Sarto, ·. Department of Electrical_ 
Engineering, UniversityofRome, Italy 
sarto@elettrica,ing .uniroma 1. it 

. . 

"HOW CAN I GETACOPY OFAN ABSTRACTED ARTICLE?" 
En~eering college/university libraries, public libraries, company or 

.. ccfrporate1ib:nrries, National ·_Technical -Information Services (NTIS), 
or the Defen$e Technical Information Center (DTIC) are all possiqle 

·_ sources for copies of abstracted articles of papers. If the library you 
visit does not own the source document, the librarian can probably re.: 
quest the material or a copyfrom another library-through interlibrary 
loan, or for a small fee, order it from NTIS or DTIC. Recently it became 
clear that EMCABs were more timely than publications which were 
being listed in data files. Therefore, additional information will be in
cluded, when available, to assist in obtaining desired articles or pa
pers. Examples are: IEEE, SAE, ISBN, and Library of Congress identi- · 

-fication ttUIIlbers .. · · · 
_ Also, . the steering-_staffs of the Japan Technical Group- and the 

. EMC .;r apan Tokyo Chapter have offered to act as a central point for re
queSf13 of papers. <ibsJfacted here! Most of the papers will be available 
. in.Japanese oilly. Abstracts of papers from EMC Japan will be clearly · 
.identifie& As a metilber of the steering staff, i will assist in routing 
your request.to th~ author(s) but will not translate the papers. 

_ Some of the Chinese papers are not available in English. Professor 
Sha Fei, EMC R~search Section, Northern Jiatong University, has of
fered his time and assistance in routing requests for papers to appro-
priate ~uthor(;}. He is not furnishing a translation service: · 

Asthe EMC Society becomes niore international, we will be adding 
, additional worldwide abstractors who will be reviewing articles and 

papers ·,in many languages. We will continue to set up these informal 
cooperation networks to assist members iri getting the information or 
contacting the author(s). We are particularly interested in symposium -
proceedings which have not been. available for r_eview in the past. 
Thank you for atiyassist~nce you can give to expand the EMCS knowl
edge base. 
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A DESIGN METHOD OF DECOUPLING CIRCUITS FOR A DIGITAL PCB TO 
REDUCE HIGH FREQUENCY CURRENT ON POWER AND GROUND PLANES 
Y. Fukumoto* e-mail: fukumoto@isl.mei.co.jp, S. Nakamura**, 
0. Wada** and R. Koga** 

EMCABS: 01-08-99 

* Matsushita Electric Industrial Co. Ltd., Osaka 571-8501, Japan, **Okayama University, 
Okayama 700-8530, Japan 
Proceedings of 1999 International Symposium on Electromagnetic Compatibility, Tokyo, Japan, 
May 17-21, 1999, pp.9-12 

Abstract: This paper describes a design technique of decoupling cin:uits that can reduce high 
frequency current rushing into power/ground planes of a digital PCB. In this technique, IC is 
modeled as a current source of high frequency, and a parameter that represents the effect of the 
high frequency current reduction is derived. Then, by using the parameter, a design procedure to 
obtain the optimal bypass capacitor and the decoupling inductor is shown. Furthermore, validity 
of this modeling is shown by experimental study. 

Index terms: Printed circuit board, emission, decoupling circuit. 

CHARACTERIZATION OF PRINTED CIRCUIT BOARDS INCLUDING MAGNETIC 
FILM USING FINITE ELEMENT ANALYSIS 
F. Cortial-Goutaudier*, S. Hoshino**, M. Iwanami**, H. Tohya** 
and Y. Saito**';' e-mail: cortial@ccrl-nece.technopark.gmd.de 

EMCABS: 02-08-99 

* NEC Europe Ltd., 53757 Sankt Augustin, Germany, ** NEC Corporation, Kanagawa, Japan, 
*** Hosei University, Tokyo, Japan 
Proceedings of 1999 International Symposium on Electromagnetic Compatibility, Tokyo, Japan, 
May 17-21, 1999, pp.13-16 

Abstract: A method to evaluate the characteristics of printed circuit boards containing magnetic 
films is proposed. By means of electromagnetic field distribution computed from a combined finite 
element method and strategic dual image method, the equivalent circuit parameters R, L, C are 
determined. The employed methodology which accounts for eddy currents, displacement currents 
and hysteresis is detailed in case of 2D axisymmetric problems. Then two simple PCB 
configurations are investigated. The results clearly show that the NiZn ferrite composite material 
included in one PCB reduces EM! efficiently. 

Index terms: Printed circuit board, emission, magnetic film, finite element method. 

A NOVEL PHYSICALLY-BASED PSPICE-COMPATIBLE-MODEL FOR 
COMMON-MODE-CHOKES 
P.F. Okyere and E. Habiger, e-mail: philip.okyere@decrc.mail.abb.com 

I 
EMCABS: 03-08-99 

Proceedings of 1999 International Symposium on Electromagnetic Compatibility, Tokyo, Japan, 
May 17-21, 1999, pp.33-36 
Dresden University of Technology, D-01062 Dresden, Germany 

Abstract: In this paper a new physically based PSPICE-compatible model for common-mode 
chokes for the prediction of EMI-filter size and insertion loss is presented. Skin-effect inside the 
winding and the non-linear characteristic of core materials can be considered. The model 
parameters can be obtained from the winding and the core geometry. The accuracy of the model is 
demonstrated for a typical EMI-filter in a high frequency switched mode power supply. 

Index terms: Common-mode choke, EMI-filter, PSPICE. 

A METHOD TO EVALUATE ELECTRIC FIELDS INDUCTION OF OVERHEAD LINES 
AND SUBSTATION'S EQUIPMENT IN HUMANS 
G. Ala, P. Buccheri and M. Inzerillo, 

I 

EMCABS: 04-08-99 

e-mail: m.inzerillo@dielectricslab.diepa.unipa.it, Palermo University, Palermo, Italy 
Proceedings of 1999 International Symposium on Electromagnetic Compatibility, Tokyo, Japan, 
May 17-21, 1999, pp.161-164 

Abstract: In this paper a method to accurately simulate the human body under a high voltage 
overhead line or in proximity to substation's equipment is proposed, in order to evaluate the 
electric field and currents on the human body surface. Based on the charge simulation and 
Maxwell sub-areas methods, the computer program developed allows consideration of complex 
systems, including three-dimensional multiple overhead lines, bus-bar system, grounding wires, 
supporting lattice towers and metallic elements as reinforcing bars. 

Index terms: Biological effect, overhead line, substation's equipment, electric field induction. 

MICROWAVE ABSORPTION PROPERTIES OF M-TYPE HEXAGONAL 
FERRITE COMPOSITE SHEET 
H. Ota*, M. Kimura*, R. Sato*, K. Okayama**, S.-I. Kondo** and 
M. Homma**, e-mail: ota@emc-l.co.jp 

EMCABS: 05-08-99 

* Electromagnetic Compatibility Research Laboratories Co. Ltd., Sendai 989-3204, Japan 
** Tohoku University, Sendai 980-8579, Japan 
Proceedings of 1999 International Symposium on Electromagnetic Compatibility, Tokyo, Japan, 
May 17-21, 1999, pp.420-423 

Abstract: The microwave absorption properties of M-type hexagonal ferrite BaFe_12-x 
(Ti_0.5Mn_0.5)_x 0_19 composite have been investigated. An optimized TiMn substituted ferrite 
composite exhibited a wide absorption bandwidth nearly double that of conventional spine! ferrite 
composites in the X-band for both normal and 30 degree oblique incidence. The composite sheet 
exhibited exactly the expected absorption characteristics and this demonstrated the advantage of 
utilizing the ferrimagnetic resonance ofM-type hexagonal ferrite for microwave absorbers. 

Index terms: Microwave absorber, hexagonal ferrite, composite sheet. 

NEAR· & FAR-FIELDS TEST SYSTEM OF PORTABLE RADIOS EMI TO 
ELECTRONIC DEVICES 
Y. Tarusawa and T. Nojima, 
e-mail: tarusawa@mlab.yrp.nttdocomo.co.jp 

EMCABS: 06-08-99 

NTT Mobile Communications Network Inc., Yokosuka-shi, Kanagawa, Japan 
Proceedings of 1999 International Symposium on Electromagnetic Compatibility, Tokyo, Japan, 
May 17-21, 1999, pp.472-475 

Abstract: A new EMI (ElectroMagnetic Interference) test system to estimate the immunity of 
electronic devices is proposed. This system directly exposes the devices to the near- and far-fields 
generated by a dipole antenna and/or actual mobile phone. In addition, an in-vitro experimental 
system for pacemaker EM! investigation is introduced. This method uses the antenna input 
power and the distance between the antenna and device-under-test as the test parameters 
instead ofE-fiold strength. The transmitting signal properties of present mobile phones in Japan 
(800MHz- and 1.5GHz-PDC, l.9GHz-PHS, etc.,) are clarified to analyze EMI due to mobile radio 
wave exposure. A practical test procedure is also described. The summarized experimental 
results ofEMI tests conducted on 228 pacemakers and 499 medical devices are shown to confirm 
the fact that the proposed system is indispensable for the EM! assessment of mobile phones. 

Index terms: Portable radio, EMI, test system, medical device. 



SUPPRESSION OF TV-GHOSTS CAUSED BY SUSPENSION BRIDGE USING 
A WAVE ABSORBER 
T. Aoyagi, A. Nishikata and Y. Shimizu, 
e-mail: aoyagi@cradle.titech.ac.jp 
Tokyo Institute of Technology, Tokyo 152-8552, Japan 

EMCABS: 07-08-99 

Proceedings of 1999 International Symposium on Electromagnetic Compatibility, Tokyo, Japan, 
May 17-21, 1999, pp.488-491 

Abstract: A vertically-polarized electromagnetic wave is strongly scattered by the hanger ropes of 
a large suspension bridge. Sometimes this causes TV-ghost problems. This TV-ghost problem was 
theoretically calculated. Then, cylindrical wave absorbers constructed from a combination of 
dielectric and magnetic material were designed to suppress the scattering. This paper 
theoretically shows that using this absorber decreases the TV-ghost problem. 

Index terms: Suspension bridge, TV-ghost, cylindrical wave absorber. 

A NEW OUAL-COAXIAL-TEM CELL 
H.A. Wolfsperger, H. Strehlow and A.J. Schwab 
e-mail: wolfsperger@ieh.etec.uni-karlsruhe.de 
University of Karlsruhe, 76128 Karlsruhe, Germany 

EMCABS: 08-08-99 

Proceedings of 1999 International Symposium on Electromagnetic Compatibility, Tokyo, Japan, 
May 17-21, 1999, pp.528-531 

Abstract: Previously, different configurations of TEM cells, chambers and transmission-line 
holders were used to determine the intrinsic shielding effectiveness (SE) of materials e.g. 
conductive plastics. In this contribution, a new dual-coaxial-TEM cell is presented which allows to 
measure the SE of materials, determine the influence of apertures and test analytical and 
numerical computation methods. The mechanical and electrical structure is described and the 
calculation of the electromagnetic coupling is verified by the results of measurements. In addition 
to the worst-case examination of structures ( the electric field is perpendicular to the surface of the 
test-sample), the dual-coaxial-TEM cell provides a wide frequency range and high dynamic. 

Index terms: Shielding effectiveness, dual-coaxial-TEM cell, properties. 

STUDY OF RADIATED EMISSIONS FROM PCB WITH NARROW GROUND PLANE 
T.H. Ooi, S.Y. Tan and H. Li, e-mail: ethooi@ntu.edu.sg 
Nanyang Technological University, Singapore 

EMCABS: 09-08-99 

Proceedings of 1999 International Symposium on Electromagnetic Compatibility, Tokyo, Japan, 
May 17-21, 1999, pp.552-555 

Abstract: Printed circuit boards (PCB) with narrow ground plane microstrip structure (PCBNGP) 
find many applications in electronic equipment. In this paper, various PCBNGP with different 
parameters were fabricated and their radiation was measured. It was found that narrow ground 
plane increases radiation and common-mode current is the main source of radiation. From the 
method of moments, it was found that the PCB structure asymmetry is the main source of the 
common-mode current. By treating the reference point (at infinity) as a conductor, 
multiconductor transmission line model was developed to simulate radiation from PCBNGP and 
several factors affecting the radiation were extracted. 

Index terms: Printed circuit board, radiated emission, common-mode current, method of moment. 

FDTD MODELING OF EMI ANTENNAS 
M. Tanaka, W. Cui, X. Luo, J.L. Drewniak, T.H. Hubing, 
T.P. VanDoren and R.E. Dubroff 

EMCABS: 10-08-99 

e-mail: tanaka@ipc.akita-u.ac.jp, University of Missouri-Rolla, Rolla, MO, USA 
Proceedings of 1999 International Symposium on Electromagnetic Compatibility, Tokyo, Japan, 
May 17-21, 1999, pp.560-563 

Abstract: The FDTD (Finite-Difference Time-Domain) method is used for modeling EMI antenna 
geometries to anticipate EMI problems in high-speed digital designs. FDTD is well-suited to 
modeling large-scale geometries such as cables that might be driven against PCB ground planes 
as a result of a noise voltage that appears at the connector. Three specific cases are addressed 
herein including a simple cable driven against a PCB ground, coupling between a high-speed 
digital and I/O line that drives a cable against the PCB, and the finite impedance of the PCB 
reference plane that results in an effective noise source that drives the PCB ground against the 
cable. The FDTD modeling is compared with measurements. Guidelines for coupling to I/O lines, 
and a keep-out distance around the board periphery for high-speed digital lines can then be 
developed. 

Index terms: Printed circuit board, radiated emission, EMI antenna, FDTD modeling. 

VERTICAL RISER EFFECTS OF A FINITE-LENGTH TRANSMISSION LINE 
W. Liu and Y. kami, e-mail: kami@cas.uec.ac.jp 
The University of Electro-Communications, Tokyo 182-8585, Japan 

EMCABS: 11-08-99 

Proceedings of 1999 International Symposium on Electromagnetic Compatibility, Tokyo, Japan, 
May 17-21, 1999, pp.642-645 

Abstract: Electromagnetic effects due to vertical risers of a finite-length transmission line are 
studied on a view point of a circuit concept. Those effects can be taken into account in an 
expression of modified telegrapher's equations. From a set of solutions to the equations, a new 
chain matrix is obtained. As a result of the effects, resonance frequencies are discussed using 
scattering parameters S21 and Sll. The effectiveness of this theory is confirmed by comparison 
between the measured and the computed. 

Index terms: Transmission line, riser effect, circuit concept. 

A STUDY OF CROSSTALK APPLIED TO ULTRA-HIGH-SPEED PARALLEL LOSSY 
MICROSTRIP AND STRIP LINES WITH SHIELDING EFFECTIVENESS 
S. Malisuwan and V. Ungvichian, 
e-mail: malisuwa@bocanews.infi.net, Florida Atlantic University, USA 

EMCABS: 12-08-99 

Proceedings of 1999 International Symposium on Electromagnetic Compatibility, Tokyo, Japan, 
May 17-21, 1999, pp.742-745 

Abstract: Several researchers have reported that in some cases the crosstalk in the lossless 
ultra-high-speed parallel microstrip transmission lines does not necessary reduce by increasing 
the spacing in between the two lines. In this study, the substrate loss parameters which are 
dielectric and conductor are include in the calculation. Furthermore, the influence of a near-by 
cover plate which provides shielding is also considered. The technique used to calculate the 
crosstalk is based upon accurate wide-range closed form expressions for the frequency-dependent 
parameters in conjunction with a linear system theory and Fourier theory. The simulations using 
Gaussian pulses with different widths as input source have indicated that the crosstalk decreases 
non-monotonically for certain s/b and pulse-width ofless than 20 picoseconds. Also the crosstalk 
can be reduced further by using a cover plate mounted sufficiently close to the transmission lines. 

Index terms: Crosstalk, microstrip transmission line, substrate loss, simulation. 
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EMC.Related 
Conferences & 
Symoposia 
1999 
September 28 
Organized by the IEE 
EMC FOR AUTOMOTIVE 
ELECTRONICS COLLOQUIUM 
Birmingham, United Kingdom 
Peter Young 
peter.young@lucasvarity.com 
http://www.iee.org. uk/Calendar/ 

October 4 
Sponsored by the Orange County 
EMC Chapter . 
EMC COLLOQUIUM AND 
EXHIBITION 
With keynote speakers Lee Hill and 
Howard Johnson and others 
The DoubleTree at 
Orange County Airport 
Costa Mesa, CA 

· Randy Flinders, 714.513.8012 
r.flinders@ieee.org 

· October 11-12 
Organized by Don HEIRMAN 
Consultants 
IEC EMC WORKSHOP 
Sheraton BWI 
Baltimore, MD 
Don Heirman 
732-741-7723 
d.heirman@woi-ldnet.att.net 

October 14-15 
USNC POWERLINE HARMONICS 
WORKSHOP · 
Sponsored by the US EMC 
Standards Corp. 
Sheraton BWI 
Baltimore, MD 
Herb Mertel, 760-741-3301 
hmertel@home.com 

November 1-4 
Sponsored by the IEEE Beijing Section 
and others 
19.99 INTERNATIONAL 
CONFERENCE ON 
COMPUTATIONAL EMC AND ITS 
APPLICATIONS (ICCEA'99) 

• Beijing, China 
http:/lwww.cie-china.org/iccea-99.htm 

November 2-4 
EMC ASIA 99: 2nd INTERNATIONAL 
EXHIBITION.(WITH WORKSHOPS) 
ONEMC 
Westin Stamford and Westin Plaza 
Singapore 
http://www.mesago.de 

November 8-9 
C63.18 WORKSHOP: RF 
TRANSMITTER EFFECTS ON 
MEDICAL DEVICES 
Walter Reed Memorial Hospital in the 
Washington DC area 
Co-sponsored by the US EMC 
Standards Corporation and 

· the University of Oklahoma Center for 
the Study of Wireless EMC 
Herb Mertel, 760-741-3301 
hmertel@home.com 

December 2-8 
Sponsored by the IEEE and others 
6TH INTERNATIONAL 
CONFERENCE AND WORKSHOP 
ON EMI AND EMC: EMC for Optimal 
Spectrum Utilization 
New Delhi, India 
S. Mukbopadhyay 
e-mail: mukho@xm.doe.emet.in 

2000 
May 3-7 
Co-Sponsored by the IEEE · 
Communications Society 
SECOND ASIA-PACIFIC 
CONFERENCE ON 
ENVIRONMENTAL EMC -
CEEM2000 
Shanghai, China 
Prof. Gao Yougang 
Fax: +86.10.6228.1774 
e-mail: faoffice@bupt.edu.cn 

September 11-15 
EUROPEAN EMC SYMPOSIUM 
(formerly EMC ROMA) 
Brugge, Belgium 
Prof. Johan Catrysse 
Fax: (059) 70.42.15 
e-mail: johan.catrysse@kb.kbbo.be 

July 5-14 
PROGRESS IN 
ELECTRO:MAGNETICS RESEARCH 
SYMPOSIUM (PIERS 2000) 
.Royal Sonesta Hotel 
Cambridge, MA 
Hsiu C. Han 
515.294.5320 
http://www.piers.org/piers2k 

EMCS 
Cooperating 
Symposia 
U.K.: Biannually, even years 

in September ' 
Zurich: Biannually, odd years, in 

February . 
W:oclaw: Biannually, even years, 

mJune 

EMCS Symposia 
Schedule 
2000 Washington, DC 

August 21-25 
Washington Hilton 
Bill Duff 
703.914.8450 

2001 Montreal, Canada 
Montreal Convention Center 
Christian Dube 
514.653.6674 

2002 Minneapolis/St. Paul 
Hyatt Regency, Minneapolis 
Dan Hoolihan 
651.638.0250 
E-Mail: dhoolihan@tuvps.com 

2003 Tel-Aviv, Israel 
(International IEEE) 
May 11-16 
Tel-Aviv Intercontinental 

Hotel 
Elya B. Joffe 
Fax: 972.9.765.7065 
e-mail: eb.joffe@ieee.org 

2003 Boston, MA 
Sheraton Boston 
Mirko Matejic 
508.549.3185 

2004 Santa Clara, CA 
Franz Gisin 
650.933.8789 

2005 Chicago, IL 
Bob Hofmann 
630.979.3627 

IEEE EMC 
Society Board 
Of Directors 
M~etit:tgs 
(For mformation on all meetings, 
contact Janet O'Neil, 425-868-2558) 

November 19-20, 1999 
Washington DC 

March 24, 2000 
Phoenix, Arizona 

June 19, 2000 
Montreal, Canada 

August 20 and 24, 2000 
Washington DC 

November 16, 2000 
Tampa Bay, Florida 

35 



The IEEE Electromagnetic Compatibility Society is grateful for the 
assistance given by the firms listed below and invites application for 
Institutional Listings from other firms interested in the electromagnetic 
compatibility field. 

AMPLIFIER RESEARCH 
160 School House Road, Souderton, PA 18964-9990 USA 

Telephone (215) 723-8181 Fax (215) 723-5688 Website: www.ar-amps.com 
Broadband RF power amplifiers,1 W to 50 kW, de to 40 GHz; Antennas and accessories for RF susceptibility testing; 

broadband E-field monitors and interference generators for IEC automotive and telecom applications. 

ARA 
11317 Frederick Avenue, Beltsville, MD 20705-2088 

Telephone (301) 937-8888 Fax (301) 937-2796 e-mail: emc@ara-inc.com Website: http://www.ara-inc.com 
Innovative products and solutions for pre-compliance and compliance EMC testing including EMC test equipment 

(emission/immunity, GTEM ... ), Individually Calibrated Antennas, Sensors and Accessories (masts, turntables, LISNs ... ) 

CKC LABORATORIES, INC. 
Seven Locations in California, Oregon, and Washington 

Toll Free (800) 500-4EMC Fax (209) 742-6133 e-mail: ckclabs@ckc.com 
Worldwide EMC-compliance testing, design consultation and seminar services, DAR EN 4500 land A2LA Accredited. 

Visit our Website at http://www.ckc.com 

COMPLIANCE ENGINEERING 
70 Codman Hill Road, Boxborough, MA 01719 

Telephone (978) 635-8580 Fax (978) 635-8599 Website: www.ce-rnag.com 
Bi-monthly magazine and comprehensive Annual Reference Guide covering international regulatory compliance. 

CE provides critical and timely information on and answers to EMI/EMC test, design, and legal questions. 
Published in North America and Europe. 

EMC TEST SYSTEMS (ETS) 
2205 Kramer Lane, Austin , TX 78758 

Telephone (512) 835-4684 Fax (512) 835-4 729 e-mail: info@ernctest.com Website: httpJ/www.emctest.com 
Absorber, Antennas, Anechoic Chambers, Broadband E-field Probes, Current Clamps, GTEM cells, LISNs, 

RF Shielded Doors, Shielded Rooms, Towers, Turntables and much more. 

FAIR-RITE PRODUCTS CORP. 
P. 0. Box J, One Commercial Row, Wallkill, NY 12589 Toll Free (800) 836-0427 

Telephone (914) 895-2055 Fax (914) 895-2629 e-mail: ferrites@fair-rite.com Website: httpJ/www.fair-rite.com 
Ferrite Cores for EMI Suppression, Multilayer Chip Beads, Surface Mount Beads, 

Connector Suppressor Cores and Tile Absorbers. 

LINDGREN RF ENCLOSURES, INC. 
400 High Grove Blvd., Glendale Heights, IL 60139 

Telephone (630) 307-7200 Fax (630} 307-7571 e-mail: lrfe@interserv.com Website: Vffl~l.indgrenRF.com 
EMI/RFI Shielded Rooms; RF Shielded Doors and Components; Anechoic Chambers and Absorber Materials; 

High Performance Power, Signal, Data and Telecomm Line Filters from ELMAG Division (561) 881-9292 

PATTON & ASSOCIATES 
82 Wildwood Drive, Prescott, AZ. 86301-5093 

Telephone (520) 771-2900 Fax (520) 771-2990 e-mail: patton@patton-assoc.com Website: http://www.patton-assoc.com/ 
Telecommunications Consulting, Design and Type Approval for Europe, North America and the Pacific Rim 

SCHAFFNER EMC, INC. 
9B Fadern Road, Springfield, NJ 07081 

Telephone (973) 379-7778 or (800) 367-5566 Fax (973) 379-1151 httpJ/www.schaffner.com 
EMC Filters, EMC Immunity Test Instruments, Automatic Test Systems for EMC and Power Supply Testing 

TEXAS SPECTRUM ELECTRONICS, INC. 
9110 Autobahn Dr., Dallas, TX 75237 

Telephone (972) 296-3699 Fax (972) 296-7881 e-mail: Texasspec@aol.com Website: www.Texasspectrum.com 
Custom EMI Filters, Miniature EMI Filters, Telecom Power Filters, Filter Arrays, and Filter Suppressor Networks. 

RFI Commercial Filters, Filtered D-subs and Filtered Telephone Jacks. 
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An Institutional Listing recognizes contributions to support the publication of the IEEE EMC SOCIETY NEWSLETTER and the IEEE TRANSACTIONS ON 
ELECTROMAGNETIC COMPATIBILITY. Minimum rates are $500.00 tor four consecutive issues of each publication during one calendar year (each publication 
is distributed quarterly). The above Institutional Listings represent those contracted for 1999. Institutional Listings for 2000 will be solicited in December 
1999. No agency fee is granted tor soliciting such contributions. For Inquiries related to institutional listings, please contact Janet O'Neil, Editor, phone 
425.868.2558, e-mail j.n.oneil@ieee.org. 




