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Letter from the President
hat a GREAT Technical Conference
(TechCon) we had at the Adam’s Mark
Hotel in Denver, CO! If you attended, you
already know this, and our thanks for your
positive comments. If you did not attend,
mark your calendar now for next year. The
49th Society of Vacuum Coaters TechCon is
April 22–27, 2006, at the Marriott Wardman
Park Hotel in Washington, D.C. Plan some
extra time to visit the wonderful sights while
you are there.

W

Of course the great TechCon in Denver was
the result of much hard work by many people in
our organization. I want to particularly credit
and thank our management team lead by
Vivienne and Don Mattox, the Technical Program
Committee Chaired by Ric Shimshock and
Assistant Chair Ludvik Martinu, and all the
Chairs and members of the Technical Advisory
Committees (TACs).
Key activities started Sunday evening, with
our annual business meeting including the
Awards Ceremony. We honored the 2005 SVC
Nathaniel Sugerman Award winner, J.A. (George)
Dobrowolski. George has contributed greatly to
the SVC and to our industry in optical coating
technology. Also honored were our 2005 SVC
Mentors, Carlo Misiano, Ludvik Martinu, and
Rainer Ludwig for their contributions to vacuum

coating technology and the SVC. At the Plenary
Address, Salil Pradham of Hewlett Packard
Laboratories spoke enthusiastically on “RFID
Technology, Promise and Challenges.” Good food,
good drink, and great networking at the Welcome
Reception followed the Plenary Address.
The TechCon opened Monday morning with
the Keynote Presentation on “Organic Materials
and Processes for the Fabrication of Electronic
Devices” by Zhenan Bao of Stanford University.
She discussed the status and significant advances
being made in organic flexible electronics. The
outstanding technical sessions followed this very
interesting Keynote Presentation. Other
TechCon program highlights included, to name
just a few, the Networking Breakfasts, the
Heuréka! Sessions for post-deadline papers, and
the Donald M. Mattox Tutorials. As always, a
wide variety of excellent short courses were
offered, taught by industry and academic experts
in the various fields. The TechCon also featured
an outstanding array of exhibitors in our industry.
These are just a sampling of the activities at the
2005 TechCon. For a more detailed review, read
the articles in this issue by the Program
Committee Chair and the TAC Chairs.
Looking forward, members of the SVC Board
of Directors will attend the Summer business
meeting on June 25th and 26th at the Marriott
Wardman Park hotel in Washington, D.C., the site

of the 49th Society of Vacuum Coaters (SVC)
TechCon in 2006. On Saturday, (June 25th) we
will hold our regular business meeting. This
meeting also will include a training session on
“Best Practices” for Boards to focus the new
Board on strategic SVC topics.
By necessity, the Board was focused on
operational issues in 2004. In 2005, we want to
identify and focus on the top strategic issues.
The Long-Range Planning Committee, Chaired by
SVC Vice President, Peter Martin, has been
working to identify these issues. On Sunday
(June 26th), the Board, using their new training
on “Best Practices” methodology, will prioritize
and consider strategic topics from the LongRange Planning Committee. Other issues and
suggestions will likely be added during the
Board’s discussions. The objective is to focus the
Board’s efforts on the really important issues for
the Society’s future. Please help us to be
successful in these tasks by providing your
opinions and feedback on issues that are
important to you. You may contact any member
of the Board (see the SVC Web Site for contact
information), Vivienne Mattox (svcinfo@svc.org),
or me (cibright@mmm.com). We welcome your
ideas, your help, and your support.
Clark Bright, 3M Company (cibright@mmm.com) is
the SVC President.

Editorial: SVC - Quo Vadis?
VC, where are you going? For many years the Society of Vacuum Coaters
has steadily become recognized throughout the world as the place to
present work on the technologies of vacuum coating. The SVC Short Course,
Exhibit, and Publications Programs have progressed greatly. Attendance at
the 2005 TechCon was truly international, with attendees from Europe and
Asia. Recently, SVC expanded the Bulletin to give it more technology
content.
Technology is pulling SVC in many directions. The technologies that
have been used for many years now have many applications undreamed of
not long ago. New applications and industrial processes such as smart
materials, plasma deposition, plasma treatment of surfaces, nanotechnology,
photonics, and many other applications need the value added and enabling
processes provided by the technologies represented by SVC activities. In
addition, the world of vacuum-based technologies has logically expanded to
atmospheric pressure processing, as seen in the TechCon presentations on
atmospheric plasmas for surface treatment.
Where do we want to go? SVC cannot rest on past performance.
Processes become mature and fade from view. An example is coating for
recording media; this was a big subject at SVC meetings 12 years ago.
Simple decorative coating also is not the major subject of interest it once
was. SVC has followed the industry’s evolution; the tribological coating TAC
replaced the decorative and functional coating TAC, which replaced the
decorative coating TAC. I think that we want to go in a direction where
there is still a great deal of interest and overlap between the technical areas
of interest. My recommendation is to stay focused! Smart materials, display

S
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technologies, nanostructures, plasma-surface modification, plasma sources,
plasma chemistry, coatings on particulates, surfaces for biotechnology,
catalytic surfaces, etc., provide many such areas. One of the strengths of the
SVC had been in the industrialization of vacuum-based processes, many on a
very large scale at an acceptable unit cost. How can the SVC expand their
exhibitor base?
Quo Vadis? SVC is cooperating with other conferences to make their
presence known. These meetings have been held mostly in Europe. What
should we do in Asia? Perhaps we can make more use of the Internet.
SVC has been a forum for presenting work that would never reach a
peer-reviewed publication. In many cases it is because the people involved
in doing the work are “trying to make a buck” rather than a reputation.
There are suggestions that SVC should try to attract more academics by
having a peer-reviewed publication. Does that establish a void between
people with differing goals?
Quo Vadis? The answer lies, to a great extent, with the views of
members and those exposed to the SVC publications and web site. The
person to contact with Your Views is Peter Martin, SVC Vice-President, and
Chair of the Long Range Planning Committee. Peter can be reached at
peter.martin@pnl.gov.
Donald M. Mattox is the SVC Bulletin Editor and Technical Director.
Contact him at donmattox@svc.org with your views on the TechCon, the
Bulletin, or any other issue.
Donald M. Mattox is the SVC Bulletin Editor and Technical Director.

SVC TechCon Reports
Program Committee Chair
Report
By all measures the Denver SVC TechCon was a
great success this year. We are very happy with
this outcome. We have received many comments
from exhibitors and attendees that this TechCon
ranked right up there as one of the best SVC
events ever convened. While the Rocky Mountain
weather was unpredictable (during the week of
the TechCon, the weather still seemed to be
deciding whether it should be winter or spring,
and yes we had snow) the climate inside the
Adams Mark at the TechCon was definitely warm
and upbeat. The turnout for the TechCon was
large, and the mood was generally positive. In
addition, the number of job postings was up over
previous years. With 1,355 attendees, SVC filled
the many large halls and the various meeting
rooms of the convention center.
If your schedule didn’t allow for a trip to
Denver for the TechCon this spring, you might
want to check with someone who was able to
attend the TechCon for a quick report or read the
session summaries included in this Bulletin. You
might also consider purchasing the CD ROM of
the Proceedings of the 48th Annual SVC TechCon
from the SVC office when it becomes available
this fall.

We have also arranged to have two of the
TechCon speakers submit a write-up of their
presentation topics for this Bulletin. Please see
the article by our Keynote Speaker, Professor
Zhenan Bao, on organic materials or Dr. Ralf
Fellenberg’s article covering his lunchtime
tutorial topic on plasma processing and
nanotechnology.
Our Plenary Speaker, Salil Pradhan, Chief
Technology Officer for the RFID Center of
Excellence at Hewlett Packard (HP) Laboratories
in Palo Alto, CA, started things off with his
overview of RFID technology and some of the
potential applications that we as suppliers or
consumers might encounter in the coming years.
This technology appears to have great potential
for many applications, but also has challenges
arising from cost pressures, readouts scenarios,
and batteries for active systems.
There were a number of new offerings in the
Exhibit this year, and we had a number of first
time exhibitors. We hope to see them back next
year. The poster session continued to grow in
both quality and number. Attendance at the
many Education Courses was up, and there was a
strong showing as usual at the Lunchtime
Tutorials, the Technology Forum/Networking
Breakfasts and the “Meet the Experts” Corner.

We had some popular new offerings: Don
McClure presented his “Mr. Wizard” demonstration on vacuum technologies, held on Sunday
afternoon before the Plenary Speaker
Presentation. It should be noted that even some
spouses were in the audience. Based on this
response, we hope that Don will return with this
presentation again next year!
An Evening Session was held on the topic of
the future of specialty roll coaters, coordinated
by John Fenn, Jr. and Roger Phillips. This
session presented an expert panel’s overview of
the industry and evoked a lively discussion from
the audience.
The TechCon and Smart Materials
Symposium was convened over the course of four
days, and the challenge for many attendees was
to find time to take advantage of all the many
offerings. The Smart Materials Symposium,
organized jointly with Elsevier and the SVC,
continued to be well attended. I refer you to the
write-ups that follow in this Bulletin for
overviews of presentations in the Symposium.
If there were things at the SVC TechCon
that you thought worked better than others or
there were things that we missed, please forward
your input to the SVC. SVC is a nonprofit organization with a goal to provide timely, educational
continued on page 6

2005 Summer News Bulletin

5

continued from page 5

value to members. Let us know what we can do
better! You may be asked to complete a survey by
e-mail in the coming months; please take the
time to provide your input. We promise to read
all suggestions! Also consider sharing work with
others in the SVC community. It is not too early
to start thinking about submitting an abstract
and making a presentation at the next TechCon.
Abstracts are due September 30, 2005.
We look forward to seeing you among the
cherry blossoms in Washington, D.C., in 2006! We
expect another successful gathering, and the SVC
Program Team is already hard at work organizing
the events for the 2006.
Ric Shimshock, MLD Technologies LLC
(ricshimshock4mld@aol.com), and Ludvik Martinu,
École Polytechnique, Montreal, Canada,
(lmartinu@polymtl.ca), were the 2005 SVC Program
Chairs.

Emerging Technologies
The Monday afternoon Emerging Technologies
program opened with the invited talk by David A.
Glocker from Isoflux Incorporated on nanometerscale TiN particles dispersed in a Mo matrix.
Coatings were deposited both by co-sputtering
and sputtering from composite targets using a
cylindrical magnetron sputtering system. Viktor
Kozlov of Sidrabe, Inc., Latvia, reported on
multilayer deposition of refractory and fusible
metals and alloys on powder materials.
Evaluation of coating thickness uniformity on a
single powder particle as well as on the powder
mass was shown. Wei Dong Zhu from Stevens
Institute of Technology followed with a presentation on pulsed reactive magnetron sputtering of
TiO2. Time-resolved optical emission spectra of Ti,
Ar, and O were correlated to the pulsed plasma
properties during the deposition. Darren Gardner
from Macquarie University, Gladesville, Australia,
introduced a new ion beam system in which the
anode voltage has a half-wave sinusoidal form.
The growth mechanisms of TiN-based hard and
superhard nanocomposite coatings as investigated
by spectroscopic ellipsometry were presented by
Ludvik Martinu of École Polytechnique de
Montreal. The contribution by Dave Smith from
Restek Performance Coatings featured low
outgassing silicon-based coatings on stainless
steel surfaces for vacuum applications. The
coatings are resilient, inert, and capable of
withstanding temperatures above 400°C.
On Tuesday afternoon, the session began
with a presentation by John Petersen from Ionic
Fusion Corporation on nanoparticle impregnation
and deposition of catalytic and diffusion barrier
materials, using ionic plasma deposition (IPD).
The method provides a uniform coating coverage
on the non-line-of-sight surfaces of the metal
foam material. Hana Baránková from Uppsala
University discussed PVD of films on ferromagnetic substrates in magnetized plasma systems.
6
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PVD regimes in high-density plasma must be
adapted with respect to a prominent contribution
of bombardment by energetic particles. Michael
L. Fulton of Ion Beam Optics Inc. introduced
space-based deposition technologies for solar
power and astronomical applications. Two
presentations were devoted to atmospheric
pressure plasma and its applications. Daniel
Kaute from Plasma Treat North America Inc.
described high-voltage, pulsed DC generated
FLUME plasma systems and their applications for
cleaning and activation of metals, glass,
ceramics, polymers, and composites and for
polymerization. The FLUME systems allow inline applications. The atmospheric pressure
plasma jet (APPJ) presented by Hans Herrmann
from APJet, Inc., is used in downstream or
remote regimes for surface cleaning, etching,
activation, reactive deposition, and plasma
polymerization. The final presentation by Hilton
Pryce-Lewis of GVD Corporation was devoted to
polymer coatings by initiated CVD (iCVD). The
process is scalable for large areas and moving
web substrates.
We look forward and welcome you to the
next SVC TechCon “Emerging Technologies
Forum” in Washington, DC, in 2006.
Hana Baránková, Uppsala University, Sweden
(hana.barankova@angstrom.uu.se), and Lad Bárdos,
Uppsala University, Sweden
(ladislav.bardos@angstrom.uu.se), are the Emerging
Technologies TAC Co-Chairs.

“

SVC was awesome this year, I think.
What a great group to be
associated with.

”

Paul Gagnon, Corning, Inc.

“Heuréka!” Post-Deadline
Recent Developments Session
The 2005 TechCon “Heuréka!” session was again
proven to be an important and prestigious forum
for late-breaking results at the SVC TechCon. It
was accompanied by considerable interest of
conference participants and stimulating
questions and discussions from the audience.
Due to growing interest of authors in presenting
their recent developments in this forum, the
session program was expanded to two evenings.
The Monday evening program began with
the presentation by Mark George from Deposition
Sciences, Inc., about improved control of reactive
sputtering by means of high-speed mass flow
controllers. John Arkwright from CSIRO
described a method for improved Ti film
thickness uniformity in filtered cathodic vacuum
arc evaporation by a thin aperture mask in front
of the moving substrate. Wilmert DeBosscher
from Bekaert explained the basic features of the
rotating cylindrical ITO targets in the large-area
sputtering in comparison with conventional
planar magnetrons. The last contribution in the
Monday evening program was presented by

Photo by Cronin Photography
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The SVC TechCon Bookstore allowed attendees to
preview books on vacuum coating before ordering.

Ahmet Gun Erlat from General Electric Global
Research Center on ultra-high barrier coatings,
mainly against oxygen ingress, for flexible organic
electronics where glass is replaced by plastic
substrates for lightning and other optoelectronic
applications.
The Tuesday evening session began with the
presentation of Russel Jewett from Sencera on an
electrodeless inductively coupled high-density
plasma source (up to 5 x 1012 cm -3) for large area
thin-film processing. Peter Hockley from Plasma
Quest Limited described high-density plasma
generation (> 1013 cm -3) and film deposition
technology with more than 95% target utilization
and ability to sputter from thick ferromagnetics.
Abe Belkind from Stevens Institute of Technology
presented an interesting sequence of timeresolved images of the optical emissions from
pulsed DC titanium target magnetron plasma.
The last contribution in the Tuesday evening
program was presented by Sreenivas Kosaraju
from Colorado School of Mines on plasmaassisted co-evaporation for deposition of
chalcocite and nitride thin films using novel
inductively coupled plasma source.
The exciting program with new ideas and
solutions made “Heuréka!" evenings in Denver a
great success. We are very grateful to Helix
Technology Corporation for generously sponsoring
the refreshments for these evening sessions. We
are looking forward to next year’s "Heuréka!"
sessions at the 2006 TechCon in Washington, DC.
Lad Bárdos Uppsala University
(ladislav.bardos@angstrom.uu.se) and Hana
Baránková, Uppsala University
(hana.barankova@angstrom.uu.se), are the Heuréka!
Co-Chairs

Innovators Showcase
The SVC’s Innovators Showcase has emerged as
the premier venue to introduce new products and
services to the vacuum coating community. Over
the past few years the Innovators Showcase has
continued on page 8
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grown in relevance as a vehicle to spread the word quickly and efficiently.
This year’s presentations once again raised the bar in terms of quality and
relevance of the subject matter. Special thanks go out to all the participants
who took the time and energy to craft a fascinating roster of presentations. The
Adam’s Mark hotel afforded us ample room and, once again, the SVC A/V staff
did a fabulous job ensuring that everything ran smoothly.
Extending the conference for a day and reducing the number of parallel
conference sessions from four to three had a dramatic impact on attendance at
the Innovators Showcase. Most presenters found an audience that exceeded forty
attendees. This is quite a change from the days (which were not all that long ago)
where the majority of the attendees were “booth mates” and competitors!
If you are planning to exhibit at the 2006 TechCon in Washington, DC, then
a presentation at the Innovators Showcase is a surefire way to increase booth
traffic! Presentations are limited to 10 minutes (plan on using PowerPoint to
maximize the visual impact of the presentation).
Everyone is welcome to participate. All you need to do is submit an abstract,
and the SVC’s on-line abstract submission process has made this task easier than
ever. Act quickly for we are likely to run short of these presentation slots.
We’re on a roll. Let’s continue our success in Washington, DC next year!
See you there!
Frank Zimone, Denton Vacuum LLC (fzimone@dentonvacuum.com) is the Innovators
Showcase Chair.

Joint Session on Processes, Materials, and
Systems for Flexible Electronics and Optics
The program of the Special Joint Session focused already for the third consecutive year on a hot topic within the SVC community, namely Flexible Electronics
and Optics. This year, the technical program was organized jointly by the TAC
Chairs of the Optical Coating, Web Coating, Large Area, and Plasma Processing
sessions. It represented a set of contributions given by experts from six
different countries, including Belgium, Canada, Denmark, France, the
Netherlands, and the United States. On Tuesday morning, this session,
moderated by Ludvik Martinu and Peter Moulds, was introduced by an enlightening invited talk by Roger Phillips of Flex Products – a JDS Uniphase Company,
on “Using Vacuum Roll Coaters to Produce Anti-counterfeiting Devices.” His
presentation was highly informative and illustrative, and it dealt with the
present and future trends, opportunities, and technologies for advanced thin
film security devices that must become at the same time technologically ever
more complex in order to stay ahead of the counterfeiters and simple in order to
make their application economically viable.
The following presentations concentrated on different aspects of the
fabrication, processes, materials, and metrology suitable for displays; this
included “PECVD Processed Silicon Carbide for Organic Luminescent Devices”
by William Weidner (Dow Corning Corp.), “Sputter Deposition of Titanium Oxide
Coatings for Plasma Display Filters” by Peter Persoone (Bekaert), “Ion-Induced
Effects During Reactive Sputtering of ITO Films” by Oleg Zabeida (École
Polytechnique), and “Organic Light Emitting Diode Thin Film Structure
Characterization by Phase Modulated Spectroscopic Ellipsometry” by Alan
Kramer (Horiba - Jobin Yvon). Numerous presentations dealt with “pushing the
limits” of ultra-barrier coatings both from the fabrication as well as testing
points. This included “Multilayer Ultra Barrier Coatings for Flexible
Electronics: Looking at the Layers”; “Interphase Development by Means of In
Situ Real-Time Studies,” by Mariadriana Creatore (Eindhoven University of
Technology), “Gas Diffusion Barriers on Polymers Using Al2O3 Atomic Layer
Deposition,” by Markus D. Groner (University of Colorado), “Structural
Investigation of PECVD Moisture Barrier Coatings by Positronium Annihilation
Lifetime Spectroscopy,” by Ludmil Zambov (Dow Corning Corporation),
“Automatic Permeability Testing: Challenges and Solutions,” by Alyce Hartvigsen
(PBI-Dansensor A/S), and “Water Vapor Permeation Testing of Ultra-Barriers:
Limitations of Current Methods and Advancements Resulting in Increased
Sensitivity,” by Michelle Stevens (MOCON Inc.). The joint session provided
8
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Ludvik Martinu, École Polytechnique, Montreal,
Canada (lmartinu@polymtl.ca), Optical Coating TAC
Chair; Peter J. Moulds, Ursa International
Corporation (ursaintL@sbcglobal.net), Vacuum Web
Coating TAC Co-Chair; Michael Andreasen, VACT
(michael.andreasen@vact.com); and Vasgen
Shamamian, Dow Corning Corporation
(v.shamamian@dowcorning.com), Plasma Processing
TAC Chair, jointly organized this session.

Plasma Processing Sessions
Perspective
This year’s Plasma Processing sessions were
again defined by a wide variety of interesting and
exciting topics, as exemplified by our invited
speakers. Our first invited speaker was Paul
Gagon (Corning, Inc.), who spoke about the drug
discovery industry and the role of plasma
processing in product development. Ulf
Helmersson (Linkoping University) kicked off the
session dedicated to high-power impulse
magnetron sputtering (HIPIMS). Our final
invited speaker, Jurgen Engemann (JE

PlasmaConsult GmbH), discussed atmospheric
pressure plasma jets and the very unique “plasma
bullet” formation. Our contributed talks
represented research underway in academic,
industrial, and government laboratories around
the world. The talks covered a broad range of
plasma sources and technologies used in
materials processing, including: electron beamgenerated plasmas, flowing afterglow plasmas,
magnetrons, vacuum arcs, hollow cathodes,
inductively coupled plasmas, ion guns, and
plasma jets. The sessions were strong in plasma
diagnostics and system characterization, as well
as in situ materials characterization. Diagnostic
techniques that were discussed included electrostatic probes, energy-resolved mass spectrometry,
and optical emission spectroscopy. In situ growth
monitoring using X-ray diffraction and spectroscopic ellipsometry were discussed also.
Common to all presentations was the strong
relationship to processing, covering applications
like barrier coatings, biocompatible surfaces, and
hard coatings on substrates ranging from plastics
to gun barrels.
This year, the Plasma Processing TAC
established a special session on high-power
impulse magnetron sputtering (HIPIMS), a new
and upcoming technology that is attracting a
growing audience, as evidenced by the session’s
attendance. The invited talk by Ulf Helmersson
presented an overview of HIPIMS, illustrating the
need for ionized physical vapor deposition (IPVD) technologies, introducing the typical

Photo by Cronin Photography

great merit by attracting a large technical
community around a common hot topic, a fact
that largely contributed to an efficient scientific
exchange.
We plan to organize new joint sessions at
the 2006 SVC TechCon that would bring together
experts from different fields and with different
backgrounds. Please let us know your comments
and suggestions by contacting Ludvik Martinu or
Peter Moulds.

Holger Nörenberg of Technolox Ltd., Oxford, United
Kingdom, presented in the Vacuum Web Coating
session at the 2005 TechCon in Denver, CO.

plasma parameters of HIPIMS, and the
fundamental properties of films deposited using
the technique. The session addressed a host of
topics including HIPIMS plasma properties and
discharge temporal evolution using time-resolved
ion composition and energy studies.
Presentations addressing the deposition rates
continued on page 10
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using both theoretical and experimental
approaches were given. The upscaling of HIPIMS
to industrial scale commercial equipment was
also demonstrated. The session included three
talks on conventional mid-frequency pulsed
sputtering. In those, time-resolved electron
temperature and plasma potential measurements
were discussed, as was the use of powder targets
for optical materials growth. Based on the
success of this year’s HIPIMS session, the Plasma
Processing TAC is planning to repeat the session

at next year’s TechCon.
The breadth and diversity in the content of
this year’s presentations illustrate the constant
progress in plasma processing and the companion
evolution in approaches to processing problems.
We thank all the presenters for sharing their work
and making this another outstanding year! We
hope to continue this tradition next year, with a
focus on plasma and ion sources, plasma diagnostics, and new techniques.
Scott Walton, US Naval Research Laboratory
(sgwalton@ccs.nrl.navy.mil) is the 2006 Plasma
Processing TAC Chair; and Falk Milde, VON ARDENNE
Anlagentechnik GmbH (milde.falk@ardenne-at.de),
and Arutiun Ehiasarian, Sheffield-Hallam University,
(a.ehiasarian@shu.ac.uk), are the Assistant TAC
Chairs.

“

Don McClure's “A Vacuum Wizard's
Guide to Understanding Vacuum and
Vacuum Coating” was simply amazing!
It brought to life the fundamentals that you
only read about. I now have a clear
understanding of what's going on
inside that vacuum chamber.
Don McClure – you’re the wizard!
Erica Riley, Schick-Wilkinson Sword

Mr. Wizard Presentation had
Standing Room Only!
The inaugural presentation of “A Vacuum
Wizard’s Guide to Understanding Vacuum and
Vacuum Coating” drew a large crowd, with
standing room only for late comers. The
response from attendees was enthusiastic
and positive.
The presentation was based on an
extensive set of table-top demonstrations and
visuals. Familiar everyday objects and activities were used to connect attendees in
tangible ways with concepts related to
vacuum and vacuum coating. Many of the
demonstrations used a transparent vacuum
chamber so attendees could “see” the principles of vacuum or vacuum coating in action.
The presentation attracted both nontechnical and technical attendees. All were
delighted.
Topics included pressure, vacuum,
vacuum pumps, vacuum measurement, very
high and very low temperatures (as used in
coating and pumping), the phase changes
that occur during vacuum coating, and the
concepts of mean free path and impingement
rate. The latter concepts were explored in
relationship to sputtering and high rate and
low rate evaporation systems.
Don McClure, of 3M Corporate Research and
former SVC President (donmcclure@mmm.com),
was our Vacuum Wizard. Plan on attending next
year’s offering at the SVC TechCon in
Washington, DC.
10
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Large Area Coating
Thanks to all of the presenters who covered a
broad range of applications, processes,
equipment, and basic improvements in
technology of interest to the Large Area Coatings
community during the two Large Area Coating
Sessions at the 2005 SVC TechCon. Let me
mention that many of the presentations were
joint efforts of several companies or institutions.
For more information on any of these presentations, consult the Program or Proceedings.
The first session, chaired by Michael
Andreasen, VACUUM COATING Technologies,
Inc., was organized around the general topics of
modeling of sputter erosion and rate enhancement, improvements in coating systems and
components, and plasma activated E-beam
deposition. Takuji Oyama of the Asahi Glass
Company Research Center led off the session
with an invited talk titled “Theoretical
Considerations of Magnetron Discharges with
Respect to Arcing and Plasma Structure in DC
and AC Sputtering. He showed how modeling the
complex phenomena in plasmas could provide
physical insights to understanding and optimizing
sputter processes. He also showed a hybrid
model simulating the plasma structure of an
unbalanced magnetron and a dual magnetron
operated in a bipolar mode. Guy Buyle of Ghent
University followed with a presentation titled
“Monte Carlo Simulation of Anomalous Erosion in
Large Area Sputter Magnetrons” in which he
showed that the increased deposition commonly
occurring at the ends of linear sputter
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SVC TechCon Reports

Anja Blondeel, of Bekaert, showed a newly designed
magnet bar that can be tuned to improve cross-coater
uniformity.

magnetrons is due to increased ionization caused
by electrons being accelerated from a weaker
(turnaround area) to a stronger (middle of
magnetron) magnetic field.
Next, five presentations were made in the
Improvements in Coating Systems and
Components category. Phil Greene, of VACUUM
COATING Technologies, started us off with a
presentation titled “Flexibility and Productivity
Improvements in a New Coating System Design,”
which showed newly available improvements in
flexible, reconfigurable, large area coating systems
related to reduced cost of operation and improved
yield. Joern Brueckner, of VON ARDENNE
Anlagentechnik, presented a talk titled “Advanced
Rotatable Magnetron Module Designed for Large
Area Glass Coaters” in which he showed a newly
available rotatable magnetron module with a
closed loop process control system. Krist Dellaert,
of Bekaert, presented “Advances in Sputter
Hardware for Rotating Cylindrical Magnetron
Sputtering” in which he showed seal and power
transmission improvements to end blocks as well
as vertical and cantilevered versions of rotatable
magnetrons for display applications. Anja
Blondeel, of Bekaert, made a presentation titled
“Large Area Rotating Magnetron Sputtering:
Magnetic System Enhancements” in which she
showed a newly designed magnet bar that can be
tuned to improve cross-coater uniformity. Thomas
Rettich, of Heuttinger Electronic, Inc., discussed
power supply requirements for display applications vs. the better-known architectural applications in his presentation titled “MF and RF
Systems for Large Area Glass Coating and Flat
Panel Display Applications.” “New Steps Toward
Large Area Plasma Activated EB-PVD” was the
topic presented by Ekkehart Reinhold, of VON
ARDENNE Anlagentechnik. He discussed electron
beam deposition for large area applications and
how, typically, deposition rates for some materials
are higher for EB, but the layers are more porous
and less dense than sputtered films and
consequently have poorer durability and lower
index. Tomas Nyberg, of Uppsala University, gave
the last presentation of the session, “Modeling of
continued on page 12

SVC TechCon Reports
continued from page 10

Sputter Erosion Rate Enhancement from Ceramic
Targets.” This presentation proposes an
interesting explanation of why reported deposition
rates of oxide materials are much higher from
ceramic targets as opposed to reactive deposition
from metallic targets.
The second session, chaired by Johannes
Strümpfel of VON ARDENNE Anlagentechnik was
organized around the general topics of modeling
of reactive deposition processes, innovative
target technologies, conductive films, linear ion
sources, and improvements in large area coating
equipment. Professor Roger de Gryse started the
session with an invited talk titled “Aspects of the
Target Voltage Behavior in Reactive Sputtering.”
Dr. de Gryse proposes that two processes related
to poisoning are competing at the target surface:
chemisorption and subplantation of reactive gas
ions. Their impact on target voltage (often used
as an early warning indicator of impending target
poisoning) is very different and predictable. A
model was presented in which the target voltage
is expressed as the weighted difference between
the fraction of the target surface area occupied
by chemisorbed species and the fraction of the
target surface, which is converted into compound
by ion implantation. Andreas Pflug, of the
Fraunhofer Institute for Surface Engineering and
Thin Films (Braunschweig), followed with his
modeling presentation titled “Modeling of the
Plasma Impedance in Reactive Magnetron
Sputtering for Various Target Materials.” He
presents a heuristic model relating plasma
impedance combined with gas flow simulation
and chemisorption models to explain the voltage
hysteresis curves of several reacted metal deposition processes, including Zn, Ti, W and Hf. The
long-term intent of this work is to develop modelbased process control for large area coating
systems. Florian Ruske, of the Fraunhofer
Institute for Surface Engineering and Thin Films
(Braunschweig), then gave a presentation titled

“Hydrogen Doping of ZnO:Al Films Deposited by
Pulsed DC Sputtering of Ceramic Targets,” which
discussed the addition of hydrogen as a donor to
increase charge carrier concentration in ZnO:Al
films deposited from relatively inexpensive
sintered targets. “New Developments in the
Manufacturing of Thermal Sprayed Cylindrical
Targets” were presented by Hilde Delrue, of
Bekaert, who compared Sn rotatable targets
made by standard and improved thermal spray
processes to cast Sn targets. The improved
thermal spray process was shown to produce
targets with columnar structure, large grain size,
low included oxygen and nitrogen content, high
density and high ductility—very similar to cast
Sn targets. Wolf-Michael Gnehr, of the
Fraunhofer Institut (FEP), made a presentation
titled “Pulsed Plasmas for Reactive Deposition of
ITO Layers” in which he investigates some of the
characteristics of pulsed packet (DC) sputtering.
Monte Carlo simulations show that the pulse
parameters (on/off times and pulses per
package) affect the energy of neutral particles
incident on the substrate and growing film.
Denis Shaw, of Advanced Energy Industries, then
gave a talk on “Closed Drift Ion Sources for Large
Area Architectural Glass Coating.” Recently,
linear ion beam sources have been scaled to sizes
appropriate for use in large area coating (up to 4
meters in length). This opens up their use for
substrate pre-cleaning, direct deposition and codeposition in large area coating equipment. Mike
Plaisted, of Soleras Ltd., then continued our
mini-session on target technology with a presentation titled “Application of HIP (Hot Isostatic
Pressing) to Rotatable Sputter Targets.” He
showed how hipped targets are made and
described some of the features/benefits of near
100% dense targets—minimal
contaminants/atmospheric inclusions, high index,
improved heat transfer and increased deposition
rate due to increased power handling capability.
Next was Mathew Fonte, of Dynamic Machine
Works, Inc., who presented another target
manufacturing technology that is new to many of

2005 TechCon
Education Program

Photo by Cronin Photography

The highest number of courses
ever offered at the SVC 2005
TechCon in Denver attracted
almost 300 participants. There
were 33 courses to choose from. In
addition to the old favorites, three
new courses were offered:
Practical Aspects of Permeation
Measurement, From Polymer Films
to Ultra-high Barriers; Plasma Web
Treatment; and Pulsed Plasma
Processing. All of the new courses were well attended. Planning for 2006 TechCon has already
begun. This is a good time for suggesting new courses that you would like to see offered in 2006.
Please send your suggestions to the Education Committee Chairs.
S. Ismat Shah, University of Delaware (ismat@udel.edu) is the SVC Education Committee Chair, and Vasgen
Shamamian, Dow Corning Corporation (v.shamamian@dowcorning.com), is the Assistant Chair.
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us—flow forming—in a talk aptly titled “Flow
formed Rotatable Sputtering Targets.” He
described the technology and its potential
benefits to manufacturing targets for the large
area coating industry. Michael Geisler, of Applied
Films GmbH, closed the session with a presentation titled “Latest Progress of Coating Technology
in Architectural Glass Coaters and Applications.”
He described a large area coating system using
cantilever rotatable magnetrons and a new
method of removing the targets.
We would like to thank participants and
attendees alike for making this session so
successful and informative.
Michael Andreasen, VACUUM COATING Technologies,
Inc. (michael.andreasen@vact.com), is the Large Area
Coating TAC Chair; Johannes Strümpfel, VON
ARDENNE Anlagentechnik GmbH
(struempfel.johannes@vonardenne.biz), is the
Assistant TAC Chair.

Optical Coating
The 2005 Optical Coating technical program
attracted a large number of participants.
Important developments in this field and the
most recent trends are characterized by the
diversification of activities, as illustrated by a
wide spectrum of topics presented. The program
consisted of presentations divided into two
morning sessions and one afternoon session; in
addition, selected talks were presented as part of
the joint session that focused on flexible optics
and electronics. Several other activities (such as
the networking breakfasts and lunchtime
tutorials) underlined the important role of optical
films and coatings in modern technologies.
The first technical session on Monday
morning highlighted a very important subject
within the optical coating community, namely,
Advanced Optical Metrology. This topic was
introduced by David Aspnes, North Carolina State
University, in his invited presentation entitled
“Recent Advances in Optical Characterization of
Thin Films by Spectroscopic Ellipsometry.”
Subsequent speakers discussed specific examples
of film analysis by ellipsometry in the context of
solar selective coatings (John Woollam, J.A.
Woollam Co. Inc.), modelling of anisotropic
stacks (Alan Kramer, Horiba Jobin Yvon), and in
situ real time film growth monitoring complemented by dynamic Monte Carlo simulations
(Ludvik Martinu, École Polytechnique). These
topics were further completed by the analysis of
sensitivity variation during manufacture (Daniel
Poitras, NRC) and statistical process analysis for
reverse engineering (Ian Stevenson, Denton
Vacuum LLC).
The second optical session on Wednesday
afternoon on “New Optical Materials and
Processes” was introduced by Jacek Wojcik
(McMaster University) who focused on
"Modelling and Experimental Determination of
the Optical Properties of Thin Films," with a
particular emphasis on photoluminescence from
Si nano-crystals in silica matrix. Contributed
continued on page 14
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presentations in this session discussed different
complementary aspects, in particular new and
novel deposition approaches such the end-Hall
ion source (David Burtner, Veeco Instruments)
closed field magnetron sputtering for achieving
super-smooth metal-oxide films (Michael Walls,
Applied Multilayers Ltd.), gridless ion-source for
fluoride films (Darren Gardner, Macquarie
University), pulsed DC sputtering of niobia (Arno
Schintlmeister, Plansee AG), wear-resistant
coatings on plastics (Stefan Bauer, Schott AG),
enhanced performance of high index scandium
oxide films (Guillermo Acosta, Brigham Young
University), and plasmon resonance characteristics for biosensors (Ian Stevenson, Denton
Vacuum LLC).
The third session on Thursday morning was
devoted to “Advanced Applications of Optical
Coatings” providing a unique set of examples
illustrating recent trends in this area. The
session was initiated by Joanne Jones-Meehan
from the Naval Research Laboratory in
Washington DC. Her talk entitled “Optical
Immunoassays to Detect Environmental Agents
and Pathogens in Clinical Specimens” introduced
the fast evolving field of biomedical applications.
Specific examples include fabrication of coatings
for extreme ultraviolet (EUV) applications
(Cheng-Chung Lee, National Central University
and Horst Neumann, Leibnitz Institute of
Oberflachenmodifizierung), design of nonpolarizing beamsplitters (Ron Willey, Willey Optical
Consultants), and process optimization involving
rate control (Michael Gevelber, Boston
University), uniformity control (John Arkwright,
CSIRO), impedance spectroscopy studies of
protected silver reflectors (Frederic Sabary, CEA
Le Ripault), and stress reduction in hafnia/silica
multilayers (Doug Smith, Plymouth Grating
Laboratories). This session also featured a highly
interesting student presentation from École
Polytechnique in Montreal, entitled “Playing with
Light – The Quest for New Optically Variable
Devices” by Bill Baloukas.
The series of traditional networking
breakfasts is an integral part of the Optical
Coating activities. Apart from the gastronomic
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pleasures, these featured discussions on “Optical
Monitoring and Process Control” moderated by
Ric Shimshock, MLD Technologies (Tuesday
morning), “N- and P-type Transparent Conductive
Coatings” moderated by Clark Bright, 3M
Company, “Optical Design” moderated by Angus
Macleod, Thin Film Center, and “Ion and PlasmaBased Processing for Optical Coatings”
moderated by Ludvik Martinu, École
Polytechnique (Wednesday morning). Angus
Macleod shared his wisdom with us in his
lunchtime tutorial lecture on real-life experience
with “Optical Coatings and Systems” on Tuesday.
This year’s optical session was very
successful and well attended, demonstrating the
continuous interest of the technical community in
the advancement of this field. In fact, we are
already in the process of preparing the program
for the 2006 TechCon. In this respect, I would
like to acknowledge the enthusiasm of Ian
Stevenson from Denton Vacuum LLC, and Bryant
Hichwa from the Sonoma State University, who
kindly accepted to act as TAC Co-Chairs of the
Optical Coating session for the 2006 conference. I
wish them good luck and ask you to contact them
with your possible comments and suggestions.
(Ludvik Martinu, École Polytechnique
(lmartinu@polymtl.ca), was the 2005 Optical Coating
TAC Chair; and George Dobrowolski, retired from the
National Research Council of
Canada(dobrowolski@magma.ca), was the 2005
Optical Coating TAC Assistant Chair.

Plasma Processing of Webs:
Session Summary
In addition to our regular sessions, this year the
Plasma Processing and Vacuum Web TACs collaborated in sponsoring a joint session on Plasma
Processing of Webs. The session had many
exciting talks discussing the latest research and
applications in high-performance coatings on
flexible substrates. Moses David of the 3M
Corporation described the film characteristics,
methods of plasma deposition, and potential uses
for diamond-like carbon (DLC) and silicon-doped
DLC in the marketplace. David showed the
audience that DLC is a versatile material with
many superior properties such as high lubricity,
corrosion resistance, and high mechanical

toughness. In addition to polymer webs, using
plasma in fluidized beds to coat DLC on particles
and tubular capacitive systems to coat fiber optics
are also possible. Two talks discussed the
chemistry, utility, and pitfalls of in-line plasma
pretreatment strategies in web coating. Pierre
Fayet of Tetra Pak SA, showed compelling
evidence of the deleterious effects and trends of
size distributions of particles used in the
antiblocking layer of commercial polymer webs on
the barrier properties of PECVD ceramic coatings
of polyester webs. Jeremy Grace of the Eastman
Kodak Company discussed the importance of
plasma/web source design, biasing, and interaction and their impact on N-atom uptake kinetics
and resulting film nitrogen functional group differentiation. Finally, nearly half of the presentations
featured new plasma processing strategies using
nonthermal atmospheric pressure discharges.
Stuart Leadley of Dow Corning’s Plasma Solutions
and his collaborator Denis Dowling of University
College Dublin demonstrated a new, scalable,
plasma technology, capable of injecting an aerosol
into a discharge. The resulting polymerized film
coating showed excellent retention of functional
group properties such as hydrophobicity or
hydrophillicity. We believe atmospheric pressure
processing reflects an exciting new trend in web
coating, and the Plasma and Web TACs will be
pleased to see more involvement of SVC in this
important technical area.
Vasgen Shamamian, Dow Corning Corporation
(v.shamamian@dowcorning.com), was the 2005
Plasma Processing TAC Chair; and Peter Moulds, Ursa
International (ursaintL@sbcglobal.net), is the
Vacuum Web Coating TAC Co-Chair

Process Control &
Instrumentation
The PC&I TAC focuses on the enabling
techniques, instruments, and controls that make
thin film coatings possible. This year's TechCon
session proved both interesting and informative
with presentations on new approaches to controlling thin film deposition processes.
We led off our session with our invited talk
entitled “Multi-Gas, Multi-Zone Reactive
Sputtering Control System,” by Bill Sproul of
Reactive Sputtering Consultants LLC. As always,

Bill’s presentation provided valuable insights into
reactive sputtering and possible solutions for
controlling the complex process behavior.
Dermot Monaghan of Gencoa Ltd, presented our
second talk, “Long-Term Process Control and
Stability in Reactive Sputtering,” which discussed
reactive sputtering control from a different
perspective and offered some additional solutions
for controlling the process.
Our third presentation, “Pole Pieces
Insertion in Target for NiCr Magnetron
Sputtering: Influence on Plasma and Coating
Properties,” was presented by Corinne Nouvellon
of Materia Nova. This presentation discussed how
insertion of ferromagnetic pole pieces in the
target can improve target efficiency, uniformity,
and utilization. Our fourth presentation, “Coating
of Powder Particles in a Magnetron Plasma,” was
given by Holger Kersten of INP Greifswald.
Instead of the typical view of particles as contamination for most thin film processes, this presentation reviewed the use of particles as a
diagnostic tool and the tailoring of particles for
specific characteristics.
Our next presentation was “Spectroscopic
Mueller Matrix Polarimeter Using Liquid Crystal
Device Polarization State Generator and
Detector,” given by Alan Kramer of Horiba Jobin
Yvon. Alan presented the theory, design, and
application of a polarimeter based on liquid
crystal devices. Next was a presentation by
Jurgen Röpcke of INP Greifswald, “On the
continued on page 16

SVC History Committee News

A

t the 48th SVC Annual Technical Conference in Denver an oral history interview with Dale
Morton, Denton Vacuum LLC (retired), was conducted by Frank Zimone. A transcript of this
interview will be available on the SVC Web Site soon in the “History” section under “Oral Interviews”
at http://www.svc.org/H/H_OralInterviews.html.
The SVC Web Site has an “In Memoriam” section under “About SVC” to recognize the passing of
people who were active in the Society of Vacuum Coaters at
http://www.svc.org/AboutSVC/AS_Memoriam.html.
The SVC History Committee has decided that the passing of notables in both vacuum coating
and vacuum technology from outside the SVC should also be noted for future generations.
Henceforth, a short biography on people who have been important to the community will be noted
under the “History” button in the “News, Notes, and Comments” section of the Web Site.
The SVC notes the passing of Ron Christy, Tribo Coating, Malibu, CA (1938–2004). Ron was well
known in the vacuum coating community although he was not active in the SVC. The SVC also notes
the passing of Ronald Philip (Ron) Howson, Loughborough University, UK, on February 28, 2005. For
further details on the lives of Ron Christy and Ron Howson please visit the SVC Web Site at
http://www.svc.org/H/H_Notes.html.
The History Committee invites people to add their thoughts in memory of these individuals by
sending an E-mail to Don Mattox at svcinfo@svc.org. The History Committee also solicits information
on any person of note in the vacuum coating community who has died. The History Committee would
like to remember them in the most appropriate manner.
The History Committee is creating a book to commemorate 50 years of SVC, both from a
perspective of the organization of SVC and the developments of the technologies in which the Society
has been particularly active. If “old timers” have photos, write-ups, and/or memories to share of
events that have taken place over the past 48 years, please send these to SVC.

Donald M. Mattox, SVC Technical Director (donmattox@svc.org) is Chair of the History Committee; Ric
Shimshock, MLD Technologies LLC (ricshimshock4mld@aol.com) and Dale Morton, Denton Vacuum - retired
(dmorton@dentonvacuum.com) are the Assistant Chairs of the History Committee.
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The concept of holding a workshop reviewing
where specialty roll coating has been, where it
is now, and where it might be headed came
out of a discussion that Roger Phillips and
John Fenn, Jr. had about a year ago. They both
agreed that it might make an interesting topic
at the 2005 SVC TechCon and agreed to
contact various colleagues in the field to
contribute. Our only instructions to them
were that they should be “entertaining, controversial, and educational.” It appeared from
the attendance of over 100 people, lasting well
past 7 p.m., that the panel successfully
achieved these concepts in their presentations.
It could have been the fact that the workshop
was held after the Beer Blast in the Exhibit hall
helped, but this is only speculation.
Roger Phillips and John Fenn, Jr. tried to
bring together a wide cross section of people
involved in this field. The panel members were
Don McClure of 3M, Charles Bishop of C.A.
Bishop Consultants, Roger Phillips of JD
Uniphase Flex Products, Bill Kittler of Gnomic
Group and Liz Josephson of Applied Films.
These participants ranged from large corporations and entrepreneurial-based companies to
equipment manufacturers. While their
opinions on where specialty vacuum roll
coating is currently and where it might be
headed were diverse and made for some lively
discussion, some common themes could be
extracted.
The first theme was that in the future,
the trend would be toward more narrow width
vacuum flexible roll coating equipment that
will be used to develop and introduce new
specialty roll coatings. The future markets
where specialty roll coating will probably be
initially applied will start out as niche markets,
requiring custom coatings with more rapid
turnaround and relatively small volumes. After
all, a large volume coater requires “a lot of
hay” to keep it going economically. Secondly,
the impact of the available substrates on the
market would be significant. The surfaces of
these substrates will have to be significantly
improved. Whether this has to be performed
online in the vacuum coater or can be done
offline is still a major question. Finally, the
theme of combining multiple functions in one
vacuum coater was strongly debated.
The Workshop appeared to be well
accepted at the TechCon. Both Roger Phillips
and John Fenn, Jr. enjoyed the exercise of
putting it together and look for other topics
that lend themselves to such an exercise.
John Fenn, Jr., Fennagain,
(johnfenn@earthlink.net), and Roger Phillips, JD
Uniphase (Roger.Phillips@jdsu.com), were the
Workshop Organizers.
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Application of Quantum Cascade LaserAbsorption Spectroscopy for Plasma Process
Monitoring.” This presentation discussed the
advantages of a room-temperature quantum
cascade laser for use in plasma process
monitoring.
Our next presentation, “True 2-D Imaging
Spectroscopy in a Reactive Sputter Process for
Large Scale Optical Glass Coating,” presented by
Till Wallendorf of IfU Diagnostic Systems GmbH,
discussed the use of this noninvasive technique
for controlling large-scale optical coating. Next
was a presentation by Eric Teboul of Horiba Jobin
Yvon on “An Optical Sensor for Real-Time In Situ
Endpoint Monitoring During Dry Etching of III-V
Multistack Layers,” which discussed the use of an
IR CCD for end-point detection compared to a
visible laser diode.
Our last two presentations dealt with a
common problem, arcing, in DC- and RF-powered
processes. Dave Christie of Advanced Energy
Industries presented “Arc Handling
Considerations for DC Sputtering Power
Supplies,” and Gideon van Zyl, also of Advanced
Energy Industries, presented our final talk,
“Managing Arcs in RF Powered Plasma
Processes.” Design considerations for these two
types of power supplies were reviewed to show
how damage to process products and equipment
can be minimized.
J. Grant Armstrong, Carberry Technologies,
(JGrantA@carberrytech.com) and Dave Chamberlain,
MKS Instruments, Inc.
(dave_chamberlain@mksinst.com) are the Process
Control and Instrumentation TAC Co-Chairs.

Smart Materials Symposium
The Smart Materials Symposium took place
Wednesday, April 27. A series of presentations
reported on recent advances on a variety of
materials with “smart” features. The flavor was
definitely an international one with contributors
from Australia, Denmark, Germany, Italy, Japan,
Portugal, Sweden, as well as, naturally, the
United States. Carl Lampert from Star Science
gave a general overview of smart materials with a
focus on the advances since the time of the
previous SVC Technical Conference.
Large area plastic solar cell modules have
undergone rapid developments during the past
several years. Their efficiency is still much lower
than for silicon solar cells and several of their
alternatives, but the plastic cells give hopes for
very inexpensive manufacturing. Longevity is
another challenge that has to be met before the
technology is ready for the market. Frederick
Krebs from the Risoe National Laboratory in
Denmark gave an invited presentation covering
the state of the art for plastic solar cells modules
and reported on the rapid progress that has
taken place in his own laboratory.
Plastic solar cells, as well as many other
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Workshop on the “Past,
Present, and Future of
Specialty Vacuum Roll Coating”

The 2005 SVC TechCon attracted 1,355 attendees and
has been labeled one of the best ever.

optical and optoelectronic devices, have performances that are critically dependent on
transparent electrically conducting thin films.
Dana Olson from the National Renewable Energy
Laboratory gave a talk on this topic, with a focus
on nano-structured oxide conductors for plastic
solar cells. Another talk on the same general
topic was given by Bernd Szyszka from the
Fraunhofer Institute for Surface Engineering and
Thin Films in Braunschweig, Germany, who
reported on progress on the manufacturing of
transparent and conducting films of ZnO:Al by
large-area in-line magnetron sputtering.
Underlying much of the current work on
transparent conductors is the fact that the most
popular material, In2O3:Sn (known as indium tin
oxide or ITO), has become much more expensive
during the past few years, and hence the interest
in potentially low-cost alternatives is soaring.
The reason for the high cost of ITO was discussed
at length outside the formal sessions of the
Symposium—with no consensus being reached.
Electrochromic devices for architectural
“smart windows” have been in the limelight for
several years. Prototypes and pilot-scale production has been attempted, but the “smart window”
still remains something of the Holy Grail of
architecture. Based on many years of R&D, SAGE
Electrochromics of Faribault is now ready for
market introduction of roof windows. Neil Sbar
gave an invited presentation of the work at SAGE
and showed performance data illustrating the high
degree of transmittance modulation that can be
achieved. Claes Granqvist of Uppsala University
in Sweden talked about flexible electrochromic
foils, which are now being commercialized by
ChromoGenics Sweden AB with the object of
implementing this new technology first in
consumer products and then in the automotive
and architectural markets. Electrochromic
devices were addressed also by Matteo Biancardo
of the Risoe National Laboratory in Denmark,
whose focus was on wide band gap nanocrystalline semiconductors functionalized with
poly-nuclear mixed valence compounds.
Heat leaks through windows are costly both
in climates requiring heating and requiring
cooling. One radical way to improve the thermal

The 2005 TechCon featured more
presentations than ever before!

Photo by Cronin Photography

insulation is to avoid conduction and convection
in a double-glazed construction by removing the
air. Clearly such “vacuum windows” need spacers
in order not to implode—spacers that should be
small enough not to obstruct the view. Vacuum
windows were the subject of two presentations
from the University of Sydney in Australia.
Nelson Ng reported on ways to characterize the
thermal insulation properties and Lai So
discussed how to apply advanced surface analytical techniques to the internal glass surfaces.
Photo-catalytic surface coatings attract
much interest today. Such coatings can be selfcleaning under irradiation because the light
impinging on such a surface tends to break
chemical bonds and therefore remove organic
material that otherwise may stick to the surface.
Reactive sputtering for depositing photocatalytic TiO2 coatings on glass was discussed by
Carlos Tavares from Universidade do Minho in
Portugal. A disadvantage with pure TiO2 is that
it only works efficiently with ultraviolet light,
and it is clearly of interest to extend to spectral
response so that it includes visible light. A
presentation by Joaquim Carneiro, also of
Universidade de Minho, showed how Fe doping
can be used to extend the response for TiO2based coatings applied to plastics.
Application of smart materials to artificial
organs is a subject of much interest worldwide.
Peter Martin from Pacific Northwest National
Laboratory in Richland (WA) discussed oxygen
generation and biocompatibility aspects of a

photolytic artificial lung device. This work
represents a major effort and includes
researchers also at the University of Pittsburgh,
the Battelle Memorial Institute in Columbus, the
Massachusetts Institute of Technology in
Cambridge, and Pharos LLC in Waltham.
Presentations were also given by Satoshi
Takeda from Asahi Glass Co. in Yokohama, Japan,
on characterization of oxygen in diverse oxide
materials by using 18O2 gas, and by Mark George
from the University of Colorado in Boulder on
atomic layer deposition on polymers.
The Smart Materials Symposium was well
attended, and there were lively discussions on a
number of scientific and technical matters. The
Symposium was no doubt a success thanks to the
speakers and the lively audience—and also
thanks to organizers who were able to overcome

a number of hurdles at the very last moment.
Claes G Granqvist, Uppsala University, Sweden (claesgoran.granqvist@angstrom.uu.se) is a member of the
Smart Materials Symposium Organizing Committee.

Tribological & Decorative
Coating
This year’s SVC conference exhibited a very
exciting and well-balanced program on
Tribological & Decorative Coatings. The sessions
were very well attended and offered interesting
presentations from various speakers from
industry and universities.
The Monday morning session opened with
talks on fundamental research on tribological
coatings. The invited presentation from Jim
Moore of Colorado School of Mines opened the
continued on page 18
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session. In his talk on nanostructured coatings,
Moore showed a systematic investigation,
wherein coatings containing Ti-B-C-N were
produced using unbalanced magnetron
sputtering and pulsed bias. By varying process
parameters, he showed the influences on the
coating hardness (up to 40 GPa) friction coefficient as well as the H/E (Hardness/Elastic
Modulus) ratio. Another presentation from the
Colorado School of Mines was made by Jennifer
Anton, who investigated the influence of the
substrate position of sputtered TiC films.
Variations in deposition rate, mechanical properties, and structure of the coatings as function of
distance and angle of incidence were discussed.
Gary Doll, of the Timken Company, held a talk on
the behavior of rolling element bearings with
tribological coatings. He addressed the
importance of life-time investigations under low
lubrication situations, which cannot be prevented
in engine applications. An important example
was shown to be in aerospace applications, but
similar situations, though less critical, occur also

in engines used daily. Coatings are playing a
major role in the lifetime of critical, highreliability engine and driving parts. Another
application-oriented talk came from André Hieke
of Ionbond, who discussed PVD/PECVD combination processes, where comparisons were made on
the properties of WCC-DLC coatings produced
with MF-PVD/PECVD processes and pure PECVD
coatings produced with RF. The talk by Markus
Esselbach of Balzers addressed machine-related
effects of upscaling a DLC process. He showed
that by using a bigger machine size, the cost per
part is reduced. The effects of upscaling on
etching uniformity and DLC layer uniformity
were presented.
The sessions on Tuesday addressed process
research, coatings for tools, and decorative
coatings. The morning session began with an
invited talk from Jan-Dirk Kamminga of the
Netherlands Institute for Metal Research in
Delft, who showed the properties, especially the
performance with respect to adhesion, of hard
coatings produced with the Nitrocoat process.
This is a duplex process that combines plasma
nitriding with in situ coating. Guido Janssen of
Delft University talked about a model explaining

the tensile and compressive stress in hard films.
His model explains the existence of a stress
gradient in the film from tensile at the interface
to compressive at the top of the film. Alderson
Neira from University del Valle in Santiago de
Cali (Colombia) discussed the application of PVD
hard coatings on HSS tools. Coatings improved
the cutting performance of circular paper cutting
knives with respect to the lifetime of the knives.
Coatings enabled higher throughput in this
application. A major quality achievement of this
coating application was the decreased cutting
edge roughness as well. Papken Hovsepian of
Sheffield-Hallam University presented results of
TiAlN/VN superlattice coatings in machining
aerospace and automotive Al and Ti alloys. This
coating shows superhardness (46 GPa) and low
friction due to the formation of lubricious
vanadium oxides, resulting in low cutting forces
and therefore low surface roughness in cutting
operations on the aforementioned alloys. Ravi
Lakkaraju of the University of Nebraska
continued with a more fundamental modelling
study. In his talk, finite element calculations for
optimization of wear-resistant multilayered thin
films were presented. The stress-strain behavior

SVC Honors Excellence and Contribution
Each year the Society of Vacuum Coaters presents the Nathaniel Sugerman
Award and up to three Mentor Awards to individuals who have made
outstanding contributions to the SVC or to vacuum coating technology.
The Sugerman Award commemorates the enduring efforts of Nat
Sugerman in founding, nurturing, and supporting the Society of Vacuum
Coaters. It recognizes significant contributions in one or more of the
following areas: distinguished service to the SVC, outstanding technical
achievement, noteworthy educational contributions to the vacuum industry,
or creative innovation in the development of a product or process pertaining
to the vacuum industry. The Mentor Award recognizes those who have made
or are making significant contributions to the SVC and the industry by their
example and guidance of others. The Mentor Award may be posthumous.
Nominations are solicited from the membership, and the Awards Committee
selects the recipients based on the supporting information. The presentations are made annually at the business meeting during the TechCon.
The 2005 Sugerman Award was presented to Jerzy (George)
Dobrowolski. George is a major figure in optical coatings and his association
with the National Research Council of Canada, where he spent much of his
career, which is now in its 50th year. Among George’s many significant
contributions is the idea to use the iridescence of optical coatings as an
anticounterfeiting device. George worked with the Bank of Canada to
perfect this technique, which inspired the invention of the color-variable
pigment in wide use today. In 1965 George also published the first account
of the use of computer synthesis in the design of optical coatings. George
has many prestigious awards to his name and has written a large number of
book chapters, papers, and patents. He teaches a thin film optics course for
the SVC and serves on the Optical TAC.
The 2005 recipients of the Mentor Awards were Rainer Ludwig, Ludvik
Martinu, and Carlo Misiano.
Rainer Ludwig is the Sales and Marketing Manager for all special web
coating systems at Applied Films, where he just celebrated his 20th anniversary. His work in heat transfer kinetics and the transport of polymeric films
has been instrumental in the design of equipment for applications such as
the roll-to-roll coating of transparent conducting oxides and transparent
barriers on polymer films. He has published a large number of papers
related to sputtering and electron beam technology, many of which have
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been presented at the SVC TechCons. He holds several patents related to
coatings and coating equipment. He has been an active member of SVC
since 1994 and has participated on the Web TAC and assisted in getting more
European presentations and participation at TechCon.
Ludvik Martinu is Professor and Head of the Department of
Engineering Physics at École Polytechnique de Montréal, where he has been
since 1988. His main research interests are the physics and technology of
thin films, specifically new plasma-based fabrication processes, materials,
characterisation techniques, and process control for optical and functional
coatings, hard films, and thin film photonic devices. He is founder and
director of the Functional Coating and Surface Engineering Laboratory and
of the Laboratory for Optical and Mechanical Metrology at École
Polytechnique and author and co-author of more than 230 publications, five
patents, and numerous invited lectures. He has been very active in the SVC,
where he serves on the Board of Directors and as Assistant Program Chair,
Optical TAC Chair, and Chair of the Student Sponsorship Committee.
Carlo Misiano served for many years as the director of CeTeV, a
research and development institute near Rome. He has made a great
number of significant contributions over the entire field of coatings, from
web and packaging to precision optics. He is widely respected and has been
a regular contributor to the SVC for many years. He recently retired from
CeTeV and now operates a small independent research laboratory, Romana
Film Sottili, which is involved in a variety of research projects. In 1994 he
created a series of bi-yearly conferences in Italy, the Symposium of European
Vacuum Coaters, which he still organizes. Not only is Carlo a major figure in
thin films but he writes and publishes poetry in the Roman dialect, is an
accomplished musician, a classical scholar, and has written and directed a
number of theatrical plays.
The Sugerman and Mentor Awards provide SVC members with an
opportunity to recognise those who have contributed to our Society and our
technology. Soon, the Awards Committee will be soliciting nominees for the
2006 awards. Please take the opportunity to recommend those whom you
believe have made a difference.
David Glocker, Isoflux Incorporated (isofluxhc@aol.com) is the SVC Awards
Committee Chair.

“

Overall the show was excellent, very well organized.
Everything seemed seamless from our side, though I know
it is not that easy. Thanks for all the efforts by you and
your staff. This was the best organized show yet.
John Madocks, General Plasma, Inc.

”

within the individual layers of the multilayered coating is used to optimize the
thickness of each individual layer. Reliable predictions will save cost in the
coating design. First results of the calculations were verified empirically
against coatings produced. Jolanta Klemberg-Sapieha of the École
Polytechnique in Montreal talked about the standardization project on hardness
measurements the university is involved in. This international project (VAMAS)
deals with standardization of characterization techniques, especially hardness
measurements, for superhard coatings (hardness values exceeding 40 GPa).
The presentation initiated a lively discussion, emphasizing the existence of a
need for good material analysis methods.
The invited paper for Papken Hovsepian was the start of the decorative
coating presentations. This presentation was a joint paper from Hauzer and
Sheffield-Hallam University. Hovsepian talked about progresses in large-scale
manufacturing of decorative PVD coatings, which assumed large proportions
since the last decade due to the use of high-volume batch coaters leading to low
coating cost per part, produced by arc as well as sputtering technology. Plastics
as well as metals can be coated with short cycle time and in a wide color range.
Developments in Sheffield have led to the introduction of combined PVD sputter
coating and subsequent anodizing of Nb, which makes it possible to produce
high quality, biocompatible color finishes based on optical interference effects.
Vasco Teixeira from the University of Minho in Portugal, initiator of the PVDforum on the Internet, talked about decorative Ni and Cr-based PVD coatings
deposited by magnetron sputtering at room temperature. He presented
influences of different parameters on the microstructure and surface roughness
for low temperature sputtered metal coatings on plastics, serving as an interface
for subsequent colored hard coatings. Pedro Carvalho, a student from the
University of Minho, gave a presentation on structural, electrical, mechanical,
and optical characterization of zirconium oxynitride coatings. The Spanish
company AIN, represented by José Garcia, made a presentation on decorative
interference coatings produced with arc technology, enabling a new range of
colors. Analysis results of thickness measurements with GDOES (Glow
Discharge Optical Microscopy) were related to spectrometric color measurements to show the relation between wavelength of the color and thickness of
the oxide layer. The sessions were closed with a presentation by Roel Tietema
from Hauzer. The range of TiCN-based colors that can be achieved with
sputtering and arc evaporation was addressed. It has been shown that both
technologies will give similar colors, but because of cost, arc technology is
superior for this application.

because of both the difficulty of producing the best of the barrier
coatings and also the challenge of measuring them. The first of these
was about the outgassing and permeation studies of polymer substrates
and barrier films from Technolox Ltd. We then had two most welcome
papers from Japan. A presentation on the new development of heat
sterilization durable SiOx vacuum coated film from Mitsubishi Plastics
was followed by a second presentation on water vapor permeation studies
of metal oxide/polymer coated plastic films from Toyobo C. Ltd.
The second session got off to a great start with a presentation by
AWA BV that put some of the markets in perspective on the development
of global markets for vacuum coated films and papers. This presentation
also highlighted, a fact we often neglect: just how much coating is done
onto substrates other than polymer webs? This was followed by an
excellent presentation from one of the SVC sponsored students on the
influence of the polyester substrate on the structure and performance of
vacuum deposited coatings. We then returned to the topic of permeation
studies of multilayer films from Oxford University. We then had a change
of emphasis with copper on polyimide films by vacuum web sputtering
system for tape carrier package from Toray Saehan Inc from S. Korea. To
finish off the session, a presentation came from NREL on the durability
and cost analysis of solar reflective hard-coat materials deposited by
IBAD. For those of us that have watched the progress of this topic for
years, this was the great news that finally the problems seem to be solved
and a process chosen that can meet all the requirements for this
complex multilayer product and production can finally begin.
So once again we had a good mix of presentations with a slight focus
on the hot topic of the age: how to produce and measure barrier coatings,
which is very likely to remain of interest at the TechCon next year.
Charles A. Bishop, C.A. Consulting Ltd. (CABishopConsulting@cabuk1.co.uk) is
the Vacuum Web TAC Co-Chair; Peter Moulds, Ursa International Corporation
(ursaintL@sbcglobal.net) is the Vacuum Web TAC Co-Chair (outgoing); and
Gregory Tullo, Arcotronics-Aerre Machines (gtullo@seassociatesinc.com) is the
Vacuum Web TAC Co-Chair (incoming).

Roel Tietema, Hauzer Techno Coating b.v., The Netherlands (rtietema@hauzer.nl), is the
Tribological and Decorative Coating TAC Chair; Gary Doll, Timken Research
(gary.doll@timken.com), is the Assistant TAC Chair.

Vacuum Web Coating
This year there were two sessions of presentations dedicated solely to Vacuum
Web Coating along with other web coating presentations in the joint sessions on
Processes, Materials & Systems for Flexible Electronics & Optics and also
Plasma Processing of Webs.
The first of these two sessions was opened with talks describing equipment
on the latest multiprocess roll-to-roll web coater from Applied Films and
followed by a description of the use of dual magnetrons as a plasma source in a
plasma-enhanced CVD process from the Fraunhofer Institute (FEP) in Dresden.
A talk from C.A. Bishop Consulting & McCann Science was then presented that
described the modelling of the changes to be expected in heat transfer coefficient when gas is introduced between the drum and web. The latter half of the
session was filled with presentations relating to transparent barrier type
coatings and the measurement of them. This topic remains of great interest
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Organic Materials and Processes for the Fabrication of
Electronic Devices
by Zhenan Bao, Colin Reese, Mark Roberts, and Mang Mang Ling
Department of Chemical Engineering, Stanford University, Stanford, CA
Keynote presentation on April 25, 2005, at the 48th SVC TechCon in Denver, CO

Introduction
Since John Bardeen, William Shockley, and Walter Brattain invented the world’s first transistor in 1947,
inorganic field-effect transistors have dominated the mainstream microelectronics industry. They are
the fundamental building blocks for basic analytical circuits (such as amplifiers) as well as the key
elements for digital combinational logic circuits (such as adders, shifters, inverters, and arithmetic logic
units), and are used to build sequential logic circuits (such as flip-flops). Moreover, transistors are
essential to the modern memory devices, integrated circuits, and microprocessors used in personal
computers and laptops.
Organic thin film field-effect transistors (OTFTs) are particularly interesting, as their fabrication
processes are much less complex compared to conventional Si technology, which involves high temperature and high vacuum deposition processes and sophisticated photolithographic patterning methods. In
general, low temperature deposition and solution processing can replace more complicated processes
involved in conventional silicon technology. In addition, the mechanical flexibility of organic materials
makes them naturally compatible with plastic substrates for light-weight and foldable products. Since
the report of the first organic field-effect transistor in 1986 [1], there has been great progress in both
the materials performance and development of new fabrication techniques. OTFTs have already been
demonstrated in promising applications such as electronic papers [2-4], sensors [5,6], and memory
devices such as radiofrequency identification (RFID) cards [7,8]. Although OTFTs are not meant to
replace conventional inorganic TFTs—(due to the upper limit of their switching speed), they have great
potential for a wide variety of applications, especially for new products that rely on their unique characteristics, such as electronic newspapers, which can be bent and folded, inexpensive smart tags for
inventory control, and large-area flexible displays.
This talk describes the basic materials requirements and fabrication methods for building these
devices, and discusses the related technical issues and challenges. Promising applications of OTFTs are
also discussed.

Operation and Materials
An OTFT is analogous to its inorganic counterpart in basic design and function. It is a threeterminal device, in which a voltage applied to a
gate electrode controls current flow between a
source and drain electrode under an imposed
bias. A basic schematic is shown in Figure 1,
where Vg and Vds are the applied gate and sourcedrain voltages, respectively. The control of
source-drain current in field-effect transistors via
a third terminal has resulted in their widespread
use as switches. Their utility in this capacity is
gauged by several key measures of their performance. The mobility, µ, describes how easily
charge carriers can move within the active layer
under the influence of an electric field, and is
therefore directly related to the switching speed
of the device. This parameter can be extracted
from current-voltage measurements, and would
ideally be as large as possible. Typical values
range from 0.1–1 cm2/Vs for amorphous-Si (-Si)
devices, with the best organic materials achieving
mobilities of 1–10cm2/Vs [9,10]. The on/off ratio,
defined as the ratio of the current in the “on” and
“off” states, is indicative of the switching
performance of OTFTs. A low off current is
desired to eliminate leakage while in the inactive
state. Ratios as high as 106, suitable for most
applications, can be reached by current-generation OTFTs [11-12].
In an organic transistor, the active layer is
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comprised of a thin film of highly conjugated
small molecules or polymers, such as p-channel
[13-15], pentacene [9,16], -sexithiophene (6T) [17], and poly-3-hexylthiophene (P3HT) [1821], or n-channel [22-25], BBL [26,27], and F16CuPc [28]. In contrast to the inorganic
materials, organics pass current by majority
carriers, and an inversion regime does not exist.
This fundamental difference is related to the
nature of charge transport in each of these
semiconductors. In well-ordered inorganics (e.g.,
single-crystal silicon), the delocalization of
electrons over equivalent sites leads to a bandtype mode of transport, with charge carriers
moving through a continuum of energy levels in
the solid. In less-ordered, organic materials, the
proposed mechanism is hopping between
discrete, localized states of individual molecules.
The presence of impurities or inconsistencies in
structure may result in “traps” that alter the
relative energy levels and inhibit the flow of
charge carriers. The complexities of current flow
in organic materials, which are still poorly
understood, have added another dimension to the
development of the devices that incorporate
them. In addition to the challenges presented by
fabrication, particular attention must be paid to
the design of materials that will meet the
performance demands of the OTFT in its parent
applications. This aspect of development has
received much attention and will continue to play
an important role as the technologies progress.

Figure 1. Schematic structure of a thin film transistor.

The limitations of current organic technologies are clearly posed by the performance and
processability of the active layer component. In
addition to meeting benchmarks for performance
criteria such as mobility and on/off ratio, active
layer materials should ideally be easy to process,
mitigating potential fabrication challenges, and
have long-term stability for device longevity. This
has proven to be a difficult balance. The organics
possessing the best electronic characteristics to
date, small molecules such as pentacene [16,29],
and -6T [17], are insoluble and therefore
difficult to process. Efforts to solubilize these
materials have included the incorporation of
side-chains, such as the addition of alkyl groups
to polythiophene polymers. The size [30], type
[31], and regioregularity [20,21] of these groups
have been explored extensively, with the goal of
electronic property optimization. From these
studies, additional insight has also been gained
regarding the relationships between morphological characteristics and charge transport. The
nature of substituents, chain length, and
processing conditions all affect the packing
structure in the films, which is reflected in the
electronic properties. For example, differences
in regioregularity in poly(3-hexylthiophene)
(P3HT) samples have been shown to cause
distinctly different orientations relative to the
substrate [32]. Clearly, many factors are at play
when active materials do not exhibit the order of
single-crystals, and the various effects have yet to
be deconvoluted. Recent reports of mobilities up
to 35cm2/Vs for high-purity pentacene single
crystals [29], however, give hope that further
investigation will continue to pay off for organic
semiconductors.

Device Design and Fabrication
As previously mentioned, the OTFT inherits
its design architecture from its inorganic
counterpart, namely, the metal-oxide-semiconductor field-effect transistor (MOSFET). It is
composed of three main components: source,
drain, and gate electrodes; a dielectric layer; and
the active semiconductor layer. Within the basic
MOSFET design, there are two types of device
configuration: top contact and bottom contact.

The former involves building source and drain electrodes onto a preformed
semiconductor layer, whereas the latter device is constructed by depositing
the organic over the contacts. Their schematic structures are illustrated in
Figure 3. Top contact devices have been reported to have superior performance for certain organic semiconductors compared to their bottom contact
counterparts. It has been suggested that this is due to reduced contact
resistance between the electrode and the organic layer, due to an increase in
the area for charge injection [33]. Each of these devices poses particular
advantages and disadvantages in the fabrication process, which will be
discussed below.
Deposition of thin film organic semiconductor layers is primarily
performed through vapor or solution phase processes. Vacuum deposition is
used for small molecules and oligomers. It is somewhat costly because of
expensive equipment and low deposition throughput, but produces films with
high field-effect mobility and on/off ratios. Examples of organic semiconductor films that have been deposited in this manner are oligothiophene and
oligofluorene derivatives [12,34-36], metallophthalocyanines [15,37], and
acenes (pentacene and tetracene) [38-42]. OTFT device performance can
be improved by controlling the deposition rate and temperature, which
affect the morphology of the semiconductor. Modification of the interface
between the substrate and the organic layer and post-deposition treatments,
such as annealing, also improve molecular ordering.
For solution-soluble organic semiconductors, two forms of deposition
are available: deposition of a soluble precursor from a solution and
subsequent conversion to the final film [43-47], and direct deposition from
solution. The motivation to use soluble precursors is that most conjugated
oligomers and polymers are insoluble in common solvents unless side chain
substitutions are incorporated into the molecular structures. The addition of
side chains can interfere with molecular packing or increase the stacking
distance between molecules, decreasing mobility, but when used properly
can be incorporated to promote better molecular packing, such as in the
case of regioregular poly(hexylthiophene). Determining the processing
temperature can be challenging, however, because the conversion temperature from precursor to semiconductor may be too high for compatibility with

Figure 2. Prominent organic semiconductor materials.

low-cost plastic substrates. Furthermore, the precursor conversion requires
an additional processing step.
Spin-coating and solution casting are two popular ways for direct
solution deposition, which is often used for polymers such as regioregular
poly(3-hexylthiophene) [21,32] or various soluble oligomers [48-50]. Postprocessing treatments, such as thermal annealing, improve molecular
ordering and grain sizes of the thin film and frequently result in better
device performance. It is often difficult, however, to purify the polymers and
achieve good molecular ordering over large area substrates. Another major
concern for solution processing methods is the effect of the solvent on
underlying organic features, requiring chemically compatible materials. For
this reason, dry processing methods are being developed. Generally, it is
continued on page 22

2005 Summer News Bulletin

21

Applications

Organic Materials and
Processes
continued from page 21

important to consider the organic solution
concentration and solubility, solvent evaporation
rate, and substrate surface. Because of their
effect on the quality of the resulting semiconductor film, these processing parameters should
be carefully controlled. High mobilities have
been reported with several oligomers by
optimizing the deposition conditions [48,50,52].
Dielectric films are fabricated in a similar
manner as the semiconductor layer. Examples of
vacuum-deposited dielectrics include silicon
dioxide [39] and parylene [53]. An example of a
solution-processed dielectric layer is poly-4vinylphenol (PVP) [54], which is deposited by
spin-coating, and then cross linked at 200°C.
Patterning is a crucial part of the fabrication of OTFTs. The organic semiconductor must
be confined to the channel region to eliminate
parasitic leakage and reduce cross talk in order
to achieve better device performance such as
on/off ratio [55]. The drain, source, and gate
electrodes need to be patterned with feature size
appropriate for the application. Typically, the
smaller the distance between the drain and
source electrode (channel length), the higher the
current output, and the faster the transistor
switching speed. The following will discuss some
typical patterning methods used for OTFT
fabrication. The most desirable methods involve
direct printing of the active materials, in which
the patterning and deposition are carried out in
one single step. Such methods provide the
possibility of processing over a large area,
increasing production throughput and therefore
reducing the cost per device [30].
Optical lithography is a well-developed
conventional technique for the patterning of
mesoscopic features and components for
microelectronic and photonic devices [56]. In
this process, geometric shapes from a mask are
transferred to a substrate (e.g., silicon wafer),
enabling patterning of the active materials and
electrodes. Both metal and conducting polymer
electrodes can be fabricated using standard
photolithography followed by lift-off [12,57].
Conducting polymer electrodes also have been
patterned by light exposure to change its conductivity without having to remove the polymer in
the channel region [3,47]. Although optical
lithography can achieve 100 nm resolution, it is a
relatively expensive process. This method also is
less suitable for the patterning of organic
semiconductors because exposure of organic
semiconductors to solvents and etchant tends to
cause degradation to their device performance.
Screen printing involves squeezing a
specially prepared ink through a screen mask
onto a substrate surface to form a desired
pattern. This method is capable of printing all
the active components in OTFTs [58], but has
limited feature size resolution (75 µm or larger).
Components of OTFTs also can be deposited
22
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Figure 3. Top and bottom contact OTFT architectures.

using ink jet printing, which is similar to the
operation of a conventional ink-jet printer, but
uses specially formulated inks [59,60].
Resolution on the order of 25 µm can be achieved
without surface modifications, while hydrophobic
dewetting patterns [61] can be used to obtain
resolutions approaching 200 nm. An additive dry
printing method [51] for depositing conducting
polymers has been developed using a thermal
(laser) imaging technique for the ablative
transfer of a patterned layer onto a flexible
receiver layer with resolution down to 5 µm. This
can be used to process successive layers without
use of a solvent that could degrade the
underlying organic layers.
Soft lithography encompasses a wide
variety of patterning techniques in which a
master structure is fabricated in a material, such
as silicon, by conventional lithographic processes
and then used to make elastomeric replicas in a
material such as poly(dimethylsiloxane)
(PDMS). In microcontact printing, elastomeric
stamps are used for molecular transfer to
produce a contact-induced chemical modification of a surface [62-64]. The chemical modification can produce hydrophobic and hydrophilic
patterns, allowing for selective solution phase
deposition of the organic semiconductor.
Alternatively, an alkanethiol protecting layer can
be microcontact printed on Au or Ag to prevent
the metal underneath from being etched away to
form electrode patterns [2]. In soft lamination,
source and drain electrodes are deposited on
one substrate, then laminated onto another
substrate that already contains the gate, dielectric, and semiconductor, thus completing the
transistor [65].

Organics have long been attractive for use in
electronics, due to their light weight, flexibility,
and low cost compared to their silicon counterparts. The recent increases in performance,
however, have rapidly expanded OFETs from
niche markets, making them targets for a wider
range of applications.
Hand-held devices (cell phones, PDAs, etc.)
with ultra thin displays can achieve higher
resolution and information content, while new
technology, such as flexible displays and e-paper,
are potentially revolutionary advancements.
Integrated smart pixels with an OTFT switching
an OLED pixel have been demonstrated, even
though actual OTFT active matrix OLED displays
are yet to be demonstrated [19,20,66,67].
An alternative to active-matrix flexible
displays is an innovative example by E-ink
utilizing an OTFT backplane with a laminated
electronic ink frontplane, consisting of a layer of
electrophoretic microcapsules on a transparent
electrode [68,69]. The OTFT backplane controls
the contrast of the display by moving charged
black and white pigments to the transparent
layer. Building upon the basic OTFT component,
CMOS technology now shows promise in organic
semiconductors with the ready availability of
both n-channel and p-channel semiconductors
and recent discoveries of ambipolar functionality,
where a single semiconductor layer is capable of
conducting both electrons and holes, enabling
the design of robust circuitry with low heat
dissipation [39,70]. This ambipolar behavior has
been realized for an n-type and p-type polymer
dispersed layer, and for a single organic material
with a low bandgap, and thus a low barrier for
electron and hole injection [71,72].
RFID cards are made possible with the
previously described circuitry for applications
involving identification, verification, and
tracking. Tasks similar to inventory management
can be immensely simplified exploiting a system
of many transponder circuits with a single
reading instrument [73]. Other low-resolution
applications involving logic functions, like smart
cards, or mass producible, disposable sensors are
also made possible [8].

Summary
In summary, the physical properties and relatively
facile processing of organic materials allow for
the demonstration of flexible, low cost, large area
devices using OTFTs. Advancements in fabrication methods and the development of higherperformance semiconductor materials have both
improved existing technology and expanded the
scope of potential realizable applications. Much
of this progress has been due to the deduction of
structure-property relationships of the active
layer component. Molecular tuning based on this
understanding has yielded materials with better
electronic properties and simplified processability. The discovery of ambipolar functionality

of organic materials has increased OTFT versatility, enabling their incorporation
in complementary logic devices. The numerous applications presented thus far
have already showcased their potential and will continue to grow. While
challenges exist for large-scale manufacturing, their rapid development shows
great promise for their future in plastic electronics.
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Introduction
Coherent and incoherent are terms we hear often in connection with optical
coatings and their illumination, but what do they really mean? Advanced
coherence theory deals with the statistical properties of the light and is rather
involved, but the fundamental ideas are reasonably straightforward. Here we
limit the discussion to some very simple effects applied to optical coatings.
Coherence is a measure of the ability to produce interference effects.
It is often treated as though it were simply an attribute of the source of light,
but in reality it depends on the entire system. We use the term “coherent” to
describe the situation where interference effects are at their maximum
possible and the term “incoherent” to describe when there are no detectable
interference effects at all. The cases in between are covered by the term
“partially coherent.” Interference is fundamental in optical coatings, and so
an understanding of coherence is of considerable importance.
We will assume for the purposes of this discussion that any interference
effects detected do not vary during the period of observation. We exclude very
short pulses. They will be the subjects of a future tutorial. If there is no time
sensitivity in the effects, we use the term “stationary” to describe the situation.
More correctly, we say that the statistical properties do not vary with time.
Because optical frequencies are exceedingly high, stationary phenomena can
actually be quite short in duration when measured in human terms.
Let us imagine an experiment involving a beam of light. Without
specifying how we do it, let us draw two light samples from two coincident
points in the beam and superimpose them with no further changes, so as to
generate an interference effect. Now let us gradually separate the two
points until the interference effects disappear. The separation of the two
points at that stage is a measure of coherence. If the two points are
separated spatially along the direction of the primary beam, then the
distance between them is known as the “coherence length.” If the two points
are displaced laterally, then they define a “coherence area.” If the points are
spatially coincident but the beams are separated in time, then the time
separation at which the interference disappears is the “coherence time.”
The coherence time is just the time it takes for the light to travel the
coherence length.
Most of what follows will be concerned with coherence length. From
the point of view of optical coatings, this is the most useful way of describing
the phenomenon.

Spectral Decomposition
As usual, we are dealing with linear processes, and so we can follow our
normal practice of decomposing the input light to form its spectral
components, following each component through the system, and finally
combining it with the others to form the output. Because the light has
stationary properties, the relative phases of these components are unimportant, and we can consider only their irradiances. The spectral components
are most conveniently linearly polarized, plane, harmonic waves. We can
write them in the form:

2π nz


E cos  ω t −
+ϕ 
λ


Equation 1
where E is the electric field amplitude, and the wave is propagating along
the z-direction. The irradiance (that is, the power per unit area carried by a
wave) is given by the mean of the Poynting expression (that is, the mean of
the product of electric and magnetic field). For a harmonic wave, the
magnetic field is simply the electric field multiplied by y, the characteristic
admittance of the medium, and so for our simple component we have:
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2π nz
1


Irradiance = I = y E 2 cos 2  ω t −
+ ϕ  = yE 2
λ
2


Equation 2
This fluctuates at twice the frequency of the wave, and the net irradiance
will be given by the mean of this quantity over a cycle. We denote this mean
by the symbols <>. Also, y is the characteristic admittance of the medium,
and we are using the non-standard symbol I for irradiance (rather than the
standard E).

Simple Interference
Let us take one of these monochromatic components as the input to a simple
system. Let this component be split into two beams of amplitudes E1 and E2,
which are then combined with a phase difference of . The sum is given by:

2π nz ϕ 
2π nz ϕ 


E1 cos  ω t −
+  + E 2 cos  ω t −
− 
λ
λ
2
2



Equation 3
and the net irradiance, from (2), by:

2π nz ϕ 
2π nz ϕ  


net irradiance = y E1 cos  ω t −
+  + E 2 cos  ω t −
− 
2
2 
λ
λ




2

2π nz ϕ 
2π nz ϕ 


= y E 12 cos 2  ω t −
+  + E 22 cos 2  ω t −
− 
λ
2
λ
2


2π nz ϕ 
2π nz ϕ 


+2E1E 2 cos  ω t −
+  cos  ω t −
− 
2
2
λ
λ


= I1 + I 2 + 2 I1 I 2 cos ϕ

Equation 4
This net irradiance can be thought of as having two parts. The first part is
the sum of the individual irradiances and can be identified as the incoherent
part of the expression. This part is always positive. The second part exhibits
the interference effect and is known as the “interference term.” The
interference term can be positive or negative, depending on . A combination of multiple beams, each in a constant phase relationship with the
others, yields a somewhat more complicated expression but with the same
essential form of incoherent and interference terms. The output of any real
optical system will be a combination of many such expressions, where the
incoherent parts will simply reinforce one another, but the interference
terms may tend to cancel each other out. The presence or absence of a
surviving interference term in the final result is what determines the
coherent or incoherent description.

Thin Films
Because we do not wish to make life difficult for ourselves, let us keep
the system as simple as possible: a single film between two semi-infinite
media. The fringe pattern as a function of film thickness is shown in Figure
1 where we have assumed transmission fringes.
In Figure 1 we have perfect monochromatic light and perfect coherence.
Now let us suppose that the film is not quite uniform and varies across the
aperture of the system. The amount of variation affects the contrast of the
fringes. A small variation in thickness, much less than a wavelength, will have
little effect on the appearance of the fringes, but a variation rather larger than
a fringe width, half a wavelength, will smear the fringes so as to cause the
contrast effectively to disappear. We describe the first case of very small

ence, can be written as:

∆λ 
∆λ 


Path Difference = m  λ −
 = ( m − 1)  λ +

2
2 



Equation 5
Some algebra yields:

λ
2m − 1
1
=
=m−
∆λ
2
2
Equation 6
Figure 1. The fringe sequence as a function of layer thickness.

variation as coherent and the second as incoherent, but note that the quality
of the light has not changed. In this example, the quality of the film is the
determining factor. In the case of a substrate, unless it is quite thin, its
variation in thickness will dominate its properties. Even slight unintentional
wedging of a thick substrate across the measurement aperture will usually be
sufficient to smooth out any interference effects so that incoherent summation
of the light rays will apply. If, however, the system is an imaging one where it
is the fringes that are imaged, then they will disappear when their spacing is
less than the resolution limit of the receiver.
Now let us return to a perfect film but with illumination made up of a
collection of linearly polarized plane harmonic waves, all with identical
polarization and incidence, but with a smooth variation of wavelength over
an interval . As we increase the film thickness, the receiver will accept a
gradually increasingly smeared set of fringes. Eventually the smearing will
extend over one fringe, and that will cause the contrast to fall virtually to
zero. Although increased thickness and consequent increased smearing can
cause small fluctuations due to fringe fractions, we can apply the attribute
incoherent from that point onward. This condition, in terms of path differ-

We can identify the coherence length as this maximum path difference so
that:

1
λ2

Coherence Length = Path Difference =  m −  λ =
2
∆λ

Equation 7
However, if we place a filter with a width rather less than  in the path, either
before or after the interference device, then the coherence length of the experiment will become that corresponding to the new  rather than the old.
The same kind of effect occurs when the incident light is monochromatic but contains a range of angles of incidence, as in an illuminating cone.
Here the smearing occurs because of the angles of incidence, which cause a
shortening of path difference according to cos ϑ, with ϑ being the angle of
incidence. For a cone at normal incidence, Equation 5 is replaced by:

Path Difference = m ( λ ) = ( m + 1)( λ cos ϑ )
Equation 8
continued on page 26

2005 Summer News Bulletin

25

Coherence in Optical Coatings
continued from page 25

where we are using a rough two-dimensional approximation. This gives:

Coherence Length = mλ =

λ cos ϑ
1 − cos ϑ

2λ
ϑ2
Equation 9

Of course any illumination will combine angular and bandwidth effects. The
effect that predominates will be that with the shortest coherence length.
These expressions should not be thought of as having great precision but
rather as indicating an order of magnitude. The distribution of the light
within the limits of wavelength or angle has considerable influence on the
visibility of interference effects and hence the degree of coherence.

Figure 2. A 1-mm glass substrate has a three-layer antireflection coating on one side.
The other side is uncoated. Three performance calculations are shown. The coherent
case has zero bandwidth. The partially coherent case has a bandwidth of 0.05 nm.
The incoherent case uses coherent calculations for the coating performance but
incoherent for the substrate. The incoherent result is indistinguishable from those
for a bandwidth of 2 nm or a cone of 5° semi-angle.

Figure 2 shows examples of the performance calculation of a simple 1mm glass substrate with accurately parallel surfaces and an antireflection
coating on one of them. The coherent case assumes a single, normally
incident, plane harmonic wave (that is, an infinite coherence length). The
substrate fringes are so close together that they cannot be individually
distinguished in the figure. The partially coherent case has a constant
bandwidth of 0.05 nm so that the coherence length varies from 3.2 mm to 9.8
mm across the figure. The incoherent case assumes an incoherent beam
combination in the substrate but a coherent beam in the antireflection
coating and is clearly the mean of both the partially coherent and coherent
cases. It is also virtually indistinguishable from calculations using a cone
angle of 5° or a bandwidth of 2 nm.
Whether or not interference effects can be detected can depend on the
receiver rather than the source. A white-light source such as the sun or an
incandescent light bulb has a wide spectral width. Any calculation of
coherence length has to be very rough, but we could agree on an order of
perhaps 0.5 µm. Yet in sunlight we can see many colored fringes in a wedged

film, such as a soap bubble. The reason is that the retinal receptors for color
in the human eye have a bandwidth of around 100 nm. With a wavelength of
0.5 µm, this gives an effective coherence length of around 2.5 µm, so that we
can actually see fringes out to the fifth order, or so.
Fluorescent sources have a broad spectral output because of the
phosphor lining their tubes. Yet the mercury discharge within them emits
strong spectral lines, especially in the yellow and green, which are not
removed by the phosphor. Because these lines are much narrower than the
eye receptors, it is possible to see many more fringes in fluorescent lighting.
This can actually present problems in decorative applications that involve
thick transparent coatings.
The hard coat that is applied to polymeric spectacle lenses before their
antireflection coatings is rarely an exact match in refractive index to the
underlying plastic. Such a coating will therefore usually show fringes in a
spectrometer trace, perhaps 15 cycles or so across the visible region, unless
the variation in thickness across the area illuminated by the spectrometer is
such that the fringes are smoothed out. In a spectrometer, the coherence
length is determined either by the spectral or angular width of the light
beam, and is long. The spectral width of the eye receptors is normally too
large to detect these fringes. In white light the output signal will be
integrated over perhaps five or so fringes, equivalent to a coherence length
much less than the round-trip path difference. Such fringes can, however,
become visible in fluorescent light due to the effects described in the
previous paragraph.
It is sometimes suggested that because white light is incoherent, it will
be unaffected by a thin-film filter operating in a very high order. The
argument is essentially that the filter will not operate on such light because
the path differences are all arranged to be significantly larger than the input
coherence length. The argument is, of course, incorrect. The concept of
coherence length is not just an attribute of the light source, but of the entire
system. Because the phase changes associated with large path differences
vary rapidly with wavelength, such a high-order filter can be expected to
exhibit a quite narrow characteristic either in transmission or reflection. Its
effect will therefore be to accept a sufficiently small width of the incident
light spectrum. This separated light will have the appropriate long
coherence length but will have small total power compared with the total
broadband incident light. There is nothing in our ideas of coherence that is
at odds with normal performance calculations and measurements of thinfilm optical coatings.

Further Reading
Texts that deal with coherence are mostly rather advanced in their
approach. Here are just a few references.
Born, Max and Emil Wolf, Principles of Optics: Electromagnetic Theory
of Propagation, Interference and Diffraction of Light. 7th ed. 1999,
Cambridge University Press: New York. 952pp. This is the definitive, classical
text.
Fowles, Grant R, Introduction to Modern Optics. 2nd ed, 1975, Holt,
Rinehart and Winston Inc: New York. 336pp. Reprinted by Dover
Publications. Contains a short, straightforward account of the principles.
Saleh, Bahaa E A and Malvin C Teich, Fundamentals of Photonics. 1st
ed. 1991, John Wiley and Sons Inc: New York. 966pp. Good chapter on statistical properties of light at a level between the two texts above.
For further information contact Angus Macleod at angus@thinfilmcenter.com.
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Surface and Film
Characterization
Anodization of Aluminum Films
The formation of a hard, dielectric oxide (Al2O3)
surface on an aluminum film has many applications. A hard surface is protective to the soft
aluminum; a dielectric surface can be used to
form a thin film capacitor; and the optical reflection properties of the surface can be changed in a
controlled manner by having thickness control
over the oxide layer. Anodization is used to
enhance the oxidation rate of a surface.
Anodization can be performed either in a plasma
or fluid media containing ions (electrolyte).
Plasma anodization uses a plasma as the
electrolyte [1]. Oxygen is a very electronegative
atom, and the - ion is formed in the oxygen
plasma by electron attachment. This - is
adsorbed on the film surface and diffuses through
the oxide under the influence of the electric field.
Several different types of plasma generation
systems can be used, including, DC, RF (400 kHz
to 13.56 MHz), and ECR (high-density) plasmas.
The plasma conditions (ion density and temperature, electron density and temperature, plasma
contamination, and plasma potential) as well as
the substrate bias, affect the oxide growth. A
major concern is substrate heating by the plasma
and the electron flow to the surface. Aluminum
has a high coefficient of thermal expansion
(CTE), and when trapped between layers of lower
CTE, high-elastic modulus material at high
temperatures will develop high tensile stresses in
the film when it is cooled. This can cause the
generation of voids (stress voiding).
In the case of electrolytic anodization, if the
electrolyte used does not corrode the depositing
oxide, the oxidized layer may form a “barrier”
anodized layer. In barrier anodization, the
electric field generated across the oxide causes
the adsorbed negative oxygen ions to diffuse
through the oxide to the oxide-metal interface.
The higher the electric field, the thicker the
oxide that can be formed.
Electrolytic barrier anodization of aluminum
films on mirrors is a rather old technique,
described by Wartenberg and Moehl in 1947 and
Georg Hass in 1949 [2]. More recently, the
anodization of aluminum mirrors was described
by Stan Thomas [3].
In the electrolytic cell (see Figure 1),
oxygen is released by disassociation of the
electrolyte at the anode. Negative oxygen ions
are formed and diffuse through the oxide layer

Figure 1.

under the influence of the electric field. The
electrolyte recommended by Stan Thomas is:
1. Prepare a 0.2 molar tartaric acid in a
distilled water solution.
2. Titrate to a pH of 5.5 to 6.9 using
ammonium hydroxide.
3. Mix this ammonium tartrate solution with
propylene glycol (1: 1).
4. Use a current-limited DC power supply to
anodize at a constant current at an oxide growth
rate of 250 Å to 1000 Å per minute. Oxidize to
the voltage (oxide thickness) desired.
This technique will give a barrier oxide
thickness of about 14 Å/volt. For mirror applications, the oxide thickness can be adjusted to give
the maximum reflection at a specific wavelength.
Sharp and Panitz [4] made thin film capacitors using barrier canonization and found that
chlorine contamination in the electrolyte limited
the voltage (film thickness) that could be
attained. In a chlorine-free electrolyte, the
anodization voltage can be as high as 1000 volts
(i.e., > 1 micron thick oxide).
Other “valve metals” such as tantalum,
titanium, zirconium, and niobium also can be
barrier anodized, as can doped (electrically
conductive) silicon.
Cleaning Aluminum Film Surfaces
Anodization of the aluminum film is best
accomplished as quickly as possible after vacuum
deposition. Particulate contamination or
condensed vapor contamination that prevents
wetting will affect the anodization. Of course,
sometimes aluminum film surfaces must be
cleaned.
One of the best techniques for removing
particles from a delicate surface with one
continued on page 54
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T

hermoelectric materials are becoming more important as an alternate
energy source, and applications for these materials are increasing. The
thermoelectric effect involves generation of electrical energy from a heat
source or removal of heat when an electric current is passed through the
material. Thermoelectric devices are used for power generation and cooling.
They are being developed for power generation from waste heat sources
(automobiles, heavy trucks, industrial processes, chemical processes, steel
industry for example), space power, remote low-voltage power sources,
personnel cooling, automobile cooling, cooling of electronics, and refrigeration. This technology is based on the Seebeck effect, which relates the
voltage (power) generated in the material when a temperature difference is
applied across it (heat flux). Referring to the basic thermocouple with
materials a and b (shown in Figure 1), the Seebeck coefficient is defined as
Sab = dV/dT, where a temperature
gradient T is applied across the
sample or structure. The rate of heat
exchange is relate to the Peltier coefficient by Q = abI. The Seebeck coefficient is related to the Peltier coefficient by the relation ab = SabT, which
relates thermoelectric cooling to
thermoelectric power generation.
Finally, the Thompson coefficient is
defined as  = TdS/dT.
Thermoelectric power generation
(TEG) requires a p-n couple for current
to flow, as shown in Figure 2. The
thermoelectric figure of merit ZT is a
dimensionless quantity that defines the
Figure 1. Diagram of a basic thermocouple. Two different conductors, a
thermoelectric power generation and
and b, have junctions at X and Y. A
cooling efficiency. In its simplest form,
temperature T difference is created
ZT = S2T/ , where  is the electrical
between X and Y.
conductivity, and is the thermal
conductivity of the material. The power factor PF is just the numerator of
this expression. The efficiency of the material is related to the Carnot
efficiency by the relation:
= T(M-1)/[Th(M + Tc/Th)], with M = (1 + ZT)1/2.

Figure 3. Relationship between power conversion efficiency, operating temperature,
and temperature difference.

20%, which will make them very attractive commercially. To date, the ZT
near 2.5 has been reported by Lincoln Laboratory [1] and ~ 3.2 for Hi-Z
Technology [2], but only on a small scale.
For a p-n couple, the figure of merit must combine both p and n legs
the effective figure of merit of a p-n couple is:
ZT = (Sp – Sn)2T/[(

1/2
p p)

+(

1/2 2
n n) ] .

Here = resistivity of the p or n leg. Note that the Seebeck coefficient of a
n-type material is negative. The maximum power output for a p-n couple is
[(Sp – Sn)T]2/4R, where R is the load resistance [3].
The magnitude of the Seebeck coefficient is directly related to the band
gap of the material. Semiconductors have the best combination of high
conductivity and Seebeck coefficient and low thermal conductivity. Figure 4
shows the relationship between power factor, Seebeck coefficient, electrical
resistivity, and carrier concentration. Note that there is a carrier concentration at which the power factor reaches a maximum value. This is generally
achieved by semiconductors. Metals have very high electrical and thermal
conductivities but very low Seebeck coefficient, and insulators have a very
high Seebeck coefficient and low thermal conductivity, but very low
electrical conductivity. Table 1 lists several semiconductor materials that
are currently being used for TEG and cooling applications.
Table 1. Typical TE properties of selected semiconductor materials at 300K.

Figure 2. Thermoelectric power generating couple.

Figure 3 relates power generating efficiency to ZT and T( = Th - Tc).
If a ZT in the range of 2 – 3 can be obtained, TEG efficiencies will be near
30
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Material

Seebeck Coefficient ( V/K)

Resistivity ( -cm)

Si
SiGe
Bi2Te3
Bi2-xSbxTe3
Sb2Te3
PbTe
TAG80
B4C

200 - 800
200 - 600
150 - 250
150
90
100 - 150
100
200

0.0005
0.001
0.00002
0.00067
0.000006
0.0025
0.0075
0.5

The TE properties of thin films and nanostructured materials can be
enhanced by quantum confinement. Hicks and Dresselhaus wrote the
pioneering paper describing this enhancement in low-dimensional structures
(quantum wells, quantum wires, and quantum dots) [4]. Quantum wells

Table 2 shows the enhancement in power factor for a Si/Si0.2Ge0.8 quantum
well structure with 1000 layers, each 100 Å thick. This structure was
deposited by magnetron sputtering using the set up shown in Figure 7. Note
that the power factor increase for the quantum well structure is at least an
order of magnitude compared to the single layer Si or Si/Si0.2Ge0.8 film. An
exact measurement of the thermal conductivity of this film is needed to
obtain ZT but is estimated to be in the range 0.01 – 0.1 W/cmK.
Table 2. Power factors of Si and Si0.2Ge0.8 films and Si/Si0.2Ge0.8 quantum well
structures.
Figure 4. Relationship between power factor, electrical conductivity, Seebeck coefficient, and carrier concentration.

Material

confine charge carriers in two dimensions; quantum wires confine them in
one dimension; and quantum dots confine them in zero dimensions. Figure 5
shows these structures (bulk is three dimensions), and Figure 6 shows the
density of states of the bulk (3D), superlattice (2D), quantum wire (1D), and
quantum dot (0D) structures. The enhancement in electrical conductivity
can be related to the width of the quantum well by the relation:

Seebeck
Coefficient ( V/K)

Conductivity
(S/cm)

Power
Factor

Si
Si0.8Ge0.2
Si/ Si.0.8Ge0.2
Quantum Well
Structure

600
800
750

60
35
300

0.0065
0.0067
0.051

2D/3D = (/a)(F0,2D/F1/2,3D)( /(2mzkT)1/2)
where a is the width of the quantum well (usually < 30 Å), F0,2D is the 2D
Fermi function, F1/2,3D is the 3D Fermi function, and mz is the charge carrier
mass in the z direction (perpendicular to the superlattice interface). The
Fermi function is defined as:
∞
Fi = ∫xidx/(e(x-*) + 1) and * = ( - 22/2mza2)/kT,
0
where  is the potential energy relative to the conduction band edge. The
critical QW dimension for enhancement is:
a ≤ (F0,2D/F1/2,3D)( /(2mzkT)1/2)
Using these relations, the enhancement in the electrical conductivity alone
can be an order of magnitude.

Figure 5. Progression of low-dimension structures from bulk to quantum dot.

Figure 7. Apparatus used to deposit quantum well structures by magnetron
sputtering.

Other promising thin film thermoelectric materials are Bi2Te3, PbTe,
(AgSbTe)x(GeTe)100 - x, AgPbTe, SnTe, Sb2Te3, SiC, B4C, B9C, and conductive
oxides. Bulk and nanocomposites include skutterudites (CoSb3), clathrates
(Sr8Ga16Ge30), conductive oxides (ITO, ZnO), doped oxides (TiO2), bismuth
and lead tellurides, and other tellurides (AgPbmSbTe2+m).
Cost is one of the big questions for extensive development of these
materials, thin films in particular. The materials and process equipment
aren’t cheap. Costs can be projected to be less than $0.10/W in 10 years, but
the way the price of oil keeps skyrocketing, thermoelectric power generation
and waste heat recovery may look very attractive by then.
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N

anotechnology is often described as “the technology of the future.” R&D
and applications in the field of nanotechnology are attracting growing
interest worldwide. That means: Nanotechnology Conquers Markets.
Nanotechnology refers to the creation, investigation, and application of
structures, molecular materials, internal interfaces, or surfaces with at least
one critical dimension or with manufacturing tolerances of (typically) less
than 100 nanometres. The decisive factor is that the very nanoscale of the
system components results in new functionalities and properties for
improving products or developing new products and applications. These
novel effects and possibilities result mainly from the ratio of surface atoms to
bulk atoms and from the quantum-mechanical behavior of the building
blocks of matter [1]. Property changes due to the utilisation of dimension,
form, and composition achieve new functionalities of a physical, chemical, or
biological nature.

Figure 1: Cu-coated SiO2 particle

Plasma surface engineering is one of the valid tools for nanoprocessing
and was established to achieve properties based on nanoscale effects for
many possible applications and products. Plasma processes use the
potential of:
• Nanoparticles, nanofibres, carbon nanotubes
• Surface structures
• Functionalization and functionalized coatings
Nanoparticles are used for paints, lacquers, and in UV-reflecting films.
These particles can be included in protective coatings for household
appliances, spectacle lenses, glazing materials for sanitary applications, or in
exterior house paints to prevent scratches, tarnishing, smudging, or algae
growth.
Particles can be modified by means of DC magnetron sputtering, Thin
metallic films of Al, Ti, or Cu were deposited by means of this process on
silicon oxide particles, that were made at the Institute of Low Temperature
Plasma Physics in Greifswald, suspended in an argon RF discharge [2,3]. A
copper ring was placed on the RF electrode in order to confine the particles
in the centre of the discharge. The coated particles were examined by
scanning electron microscopy (SEM, see Figure 1). The structure of the
metallic films is different depending on the target material. While the Al
and Cu films are deposited smoothly, the Ti films show a distinct island
formation. This can be explained by the lower sputter yield of the titanium
target and also by the different surface energy between the particles and the
deposited material. For an optically thick metal coating of about 60 nm, the
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Figure 2: Fluorescence-labeled humanoid fibroblasts on bucky paper before (left) and
after (right) plasma treatment. The treatment results in enhanced cell adhesion and
proliferation.

particles have to be confined for 1 minute. This is not a problem because
the particles can be trapped for hours. The particles are completely covered
with close and quite thick metal layers. Figure 1 shows a Cu-coated SiO2
particle. There the layer is broken probably due to thermal tension.
Often the particles have a rough and cauliflower-like shape, which
makes them attractive, especially for catalytic applications. If the deposited
films are thinner and the surrounding layer is smoother, the surface
structure of the coated particles looks like a golf ball, which might be
interesting for optical applications.
Carbon nanotubes are a promising material for different applications
due to their light weight and the possibility to tune their electrical properties. In addition, they reveal a high specific surface area up to 1600 m2/g.
Due to their composition, the surface tension is relatively low and thus has
to be enhanced for several applications. Both multi-wall nanotubes and
bucky papers are made by a special CVD process.
Carbon nanotubes may play an interesting role not only for technical
reasons but also for biomedical applications. In Figure 2, a bucky paper
made of carbon nanotubes is shown in contact with human fibroblasts. As
shown, the cells growth is strongly enhanced on the modified paper, where
functionalization is performed using a plasma technique. In general, the
interaction of surfaces with cells is mediated by the structure as well as by
the chemical surface composition. Both can be optimized by a plasma
treatment performed at the Fraunhofer Institute for Interfacial Engineering
and Biotechnology (IGB) in Stuttgart.
Structured surfaces can be prepared via ultra-precision processing to
enhance the efficiency of machines and measuring tools. A structured
surface is necessary, especially for antireflection applications. In order to
improve this behavior for lenses and other parts, nano-moth-eye antireflection patterns were investigated recently. One of the research institutes
working very actively on this matter is the Fraunhofer Institute for Applied
Optics and Precision Engineering (IOF) in Jena. They use a patented ion
etching process for such moth-eye structures on PMMA [4]. A transmission
of PMMA over 98% is realized in the wavelength region between 420 and 800
nm if the modification is done on both sides [5]. The process is also suitable
for non-planar surfaces.
Functional coatings fabricated with special plasma sources and systems
allow the production of thin films for engines, windows, or mirrors and other
parts in cars.
By means of dielectric barrier discharges (DBD) run at atmospheric
pressure, various substrates can be modified with respect to their physical
and chemical surface properties, such as surface tension (hydrophilic and
hydrophobic) and chemical composition. Si-based coatings (SiOx, plasma
polymers), hydrogenated carbon coatings, and fluorinated (hydro)carbon
coatings were deposited and characterized according to the density of
chemical functional groups, adhesion-promoting properties, and barrier
properties. Silicon-based ultra-thin films show superior adhesion-

promoting properties as interlayers between metal surfaces and organic
coatings. Furthermore, silicon oxide coatings on polymers exhibit a significant barrier action against oxygen permeation. It has been demonstrated
that films with high retention of the monomer structure can be grown from
appropriate organic precursors. Functional groups (e.g., epoxy or amino)
grafted to a polymeric surface can be used for the immobilization of
biomolecules and for electroless plating (among other applications).
Patterned chemical functionalization and coating on the sub-millimeter
scale can be achieved by means of plasma-printing as well as internal
coating of microfluidic components [6,7]. This is the basis for plasma
processes within the nm scale.
The Plasma-Printing process performed at the Fraunhofer Institute for
Surface Engineering and Thin Films (IST) in Braunschweig allows the
treatment of many insulating substrates at precisely defined locations. An
appropriately patterned dielectric is used to form cavities, in which a nonthermal, atmospheric pressure discharge is then generated. The substrate is
brought into direct contact with the discharge, between the patterned
dielectric and the ground electrode, so plastics or glass can be furnished
with functional groups such as amino-, epoxy-, carboxy- or hydroxy-. These
surfaces enable the targeted coupling of proteins or biomolecules and also
the selective electroless metallization. First applications in the areas of
biomedicine, bioanalysis, and microelectronics are under investigation [8,9].
Plasma surface engineering is also needed to prepare surface modifications for biomedical applications. Examples are the plasma functionalization
of hollow fiber membranes for extracorporeal blood purification as well as
microfluid components used in micro reaction technology.
Today, plasma-based processes are widespread and well established in
various industrial branches. Between 1995 and 2001, the mean annual
growth of the German market for plasma surface engineering equipment has
shown a mean annual growth of 13%. In 2001, the total market for industrial
plasma systems in machine construction amounted to approx. 250 millions of
Euro. 40% of the industrial plasma systems manufactured in Germany are
exported [10].

As new technological trends, nanotechnology and plasma technology
will have a powerful impact on the market of the 21st Century.
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Metallic Thin Films, 4-20 nm, using Atomic Force Microscopy
by Guillermo Acosta, David D. Allred, and Robert C. Davis
Brigham Young University, Provo, UT
Presented in the Poster Session on April 25, 2005, at the 48th SVC TechCon in Denver, CO

Abstract
We describe a technique which allows for atomic force microscopy to be used
to make a physical measurement of the thickness of thin film samples.
When dealing with a film which is ultrathin (<100 nm), standard measurement techniques may become difficult to apply successfully. The technique
developed involves the fabrication of a distinct, abrupt step on the film
surface, using a device we call the Abruptor. This step can be scanned with
an atomic force microscope, revealing the height of the step. Films from 6-15
nm are now routinely measured in this way, though it is possible to apply this
measurement technique to thinner and thicker films. The thinnest film we
measured was 3.6 nm.

Introduction
In our studies of thin films and their optical behavior in the extreme ultraviolet
(EUV), it is routine for the thin films group at Brigham Young University to deal
with films that have thicknesses between 4-10 nm. Thin films—ultrathin films
in particular—can have optical properties distinctly different than those of the
same material considered in bulk form [1]. When dealing with materials for
which there is little or no existing work, this complication often introduces a
large uncertainty to measurements of film thickness found using standard
techniques, such as ellipsometry or low-angle x-ray reflection interference. A
physical measurement, however, is a much more direct approach, as it would
not require substantial knowledge of the material being studied.
Atomic Force Microscopy (AFM) is capable of measuring surface
structures with sub-angstrom resolution, making it an excellent method to
precisely determine film thicknesses. An AFM uses a pointed probe at the
end of a long arm or cantilever, similar to that of a record player, which can
be used to “scan” a surface. In the “tapping mode”, the probe is driven to
oscillate in a plane normal to the sample surface. Piezo drivers are used to
raster the oscillating probe across the surface, while the probe taps the
surface. The height of the probe is monitored by bouncing a laser off the
back of the probe, into a detector. Signals from the detector are used to
construct an image showing the topography of the sample.
In many laboratories, film thicknesses greater than 100 nm are
measured using AFM by creating a step in the sample between the surface of
the film to the substrate. This step in the sample must have certain attributes for film thickness to be determined from the collected data. For
ultrathin films to be measured using the AFM, the transition between the
film and substrate across the step must be as immediate as possible, since
AFM data is best when the scan sizes are less than 10 microns. The piezo
drivers used to raster the probe across the sample surface do not translate
the probe in a line, but instead cause it to swing in an arc. With larger scan
sizes, this swing becomes more evident, and its presence becomes more
substantial when precise, nanoscale measurements are being made. Figure
1 illustrates the qualities an ideal step would have. Also, whatever process is
employed to create the step must not influence the structure or thickness of
the film, since data collected would not truly reflect the thickness of the
deposited film.
There are a variety of techniques through which a step in the sample
can be formed that involve the removal of the film from the substrate
following deposition. Among the most common are lift-off and photolithographic methods, which involve the deposition of a resist onto select areas of
the substrate. The film of interest in then deposited on top of the substrate,
which is partially coated by the resist. Chemical removal of the resist will
leave only part of the substrate coated, and the step between the coated
region and the uncoated substrate can be measured with AFM to determine
the thickness of the film deposited [2]. Our deposition area, however, is not
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Figure 1. A step in sample to be measured by AFM must have certain qualities,
illustrated here by these very different landscapes. Sand dunes are examples of poor
quality steps, since they have a gentle, rolling transition from the top of the step to the
bottom. This makes it difficult to declare which part of the surface is the top of the
step and which part is the bottom. Preferred steps, in contrast, have distinct surfaces,
where the top and bottom of the step are easily identified, as with the cliff of a canyon.
Also, an ideal step in a surface has a very immediate and abrupt transition.

equipped for lithographic processes, so this approach was not taken.
With the hopes of creating an AFM measurable step, we attempted to
remove films from our substrates through a couple of alternative methods.
The “adhesive tape” method involved using a piece of adhesive tape on the
sample surface, and ripping the film from the substrate. In a second
method, the film is scraped from the substrate. An inexpensive technique
similar to lift-off involves writing on a substrate with an indelible marker
before deposition, then sonicating the sample in a solvent (such as
isopropanol or acetone) afterwards. The last step removes the marker lines,
as well as the film that was deposited above them.
Attempts to produce steps through these methods, however, found little
success. With the materials of interest to our group (typically transition
metals and their oxides), the adhesion between the film and substrate is
great enough that removal of the film is very difficult. Scraping the film
resulted in the film flaking, leaving debris and dust on the surface that
interfere with the AFM probe when scans were made. Occasionally an image
could be collected, but the surface would show ridges parallel to the scraping
motion, and peaks near the edge of the step—indicating that the removal of
the film had compromised the integrity of the surface. Use of the indelible
marker technique did not result in steps with a transition suitable for
measuring ultrathin films with AFM.

Device
The problems encountered with the previously described sample preparation
methods could be avoided by integrating step fabrication into the deposition
process. An AFM measurable step could be formed on the sample surface by
placing a mask in firm contact with the substrate during film deposition.
To accomplish this, we chose double-edge stainless steel razor blades
for use as the mask, and a rigid support for the razor blade was machined to
hold the blade securely to the substrate surface at 45˚. This step fabrication
device (SFD) is called the Abruptor, and is pictured in Figure 2. We
acknowledge that the presence of the SFD may locally influence deposition.
However, with the tilt-back design of the razor blade support, we feel that
shadowing effects will be minimized at the blade/substrate contact line. The

Use
iii

ii
i

iv

(a)

(b)

Figure 2. a) The step fabrication device, and its parts:
i) SFD body, ii) mounting bolt, iii) securing plate, and
iv) stainless steel blade. A measured drawing of the
SFD is available upon request. b) This is a photo
taken of the SFD mounted in our deposition system,
loaded with a 3" silicon wafer.

effects of “deposition atom deflection” (that is,
deposition atoms incident upon the SFD
potentially bouncing off the blade onto the
deposition area), if any, are unknown.

A bolt passes through two springs, one above and
one below the device body, to attach the SFD to
the platform on which the substrate sits during
deposition. Tension provided by the springs
allows for the blade to be placed in tight contact
with substrate, and offers control over how much
pressure is applied by the device. Before blades
are used, they are sonicated first in acetone, then
twice sonicated in hexane, and allowed to dry.
Each of the blade preparation steps are done
with the blades hanging in a rack, with no
contact between neighboring blades. The
following contact procedure is used to produce
high quality steps:
• Secure substrate to sample platform.
• Hold the SFD between thumb and index
finger, with razor away from palm
• Keeping the razor end of the Abruptor
above the substrate, place the SFD into
position.
• With other hand, begin threading the
securing bolt to the sample platform, still
keeping the razors edge above the
substrate.
• Tighten the securing bolt to achieve the
appropriate tension in the springs. Finding
the proper tension in the springs is
learned by trial and error. If the bolt is too
loose, the edge will not be of high quality;
if the bolt is too tight, it is possible to

crack the substrate and/or scrape the
substrate surface.
• Gently lower the contact end of the SFD to
meet the substrate
To remove the SFD,
• Gently take hold of the SFD with hand
position described above
• Apply a slight force to the SFD to pull the
device into palm, increasing the force
until the SFD slides slightly.
• Unbolt the SFD from the sample platform.

Evaluation
Our first use of the SFD was a success. A thin
film of vanadium (220 s deposition using a 4" DC
magnetron sputtergun, onto a 3" silicon wafer)
was imaged with a Digital Instruments D3100,
within three hours of its removal from the deposition chamber. The image in Figure 3 was one of
several collected during the AFM session, using
the scope in tapping mode with a silicon nitride
tip. The repeated appearance of a rounded
triangle throughout the image is an artifact that
comes from the substrate being a poorer quality
of <111> orientation silicon wafers. Subsequent
films were deposited on higher quality <100>
silicon, which were ascertained by AFM to be
smooth and flat (roughness <0.2 nm). The
surface of the <111> wafers had slight depressions, and the deposited film also had low spots,
seen as the triangular features. That is, the
continued on page 36
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continued from page 35

triangle shape in the image appears with the same orientation, with the
same frequency and relative prominence on both the film and substrate
sides. The approximate sputter rate was known to be 0.04-0.05 nm/s,
meaning the expected film thickness was 8.8-11 nm. A conformal film this
thin translates any features the substrate might have, such as these from the
<111> wafer. Analysis of the image using the Digital Instruments Nanoscope
software reported the step to be approximately 10.3 nm tall, seen in Figure 4,
with the step transition occurring over less than a micron.
Following the initial AFM session, the vanadium sample was placed in
an oven at 100ºC for three days, to accelerate the oxidation of the film, after
which it was remeasured with the AFM. It is routine for samples to be
annealed in this way, and for the steps produced by the SFD to truly be

Figure 5. Following an annealing period, the height of the step is found to be
approximately 14.8 nm. In this image the scan size is 5 microns square.

both pre- and post-annealing sessions, do, indeed, report consistent values.
As an example, Figure 6 is a second measurement of the annealed vanadium
film, taken at a different position along the step. Notice, the measurements
of Figure 5 and Figure 6 match nicely, despite the two locations of the data
collection being separated by millimeters.
Use of this technique consistently gives good results. Our success rate
for producing a measurable step is nearly 90% for work where a thickness
estimate or confirmation is sought and about 70% when a step of the highest
quality is needed. As described in the previous section, it is clear that device
placement and removal are skills learned though experience, and require a
certain amount of finesse. On the nanoscale, these “macro” actions each

Figure 3. This was the first image collected of a step in a sample using the SFD. To
interpret the image, imagine that it is what an observer above the surface sees when
looking straight down, where the brighter features are taller than those that are
darker. The size of the scan is 10 microns square, and the gray-scale to the right can
be used to gauge the heights of features.

Figure 6. Subsequent scans of the annealed film at different positions along the step
report similar thickness values. Here, the step height is approximately 16.6 nm,
which is reasonably similar (within 10%) to what was reported in Figure 5.

Figure 4. Software available from Digital Instruments was used to analyze the
image shown in Figure 3. The step height is approximately 10.3 nm.

useful, the steps should maintain the physical qualities needed to be
measured with an AFM following such an annealing period. Oxide formation
will generally result in the film swelling, as oxygen is incorporated into the
film’s structure. Analysis of the new images showed the thickness of the
sample was now 14.8 nm, shown in Figure 5. The step height had changed by
a factor of 1.4
The films produced in our sputter system are not perfectly uniform, but
it was expected that several measurements along a single step would be in
moderate agreement. Measurements at different positions along the step, in
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have the potential to introduce features to the surface which may appear in
the images and prevent a proper step height measurement.
Transitions between film and substrate vary, but steps typically have
slopes on the order of 8 nm over 0.7-0.9 microns. It has been more difficult to
produce a high quality transition for thinner films (less than 6 nm). Here,
the transition from film to substrate may have an acceptable slope only in
isolated regions along the length of the edge. The best transition observed
was a drop of 12.5 nm over a mere 0.12 microns, while the thinnest measured
film was 3.6 nm. We believe that thinner films could be measured, provided
that the appropriate surface position for engaging the AFM could be found
using the microscope’s “guidance” optics. A majority of the extremely thin
films studied have oxides present that are essentially transparent in the
visible, making it very difficult to identify the step while cruising the surface
prior to probe engagement. Being able to determine where to engage the
probe with the sample is crucial, otherwise collecting an image of the step is
akin to taking shots in the dark.

AFM measurements of oxidized vanadium thin films
120
100
y = 28.91x + 14.25

Thickness (A)

80
60
40
20
0
133

266

400

Sputter time (s)

Figure 7. Films with sputter times that are multiples of each other are expected to
have thicknesses which are multiples of each other. Here, though, we see that the
film that has the 266 s sputter time is not twice as thick as the film with the 133 s
sputter time, nor is the 399 s film three times as thick as the 133 s film.

Additional Results
Three thin film samples of vanadium were deposited, separately, at a multiple
of a single sputter time (133 s, 266 s, and 399 s) to produce samples that
would have similarly related thicknesses. The samples were then annealed in
an oven at 85°C for three days, and measured with the AFM. A graph of the
step height measurements is shown in Figure 7, with a trendline showing the
results of a linear fit. The equation of the trendline shows the thickness vs.
time extrapolates to 1.4 nm for a 0 s deposition (in the graph, the y-axis meets
the x-axis at t=62 s). One explanation for this might be to assume the
presence of an ultrathin layer of hydrocarbon contaminants on our substrates
which is covered by the film as it is deposited, such that the thickness
measurements are not solely that of the film, but that of the film plus the
hydrocarbon underneath. Based on recent experience with hydrocarbon
contamination, the hydrocarbons present on the substrate before film deposition could be between 0.1 and 1.5 nm thick, depending upon the amount of
exposure to ambient conditions [3]. No special precautions were taken to
eliminate surface layers from substrates before deposition. This layer of
hydrocarbon is usually not reported in AFM images, as the AFM probe pushes
right through the contaminant since the layer is soft. Here, though, the
hydrocarbon layer is coated with a thin film, and presence of the hydrocarbon
is revealed in these measurements. A second explanation is
that the same amount of vanadium oxide forms on the surface
of each sample.
continued on page 38
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Figure 8. Four examples of the puzzling surface features are shown,
each from different samples. Each image is that of a step between
film and substrate. On the film side of each step, there appear to be
ridges, which are not seen on the substrate side. Between the images,
the families of ridges have little in common, while ridges of a
specific family follow a common contour. Two of the images here
show some nanodust, which is responsible for a few bright scan
lines, but this is not unusual to see on the sample surfaces.
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The explanation involving the presence of a
contaminant on the surface receives support
from some apparently anomalous features
noticed over the course of study of over sixty
samples. Though imaging sessions were usually
routine, occasionally features would appear in
the images that were without immediate explanation. Figure 8 shows four examples of strange
structures on sample surfaces. Each of the
images in Figure 8 is that of a step between film
and substrate. On the surface of the film in each
image, there are a number of small ridges which
run parallel to each other, intersecting the step
at various angles. In each instance, the family of
ridges have approximately the same height, but
do not have uniform spacing. Also, the ridges do
not intersect each other, suggesting that all of
them are the consequence of a single physical
movement or action. These features were not
consistently present among the samples.
The anomalous features seen in a few of
the samples, and the issue with the film
thicknesses not extrapolating to zero, can be
explained as follows:
As the SFD makes initial contact, the portion
of the blade that is not sandwiched between the
securing plate and support surface (between the
edge of the razor and the Abruptor body) will bow
under the applied force. We refer to this as “blade-

SVC 2004 Scholarship Winner

Guillermo welcomes the challenges of being an
experimentalist, as it often leads him to the machine
shop in search of the solution. He is an avid hot rod
enthusiast, as he usually has at least a couple midto-full custom projects to work on in the evenings.
Guillermo also appreciates music of all sorts, is a self
taught guitar player, spends time in the kitchen trying
to reproduce his mother’s dishes and refining his
own, is an active rock climber, and volunteers with
non-profit groups dedicated to assisting minority
students at all levels.
bow”, and it is illustrated in Figure 9. When bladebow occurs, the contact edge of the mask slides
along the substrate surface. The blade then might
act as a plow, pushing hydrocarbon contaminant in
front of the blade. Subsequent film deposition
coats the entire region, and removal of the SFD
produces a step which has a height that is the
thickness of the film plus the hydrocarbon that was
pushed in front of the mask.

vi
iv
iii
ii
vii
i

Conclusion
We have developed and applied a technique which
produces a step in ultrathin films, which can be
measured with AFM to find the step height. Once a
deposition chamber is modified to accommodate
the use of the SFD, producing measurable samples
is quick and inexpensive. Films as thin as 3.6 nm,
and as thick as 220 nm have been measured using
this method. Studies of film thicknesses using this
technique have offered insight into the oxidation of
vanadium thin films, as well as the presence of
hydrocarbon contaminants on substrates. To better
understand the effect of the presence of the SFD to
the film deposition in the contact area, it will be
necessary to image samples over larger scan areas.
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Figure 9. a) This is an extreme close-up of the contact area between the SFD and the substrate, prior to blade
contact being made. The components of the system are: i) substrate, ii) hydrocarbon contaminant (whose
thickness is severely exaggerated), iii) razor blade mask, iv) SFD body, and v) securing plate. b) The blade pushes
through the soft hydrocarbon layer as contact is made. The force necessary to secure the SFD to the substrate
causes the blade to buckle slightly, where vii) identifies the position of the undisturbed blade. The thickness of the
hydrocarbon in front of the blade may increase as the blade slides over the surface. c) A thin film (whose thickness
is also severely exaggerated) is deposited, and both the substrate and SFD become coated. d) Removal of the SFD
leaves a step which will be measured by AFM. Notice the contribution of the hydrocarbon underneath the film to
the step height.
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2005 SVC TechCon Exhibit in Denver
Survey Results and Overview

“

Frank Zimone, President of Denton Vacuum, LLC

Attendance Data: Just over 1,350 people
attended the SVC Exhibit in Denver. 22% of the
attendees and 57% of the speakers in the
technical sessions were from countries outside
the USA. There was an increase in participation
from Asia and Pacific Rim countries.
New Exhibit Guide: 68% of the exhibitors
responding to the Post TechCon web based
survey thought that the advance mailing of the
Exhibit Guide increased booth traffic.
Lead Retrieval: 57% of the respondents thought
that SVC should provide an electronic-based Lead
Retrieval System.
Future Sites: 82% of the respondents thought
that their overall experience as an exhibitor in
Denver was either excellent or good. Chicago
and Santa Clara are other top choices for the
future location of the SVC Exhibit by both
exhibitors and TechCon attendees.
SVC exhibitors were asked:
What did you like best about the 2005 SVC
Exhibit in Denver?
• Many exhibitors said that they really liked the
Denver site for the SVC Exhibit. They said
that it was centrally located and convenient
for West coast attendees. The hotel was
within walking distance of many activities,
including restaurants and shops.
• Well organized.
• Good quality leads.
• Number of exhibits. Although the show was in
two halls and some attendees were confused,
the size of the show gave it a feeling of
substance.
• It seemed that the exhibit was well thought
out, good resources and excellent flow of
people.
• Constant traffic and beer breaks. Two drink
coupons would be better.
• Good food and display service.
• Only participated in the exhibits, but I think
they were as well done as could be.
• Adam's Mark is a great hotel.
• The hotel being close to local businesses.
• Nothing really stood out to me. The contacts
made were valuable as usual.
• SVC is a great show for my product line.
• The friendly SVC people.
• Excellent traffic!

Photo by Cronin Photography

The 2005 SVC exhibit was Denton Vacuum's most successful show
ever. The show was flawlessly organized and booth traffic was an all time
high. It was the first show in memory where new sales opportunities
presented themselves at the show. The Techcon will likely play a major
role in making 2005 Denton's best year ever.

”

• Excellent papers and courses. Exhibits were
well attended. Food Monday night was
awesome!
• The dinner reception on Monday night, and
the beer blast on Tuesday night.
• Everyone was extremely helpful.
• Organization of this event.
• Good traffic and leads.
• Good consolidation for traffic flow and events.
• It was very well organized.
• Conference schedule was very well organized.
• The quality of people that attended our booth.
• Exhibit Hall was very nice and well lit; it was
easy to walkthrough.
• Number of key people in attendance.
• The attendees seemed to be greater and have
more interest in our units than the attendees
in Dallas.
• It is a forum for personal communication
• The atmosphere and the great selection of
high quality topics.
• Very good organization of the exhibition, nice
location, good papers.
• Exhibit layout.
• Convenience, overall show preparation and
management.
• Well organized and well attended.
• We were extremely busy and have a lot of new
business based on the contacts we made. It
gave us an opportunity to interface with a
number of our clients and we made new leads.
• Contacts.
• Organization.
• Decent, positive booth traffic.
• It was a well attended show and provided us
with some good quality leads.
• The show was well organized and the SVC
people were very helpful.
• Good traffic at our booth.
• Convenient hotel/convention combination.
• Good to see the latest technology and network
within the industry.

• Do away with the standing dinner. It is
uncomfortable to eat standing and any time
you eat in the booth, a customer appears
when you are chewing! But the food was very
good.
• Choose cities that are geographically located
near centers of the industry.
• Ensure the technical session attendees take
breaks in the show area.
• Make the company name on the badges at
least as large as the person’s name.
Exhibitors need to be able to read the
company name from a distance as attendees
are walking through the show.
• Electronic based card readers for lead
retrieval is needed.
• Change show times around a bit—running to
7 p.m. seems a waste.
• It was disappointing to have things happening
in two separate buildings.
• Provide some non-sweet drinks like iced tea
(unsweetened) and plain waters.
• Give people more time to visit the exhibit
(allow for longer breaks).
• Keep exhibit hours between 10:00 a.m. and
6:00.p.m.
• The exhibit was very good, but often there
was a paper of great interest that conflicted.
• Try to separate the exhibit times from the
papers, too many people want to see both and
do not have the time.
• Compared to other exhibits that I go to, I
would like to say the SVC is the best. I
believe that the SVC does an excellent job.
You get attendees and circulate them though
the exhibit hall. It is interesting for the
attendees to come to the exhibits because of
all the perks (food) available to them in the
hall. This is also nice for the exhibitors.
Thank you.
• Can you provide lunch each day? It is so busy,
that it is hard to get lunch otherwise. This
would be more useful to us than the dinner
since we like to take customers out to dine.

SVC exhibitors were asked:
Do you have suggestions on how to improve the
SVC Exhibit?
• Use facility in which the exhibit hall is closer
to technical session rooms.
• Use of two different exhibit halls was
inconvenient.

• If the exhibit occurred at the end of the SVC
conference, attendees could utilize technical
session information to follow up with
exhibitors who are pertinent to the technical
paper presentation.
• Consider booking at three fixed site locations
in rotation.
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Reactive Sputtering: Flow or Partial Pressure Control,
Which One to Use?
by William D. Sproul
Reactive Sputtering Consulting, LLC, Fort Collins, CO

R

eactive sputtering occurs when a gas such as
oxygen or nitrogen is purposely added to the
sputtering atmosphere to react with the
sputtered material. Reactive sputtering has been
practiced for about as long as sputtering has
been practiced. In fact, the first reported
incidence of sputtering by Grove [1] in all likelihood was actually reactive sputtering due to poor
vacuum conditions. Today, reactive magnetron
sputtering is very widely used in the architectural
glass, roll coating, microelectronic, optical
coating, tribological coating, and functional
coating industries to deposit a wide variety of
nitride and oxide coatings.
Although reactive sputtering is widely
practiced, it still faces the basic reactive
sputtering problem; i.e., not only does the
reactive gas combine with the sputtered material
to form a compound coating on the substrate, but
this same compound can and usually does form
on the target surface as well, which leads to a
loss of deposition rate and may lead to a
reduction in the film properties. When flow
control of the reactive gas is used with constant
power to the target, initially there is very little
change in the reactive gas partial pressure from
the background level until a sufficiently high flow
of the reactive gas is achieved (shown in Figure
1) [2]. However, when the compound initially
starts to form on the target surface at the edges
of the racetrack, the amount of target material
being sputtered is less because of the lower
sputtering rate for the compound material.
Because less target material is being sputtered,
less reactive gas is consumed in the reaction, and
its partial pressure increases rapidly for the
reactive sputtering of titanium in an
argon/nitrogen atmosphere (as shown in Figure
1). When the compound completely covers the
target surface, the target is said to be “fully
poisoned,” and the deposition rate is very low

Figure 1. Reactive sputtering of titanium in an
argon/nitrogen atmosphere with flow control of the
reactive gas. From [2].
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compared to the rate for the elemental target.
When the flow of the reactive gas is reduced
from the poisoned state, it takes a while to break
through the compound material, and the partial
pressure is higher during the reduction of the
flow of the reactive gas for a given partial
pressure until the target surface is completely
back to the fully unpoisoned state. As more of
the elemental material is sputtered during the
reduction of the reactive gas flow, the deposition
rate increases until it is back to the full metal
deposition rate when the target is completely
unpoisoned.
What can be done about the loss of deposition rate by poisoning? One thing to do is to live
with it. Once the target becomes poisoned, the
process is slow but steady, and the film properties are reproducible even though they may not
be ideal [3]. The only exception to the process
being steady is if there is arcing on the target.
However, arcing issues can be prevented or
suppressed with the “right kind of power,” which
will be the subject of a future article.
The other way to handle the loss of rate and
film property issues that can occur during
reactive sputtering is to actively control the
partial pressure of the reactive gas during the
deposition of the film (flow control). Such active
control requires a partial pressure controller and
a sensor for the reactive gas. Commonly used
sensors are mass spectrometry, optical emission
spectrometry, lambda sensor, and cathode voltage
signal (which, although not a direct partial
pressure signal, can change significantly as the
reactive gas partial pressure changes for some
materials such as aluminum sputtered in an
argon/oxygen atmosphere) [4].
When the partial pressure of the reactive
gas is actively controlled, it is possible to operate
at any point along the transition curve, from the
metallic state of the target to the fully poisoned
state (shown in Figure 2) for the reactive
sputtering of titanium in an argon/nitrogen
atmosphere. What is noticeable right away from
Figure 2 is that there is no abrupt transition from
the metallic state of the target to the fully
poisoned state. By limiting the availability of the
reactive gas with the partial pressure control
system, it is possible to select the operating point
anywhere along the curve, and by doing so to
select the deposition rate and film properties.
Experience shows that one tries to operate at as
low a partial pressure as possible to achieve the
highest deposition rate, while still achieving the
desired film properties. For reactively sputtered
TiN, it is possible to deposit stoichiometric TiN at
the full metal deposition rate [5]. There is no
loss of rate in this case. For a material such as
aluminum oxide, it can be reactively sputtered at

Figure 2. Reactive sputtering of titanium in an
argon/nitrogen atmosphere with partial pressure
control of the nitrogen gas.

a rate equal to 70% of the metal deposition rate
as long as the partial pressure of the reactive gas
is controlled [3]. This rate should be compared
to a rate of only 2 to 3% of the metal deposition
rate in the fully poisoned state.
The advantages of controlling the partial
pressure of the reactive gas during reactive
sputtering can be very significant in a production
environment where throughput is very important.
Not only can high deposition rates be obtained
compared to operating in the poisoned state, but
the film also can be significantly better quality as
has been demonstrated for the reactive
sputtering of aluminum oxide [3]. In the opinion
of this author, if you are going to make a living
from reactive sputtering, you should be controlling the partial pressure of the reactive gas
during your reactive depositions.
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SVC—Your Best Resource for On-Site
Education on Vacuum Coating Technologies
A strong commitment to education is part of SVC’s Charter. When you decide to bring courses to
your facility, you can be assured of high-quality, practical courses taught by recognized industry experts.
Courses are designed for the novice as well as for the seasoned professional.

At Your Organization—The SVC On-Site Education Program
This program provides cost-effective training by eliminating time away from work, travel
expenses, and individual course attendance fees. The SVC offers courses to organizations subject to
instructor availability and certain other conditions. Contact SVC for pricing information and to schedule
one or more courses at your location. It is a great bargain in this economic climate.

Bring Courses
to Your Facility
and educate your
team at a
reasonable cost
For an up-to-date list of course
descriptions and instructor
biographical sketches, please
visit the SVC Web Site at
www.svc.org and explore the
“Education Programs” button on
the main page.
For technical questions
regarding the course content,
contact the SVC Administrative
Office at svcinfo@svc.org,
or Fax 505/856-6716.

SVC Course Roster
V-201
V-202
V-203
V-206
V-207

High Vacuum System Operation
Vacuum System Gas Analysis
Vacuum Materials and Large System Performance
Practical Helium Leak Detection Workshop
Practical Aspects of Vacuum Technology: Operation and Maintenance of Production Vacuum
Systems
V-301 Care and Feeding of Mechanical Pumping Systems
V-304 Cryogenic High Vacuum Pumps
C-101 Primer on Thin Films and Vacuum Technology
C-102 Introduction to Evaporation and Sputtering
C-103 An Introduction to Physical Vapor Deposition (PVD)
Processes
C-203 Sputter Deposition
C-207 Evaporation as a Deposition Process
C-208 Sputter Deposition in Manufacturing
C-209 Material Science Aspects of Plasma Processing
C-210 Introduction to Plasma Processing Technology
C-212 Troubleshooting for Thin Film Deposition Processes
C-213 Introduction to Smart Materials
C-301 Optical Coating Design and Monitoring
C-302 Preparation and Properties of Optical Thin Film Materials
C-303 Design and Manufacture of Optical Coatings Using Computer Methods
C-306 Nonconventional Plasma Sources and Methods in Processing Technology
C-307 Cathodic Arc Plasma Deposition
C-308 Tribological Coatings
C-310 Plasma Immersion Techniques for Surface Engineering
C-311 Thin Film Growth and Microstructure Evolution
C-312 Process Control for Applications in Large Area Sputtering
M-101 Basic Principles of Color Measurement

Course Classification System
The course codes are intended to provide the prospective attendee with some guidance as
to whether the emphasis in the course is primarily on vacuum technology (V code), or
vacuum deposition coating processes and technology (C code), or other miscellaneous
topics (M code). The course number is intended to indicate the level of course specialization—the lower numbers refer to courses that are basic or introductory in nature,
and the higher numbers refer to courses that offer a more specialized treatment of a
specific topic.
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Frontiers in Optics 2005 and Laser Science
XXI will be held October 16-20, 2005 at the
Hilton Tucson El Conquistador Golf and Tennis
Resort, Tucson, Arizona. Connect with the most
accomplished international scientists,
researchers, engineers, and business leaders as
they shape the future of optics, photonics, and
laser science.
• Featuring the latest research in optics
covering more than 40 topics across 7 OSA
divisions and 9 topics within Laser Science
including an overarching Nanophotonics
theme
• Learn from the experts and attend the joint
plenary session and special symposia
• Explore the hottest optics and laser
developments, trends, technologies and
applications
• Reap the benefits of professional
networking opportunities including
technical and poster sessions led by the
world's most respected optics experts
• Attend the FiO ’05 Exhibit showcasing
leading companies within the industry
• Take advantage of opportunities to connect
with colleagues
Visit www.frontiersinoptics.org to obtain details
on this conference.
The AVS 52nd International Symposium will be
held October 30-November 4, 2005 in the Hynes
Convention Center, Boston, MA. Topics include:
Advanced Surface Engineering; Applied Surface
Science; Biomaterial Interfaces; Electronic
Materials and Processing; Magnetic Interfaces
and Nanostructures; MEMS and NEMS;
Manufacturing Science and Technology;
Nanometer-Scale Science and Technology;
Plasma Science and Technology; Surface Science;
Technology for Sustainability; Thin Films; and
Vacuum Technology. Topical Conferences will be

held on the following topics: DNA; Renewable
and Alternate Energy; Science of Semiconductor
White Light. Special Sessions will be held on:
Biomaterials Plenary Session. For further details
visit the AVS Web Site at www.avs.org.

Report from the International
Symposium on Advanced Technology of
Coatings on Glass and Plastic Materials
On March 15 and 16, 2005, nearly 100 scientists
and engineers and students from Japan, the EU,
and the USA met in the auditorium of the
Aoyama Gakuin University on the AoyamaCampus to discuss advanced coating technologies
for large-volume markets on glass and plastics.
Two full days of presentations were made by
international experts covering PVD, CVD, and SolGel coating technologies. This Joint Symposium
was organized under the auspices of the Japanese
21st Century Center of Excellence (COE)
Program along with the International Organizing
Committee of the International Conference on
Coatings on Glass (ICCG).
The Conference Chairs were Dr. Koichi Suzuki
(SurFtech Transnational Co., Ltd.) along with
Professor Yuzo Shigesato and Dr. Y. Sato (Aoyama
Gakuin University).
In 2002, Aoyama Gakuin University was selected
by the Japanese Government for inclusion in the
21st Century Center of Excellence (COE)
Program. This program funded an activity at the
Aoyama University entitled “New Functional
Materials for Highly Efficient Energy Systems.”
The primary goal of this program is to develop
clean energy resources and novel functional
materials including the refinement of known
materials for energy-efficient applications. A
secondary goal of the program involves the
training of graduate student researchers. This
research program is carried out on a multidisciplinary basis, with collaboration by researchers in
the fields of solid state physics, chemistry,
electronics, and electrical and mechanical
engineering. All researchers are focused on
finding solutions to the growing energy problem.
Welcoming remarks were made by Professor
Kiyohiko Uozumi, Vice President of Aoyama
Gakuin University, who provided an overview of
the University and the various University
programs including the COE. Prof. Uozumi also
observed that motto of the Aoyama University is
“The Salt of the Earth – The Light of the World”
and encouraged the researchers and students to
work toward using their knowledge to improve
society and achieve energy efficiencies.
Topics covered at the Symposium included
surveys of Coating Technologies including the
current status of the fields of magnetron

sputtering, reactive ion plating, plasma-enhanced
CVD, plasma impulse CVD, atmospheric pressure
CVD, and Sol Gel coating, as well as a review of
materials such as transparent conductive oxides
and photoactive materials and coatings for
applications such as display and automotive.
Presentations of note were made by Professor
Pulker, University of Vienna, Austria, who
lectured on “Density Related Properties of Metal
Oxide Films” and Professor Shigesato Aoyama
Gakuin University, Japan, who presented a
lecture on “Ultra High-Rate Deposition of TiO2
and ITO films by Reactive Magnetron Sputtering
with Unipolar Pulsing and Plasma Emission
Control System.” Finally, Dr. Guenter Braeuer,
Fraunhofer FEP/IST, Germany, announced the
upcoming 6th ICCG in June 2006 in Dresden,
Germany.
Poster presentations were also made by the
Aoyama graduate students in a special Poster
Session dedicated to reviewing investigations of
coating processes and materials characterizations. These were solid presentations, and the
posters were very professional. The students
were confident and able to discuss their work .
As part of this Symposium, SVC made a donation
of CD-ROMs of the Proceedings of previous SVC
TechCons to the Aoyama Graduate students.
We wish these students well in their studies and
hope to see some of them sharing their work as
presenters in upcoming SVC TechCons.

Further information on this Symposium can be
obtained from the Conference Chairs:
• Dr. K. Suzuki: koich10@attgloba.net
• Prof. Y. Shigesato: yuzo@chem.aoyama.ac.jp
• Dr. Y. Sato_satoy@chem.aoyama.ac.jp.
Report provided by Ric Shimshock, MLD Technologies
LLC (ricshimshock4mld@aol.com).

Report from the 4th International
Symposium on Transparent Oxide
Thin Films for Electronics and Optics
(TOEO-4)
Alternatives to ITO?
Over 100 researchers, engineers, and students
met on April 7 and 8, 2005, in the auditorium of
Tokyo Big Sight (Tokyo International Exhibition
Center), Japan, to review and chronicle the
status the field of transparent conductive oxides
(TCO). This has become an important global
topic because the demand for indium is soaring,
and sources of supply appear restricted. The
display industry is actively searching for alternate
materials. The TOEO conference has become
one of the premier forums for discussion of this
topic
This 4th International conference was sponsored
by the 166th Committee on Photonics &
Electronic Oxide, Japan Society for the
Promotion of Science (JSPG), and Co-sponsored
by the International Ceramics Exhibition 2005.

The Organizing Committee for this Symposium
was composed of Professor Yuzo Shigesato,
Aoyama Gakuin University, Japan; Professor
Kunjisuke Maki, Yokohama City University, Japan;
Professor Hideo Hosono, Tokyo Institute of
Technology, Japan; and Dr. David S. Ginley
(National Renewable Energy Laboratory (NREL),
USA. Topics included presentations on theory,
basic materials including new TCO materials for
both n and p electrodes, nanomaterial formulations, devices including photocatalysts, and dyesensitized solar cells, and various display applications. Of special interest were reports on transition metal doped indium oxide and indium zinc
oxide as next potential generation TCOs.
For more information please contact Professor
Shigesato at yuzo@chem.aoyama.ac.jp, or visit
the TOEO-4 Web Site at
http://toeo4.msl.titech.ac.jp.

A Perspective from Professor Yuzo
Shigesato
ITO - Thin-Film Transparent Conductors:
Microstructure and Processing
Physical vapor deposition is used for the growth
of thin-film ITO on suitable substrates. ITO is an
essential component in many important technologies, including flat-panel display devices, where
ITO is used as an electrode because it is both
transparent to visible light and has a relatively
low electrical resistivity.
continued on page 44
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Research and PVD Materials Corporation
Sage industrial sales, inc.*
Semicore Equipment, Inc.
SHI-APD Cryogenics, Inc.
Singulus Technologies, Inc.
Soleras Ltd.*
Southwall Technologies*
Sputtering Materials, Inc.
Steag HamaTech AG
Telemark
Thermionics Vacuum Products
Thin Film Center, Inc.
Thin Film Technology, Inc.
Tico Titanium, Inc.
Toray Plastics (America), Inc.
ULVAC Technologies, Inc.
Umicore Thin Film Products
VacuCoat Technologies, Inc.*
VACUUM COATING Technologies, Inc.
Vacuum Engineering & Materials Company, Inc.
Vacuum Process Technology, Inc.
Varian Inc., Vacuum Technologies
VAT, Inc.
Vergason Technology, Inc.
VON ARDENNE Anlagentechnik GmbH
Williams Advanced Materials, Inc.
Yeagle Technology, Inc.

Society and Industry News
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The current trend toward higher-quality flatpanel devices has led to new display technologies
with a much thinner electrode width and
consequent demands for further optimization of
ITO materials properties and processing. These
new and demanding technologies require even
lower film resistivity, and this must be achieved
at lower substrate temperatures during deposition. The requirement for lower deposition
temperatures derives from device designs that
call for the deposition of ITO films on polymer
color filters and other polymer films that cannot
survive vacuum processing temperatures above
100–200 degrees Celsius. Meeting this demand
requires the application of new PVD techniques
that include various plasma and energetic ion
processes because, under conventional sputtering
or reactive evaporation deposition conditions, at

substrate temperatures below 150 degrees Celsius
the deposited films are typically amorphous and
have undesirable properties. Utilization of
plasma-enhanced processes provides a route to
the formation of high-quality crystalline materials
at low substrate deposition temperatures.
A variety of techniques [EB evaporation, highdensity plasma-enhanced (HDPE) evaporation,
and low-voltage D.C. magnetron sputtering
(DCSP)] have been used to deposit ITO thin
films. These techniques were selected because
they show the effect of ion bombardment on the
growth surface with ion energies ranging from
very low (EB evaporation) to relatively high
(DCSP, where ions are accelerated to close to the
cathode potential of 100–300 eV). What is
remarkable is that despite the great differences
between DCSP and HDPE, they both result in a
distinctive microstructure, the origin of which
can be traced to the effect of the bombardment of
the growth surface by energetic particles during
growth.

Corporate Sponsor News
Applied Films has introduced a new, sputter
deposition machine for 2-layer electroplated
adhesive-less flexible copper clad laminates,
which form the basic material for FPC. Compact
designed modern high tec products such as
mobile phones, notebooks, or palmtops require
increased packing densities of electronic
components with conductors of less than 10micrometer width and distance. This requirement is met by a new generation of Flexible
Printed Circuits (FPC), the High Density
Interconnects (HDI-FPC). Producing the fine
structures of HDI-FPC in high volume demands
for highly precise and inexpensive manufacturing
processes. With sputtering technology, Applied
Films offers manufacturers of FPC a better
alternative to the commonly used cast and
laminating processes for flexible copper clad
laminates (FCCL). According to TechSearch

Market Analysis, the market for HDI-FPC has
grown from 4 Billion US-Dollar volume in 2002 to
6 Billion US-Dollar in 2004. These figures
correspond with an increase of the yearly output
of flexible copper laminates from 5 Million m2 in
2002 to 9 Million m2 in 2004. The majority of
flexible copper clad laminates (47%) are
produced by electrodeposition (ED), which can
be achieved by using Electroless Cu or sputtering
Cu as the seed layer. Sputtered technology only
accounts for 5% of ED material but Electroless Cu
is quite expensive due to the many production
steps, because it is a wet chemistry process it
impacts the humidity of the PI and can have
environmental impact. The balance of FPCBs is
produced using cast polyimide (PI) technology
(44%) or lamination of copper foil and PI film
(9%). As the requirements become more
stringent for FPCBs, the potential for sputtered

Corporate Sponsor Profile
Mustang Vacuum Systems, LLC
Mustang Vacuum Systems is focused on bringing innovative products and superior
customer service to the vacuum coating industry, while meeting customers’ needs with
high-throughput, and efficient reliable equipment that can be customized for specific use.
Products include: Fast-cycle Small-batch Sputtering Systems, High-speed PECVD Batch
Metallizers, "Plug & Play" Optical Coating Systems, and Magnetron Cathodes.
Customization: Mustang can alter any component to tailor a system to a customer’s
specific needs.
Mustang Vacuum Systems, LLC, located in Sarasota, Florida is an extension of a larger
affiliate, Mustang Dynamometer. The Mustang Group has been in business for nearly 20
years. A global leader, Mustang builds machines for automotive manufacturers, OEM’s,
Tier One suppliers, R&D houses, and other companies throughout the world.

* Charter Corporate Sponsor
Bold indicates new 2004/2005 Corporate Sponsors
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For more information, go to www.mustangvac.com or call 941/377-1440.

Corporate Sponsor News
continued from page 44

technology to replace and improve commonly
used manufacturing process is huge. Roll-to-roll
film coating is a cost effective preferred and
proven production technology. Sputtered copper
seed layers can be metallized onto all dielectric
film from 2 to 100 mm in a dry, environmentfriendly process. The sputtered layers show a
good adhesion (peeling strength) due to the high
energy of the sputtered copper atoms. The
adhesion of the copper layer resists the high
temperature loads of the high packaging density
of the HDI-FPC.
Bekaert, a European-based company headquartered in Belgium, has expanded its customer
service team for sputter products. The team is
expanding worldwide to meet increasing market
demand. New personnel have been assigned to
customer service positions and new customer
service centers that are located strategically
worldwide. The expansion of Bekaert’s customer
service team will help meet the needs of the
growing rate of industrial customers who are
currently installing and operating the company’s
sputter products (sputter targets, end blocks,
magnet bars, sputter electronics, and complete
sputter cathodes).
The Bekaert technology allows a switch from
planar to rotatable targets and offers lower cost

of ownership through longer production runs,
faster coating deposition, and more complete use
of coating material on glass. Bekaert has built up
its experience in this field through its own
sputter activity on plastic foil for window film
and for industrial applications. Bekaert was the
first to bring rotatable targets on the market and
has developed the necessary sputter equipment
to effectively use these targets on glass coating
lines all over the world.
Industrial customers who execute a coating
process for applications such as architectural and
automotive glass (such as low-E and solar control
films, and antireflective coatings), display glass,
and photovoltaic glass, can capitalize on
Bekaert’s technology.
Peter Andries, customer service technician, is a
welcome addition to Bekaert’s Spring Green, WI
facility. Andries will provide on-site technical
training and is responsible for all technical
support for end blocks, magnet bars, power
supplies, and sputter cathodes in use throughout
North America, including Mexico. Bekaert has
added a new market manager, David Verhenne,
who will focus on excellent customer service
needs in Europe. Verhenne, a long-time
employee of Bekaert, is based at the company
headquarters in Deinze, Belgium. To meet rapid
growth in the Asian market, Bekaert is planning
to open a Customer Service and Maintenance
Center in Suzhou, China in Q2 2005. At this new
service center, Bekaert’s sputter products team

will supply Asian glass coaters with state-of-theart end block maintenance and technical
support. Yuan Polin, customer service technician, will provide service for Bekaert’s Asian
market.
CeramTec North America (CTNA), the world
leader in the manufacturing of hermetically
sealed electrical and optical components, has
named Tecnovac, S.L. as distributor for Spain and
Portugal. Tecnovac has been a leading distributor of vacuum equipment and technology in
Spain since 1996. They represent other quality
vacuum equipment or component manufacturers
in the Spanish market. The Tecnovac headquarters is located in Madrid, Spain and they have a
sales office in Portugal. Their capabilities extend
from design and manufacture of specialty vacuum
systems for R&D applications to specifying pumps
and components for OEM vacuum coating plants
and cryogenic applications.
CeramTec North America is pleased to
announce that Brent Pahach has joined the
company as the new Director of Operations and
Don Moore has joined the company as the
Manufacturing Manager for Hermetic Products.
CeramTec North America’s newly designed and
expanded website is making it easier for
customers to review thousands of products, find
technical specifications & reference materials,
download literature, obtain pricing information
and/or order online. The new CeramTec North
continued on page 46
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Corporate Sponsor News
continued from page 45

America website – www2.ceramtec.com – consolidates product information previously offered on
three different websites dedicated to the
company’s technical ceramic products, hermetic
(Ceramaseal®) products and cutting tool (SPK®)
products.
The SAE 2005 World Congress in Detroit will be
the site of the unveiling of the formula-style
racing car conceived, designed, and fabricated by
a team of SAE student members at the University
of Waterloo (Canada) and sponsored by
Goodfellow. Goodfellow, a global supplier of
metals and materials, is a Silver Sponsor of the
Formula SAE team, having contributed carbon
fiber/vinylester tubing used in the chassis of the
racing car. Carbon fiber/vinylester composite
materials are known for their high strength-toweight ratio. This was an important consideration
for the University of Waterloo team, one of whose
goals was to fabricate a chassis that was 3 kgs
lighter and 50 percent stiffer than that of their
2004 racing car. Following its unveiling in April,
the car will be part of the Formula SAE competition at the Pontiac Silverdome in Pontiac,
Michigan, in May, and the Formula Student
(European) competition in England in July.
Formula SAE is the largest and most competitive
student vehicle design competition in the world
and involves approximately 120 vehicles from
colleges and universities internationally. The
event is hosted annually by the Society of
Automotive Engineers (SAE).
The new Directory of Metals & Materials is now
available from Goodfellow, the world’s leading
supplier of small quantities of metals and
materials for scientists and engineers. The
Directory contains a wealth of information about
the pure metals, alloys, polymers, ceramics, and
composites available from Goodfellow – all in an
extremely wide range of forms and sizes. Almost
40,000 items are listed, along with physical,

electrical, thermal, and mechanical properties, as
appropriate, and comparative data tables.
Kurt J. Lesker Company announces a corporate
restructuring creating three separate divisions to
enhance the company’s ability to serve existing
and future customers. The Vacuum Mart Division
handles sales of distributed products and the
Online Vacuum Mart. This division specifically
offers: pumps; valves; hardware; components;
gauges; manipulation devices; fluids/oils; and
power supplies for all vacuum applications.
Vacuum Mart is managed by John Lubic, Vice
President of Global Sales. KJLC’s Materials
Division is one of the larger suppliers of pure
targets and materials for production and R&D
applications. Bob Wright is the Group Manager
of the Materials Division. KJLC’s new Process
Equipment Division amalgamates the original
Systems group and Chambers/Sub-Assemblies
group. The new division still designs and
manufactures turnkey deposition systems to suit
almost any thin film application and a full line of
magnetron sputtering sources. Duane Bingaman,
originally VP of the Systems group, assumed
management responsibility for this new division.
Pfeiffer Vacuum announces the release of its
new 2005–2007 Vacuum Catalog. The four-color,
hardcover catalog covers the complete range of
vacuum technology, including equipment for
producing, controlling, and measuring vacuum, as
well as accessories and components. An online
version of the catalog is available at www.pfeiffervacuum.com.
Toray Plastics (America), Inc. has been
designated one of “America’s Healthiest
Companies” by the Wellness Council of America
(WELCOA). The national organization’s prestigious “Gold Well Workplace” Award was presented
on May 26 to Hiroshi Ogihara, president, Toray
Plastics (America), Inc. at a WELCOA luncheon.
The Gold Award recognizes companies that have
successfully built comprehensive worksite
wellness initiatives, and that demonstrate and
capture concrete outcomes related to behavior
change, cost effectiveness, and return on invest-

“Thank You” TechCon Event Sponsors

The SVC would like to thank the companies sponsoring the following hospitalities for all TechCon attendees.
Refreshment Break Sponsors
• A&N Corporation
• Academy Precision Materials
• Duniway Stockroom Corporation
• Hauzer Techno Coating bv
Internet Café Sponsors
• Automated Vacuum Systems, Inc.
• Varian Inc.
Heuréka! Session Sponsor
• Helix Technology Corporation

Beer Blast Sponsors
• 6th Sense Automation (previously
Rohwedder, Inc.)
• Advanced Energy Industries, Inc.
• Dexter Magnetic Technologies, Inc.
• DynaVac
• GENERAL Vacuum Equipment Ltd.
• Heraeus Incorporated
• Huettinger Electronic, Inc.
• KDF

•
•
•
•
•
•

MKS Instruments, Inc.
Niles Machine & Tool Works, Inc.
Rocky Brook Associates, Inc.
SHI - APD Cryogenics, Inc.
VEECO Instruments, Inc.
Ziyax, Inc.

For information on sponsorship at the 2006 TechCon, contact the SVC at svcinfo@svc.org or 505/856-7188. SVC
would also like to acknowledge Alcatel, Applied Films, Bekaert, and VACUUM COATING Technologies, Inc., for
supporting the society by booking their private food and beverage functions in the SVC Headquarters hotel.
46

2005 Summer News Bulletin

ment. David M. Hunnicutt, Ph.D., president of
the Wellness Councils of America, said in a letter
to Toray Plastics (America), Inc., that by successfully meeting rigorous health promotion
standards, the company is demonstrating its
commitment to improving the health and wellbeing of its most valuable asset—its employees.
Toray Plastics (America), Inc., has been named
the 2004 “Supplier of the Year” by Frito-Lay, a
division of PepsiCo. Toray Plastics (America), Inc.
works with Frito-Lay to develop innovative snack
and convenient food packaging that helps grow
business. Customized barrier packaging films
include clear, opaque, and metallized OPP.
“Toray Plastics (America), Inc. has been an
integral partner in our mission to provide
unrivaled customer service and superior
products,” says Paul Zmigrosky, vice president,
Strategic Sourcing, Frito-Lay. “In 2004 Toray
Plastics (America), Inc.’s performance in
packaging product development and quality, as
well as service and delivery, was outstanding.”
“Frito-Lay honors Toray Plastics (America), Inc.
with this very important Supplier of the Year
award,” says Rick Schloesser, General Manager,
Toray Plastics (America), Inc. “Our success is the
result of a true collaboration between Toray and
Frito-Lay teams to produce cost-effective, valueadded packaging that sells.”

Deadline Nearing for High-Tech Passports
U.S. visitors from the 27 countries that are not required to have visas must have their
machine-readable passports by June 26, 2005
Transportation carriers after that time will be fined $3,300 per violation for transporting any
traveler from a visa waiver country to the U.S. without a high-tech passport.
Any visa waiver traveler arriving without a machine-readable passport should not anticipate
being granted one-time entry into the U.S., according to the U.S. Department of Homeland
Security.
The machine-readable passport requirement in the past received an extension from the
Department of Homeland Security. There’s a lobbying effort to gain another delay.
Machine-readable passports have a sequence of lines that can be swiped by U.S. Customs
and Border Protection officers to quickly confirm the passport holder’s identity.

For Sale
Stokes 72” Dia. x 110” L Vacuum Metalizer w/ support equipment
Stokes 72” Dia. x 114” L Vacuum Metalizer w/ support equipment
NRC 84” Dia. x 126” L Vacuum Metalizer w/ support equipment

C&C General L.L.C.
Call Brad (231) 798-7609

E-mail: sales@cc-general.com

Umicore Thin Film Products, Nashua, NH is
pleased to announce that sales engineer Chaffee
Tran, has expanded his area of expertise to
include the Optical Data Storage industry.
Chaffee brings years of education and experience
to our customers in the western United States.
Chaffee has been working for Umicore for the past
5 years where he has successfully developed new
business in the optics and ophthalmic industry,
while providing customers with exceptional
knowledge and service. Chaffee’s sales territory
will include ODS customers west of the
Mississippi. Bill Reeves will continue servicing
Umicore’s customers in the eastern states.
Vergason Technology, Inc. (VTI®) proudly
announces our recent ISO 9001-2000 Certification
on April 26, 2005 from AQA International LLC.
The ISO certification is a major milestone for
VTI®. It is a validation of our commitment to
focus on continuous improvement and quality for
our customers, from our suppliers, and with
supporting business partners.

To learn more about becoming a
Corporate Sponsor, visit:
www.svc.org/AboutSVC/AS_CorpSponIntro.html
Corporate Sponsors play a vital role in the
Society by ensuring that the Society's technical
programs are responsive to the interests of the
vacuum coating community, and by broadening
the financial basis of the Society.
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COATING 2005 Helps Transform Coating Operations
The time is now! North American manufacturers applying industrial finishes must transform their coating operations to become
more efficient and productive, and ultimately more profitable. It’s a matter of survival!
The industry’s leading experts, suppliers and trade associations invite you to attend COATING 2005 from September 19–22 at
the Indiana Convention Center in downtown Indianapolis, IN, USA where you can take the necessary steps to stay competitive in our
global marketplace..
Make a commitment to your company’s future, and attend COATING 2005! Read on and then register on-line today:
www.thecoatingshow.com. Call 513-624-9988 with questions.

Technical Conference Program
To read a detailed description of each conference
session and for any changes to the program, visit
www.thecoatingshow.com and click on CONFERENCE
PROGRAM.
Monday, September 19
AFTERNOON SESSIONS
1. Custom Coater Roundtable
2:00 – 3:55 PM
Moderator: Chris Wright, Carolinas Custom Clad Inc.
2. Compliant Metal Finishing
2:00 – 5:00 PM
A. Liquid Coating Application in Today’s
Global Economy
Speaker: Geoff Holzrichter, Dura Coat
Products, Inc.
B. Growing Your Business Through
Continuous Improvement
Speaker: Steven Walters, Acme Finishing
C. The Powder Coating World - 2005
Speaker: Steve Kiefer, Rohm & Haas
Powder Coatings
D. Aluminum Pretreatment: Old Issues, New
Developments
Speaker: Brad Gruss, Pretreatment &
Process Inc.
E. Case Study: Conversion to a Compliant
Aluminum Pretreatment System
Speaker: Charlie Ike, BCI Surface
Technologies
3. What is Porcelain Enamel?
2:00 – 2:55 PM
Speaker: Steve Deisher, American Trim
4. Introduction to Vacuum Deposition Processing
2:00 – 5:00 PM
Speaker: Dr. S. Ismat Shat, University of Delaware
5. Lean + Clean Manufacturing Overview
2:00 – 2:55 PM
Speaker: John Soeka, CMTI/Purdue University
6. Electrocoat Basics
3:00 – 3:55 PM
Speaker: Mike Bourdeau, The Valspar Corp.
7. The Relationship of Electrodeposited Zinc & Zinc
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8.

9.

10.

11.

12.

Alloy Structure on Subsequent Organic Coating
3:00 – 3:25 PM
Speaker: Craig Bishop, Atotech World Wide R&D
Facing the Challenges of Surface Coating MACT
Standards
3:00 – 4:55 PM
Speaker: Thomas Rarick, KERAMIDA
Environmental, Inc.
Technological Developments in the Use in
Copper/Tin/Zinc & Copper/Zinc
3:30 – 3:55 PM
Speaker: Al Acheson, Uyemura International Corp.
In-Mold Coatings for Industrial Applications
4:00 – 5:00 PM
Speaker: Kyle Shane, Red Spot Paint & Varnish
Comparison of Different Coating Technologies
4:00 – 5:00 PM
Speaker: Chris Herr, HERR Industrial, Inc.
The View from Washington: SFIC's Government
Relations Update
4:00 – 5:00 PM
Speaker: Jeff Hannapel, The Policy Group LLC

Tuesday, September 20
MORNING SESSIONS
13. Introduction to Powder Coating – Follow the
Yellow Brick Road
8:30 – 11:30 AM
Speakers: Chris Merritt, ITW Gema; Steve Houston,
DuPont Powder Coatings; Ron Cudzilo, George Koch
Sons, LLC; Bruce Bryan, Industrial Paint & Powder;
Roger Cummings, Industrial Polishing Services;
Rodger Talbert, R. Talbert Consulting; and Jerry
Trostle, Wagner Systems, Inc.
14. How Coatings Can Add Value to Your Product
8:30 – 9:25 AM
Speaker: Kevin Woock, Henkel Corporation
15. Pretreatment General Session
8:30 – 11:30 AM
A. Trends in Pretreatment
8:30 – 8:55 am
Speaker: Gary Nelson, Chemetall Oakite
B. Troubleshooting Pretreatment Processes

9:00 – 9:25 am
Speaker: Jeff Watson, R3 Technologies
C. Alternative Pretreatment for Powder Coating
9:30 – 9:55 am
Speaker: Brian List, Atotech U.S.A. Inc.
D. Advances in Zinc Phosphating
10:00 – 10:25 am
Speaker: Bruce Goodreau, Henkel Corporation
E. Impact of Surface Contamination on the
Corrosion Performance of Clear Coats on
Machined Aluminum Wheels
10:30 - 10:55 AM
Speaker: Philip Deck, Ph.D., GE
Infrastructure – Water & Process
Technologies
16. Business Valuation and the Exit Planning
Process
8:30 – 10:25 AM
Speaker: Allen Oppenheimer, A.M. Oppenheimer,
Inc.
17. UV Curing for Plastic Parts Coating
8:30 – 11:30 AM
A. Overview of UV/EB Curing for Plastic
Parts Coating
Speaker: Paul Mills, UV Robotics LLC
B. Overview of Current Commercial
Applications of UV/EB in Plastic
Coatings
Speaker: Kevin Joesel, Fusion UV Systems, Inc.
C. UV Coatings & Adhesion to Plastic
Speaker: Matthew Ellison, Bordon Chemical
D. Application & Advantage of UV-Cured Clear
Hardcoat for Plastics
Speaker: John Stansfield, Accelerated
Curing, Inc.
E. Innovative Applications of Practical
Processing of UV Curable Technology
Speaker: Tim Tanner, Red Spot Paint &
Varnish Co.
F. UV Refinishing for Plastic Headlamps
Speaker: Ramesh Subramanian, Bayer
Material Science
continued on page 50
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Coating 2005 Technical
Conference Program
continued from page 48
18. Applications & Markets for Clear
Electrocoatings
8:30 – 9:25 AM
Speaker: Randy Campbell, PPG Industries
19. Why a Painting Robot?
9:30 – 10:25 AM
Speaker: Rob Tesmer, EXEL Industrial Inc.
20. Achieving Meaningful VOC Reductions in the
Paint & Coatings Industry
9:30 – 10:25 AM
Speaker: Paul Coty, Soy Technologies, LLC
21. Designing Energy Efficient Pretreatment
Washers
10:30 – 11:30 AM
Speaker: Sherrill Stoenner, Pneu-Mech Systems
Mfg. Inc.
22. Hexavalent Chrome-Free Finishes Meet OEM
Performance Requirements
10:30 – 10:55 AM
Speaker: Linda Wing, Enthone, Inc.
23. The Future of VOC Regulations of Industrial
Surface Coatings
10:30 – 11:30 AM
Speaker: David Darling, National Paint & Coatings
Association
24. Adding E-Coat to an Existing Powder Line
11:00 - 11:30 AM
Speaker: Joe Subda, DuPont Performance Coatings
25. Non-Hazardous Alternatives to Hexavalent
Chrome for Aluminum
11:00 - 11:30 AM
Speaker: Nabil Zaki, SurTech International, GmbH
NO SESSIONS WILL BE SCHEDULED FOR
TUESDAY AFTERNOON. THE AFTERNOON WILL
BE FREE TO VISIT THE EXHIBITION.
Wednesday, September 21
MORNING SESSIONS
26. POP! Powder Coating on Plastics
9:00 – 9:55 AM
Speakers: Paul Mills, Consultant; Robert Langlois,
Alliance Surface Finising; Paul Kroes, Nordson
Corp.; and
Mack Muhlenkamp, PPG Industries
27. Leaning Out the Paint Shop
9:00 – 9:25 AM
Speaker: Michael Elberson, Autoquip Inc.
28. How to Design Porcelain Enameling Friendly Parts
9:00 – 10:55 AM
Speaker: Cullen Hackler, Porcelain Enamel
Institute
29. Novel Electrolytic NI/Phosphate
9:00 – 9:25 AM
Speaker: Anthony Revier, Uyemura International
Corp.
30. Vacuum Deposition by Sputtering
9:00 – 9:55 AM
Speaker: David A. Glocker, Isoflux Inc.
31. Corresponding the Physical Characteristics of UV
Coatings to End Use Benefits
9:00 – 9:55 AM
Speaker: Shu King, Jamestown Paint Co.
32. Importance of Powder Booth Filtration
9:30 – 9:55 AM
Speaker: Bob Allsop, Nordson Corp.
33. Electrophoretic Coating Developments
9:30 – 9:55 AM
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Speaker: Ifor Jones, Atotech UK Ltd.
34. Harry Powder and the Secrets of the Spray
Booth
10:00 AM – Noon
Speakers: Jeff Hale and Debra Satterthwaite, ITW
Gema; Marty Vicens, Nordson Corp.; J.B. Graves,
Iontech; and Jeff Watson, R3 Technologies
35. Purpose Specific Stripping
10:00 – 10:25 AM
Speaker: Jim Malloy, Kolene Corp.
36. A Chemical Approach to Extend Electroless
Nickel Solution Life
10:00 – 10:25 AM
Speaker: Mark Zitko, Enthone-Cookson Electronics
37. Challenges of Switching from Solvent to Water
Reducible Coatings
10:00 – 10:55 AM
Speaker: Francis Slama, Finishes Unlimited, Inc.
38. UV Curing for Wood & Hardware Finishing –
Part 1
10:00 AM - Noon
A. Spray Applications for Wood & Metal
Speaker: David Hagood, Nordson Corp.
B. The Basics of UV Coatings Formulation
Speaker: Don Hart, Mid-America
Protective Coatings
C. Vacumm Coating for Wood & Metal Substrates
Speaker: Steve Bosley, Delle Vedove
D. Low Energy 3-D Curing
Speaker: Bill Sparks, Ultraviolet Systems
39. The Evolution of Powder Booth Materials
10:30 – 10:55 AM
Speaker: Jeff Shutic, Nordson Corp.
40. Troubleshooting Plating Processes
10:30 – 10:55 AM
Speaker: William Saas, TASKEM, Inc.
41. Designing Effective Curing Processes to Meet
Today’s Production Needs
11:00 AM - Noon
Speaker: Sherrill Stoenner, Pneu-Mech Systems
Mfg. Inc.
42. Advances in the Bulk Electrocoating of Small
Parts
11:00 AM - Noon
Speaker: Robert Simeone, PPG Industries
43. Status Report on the Use of Trivalent Chromates
11:00 – 11:25 AM
Speaker: Roger Sowinski, New Surface
Technologies
44. Vacuum Deposition by Evaporation
11:00 AM - Noon
Speaker: David A. Glocker, Isoflux Inc.
45. Review of Wastewater Treatment for Trivalent
Chrome
11:30 AM - Noon
Speaker: Mark Andrus, TASKEM, Inc.
Wednesday, September 21
AFTERNOON SESSIONS
46. Small to Mid Volume Powder Coating Systems
1:00 – 3:00 PM
Speaker: Nick Liberto, Powder Coating
Consultants; Ken Kreeger, Nordson Corporation;
and Ron McMahon, Akzo Nobel
47. Emerging Technologies
Moderator: Larry Melgary, Northern Coatings &
Chemicals
1:00 – 3:00 PM
A. An Environmentally Friendly Non-Phosphate
Conversion Coating
1:00 – 1:15 PM
Speaker: William Fristad, Henkel Corporation
B. Anti-Gas Additives for Powder Coatings

1:15 – 1:30 PM
Speaker: Craig Dietz, DuPont Powder Coatings
C. New Low Temp Chemistries Yield
Significant Pretreatment Energy Savings
1:30 – 1:45 PM
Speaker: David B. Chalk, Ph.D., Galaxy
Industries, Inc./Fremont Industries
D. Electrostatic Isolation System for
Spraying Water-Based Materials
1:45 – 2:00 PM
Speaker: Kevin Baker, EXEL Industrial, Inc.
E. Optical Analysis of Spray Nozzles used in
Coating Applications
2:00 – 2:15 PM
Speaker: Harry Lader, Ph. D., Harry Lader
& Associates
F. An Enhanced Pretreatment Performance
on Ferrous Metals
2:15 – 2:30 PM
Speaker: Philip Deck, Ph.D., GE
Infrastructure – Water & Process Technologies
G. New Advances in Two Component WaterBorne Polyurethanes
2:30 – 2:45 PM
Speaker: Shelley Parkerson, Lanxess Corp.
H. A Nickel-Free Process to Meet Today's
Performance Requirements in the Appliance
Industry
2:45 – 3:00 PM
Speaker: Terry Giles, Henkel Corporation
& Brent Steffanni, Whirlpool Corp.
48. In-House Electrocoating vs Outsourcing
1:00 – 1:55 PM
Speaker: Lyle Gilbert, LG Consulting
49. Common Permitting Mistakes and How to Avoid
Them
1:00 – 1:55 PM
Speaker: Emily Rynders, The Payne Firm, Inc.
50. Features & Benefits of Different Coating
Technologies
1:00 – 1:55 PM
Speaker: Jerry Dooley, Bob Piccirilli, and Bernie
Ackerman, PPG Industries
51. UV Curing for Wood & Hardware Finishing –
Part 2
1:00 – 2:30 PM
A. Introduction to UV Measurement
Speaker: David Snyder, EIT Instrument
Markets
B. Water-based Formulations for UV Curing
Technology
Speaker: Michael Dvorchak, Bayer Material
Science
C. Choosing the Right Technology for Your
UV Application
Speaker: Dennis Kaminski, IST America Corp.
52. Dirt: Identification to Elimination
2:00 – 2:30 PM
Speaker: Joe Subda, DuPont Performance Coatings
53. OSHA’s Chrome PEL Update
2:00 – 3:00 PM
Speaker: Christian Richter, The Policy Group, LLC
54. Arc Vapor Deposition
2:00 – 3:00 PM
Speaker: David A. Glocker, Isoflux Inc.
55. Marketing Your Custom Coating Business
2:30 – 3:00 PM
Speaker: Trena Benson, DuPont Powder Coatings
56. Increased Capacity through Infrared Technology
2:30 – 3:00 PM
Speaker: David Bannick & Gary Metzger, ITW BGK

Coating 2005 Technical
Conference Program
Thursday, September 22
MORNING SESSIONS
57. Today’s Fast Color Change Environment
8:30 – 9:25 AM
Speakers: Ken Kreeger, Nordson Corp. and John Faulkner, MS
Powder Systems, Inc.
58. Reducing Pretreatment System Costs
8:30 – 8:55 AM
Speaker: Steve Pearl, Chemetall Oakite
59. Physical Properties, Major Products and Basic Processing of
Porcelain Enamel Coatings
8:30 – 11:30 AM
Speaker: Holger Evele, Ferro Corp. and Anthony Mazzuca, Pemco
Corp.
60. Waste Reduction Rules & Remedies for Industrial Coating
Users
8:30 – 9:25 AM
Speaker: David Darling, National Paint & Coatings Association
61. New Developments in UV Technology
8:30 – 11:30 AM
A. UV Curing for Powder Coating: The
Coater Speaks Out
Speaker: Steve Couzens, Radex Powder
Coating
B. UV LED’s: Changing the Way UV Curing Works
Speaker: Tom Molamphy, Phoseon Technology
C. Robotic UV Curing for Complex 3D Parts
Speaker: Paul Mills, UV Robotics LLC
D. UV Curing for Composites
Speaker: Dennis Kaminski, IST America Corp.
E. Microwave Multi-Lamp UV Technology
Speaker: Vladimir Danilychev, Quantum
Technologies
62. Spray Booth Audits
8:30 – 9:25 AM
Speaker: Ron Joseph, Ron Joseph & Associates, Inc.
63. Chrome Wars
9:00 – 9:25 AM
Speaker: Mitch Kassouf, Henkel Corporation
64. Powder Coating Aluminum Extrusions
9:30 – 11:30 AM
Speakers: Phil Bechtold, Rohm & Haas; Chris Merritt, ITW Gema;
Jim Lawley, Nordson Corp.; and Pierre Bols, Trevisan Cometal
North America Inc.
65. How to Set Up a Paint Defect Reduction System
9:30 – 10:25 AM
Speaker: Kevin Lockwood, Paint Performance Consulting
66. Doing Business in China: Advantages & Disadvantages
9:30 – 11:30 AM
Speakers: Beth Gotthelf & Peter Thuet, Butzel Long; Rusty
Burrell, TRW
67. Doing More with Less: Incorporating Automated MSDS
Acquisition & Update into Your EMIS
9:30 – 10:25 AM
Speaker: Andrew Rudnik, A V Systems, Inc.
68. Advantages of Unlimited Recoatable Epoxies and
Polyurethanes
10:30 – 11:30 AM
Speaker: Michael Winter, Sigma Coatings USA
2:00 – 6:00 PM - Plant Tours
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EXHIBITION
The COATING 2005 Exhibition encompasses 140,000 square feet of
exhibit space occupied by nearly 200 exhibitors. This is your chance
to meet and talk with all those who are involved in today's industrial
coating market, while seeing actual demonstrations of coating
processes.

EXHIBITORS (as of May 5, 2005)
Visit our website: www.thecoatingshow.com for the most up-to-date list
of exhibitors.
Accelerated Curing Inc.
ACE Equipment Co.
ACT Laboratories, Inc.
Air & Waste Management Assoc.
Alabama Washer & Oven Company, Inc.
Alliance Plastics
Appliance Magazine
Argon Masking Corp.
Associated Rack Corporation
Atomized Powder Coatings, LLC
Atotech USA, Inc.
Automatic Systems Inc.
Automation USA
AW Company
Ayotte Techno-Gaz Inc./American Industrial Ovens
Bethel Engineering and Equipment, Inc.
Bulk Chemicals, Inc.
Can-Am Engineered Products, Inc.
Caplugs/Niagara Caps & Plugs
Carpenter Chemicals, LC
Castrol Industrial Americas
Catalytic Industrial Systems
CCI Thermal Technologies Inc.
Challenge Inc.
Chemco Mfg. Co. Inc.
Chemetall Oakite
Chemical Coaters Assoc. Intl.
Cincinnati Industrial Machinery
Coatings Magazine
Col-Met Spray Booths, Inc.
Columbus Industries, Inc.
Coral Chemical Co.
The Crown Group, Inc.
Custom Aerosol Packaging
Custom-Pak Products, Inc.
Datapaq, Inc.
DeFelsko Corporation
Deft Inc.
Deimco
Delle Vedove/Superfici
Delta Coatings Corp.
Diamond Vogel Paints
Digilube Systems, Inc.
domnick hunter Advanced Filtration
DuBois Chemicals
DuPont Powder Coatings
Eaton Fabricating Co., Inc.
ECD, Inc.
Echo Engineering & Production Supplies, Inc.
Edge Manufacturing
EIT Instrument Markets
Elcometer Inc.
Electro Steam Generator Corp.
The Electrocoat Association
Endura Corporation
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SHOW HOURS
Tuesday, September 20
Wednesday, September 21
Thursday, September 22

10:00 AM - 6:00 PM
10:00 AM - 6:00 PM
10:00 AM - 2:00 PM

EPSI
European Coatings Journal
Exel Industrial
Fischer Technology Inc.
Fischer, Inc., George
Fort Wayne Anodizing
Fostoria Industries, Inc.
Foxcolor Inc.
Fremont Industrial, Div. of Galaxy Associates
Paul N. Gardner Co., Inc.
GE Infrastructure Water & Process Technologies
General Fabrications Corp.
Global Finishing Solutions LLC
Grace Davison
Graco Inc.
Guspro Inc.
Heat Processing
Henkel Technologies
Herr Industrial, Inc.
Houghton Metal Finishing
Industrial Air Solutions, Inc.
Industrial Heating Equipment Association
Industrial Paint & Powder
Innotek Powder Coatings, LLC
Innovative Industries
Inpra Latina Magazine
International Thermal Systems, LLC
Iontech
ITW Finishing
JSR Ultrasonics - Div. of Imaginant
KMI Systems Inc.
George Koch Sons, LLC
Kolene Corp.
LDPI Lighting
Lubrication Service and Systems, Inc.
Lubriquip, Inc.
MacLellan Integrated Services
Madison Chemical Co.
Magic Rack/Production Plus Corp.
Maxi-Blast, Inc.
Metal Finishing Magazine
Metal Finishing Suppliers Assoc.
Midwest Engineered Products Corp.
Midwest Finishing Systems, Inc.
Mighty Hook Inc.
Mighty Lube Systematic Lubrication
Mocap, Inc.
MS Powder Systems, Inc.
Nalco Company
National Assoc. of Metal Finishers
National Paint & Coatings Assoc.
G.J. Nikolas & Co., Inc.
Nilfisk-Advance America, Inc.
Nordson Corp.
Nortech Vacuum Products

NPB Protective Group
Oxford Instruments Coating Measurement
Pacline Conveyors, Inc.
Paint Performance Consulting
Paint Pockets Company
Painter Design and Engineering
Phosphatizing Equipment Mfg. Inc.
Pitture E Vernici European Coatings
Pollution Control Products Co.
Pollution Equipment News
Porcelain Enamel Institute, Inc.
Powder Coating
Powder Coating Consultants
The Powder Coating Institute
Powder Process Systems
Powder-X Coating Systems, Inc.
Precision Conveyor Technologies, Inc.
Precision Quincy Corp.
Pressure Island
Prism Powder Coatings Ltd.
Process Heating Magazine
Products Finishing Magazine
Protech Chemicals Ltd./Oxyplast
Q-Panel Lab Products
Raabe Corporation
RadTech International N.A.
Rapid Engineering, Inc.
Rapid Industries, Inc.
Richards-Wilcox, Inc.
Seghers Keppel Technology, Inc.
Serac
Serfilco Ltd.
Shercon, Inc.
The Sherwin-Williams Co.
Sico Industrial Coatings Inc.
Silberline Mfg. Co., Inc.
Society of Manufacturing Engineers
Society of Vacuum Coaters
Spraying Systems Co.
System Technologies, Inc.
TDC Filter Manufacturing, Inc.
Therma-Tron-X, Inc.
Three I Engineering, Inc.
Tiger-Vac Inc. (USA)
Trimac Industries, LLC
Uni-Spray Systems Inc.
United Air Filter
Vac-U-Max
Vitracoat America Inc.
Vorti-Siv
Wagner Systems Inc.
Jervis B. Webb Co.

Get Your Complete Set of
Education Guides Today!
Written by Donald M. Mattox, SVC Technical Director.
This indispensible publication contains individual, stand-alone, two-page guides on different aspects of
the equipment and technology associated with vacuum coating processing by physical vapor deposition.
Introduction
Physical Vapor Deposition (PVD) Processes
Applications of Vacuum Coatings
Factors Affecting the Properties of PVD-Deposited Films
Patents and Copyrights Revised!
Process Flow Chart
Process Documentation
Materials Science
Glass as a Substrate Material
Atomic Arrangement
Crystalline Structure by Diffraction Techniques
Metals as Substrate Materials
Alloys, Compounds, and Dispersions
Polymers as Substrate Materials
Vacuum Technology
Heating and Cooling in Vacuum New!
Gas Manifolds New!
What Is a Vacuum?
Vacuum Systems for PVD Processing
Steady State and “Transit” Conductance Revised!
Deposition Chambers and Vacuum-Surface “Conditioning”
In-Line Processing Systems
Fixtures and Tooling
Vacuum Gauging
Heating and Temperature Measurement
Mass Flow Control of Gases
Reactive Deposition—Gas Control
Mechanical Vacuum Pumps
The Return of the Piston Pump
Oil Contamination from Oil-Containing Mechanical Pumps
Oil Diffusion Pumps
Turbomolecular Vacuum Pumps
Cryopumps, Sorption Pumps, and Cryopanels
Ideal Gas Law
Water and Water Vapor
Leaks and Leak Detection
Pumpdown—Leakup Revised!
Reactive Plasma Stripping
Purchasing and Characterizing Vacuum Deposition Systems
Plasma Technology
Plasma Chemistry, Etching, and Deposition
DC Glow Discharges for Sputtering and Biasing
Pulsed Power for Sputtering and Biasing
Broad-Beam Reactive Plasma Sources—I: DC Sources
RF and Microwave Plasma Sources
Ion (Plasma) Guns
Arcs, Microarcs, and Flashovers
Vacuum Gauges for the Plasma Environment
Surface Preparation
External Cleaning
Cleaning Environment
In Situ Cleaning
Plasma Cleaning
Substrate Surface Modification
Surface Energy, Wetting Agents, and Surfactants
Pure and Ultrapure Water
Cleaning with CO2 Revised!
Reactive Cleaning
Enclosed and Closed-Loop Cleaning Systems
Cleaning Lines
Substrates for Tribological Coatings

Rinsing and Drying
Basecoats for Vacuum Coating New!
“Glow Bars” for Plasma Cleaning New!
Vacuum Evaporation
Vacuum Evaporation and Vacuum Deposition
Vaporization Sources
Evaporant Materials
Heating and Cooling
Substrate Fixturing and Fixture Cleaning
Reactive Evaporation
Feeding-Type Thermal Vaporization Sources
Deposition Rate Monitors
Sputter Deposition
Physical Sputtering
DC Diode Sputter Deposition
DC Magnetron Sputter Deposition
Reactive Sputter Deposition
Sputtering Targets
Arc Vapor Deposition
Arc Vaporization and Arc Vapor Deposition
Ion Plating
Fundamentals of Ion Plating
Low-Pressure CVD and PECVD
Plasma Enhanced Chemical Vapor Deposition
Atomic Layer Deposition (ALD) and Nanolayer Deposition (NLD)
Atomistic Film Growth and Resulting Film Properties
Film Formation by Atomistic Deposition—I
Film Formation by Atomistic Deposition—II
Pinholes
Residual Film Stress
Ultrafine Particles
Topcoats and Postdeposition Processing New!
Surface and Film Characterization
Wear for Vacuum Coaters New!
Characterization of PVD Films
Film Adhesion and “Deadhesion”
Characterization of Surface Morphology
Scanning Electron Microscopy (SEM)
Auger Electron Spectroscopy (AES)
X-Ray Fluorescence (XRF)
Infrared (IR) Spectroscopy
Rutherford Backscattering Spectrometry (RBS)
X-Ray Photoelectron Spectroscopy (XPS)
Scanning Laser Confocal Optical Microscopy
Corrosion for Vacuum Coaters New!
Applications
Advanced Mirror Coatings New!
Vacuum Web (Roll) Coating
PVD Coatings on Polymers
Diamond and Diamond-Like Carbon (DLC) Coatings
Metallic Thin Film Electrical Conductors
Optically Transparent, Electrically Conductive Oxide Thin Films
Reflecting Coatings
Antireflection (AR) Coatings
Hard Coatings by PVD
Ophthalmic Coatings
Thermal Control Coatings
Safety
Safety Aspects of Vacuum Processing
Safety Aspects of Cleaning

New!

Order your set of Education Guides today at www.svc.org
Society of Vacuum Coaters, 71 Pinon Hill Place NE, Albuquerque, NM 87122 USA • 505/856-7188 • Fax 505/856-6716 • E-mail: svcinfo@svc.org

Advertiser’s Index

Sample Education Guide
continued from page 27

Ametek, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 47
Angstrom Sciences, Inc. . . . . . . . . . . . . . . . . 35
APX Scientific Instruments, Inc. . . . . . . . . . 37
Association of Industrial Metallizers,
Coaters and Laminators (AIMCAL) . . . . 33
C&C General, LLC. . . . . . . . . . . . . . . . . . . . . 47
Coating 2005 . . . . . . . . . . . . . . . . . . . . . . . . . 49
Fil-Tech, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 14
Filmetrics, Inc. . . . . . . . . . . . . . . . . . . . . . . . 25
Huettinger Electronic, Inc.. . . . . . . . . . . . . . . 9
Inficon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
KDF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Kurt J. Lesker Company . . . . . . . . . . . . . . . . 11
Maxtek, Inc.. . . . . . . . . . . . . . . . . . . . . . . . . . 27
MDC Vacuum Products Corporation . . 28 & 29
MKS Instruments, Inc. . . . . . . . . . . . . . . . . . . 3
Normandale Community College . . . . . . . . . 51
Optical Society of America (OSA) . . . . . . . . 43
Pfeiffer Vacuum. . . . . . . . . . . . . . . . . . . . . . . . 8
PHPK Technologies . . . . . . . . . . . . . . . . . . . . 21
Polycold Systems, Inc. . . . . . . . . . . . . . . . . . . 2
R.D. Mathis Company . . . . . . . . . . . . . . . . . . . 5
Society of Vacuum Coaters . . . . . . . . . . . . . . 13
System Control Technologies . . . . . . . . . . . . 56
Telemark . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Torr International, Inc.. . . . . . . . . . . . . . . . . 19
ULVAC Technologies, Inc. . . . . . . . . . . . . . . . 46
Vacuum Research Limited . . . . . . . . . . . . . . 45
Varian Inc. Vacuum Technologies. . . . . . . . . 15
VAT, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

The advertising deadline for the
Fall Bulletin is August 15, 2005.
Call 505/856-7188 or E-mail
svcinfo@svc.org for information on
advertising in the Bulletin. Or visit
our Web Site at www.svc.org to
download a PDF of the Media Kit.
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cleaning step is by blowing the surface particles
off with carbon dioxide “snow.” The CO2 snow is
produced by expansion of compressed CO2 from a
tank. The particles of CO2 snow knock the
contamination particles loose, and then the snow
vaporizes. This technique is used to clean very
large (e.g., 8-meter diameter) astronomical
mirrors in place. Care must be taken not to cool
the surface to the point that moisture will
condense on the surface. If the film is on a
dielectric material the film’s surface should be
grounded; otherwise, an electrostatic charge may
be built up on the film. Other blow-off
techniques can be used as well, but care must be
taken not to leave a film of residue on the surface
from the gas source. If multistage cleaning is to
be used, particles can be removed by displacement in a flowing fluid media.
To remove particles and films of contaminants, a detergent wash can be used. Immerse
the surface in a 50:50 solution of pure (organicfree) deionzed (preferably distilled) water (>
5M) and pure (99%, organic-free) anhydrous
isopropyl alcohol. This will wet the surface as
much as possible. Then, without letting the
surfface dry, place the surface in a detergent
solution. The detergent should be pure, have a
neutral pH, and contain no additives except some
surfactants. Examples are the liquid dishwashing
detergents DAWN™ or JOY™ that have no
phosphates or ammonia,. It may take some trials
to determine what conditions yield the best
cleaning results. The time, initial concentration,
and temperature of the solution must be
controlled to be reproducible. Do not use too
much detergent in the solution (the solution
should feel slightly slick between the fingers
before and after cleaning). SOAK. The length of
the soak will be determined by the contamination. Occasionally stir the solution or “swish” the
surface through the water to create a flow over
the surface. You can very lightly brush the
surface with a lint-free, desiezed cloth if
necessary, to displace particles. If you use a
heated detergent solution, move the part to a
cold bath of 50:50 alcohol and water to cool it
down. DO NOT LET THE SURFACE DRY
BETWEEN STEPS.
Withdraw the part from the water while
gently spraying with a 50:50 mixture of water and
alcohol. This flushes particulates that may have
been floating on the water surface that could
become “painted” on the surface as it is
withdrawn through the water surface. Place the
part at an angle in the vapor above a heated
alcohol sump. As the alcohol vapor condenses on

the cold surface, it will displace the water and
flow off carrying the water to the alcohol sump.
Perform the alcohol vapor dry in a ventilated
area, preferably in a chemical hood. When the
part heats up to the vapor temperature, condensation will cease. Withdraw the part and place it
a hot-air cabinet where the air has been filtered
to remove particulates and is exposed to an
ultraviolet light to oxidize hydrocarbon contaminates (UV/ozone cleaning). Keep the part in the
warming box until ready to anodize. An alternative to the vapor dry is to use a pure alcohol spray
rinse that displaces the water and dries rapidly.
It is interesting to read the various methods
that have been used to strip aluminum from an
astronomical mirror by both professional and
amateur astronomers. The standard way seems
to be by using 6–8% HCl with a small amount of
Cu2SO4 (green solution). Other techniques
involve using Drano™ or household lye. Strong
alkaline solutions will attack the glass surface.
Note on Anodizing Solid Vacuum Surfaces
In some applications, such as plasma etching
with plasmas containing chlorine, anodized
aluminum is preferable to stainless steel as a
chamber/fixture material because it resists
corrosion by the chlorine-containing plasma.
Thick anodized layers (up to 50 microns) may be
produced electrolytically by using a sulphuric
acid or oxalic acid electrolyte. These electrolytes
continuously corrode the growing oxide layer and
generate a porous oxide with the pores oriented
normal to the surface, as described by the Keller
model [5]. These pores (few tens of nm in
diameter) extend to close to the metal-oxide
interface and allow the electrolyte to penetrate
close to the interface. The pore size and pore
volume depend on the anodizing conditions.
These pores may be closed by hydrating and
expanding the oxide in hot water; however, this
hot-water sealing increases the vacuum
outgassing rate of water and hydrogen from the
surface. Dyes or other materials may be added to
the hot water to incorporate the material into the
sealed oxide. Thick anodic oxides crack if bent.
The amount of cracking depends on the oxide
structure.
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Join us in the USA’s Cosmopolitan Capital City for the

49th Annual SVC Technical Conference
April 22–27, 2006 at the Marriott Wardman Park Hotel, Washington, DC
CALL FOR PAPERS for the SVC’s premier information exchange and networking event! Visit www.svc.org
to review the 2005 SVC Technical Conference Program, or for more information on submitting your abstract
for the 2006 conference.

Deadline for Abstracts: September 30, 2005
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