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Since my last letter, we held our SVC Summer Board of Directors business meeting on June 18th at
the Adam’s Mark Hotel in Denver, the site for the SVC 2005 TechCon.  One agenda item was the

election of a Treasurer, and I want to congratulate our new Treasurer, Michael Andreasen.  Michael’s
term will start officially at the SVC Annual Business meeting in April 2005.  I also would like to thank
our outgoing Treasurer, Ed Wegener, for his service and efforts in budgeting and spending control
during difficult economic times.  

With the rapid changing technical market scenes, we want an SVC Board that is as well informed as
possible and able to deal effectively with change and Society issues.  In an effort to better focus Board
activities and improve its responsiveness to member and Society needs, on June 17th, we held a training
session on best practices for boards and officers.  The same day, we held an Executive Committee (EXC)
meeting and a meeting with our management company, Management Plus, Inc. (MPI).

MPI has managed our Society for over 16 years and is responsible to a large degree for our
continued success and fiscal well-being.  The current contract with MPI to manage the SVC
terminates December 31, 2004.  The officers and directors of SVC are currently discussing how they
would like the next management contract structured.  Much has changed inside and outside our
Society since the last contract was prepared more than five years ago.  The SVC EXC will be meeting
with Vivienne and Don Mattox of MPI in September to discuss the future management of the Society.

As part of the Board’s fiduciary responsibility to the Society, the EXC also has undertaken an
industry benchmarking process, management tasks, and job descriptions and is preparing for a
competitive bidding process.  MPI (Vivienne, Don, and their team) has been extremely helpful in the
entire process.  The goal of the EXC is to obtain definitive information from MPI and other manage-
ment organizations through a competitive bidding process and to prepare a recommendation to the
SVC Board for choosing a management company.  Going forward SVC will be challenged with many
strategic issues; however, of these issues, one of very high importance is the selection of the manage-
ment company and the operational structure to work with SVC in growing the Society in the future. 

With summer ending (although it’s hard to notice in Tucson), SVC is looking forward to our fall
activities.  Our fall Board of Directors meeting is in November at the location of the AVS International
Symposium in Anaheim, CA.  Traditional activities for the fall Board meeting are the annual budget and
preparing for the next TechCon.  The Nominating Committee has submitted a strong slate of candidates
for Board membership.  The slate is diverse and represents the breadth of membership in our Society.
The list of nominees for the four board positions to be vacated in April 2005 will be sent to the member-
ship for voting this fall.  Please support your choice of candidates and your Society by voting.

SVC today is strong technically, well-managed, and financially very sound, thanks to the efforts
of our volunteers, MPI, and the support of our dedicated membership and TechCon exhibitors.  As we
face new challenges in growing the Society, I ask again for your participation in influencing the
course of SVC.  Join a Technical Advisory Committee or other committee, run for the Board, and
become an Officer.  We need your ideas, your help, and your support.

Clark Bright, 3M Company (cibright@mmm.com), is the SVC President.
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Virtual National Laboratory
A researcher at the industry-sponsored Virtual
National Laboratory, which links three
Department of Energy California laboratories,
aligns extreme ultraviolet (EUV) light used to
pattern next-generation microchips that can be
100 times faster with 1,000 times more memory.
A new laser-plasma source of light (behind him)
is part of a prototype system built at Sandia's
California facility.  The three members of the
Virtual National Laboratory—Sandia National
Laboratories, Lawrence Livermore National
Laboratory, and Lawrence Berkeley National
Laboratory—are producing the EUV lithography
engineering test stand for a consortium of leading
microelectronics partners led by Intel, Motorola,
and AMD. 

Photo by Randy Montoya, Sandia National
Laboratories

SVC Education Program at the 2005 TechCon
SVC introduces three new courses at the 2005 Tech Con in Denver.  These are:

" Practical Aspects of Permeation Measurement: From Polymer Films to Ultra-high Barriers
(instructors Holger Nörenberg, Technolox Ltd., United Kingdom and Bernard M. Henry,
University of Oxford, United Kingdom)

" Plasma Web Treatment (instructor Jeremy Grace, Eastman Kodak Company) 
" Pulsed Plasma Processing (instructor André Anders, Lawrence Berkeley National Laboratory)

The old favorites are also back.  There are 33 courses and there is bound to be something
for everyone’s needs and interests (see page 33 for a list of courses).  The course
attendance has steadily increased in the last two years.  Considering the slate of courses
being offered in TechCon 2005, this promises to be another banner year.  As always, the
Education Committee is interested in hearing from the membership and attendees about
the courses that SVC offers.  If there is anything missing that could enhance the education
mission of SVC, please do not hesitate to contact us.

S. Ismat Shah, University of Delaware (ismat@udel.edu) is the SVC Education Committee Chair, and
Vasgen A. Shamamian, Dow Corning Corporation (v.shamamian@dowcorning.com), is the Assistant Chair.
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Editorial

Modern Vacuum Technology

Vacuum technology has traditionally been associated with how to get the best
possible vacuum (high vacuum).  A high vacuum environment is often

desirable because of the low gas density and a low partial pressure of undesir-
able species (contaminants).  Today many coating processes use a sub-
atmospheric pressure (vacuum) but not a high vacuum as a processing environ-
ment.  In addition, many processes are "hybrid" processes combining features of
PVD and CVD.  In addition to lowering the gas density, the vacuum environment
is used to control the partial pressures and flow of processing gases and
chemical vapors.  Many of the processes use plasmas to treat surfaces,
decompose chemical vapor precursors for plasma-enhanced chemical vapor
deposition (PECVD) and plasma etching, and to activate reactive gases and
vapors for reactive deposition processes.  In many cases these gases and
chemical vapors are totally or partially used up in the processing.

Today vacuum processes are used to coat and process very small and
expensive items such as semiconductor chips to very large items such as
architectural window glass with energy conserving coatings and large rolls of
polymer “webs” for packaging.  Coating polymers and webs presents special
problems of high rates of outgassing and gas release on unwinding.  The
processing, storage, and cleaning history of the material to be processed can
become an important part of vacuum technology especially when high
throughput is desired.  One of the major problems in modern vacuum technology
is how to prevent gaseous, vapor, and particulate contamination from being
introduced into the vacuum system.  In many cases this means “cleanroom”
technology must be employed to some degree outside the vacuum system.  To
prevent introduced contamination, vacuum components must be manufactured,
assembled, and packaged with an eye to cleanliness in the vacuum system.  A
second problem is to prevent contamination in the vacuum chamber.  For
example, when materials build up on vacuum surfaces they can be a source of
particulate contamination and outgassing and must be periodically cleaned
without degradation of the vacuum surface. 

In many cases various vacuum processes are integrated into a continuous
in-line operation to avoid exposure to an external environment between steps;
an example of such a system is an in-line vacuum processing system used to coat
multilayers on glass surfaces.  In other cases processing requires random access
to processing chambers, such as in the cluster tools used in semiconductor
manufacturing.  In some cases non-vacuum processes may be integrated into the
vacuum processing line.  These processes include washing stations for glass
coating and molding stations for CD manufacturing.   

In the 1950’s, glass was replaced by stainless steel as the preferred vacuum
material because progress in welding allowed leak-free stainless steel welds to
be produced.  With the advent of the use of plasma-activated chlorine and
fluorine for plasma etching processes, stainless steel could not be used because
it corrodes in these environments.  For these chemical environments, anodized
aluminum may be used as well as glass.  Reaction with chemical vapors also led
the way to the development of more chemically stable diffusion pump oils and
elastomer seal materials.  The push to cleanliness by the semiconductor
industry led to the development of “dry pumping” technology where there are no
oils in the vacuum pumping system.  Such vacuum systems use turbopumps,
cryopumps, piston pumps, and diaphragm pumps, for example.  

Maintaining and reproducing vacuum conditions during many vacuum
processes is essential to having a reproducible process and product.  Total
pressure and partial pressure gauging in the presence of chemically reactive
vapors presents a challenge.  The Bayard-Alpert (B-A) ionization gauge was
invented in 1950 and gave a reliable way to measure low pressures in high
vacuums.  However, ionization gauges are not usable when a plasma is present.
Capacitance manometer gauges (1961) became the gauge of choice for use in
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plasma environments.  Spinning rotor high
vacuum gauges were developed and are used as
secondary standard gauges.  Partial pressures of
gases and vapors in a plasma, at pressures of
about five microns, can be measured using
optical emission spectrometry and differen-
tially-pumped mass spectrometers.  Five
microns is a typical pressure used in magnetron
sputtering, and a reproducible pressure is very
important because the gas density determines
the flux and energy of reflected high-energy
neutrals from the sputtering target that
impinge on the depositing film material and
change its properties. 

Mass flow of processing gases and vapors
into the vacuum chamber can be an important
processing parameter because some of the
gases or vapors may be consumed in processing.
Feedback from the vacuum gauging is used to
monitor and control the mass flow and the gas-
vapor mixtures in the chamber.  In some cases,
liquids (particularly monomer and polymer
liquids) are injected directly into the processing
chamber.  In other cases the liquids are pre-
vaporized before injection into the chamber.
This may mean that heated injection systems
must be used.

In order to have a uniform distribution of
the gases and vapors in the system, the
injection manifold system must be designed
properly, and pumping ports must be placed in
such a manner as to not affect gas/vapor unifor-
mity.  Because the mean free path for collision
is long in the vacuum, special care must be
given that variations of gas/vapor density do not
occur over the surface to the material to be
coated.  This means that manifold design is
important.  Mass flow through the system may
be controlled by the amount of material brought
into the chamber (full-flow pumping or
upstream throttling) or by throttling the mass
flow out of the system (downstream throttled
pumping).  If appreciable gas or vapor is
consumed in the processing, full-flow pumping
may be the most desirable technique for
composition control of the gases and vapors in
the system.

Many of the vapors used in vacuum
processing are hazardous.  They may be toxic or
flammable.  Gas storage and distribution must
be designed for safety as well as to prevent
contamination from being introduced into the
processing chamber.  In some cases gas
purifiers are used to remove specific contami-
nants such as water vapor.  Distribution lines
and components may be electropolished or
otherwise treated to reduce adsorption on their
interior surfaces.

Unused processing gases and vapor, along
with reaction byproducts, must be pumped
away.  This means that the exhaust must be
“scrubbed” of reactive species before they are

exhausted into the atmosphere.  These species
may cause corrosion of the vacuum
components, and special materials or corrosion-
protective coatings may be necessary on these
components.  These materials also may coat the
downstream portion of the processing system
and lead to deposit buildup and particulate
formation.  Rather than disassemble the system
for cleaning, techniques have been devised for
in situ cleaning using plasmas of reactive gases
to react with the deposits to form volatile
vapors that are pumped away.

When very small particles (ultrafine
particles or nanoparticles) are generated in a
plasma from vapor phase nucleation, they attain
a negative charge with respect to the plasma
and are repelled by the surfaces in contact with
the plasma that are also negatively charged
with respect to the plasma.  Therefore, the
particles are suspended in the plasma until they
reach a surface outside the plasma zone.  There
they deposit on surfaces such as the screens
over the inlet of turbopumps or the adsorption
surfaces in cryopumps.  Typical nanoparticles
are carbon from hydrocarbon chemical precur-
sors and sulfur from H2S. 

Where plasmas are important to the
processing, plasma properties and uniformity
are important.  Plasma uniformity depends on
the injection manifold design and the applica-
tion of the power that forms the plasma.
Plasma properties of interest include; particle
density, composition of activated reactive
species, electron temperature, and ion tempera-
ture.  The availability of the activated reactive
species at the surface of interest determines
the rate of reaction.  This is especially
important in reactive deposition where the
deposited material is continually being buried
during the buildup of the coating.

Plasmas may be formed in the processing
chamber (in situ plasmas) or may be formed in
one region and used in another (plasma guns,
downstream plasmas, remote plasmas).  In situ
plasma generation is often accompanied by the
generation of high-energy electrons (high
electron temperatures) that can be detrimental
to processing or introduce an uncontrolled
variable into the processing. 

Ultra-high vacuum (UHV) and extra ultra-
high vacuum (XUHV) should not be ignored in
discussions of modern vacuum technology
because these environments are needed to
reduce the contamination levels in such
advanced vacuum processes as molecular beam
epitaxy (MBE), ion implantation, and high-
purity metallizations.  In some cases it is
desirable to generate a high vacuum environ-
ment before raising the processing pressure to
the desired level with high purity gases and
vapors.   

continued on page 6
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Another aspect of modern vacuum technology is the conductance of
vapors, which have a residence time when they collide with a surface as
compared with a gas that only has a collision contact time.  This means that
the “transit conductance” time for a single molecule of vapor from one place
to another is much higher than that for a gas.  This concept of “transit
conductance” is quite different from that of conductance (“equilibrium
conductance”) normally discussed in vacuum technology.  In the conduc-
tance of gases or the equilibrium conductance of vapors, the residence time
of a gas or vapor molecule on a surface is not a factor in the mass flow.  

In transit conductance, the movement of a molecule or a pulse of vapor
from one point to another depends on the residence time of the molecules
on a surface and thus on the number of adsorption-desorption events during
transit.  For example, at room temperature, collision contact time between
a gas molecule and a surface is about 10-15 seconds; the residence time of a
water molecule on water is about 10-5 seconds (desorption energy 0.5 eV per
molecule); while the residence time of a water molecule on a clean metal
surface is about 105 seconds (desorption energy 1 eV per molecule).  Hence
“crowding” of surfaces in a processing chamber can lead to varying vapor
particle densities if the vapors are consumed in the processing.  

Transit conductance can be quite important in the process of atomic
layer deposition (ALD) where first one vapor is introduced and pumped
away as quickly as possible, then a second vapor is introduced and pumped
away as quickly as possible.  Each cycle deposits about one monolayer of
materials, so there has to be many cycles to form a coating.  This process
has the advantage of having the best surface coverage over complex surfaces
of all the vacuum coating techniques.

In conclusion, the use of vacuum technology for the control and utiliza-
tion of gases and vapors in vacuum processing has brought a number of new
considerations into the field of vacuum technology.  The increasing use of
plasmas, new chemical vapor precursors, higher throughputs, and larger
surfaces will continue to challenge the field of vacuum technology.

by Donald M. Mattox
SVC Bulletin Editor and Technical Director

From the 2005 Program Chairs

Editorial
continued from page 5

The leaves have turned, school is back in full swing, and it time to think about
submitting your abstracts for our upcoming 2005 SVC TechCon.  Right now, we

are wrapping up the final publications tasks associated with our successful 2004
Dallas TechCon.  The TechCon Proceedings have been assembled, edited, and the
SVC CD-ROM will be distributed shortly.  We are also well along the way preparing
for our next SVC TechCon April 23–28, 2005, at the Adams Mark Hotel in the mile-
high city of Denver, CO.  The TechCon is the primary venue for advancing the
educational mission of the SVC.

The Program Committee is looking forward to reviewing the large number of
interesting abstracts we receive each year for the TechCon.  Sharing your results
and vacuum coating work with the TechCon attendees in a poster or in an oral
presentation format provides you with a chance to network with other leading
researchers in the field and provides for professional growth.  The high caliber of
TechCon contributions keeps the TechCon as the forum of choice for the vacuum
coating industry.

Our Denver TechCon will once again convene our Smart Materials
Symposium, which will be jointly sponsored with the publishing house Elsevier.
As was the case last year, abstracts for the Smart Materials Symposium will be
offered the chance once again for publication in the peer-reviewed journal,
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Materials Science and Engineering-B. With
these additional Smart Materials sessions and
the normally full TechCon sessions assembled by
our SVC Technical Advisory Committees (TACs),
our TechCon will again be planned as a four-day
event.  We learned a lot about running an
expanded four-day TechCon smoothly in Dallas,
and responding to your feedback we intend to
continue to refine this extended format in
Denver to maximize our attendees’ experiences.  

Planning the TechCon over four days allows
us to continue to provide many opportunities for
speakers and attendees to interact with each
other in the TechCon sessions, the evening
Hueréka! Session, the Technology Forum
Breakfast meetings, and the two-day event in the
Exhibition Hall.  We expect to have a full program
in each of our TAC sessions in Denver, including
the usual complement of invited talks from
leaders in the field, our popular Donald M.
Mattox tutorials, and some interesting presenta-
tions in the Smart Materials Symposium.

In Denver the Plasma Processing session
will have a special focus on the new high-power
impulse magnetron sputtering (HIPIMS)
technology.  The University of Sheffield and the
SVC are working hard to assemble a program on
this interesting emerging topic you won’t want to

miss.  Please see the Plasma Processing TAC
article on page 9 for more details.

Our Technology Forum Breakfasts will
extend over two days.  We will host these popular
forums on both Tuesday and Wednesday.  We are
lining up our topics now, so if you have input on
potential topics, be sure to let SVC know.  This is
your Society, and we are always looking for ways
to provide more value to our attendees.

The Exhibit Hall at the TechCon with a full
complement of vendors is reason enough to get
to Denver.  The TechCon continues to offer the
most complete assembly of exhibitors and
vendors in the vacuum coating industry.  We are
on track to fill up our hall once more.

Remember to check out the SVC Web Site
for updates at www.svc.org.  We have made it
easier to submit your abstracts for the TechCon
and interact with the SVC on-line.  

Mark your calendars now and budget the
time so as not to miss any of the 2005 TechCon
offerings.  The SVC TechCon is the Vacuum
Coating Industry’s Conference of choice.  We look
forward to seeing you in Denver.

Ric Shimshock, MLD Technologies LLC
(rshimshock@mldtech.com), and Ludvik Martinu,
École Polytechnique, Montreal, Canada
(lmartinu@polymtl.ca), are the 2005 SVC Program
Chairs.

Emerging Technologies 

The Emerging Technologies session will
highlight the most recent developments in

vacuum coatings.  A big potential area of interest
is in high-density plasma sources.  High-density
plasmas enhance coating properties by
densifying the grown coating and by improving
adhesion.  Low-temperature deposition without
additional heating is possible.  Depending on the
energy of incident particles, both deposition of
crystalline films at low temperatures and very
fast deposition of ultrafine-grained structures
(e.g., of nanostructured material) are enabled.
The high degree of ionization in high-density
plasmas result in an enhanced reaction rate
during reactive deposition and allow the control
of charged particles by electric and magnetic
fields.  Film growth under special conditions
leads to special self-organized structures.  

Hybrid technologies are attracting new
approaches and applications.  Combining
different methods of vapor species formation and
controlling them individually enables the
formation of special structures (e.g., phase
dispersed systems).

Plasmas distributed over large areas also are
a focus of interest in technology (e.g., hot filament
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CVD or PECVD).  Cold atmospheric plasmas offer great potential for surface
treatments and PECVD on heat-sensitive substrates.  Among other topics of
interest there are materials for space applications, energy and data storage,
and photocatalytic and superhard coatings. 

We expect many exciting innovations in technology, coatings, and
applications to be presented in the Emerging Technologies session.  We look
forward to you joining us at the Denver 2005 SVC TechCon.

Lad Bárdos, Uppsala University, Sweden (ladislav.bardos@angstrom.uu.se), and
Hana Baránková, Uppsala University, Sweden (hana.barankova@angstrom.uu.se),
are the Emerging Technologies TAC Co-Chairs.

Heuréka! Post-Deadline Recent
Developments Session

The “Heuréka!” session will be held again in an evening session independent
of all other TechCon sessions with specially selected contributions about

hot-off-the-press achievements—with some evening refreshment, too.  The
“Heuréka!” session has become a very prestigious, important, and very well-
attended forum for late-breaking results.  It is a special session at the SVC
TechCon, enabling authors to present their newest achievements delayed over
the official conference abstract deadline due to patenting procedures, specific
strategy reasons, etc.  The “Heuréka!” session has no invited presentations.  All
presentations about new ideas, products, developments, and future trends in

coating technology, surface engineering, and thin films are welcomed.  Another
characteristic of this session is the diversity of its program.  This is very
important because this session disseminates inspiring new ideas to the
audience for innovative advances in the coating technology and for future
business.  Just like when Archimedes found his basic rule for floating objects
in the water and said “Heuréka!  I have found it!”, new findings and ideas in
coating technology are a basic mission of this session.

Please, do not forget that even the “Heuréka!” session has its deadline.
To be included in the program, the abstract of the presentation should be
submitted no later than March 1, 2005.  Join us with your own “Heuréka!”

Lad Bárdos, Uppsala University, Sweden (ladislav.bardos@angstrom.uu.se), and
Hana Baránková, Uppsala University, Sweden (hana.barankova@angstrom.uu.se),
are the Heureka! Session Co-Chairs.

Innovators Showcase

The SVC Innovators Showcase (previously called the Product & Technology
Forum or Vendor Session) is an ideal venue to introduce new ideas,

processes, products, and services to a focused and sophisticated worldwide
audience. Established with an unabashedly commercial foundation, the
Showcase allows you to address an audience that is there to hear what you
have to say. This approach is particularly effective when the presentation
dovetails with your company’s participation in the SVC Exhibit. 

Participation by presenters and attendees alike in the Showcase
continues to grow dramatically. There is always keen competition for the
presentation slots, and a last-minute submission may lead to disappointment. 

Presentations can be made on any topic related to the vacuum industry
and will be limited to 10 minutes (including questions). An abstract is

From the 2005 Program Chairs
continued from page 7
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required for acceptance into the Innovators Showcase. Payment of a registration
fee to make a presentation in the Innovators Showcase in 2005 is waived.
Manuscripts for the Innovators Showcase will not be published in the Technical
Conference Proceedings.

Frank Zimone, Denton Vacuum, LLC (fzimone@dentonvacuum.com), is the Innovators
Showcase Chair.

Joint Session: Processes, Materials, and
Systems for Flexible Electronics

Joint sessions at the 2005 Annual SVC Technical Conference will feature hot
topics that represent the most significant advances and recent trends in the

area of interest to a larger portion of the SVC participants.  
In 2005, based on the extreme interest in previous years, this session will

address the subjects of particular attraction to the optical coating, vacuum web
coating, large area coating, and plasma processing communities.  Both invited
speakers as well as contributed presentations will deal with different aspects of
science and technology in the areas of flat panel displays (in particular LCDs,
plasma displays, and OLEDs), coatings and films for flexible displays, for the
advancement in flexible electronics, security (optically variable) devices
including laser cards, and other topics.  A special focus will be on energy control
coatings, plasma-based technologies and processes, as well as metrology for the
control and engineering of film microstructure and of surfaces and interfaces
involved in the devices for flexible electronics.

As in previous years, we expect a significant interest in these fast-developing
subjects, which we believe will be very attractive for the SVC audience.  We look
forward to meeting many of you at the upcoming 2005 SVC TechCon in Denver.

For information please contact the Vacuum Web TAC Chair, Peter Moulds, Ursa
International (ursaintl@sbcglobal.net), or the Optical Coating TAC Chair, Ludvik
Martinu, École Polytechnique, Montreal, Canada (lmartinu@polymtl.ca), or the Large
Area Coating TAC Chair, Michael Andreason, VACUUM  COATING Technologies, Inc.
(michael.andreasen@vact.com), or the Plasma Processing TAC Chair, Vasgen A.
Shamamian, Dow Corning Corporation (v.shamamian@dowcorning.com.)

Optical Coatings

Following the highly successful program of the Optical Coating Session at the
previous Annual SVC Technical Conferences, we are now in the process of

preparing a new and very rich program for the 2005 Conference.  The Optical
Coating TAC’s program particularly will focus on recent trends and advances in
the areas of optical film systems and devices, optical coating materials, and film
fabrication techniques.  Progress in these technologies will be documented by
contributions devoted to the most important issues including optical film
metrology, process control and monitoring, and innovative advanced applications.
Special emphasis will be on novel aspects in optical instrumentation, optoelec-
tronics, and photonics, as well as telecommunications, displays, optical data
processing, and biophotonics.  The program will reflect the driving forces for

Reliability • Stability • Flexibility

11 Kondelin Road 
Gloucester, MA 01930
Phone: 978-282-0620

For a copy of our new product 
catalog, visit our website: www.comdel.com

or email us at: RFPower@comdel.com
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that does not require tuning or adjustments. For the high
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applications, the CXH Series delivers:
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2 to 40 MHz
• Standard power ranges: 15kW,

25kW, 50kW
• Precise power management
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for your process!
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NRC 84” Dia. x 126” L Vacuum Metalizer w/ support equipment

C&C General L.L.C.
Call Brad (231) 798-7609     E-mail: cbmorton@comcast.net
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further advancement of this field, including biomedicine and biosensors,
energy control, automobile, aerospace, architecture, and other applications.
Many presentations will describe recent research on optical films that
combine optical design with microstructural features tailored on the
nanometer and micrometer scales and that deal with film properties ranging
from optical nonlinearity and engineered band gap to functional characteris-
tics such as mechanical and chemical protection, electrical conductivity, gas
and vapor permeability, and more.  Evaluation of film stability and integrity
in harsh physical and chemical environments and compatibility with novel
substrate materials (including organic polymers) will be specifically
addressed.

Look for the following subjects:
• Biomedical, astronomical, security, and other fast-evolving optical

coating applications
• Process control and real-time in-situ monitoring
• New processes and materials for optical coatings
• New concepts of optical design and experimental implementation
• Industrial scale up and retrofitting of used deposition systems
We look forward to meeting all contributors to the field of optical films

and coatings. 

Ludvik Martinu, École Polytechnique, Montreal, Quebec, Canada
(lmartinu@polymtl.ca), is the Optical Coating TAC Chair, and George Dobrowolski,
National Research Council, Ottawa, Canada (dobrowolski@magma.ca), is the
Assistant TAC Chair.

Plasma Processing

Plasma physics and plasma surface chemistry comprise the fundamental
underpinnings of many dry coating process technologies currently

available to the thin film industry.  The range of materials applications varies
from hard coatings on metals and glass to organic surface functionalization
for biological adhesion.  In all applications, a fundamental understanding of
plasma properties and surface interactions is crucial to superior process
control and system optimization.  The SVC Plasma Processing TAC invites
you to participate in our forum during the 2005 SVC Technical Conference.
We are pleased to solicit presentations from corporate, government, and
academic laboratories with research in the following technical areas: 

• Plasma diagnostics (Langmuir probes, mass spectrometry, residual gas
analysis, laser spectroscopy, optical emission/absorption spectroscopy) 

• Film growth characterization (infrared spectroscopy, electron
spectroscopy)

• Plasma-based deposition platforms (sputter deposition, ion plating,
reactive ion etching, and plasma-enhanced chemical vapor deposition)

• New and innovative plasma sources
• Novel plasma processing (plasma polymerization, nanostructures,

biomaterials, adaptive and “smart” materials)
• Plasma surface chemistry
• Plasma and plasma/surface interface modeling
This year’s forum will have a special session dedicated to the emerging

field of high-power impulse magnetron sputtering (HIPIMS), an approach
well suited for hard, low-friction, and optical coatings.  The use of HIPIMS
requires an understanding of the time-dependent plasma, target, and
substrate dynamics.  We invite you to participate in what will be very

From the 2005 Program Chairs
continued from page 9
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interesting and informative discussions in this special session. 
In addition, the Plasma Processing TAC is excited to participate in two

Joint Sessions this year: “Plasma Processing of Webs” hosted jointly with the
Vacuum Web Coating TAC and a session on Flexible Electronics hosted jointly
with the Vacuum Web Coating, Large Area Coating, and Optical Coating
TACs.  Plasma-based techniques play a significant role in the development of
flexible electronics, and the Plasma Processing TAC invites you to discuss
current research in the use of plasma processing of flexible electronics.

Vasgen A. Shamamian, Dow Corning Corporation (v.shamamian@dowcorning.com),
is the Plasma Processing TAC Chair.  Scott Walton, US Naval Research Laboratory,
(sgwalton@ccs.nrl.navy.mil), and Falk Milde, VON ARDENNE Anlagentechnik
GmbH, Germany (milde@ardenne-at.de), are the Assistant TAC Chairs.

Vacuum Web Coating

The Vacuum Web Coating Technical Advisory Committee (Web TAC) has
put out a Call for Papers for the 2005 TechCon to be held in Denver, CO,

2005.  We are planning several Web sessions and two Joint sessions.  One
Joint session will be organized on flexible displays in conjunction with the
Optical Coating, Large Area Coating, and Plasma Processing TACs.  The
second Joint session will be organized in conjunction with the Plasma
Processing TAC on “Plasma Processing of Webs.”  This is the first time the
Web TAC will co-host two separate Joint sessions.  These sessions will
continue to explore the interest in web coating and offer the opportunity for
us to meet jointly in the areas we overlap with our fellow TACs.   

Charles Bishop is coordinating and will moderate the session on
Packaging and Industrial Applications.  The committee seeks additional
presentations on applications and materials such as boats and films and

processes including web handling and/or quality control measurements.
There will be an additional emphasis on PVD and CVD processes for barrier
films in food and industrial packaging as well as films used in the high-
growth security arena (holograms, color-shift technology, and high-refractive
index coatings used in anticounterfeiting).  Presentations on manufacturing,
product development, and the business aspects of web coating for packaging
and industrial applications are encouraged. 

Peter Moulds is coordinating and will moderate the session on other
areas of interest to the members of Web TAC such as depositions outside the
flexible display or packaging areas.  Topics include coatings for medical
applications, RFID, new developments, new applications, energy control
and/or generation, and competing technologies.  We also are interested in
advances in the fields of inspection and defect analysis.

Peter J. Moulds, Ursa International Corporation (ursaintL@sbcglobal.net), and
Charles Bishop, C.A. Bishop Consulting Ltd., United Kingdom
(CABishopConsulting@cabuk1.co.uk), are the Vacuum Web Coating TAC Co-Chairs.

Process Control & Instrumentation

Thin film coating requirements are constantly changing, and the process
controls and instrumentation used to make these coatings must also

change to meet new requirements.  In some cases, new materials or thin
films demand more than current-generation instruments can provide,
leading in many cases to new measurement technologies or control
techniques.  In other cases, the coating may stay the same, but competition
demands more efficient, lower-cost, ways to make the same product.  The
Process Control & Instrumentation (PCI) TAC is a forum for all of these
issues, where solutions to these challenges are shared with others who face

Vacuum Research Corporation • 2419 Smallman Street • Pittsburgh, PA 15222  USA
(800) 426-9340 • (412) 261-7630 • FAX (412) 261-7220 • vrc@vacuumresearch.com

Vacuum Valves: Dirty & Dusty Applications
• Protective Ring Keeps Dirt Out of Valve
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• Easy to Clean Dirt Sump Bonnet

• Air Purge Connection for Blow Down

• Helium Leak Rate Less Than 2 x 10-9 scc/sec
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• 250,000 Cycle Rotary Shaft Seal

• Fail Safe Design, Close on Power Loss

• Operate Manually If Air or Power Fail

• All Welded 6061 Aluminum Body
Although VRC valves are not affected by small
amounts of dust and dirt some processes are so
dirty that frequent cleaning is required.  For
such processes the VRC Protective Ring Valve

with the Dirt Sump can substantially reduce
your costs by increasing the time between
cleanouts.  The Protective Ring and Dirt Sump
are available on valves with port sizes from 2

inch to 24 inch (50 to 600 mm ISO).  Other
VRC options such as Position Indicators and
ports for gauges and roughing can also be
provided on these valves.

Valve on left is fully open with protective ring in place. Particles
are directed through the port instead of into the valve body.
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the same problems.  The PCI TAC explores everything from the research lab
to the production floor—any new approaches or improvements in the control
of vacuum coating processes.   

Some recent PCI presentations have included:  
• Controlling deposition with spectroscopic ellipsometry and plasma

diagnostic tools
• Statistical process control
• Comparisons of various pumping systems
• Calibration and operator training as factors in maintaining process

quality
• Controlling thin film density using index of refraction
• Modeling of production-scale deposition processes
• In-line monitoring of sputter deposition 
• Process regulation in dual magnetron sputtering of optical coatings
• Generating zinc and magnesium vapors for metallizing processes
• Using cryopumps in high-temperature processes
• Cross-contamination in a multicathode system
• Practical leak detection techniques 
• Innovations in controlling gases in reactive sputtering 
• Using power supplies to control the deposition process
• Monitoring processes with atomic adsorption spectroscopy 
• Multipoint quartz crystal sensor monitoring
• Upgrading old coating systems
• Use of digital networks for controlling coating processes and

providing system diagnostics
If you have made some improvements to your coating process, share

your innovations with the rest of us by presenting your work at the next SVC
TechCon in Denver.  At the least, plan to attend and take home some
practical solutions to the problems you face every day.

J. Grant Armstrong, Carberry Technologies (JGrantA@carberrytech.com), and Dave
Chamberlain, MKS Instruments, Inc. (dave_chamberlain@mksinst.com), are the
Process Control & Instrumentation TAC Co-Chairs.

Tribological & Decorative Coating

Coatings have been used on tool applications for many years.  More
recently, tribological coatings are appearing on automotive parts

(especially moving engine parts) and other mechanical components (e.g.,
rolling element bearings).  Functional and decorative coatings are now
widely used on consumer goods, such as plumbing fixtures, hardware items,
cutlery, eyeglasses, and spectacle frames.  The market for coatings applica-
tions in these fields has grown significantly over the last 10 years.  For
example, increasing numbers of automotive parts are coated (especially in
diesel engines); high-volume production in architectural hardware has been
established; and on tool applications, new technologies are utilized in order
to accomplish higher cutting speeds and longer tool life. 

Generally, coatings are used to either reduce the price-performance
ratio of a component or system, or to enable applications that simply cannot
work without using appropriately designed coatings. 

The Tribological & Decorative Coatings TAC encourages representatives
from industry who are using coatings on automotive and other mechanical
components, tools, or decorative applications to submit presentations to
address the special application demands in their business.  Because many
tribological coatings are carbon-based, they have been utilized in other areas
such as biomedical applications (e.g., as antibacterial coatings and wear-
resistant coatings on artificial joints).  Our TAC is interested in coatings in
these fields as well because synergy effects will stimulate the generation of

new ideas in mutual applications. 
New developments in tribological and decorative coatings are of special

interest.  Researchers are working on developments of nanostructured
coatings and combinations of different technologies (hybrid technologies) as
well as new application fields of coatings.  Environmental laws drive the
development of many coating applications.  For example, prohibiting the use
of toxic materials, limiting noise reduction, and limiting energy consumption
have all driven the implementation of coatings on various applications.  We
invite researchers from industries, universities, and institutes to submit a
presentation about their activities and the driving forces behind their
development work.

New tribological applications of coatings and improvements in existing
technologies are solicited.  Presentations in fields related to tribology are
also welcome.

Roel Tietema, Hauzer Techno Coating BV, The Netherlands (rtietema@hauzer.nl) is
the Tribological & Decorative Coating TAC Chair.  Gary Doll, Timken Research
(gary.doll@timken.com), and Andy Korenyi-Both, PVT, Germany
(a.both@pvtvacuum.de), are the Assistant TAC Chairs.  

Large Area Coating

What’s new in Large Area Coatings?  One topic that is generating a great
deal of interest is ion beam processing.  Ion beam processes have been

used to great advantage in the manufacture of thin film coatings for
substrate surface preparation, film modification during deposition, and in
direct deposition on a smaller scale.  Just look at the role ion beam
equipment plays in coating fiber optic elements for the telecommunications
area.  It seems like practically every batch coater designed for coating fiber
optic elements includes ion beam equipment.  However, the application of
ion beam processes to large area coating has been limited by the lack of
commercially available ion beam equipment scaled to the 3.2-meter or wider
requirements of typical large area coating chambers.

Development work leading to well-understood processes for large area
coating application has been reported recently (SVC 2004 TechCon and
elsewhere) and equipment of the required scale is just now becoming
available.  This fortunate intersection of capabilities makes the topic of ion
beam processes for large area coatings a hot one and one for which the SVC
Large Area Coating TAC is soliciting presentations for the 2005 SVC TechCon. 

It appears that the most interesting and important features of ion beam
processing for large area use are:

• Pretreatment of the glass substrate surface(s) to effectively remove
residual water and contaminants

• Surface activation for improved adhesion
• Energetic impact of ions and neutrals during sputtering to modify

coated film morphology
• Direct deposition of tribological coatings using carbonaceous

precursors 
The challenges for such equipment seem to be the development of

suitable-size, long-term, stable plasma sources with excellent etching
performance to meet both high etching rates and good uniformity.

Beyond ion beam processing, the Large Area Coating TAC is calling for
presentations in the areas of:

• Advances in high-rate coating processes, target materials, and
equipment

• New coatings and advances in coatings, particularly in heat-treatable
and bendable coatings and self-cleaning and easy-cleaning coatings

• Thermal control, antireflection, mirror, conductive, and barrier
coatings for architectural and automotive applications

• What architects want in coatings
• Preparation of glass surfaces prior to coating
• Reverse engineering, online monitoring, and defect analysis of coatings

From the 2005 Program Chairs
continued from page 11
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New name. Same company.
From the invention of the planar magnetron in

1971, to the highly anticipated unveiling of the

Compartment Coating System to the

worldwide market at Glasstec 2004, we are

proud to continue to operate as VACUUM

COATING Technologies, Inc. (VACT), the

leading manufacturer and supplier of

glass coating systems and

components from our existing

location in Fairfield, California USA.

Leader in glass coating technology.
For more than 25 years, we’ve been leading the way in vacuum coating

technologies for the glass coating industry.  During this time, we’ve had a

remarkable number of industry “firsts” and been awarded numerous U.S.

and foreign patents, including the most recent patent for the VA

C-MAG™ Endblock.  We continue the trend with our upcoming launch of

our state-of-the-art Compartment Coater.

We retain all rights to our current technologies, including our proprietary

C-MAG® cylindrical magnetron, VA C-MAG™ endblock design and

AC technology.

Look at us now.
Whether you are a new customer or have an established relationship with

us, VACUUM COATING Technologies, Inc. will continue to be the primary

source for coating equipment and technology for the glass industry

worldwide.  Our experience and continued focus makes us the clear choice

in glass coating technologies.

For more information on our products and services, visit our Web Site at
www.vact.com or call to speak to one of our sales representatives.

1971Invented Planar
Magnetron

1977 First Flat Glass
In-line System

1992 First Sputter-up Coaters
for Optical Coatings

1995 Introduced First
Production Modular
Coating System

1998 Patent granted for AC
Technology C-MAG®

Cathode

2004 Patent granted
for VA C-MAG™
Endblock

1983 Introduced Glass
Coaters for Windshields

1988
Patent granted
for C-MAG®

Cathode

88 Airco Coating Technology
95 BOC Coating Technology

02 VON ARDENNE Coating Technology
04 VACUUM COATING Technologies, Inc.

VACT introduces a more flexible Compartment
Coating System at Glasstec 2004.

VACUUM COATING Technologies, Inc.VACUUM COATING Technologies, Inc.
Proof That Change is Good.

67 Airco
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• Improvement in the uniformity, yield,
and economics of large area coating
processes

• Coatings and processes for non-glass
substrates

Michael Andreasen, VACUUM COATING Technologies,
Inc. (michael.andreasen@vact.com), is the Large
Area Coating TAC Chair, and Johannes Strümpfel,
VON ARDENNE Anlagentechnik GmbH, Germany
(struempfel.johannes@vonardenne.biz), is the
Assistant TAC Chair.

Smart Materials
Symposium

Last year’s Smart Materials Symposium in
Dallas, the first associated with the SVC

TechCon, was very successful and well attended.
The Call for Papers for the 2005 Smart Materials
Symposium is now out and we encourage your
participation.  The basic definition of a smart
material is: “a general term for a broad category
of multifunctional materials for which a specific
property (optical, mechanical, electronic, etc.)
can be controllably modified.”  “Adaptronics” is
another term commonly associated with smart
materials.  Smart materials are now used
extensively in energy efficiency, biomedical,
military, aerospace, sensors, displays and
lighting, anticounterfeiting, structural, and
residential applications.   

Note that two Proceedings of this
symposium will be published; full-length papers
submitted will be refereed and published in
Elsevier’s Materials Science and Engineering-B;
extended abstracts will be published in the SVC
Proceedings.  Presentations are invited, but not
limited, to the following topics:

• Glass, polymers and glazing
• Biological and health applications
• Military and aerospace applications
• Energy-efficient materials for human

comfort
• Indicators and sensors
• Documentation and anticounterfeiting

uses
• Display and lighting technology
It’s exciting to think of how smart materials

have improved the quality of our lives and
assisted in energy conservation, defense, display,
and medical applications.  Electrochromic
coatings are now used extensively to regulate
light through architectural glazings and image
intensity in mirrors.  Self-cleanings coatings,
such as TiO2, can effectively remove organics
from windows and windshields.  Even your
toaster uses smart thermal switches.  Advanced

display technologies such as electronic ink,
OLEDs, and organic electronics all involve smart
materials.  Smart piezoelectric materials are
used in micro-actuators and to sense strain and
microcracking in bridges and structures.  The
applications for smart materials in the field of
medicine have exploded in recent years.  Skin-
based drug delivery systems are now being used
to meter out exact amounts of medication.
Smart materials are used in prosthetic devices,
dialysis devices, and blood flow monitoring.  A
recent exciting application is the use of smart
materials in an artificial lung.  This novel device
uses photoactive and photocatalytic materials to
generate oxygen and introduce it into the blood
stream.  This device could significantly reduce
deaths associated with pulmonary and respira-
tory problems.

We encourage you to submit an abstract for
the 2005 SVC TechCon and Smart Materials
Symposium.  Our goal is to cover a wide variety of
smart materials topics and present cutting-edge
work and advanced technological applications.

Peter Martin, Battelle Pacific Northwest Laboratory
(peter.martin@pnl.gov), prepared this article.  He is
a member of the Smart Materials Symposium
Organizing Committee.  Carl M. Lampert, Star
Science (cmlstar@juno.com), is the Chair of this
committee .

From the 2005 Program Chairs
continued from page 12

Best Poster Competition
Win a $200 Cash Award!
At last year’s TechCon in Dallas, the SVC
awarded $200 for the Best Poster presen-
tation (see page 16), and participants
displayed more than a dozen posters on
a myriad of vacuum related topics.

Once again, the Program Committee
welcomes poster presentations on
subjects of technical interest for inclusion
in the Best Poster Contest at the 2005
TechCon.  Abstracts must be submitted
using the On-line Abstract Submission
process at www.svc.org.  A manuscript is
required for review at the TechCon for the
entry to be eligible to receive the award
and to be published in the Conference
Proceedings.

Each presenter will be provided one side
of an 8 ft. by 4 ft. poster board for display
of text and graphics describing the work.
Poster presenters will arrange their
display on Monday morning, April 25,
and will be required to be available at
their posters to answer questions from
4:30 p.m. until 7:00 p.m. that same day.

The Poster Session is an excellent way to
present your work in a relaxed question
and answer format.  Submit your abstract
today!



“Pasadena, California – An
aluminum face has been deposited
on the Lick Observatory’s thirty-six-
inch telescope mirror in the
California Institute of Technology’s
optical shop, it was learned today.
Once the most powerful telescope
mirror in the world, it arrived here by
truck from the Lick Observatory,
situated near San Jose, California.
Until recently, silver had been used
exclusively for surfacing telescope
mirrors, but the new aluminum
method has been discovered by Dr.
John D. Strong and developed in the
Norman Bridge Laboratory of
Physics at the Institution.  The
advantage of coating with aluminum
is that the coating is essentially
permanent, inasmuch as aluminum
does not tarnish, and the aluminum
has a high reflectivity in the Ultra-
Violet, which is very important for astronomical purposes.  The silver coating previously used
exclusively on reflector mirrors had to be renewed every few months.  The Lick Observatory
mirror is the largest to be so treated yet, and results have justified faith shown in the new
method.  Dr. Strong’s process requires that aluminum be heated to such a high temperature
in a vacuum that it becomes vaporized, this vapor then being applied to the mirror face.
PHOTO SHOWS: Dr. John D. Strong of the California Institute of Technology, pictured with
the 36-inch telescope mirror of the Lick Observatory that he has just coated with aluminum
by a new process destined to replace the old method of coating mirror surfaces with silver.
Dr. Strong is pictured with his apparatus for vaporizing aluminum in order to apply it to the
face of the huge mirror, the largest to be so treated yet.” LOS #35054   12/12/33

Gene Smith, of Sunnyvale, CA, sent the
picture, and the SVC History Committee would like
to thank him for his contribution.  The History
Committee sent him a copy of Don Mattox’s book,
Foundations of Vacuum Coating Technology. 

Anyone who has an article, photograph, or
relic of the early days of vacuum coating is
requested to either loan or donate it to the SVC for
documentation.  Please contact Don Mattox, the
History Committee Chair at donmattox@svc.org. 
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The mission of the SVC History Committee is to
document not only the history of the Society

of Vacuum Coaters but also the history of vacuum
coating in general.  To that end, we have on the
SVC Web Site a History section that includes Oral
Histories of some of the people important to the
early history of vacuum coating, copies of some
difficult-to-find documents related to early
vacuum coating history, an extensive article on
the Foundations of Vacuum Coating Technology
(which is a non-printable version of Don Mattox’s
book on the same subject published by Noyes
Publications [2002]), and a section on News and
Comments.

New on the SVC Web Site!

• Oral histories: John B. Fenn, Jr. interviewed by
Liz Josephson, and Harold Kaufman
interviewed by Ric Shimshock

• The complete text of TM 9-1501, Operation
and Maintenance of Optical Coating
Equipment, the manual for optical coating
published by the War Office in early 1945.  This
document shows the state-of-the-art of coating
optics as used during the last years of WW II.
Ric Shimshock loaned the manual to SVC.  

• A news note from Bob Amis commenting on
how the Society of Vacuum Coaters received its
name and some events concerning the early
years of SVC

• News article and photograph of John Strong
and the 36" Lick Observatory telescope mirror
that he had just coated (1933)

The news network article, dated 12/12/33
with the caption Lick’s Great Telescope Gets an
Aluminum Face (Exclusive) and the
photograph of John Strong with the 36" Lick
Observatory telescope mirror, are of such unique
historical interest that they have been
reproduced here for Bulletin readers. 

History Committee News
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Abstract

Control of material microstructure on the
nanometer scale allows one to fabricate films
with novel characteristics such as very high
hardness, enhanced tribological properties, and
tailored optoelectronic behavior. In the present
work we systematically study quaternary thin
films prepared by plasma enhanced chemical
vapor deposition (PECVD) from
TiCl4/SiH4/CH4/N2 mixtures with different
concentrations of CH4. Detailed characterizations
suggest the presence of a nanocomposite
structure formed by 5-10 nm size TiCxNy crystals
incorporated in a SiCN matrix. Samples prepared
under optimum conditions reveal a very high
hardness of 57 GPa, and a Young’s modulus of 306
GPa. The optical properties of the coatings were
investigated by ellipsometry and spectrophotom-
etry, and they allowed us to evaluate the film
electronic structure, electrical characteristics
and color effects.

Nanocomposite TiCxNy/SiCN
System

Commonly used binary, ternary or even quater-
nary coating systems incorporating carbides or
nitrides of transition metals, ionic oxides or
carbon-based materials frequently possess a
limited hardness and toughness due to the
formation and propagation of dislocations and
cracks [1]. More recently, research has focused
on the design and development of thin films with
a microstructure controlled on the nanometer
scale. Two approaches should be mentioned in
this particular context: superlattices (2D
structures) [2-3] and nanocomposites (3D
structures) [4-7]. The superlattice structure
suffers from a particular disadvantage: for a given
system, its lattice period has a very narrow
window of tolerance, of the order of 1 nm, where
the maximum hardness occurs. This problem can
be overcome by more isotropic systems, such as
nanocomposites.

Our Functional Coatings and Surface
Engineering Laboratory (www.larfis.phys.polymtl.ca)
has investigated several types of nanocomposites
(nc), and it has developed the expertise in various
analytical techniques, ranging from microstructural
characterization to nanomechanical and optoelec-
tronic properties.

We have successfully attempted to synthe-
size a new type of nanocomposite system, namely
nc-TiCxNy/SiCN prepared by plasma enhanced
chemical vapor deposition (PECVD). According
to the nanocomposite model [8], increasing the

strength of the matrix in which the nanoparticles
are embedded should increase the hardness of
the complete system. Following this idea, we
added CH4 as a carbon precursor to the capaci-
tive plasma discharge in a gas mixture consisting
of Ar, N2, H2, and TiCl4, that was previously
optimized for the synthesis of superhard nc-
TiN/SiN1.3 films [9-10].

In the structural model illustrated in Figure
1, the columnar growth of TiN films is suppressed
by introducing the SiN1.3 matrix. In order to
obtain a nc structure, the process parameters
must be balanced between the decrease of the
system energy upon phase separation (TiN and
SiN1.3 in our case), the surface energy of
interfaces, and the nucleation rate [6]. In a
subsequent step, C atoms introduced to the
microstructure, up to about 15 at. %, substitute N
atoms, leading to the formation of TiCxNy
nanoparticles embedded in SiCN amorphous
matrix. Further increase of hardness of such
system is due to a higher strength of the SiCN

matrix with respect to SiN1.3. Exceeding 15 at. %
of the C content leads to mixing of the TiCxNy
and SiCN phases, formation of a single-phase
material, and a decrease of hardness.

Examples of load displacement curves
obtained by depth-sensing indentation are
compared in Figure 2, for TiN, nc-TiN/SiN1.3 and
nc-TiCxNy/SiCN systems. One can appreciate the
highest hardness for the nc-TiCxNy/SiCN, while
nc-TiN/SiN1.3 exhibits the highest Young’s
modulus. When evaluating elasto-plastic proper-
ties of such superhard films, one has to establish
an appropriate methodology of mechanical
testing. This includes, among others, an
appropriate calibration of the indenter’s surface
contact area, machine compliance and thermal
drift. There are also sample related factors that
may influence indentation experiments, namely
residual stress, piling-up and sinking-in effects,
surface roughness, etc. [11].

After optimization of the deposition process,
nc-TiN/SiN1.3 with the highest hardness of 43
GPa, compared to 22 GPa for pure TiN, has been
obtained for [Si] ~ 5 at. % (see Figure 3). When
C was introduced, the highest hardness of 57 GPa
was reached for an optimum concentration of

Nanocomposite TiCxNy/SiCN Superhard Coatings Prepared by PECVD
Pawel Jedrzejowski, Jolanta E. Klemberg-Sapieha and Ludvik Martinu
École Polytechnique, Montréal, Canada

Awarded “Best Poster” on April 27, 2004, at the
47th SVC TechCon in the Poster Session

Figure 2. Load displacement curves for TiN, nc-
TiN/SiN1.3 and nc-TiCxNy/SiCN. 

Figure 1. Schematic evolution of a nanocomposite
structure.

Figure 3. Hardness of nanocomposites as a function of
silicon and carbon concentrations.

Figure 4. Colors of nanocomposite systems.
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[C] ~ 10 at. %. At excessive concentrations of SiN1.3 and C, the hardness drops to
values approaching the SiN1.3 and a single-phase TiCxNy.

Our multitechnique characterization approach was completed by the
investigation of optoelectronic properties of nanocomposite coatings using
spectroscopic ellipsometry and spectrophotometry. Quantitative knowledge of the
optical properties, namely the index of refraction, extinction coefficient, and
optical reflectance gives us more insight into the microstructure of the nc
coatings [12], and can help to design systems for numerous applications.

As an example, the changes of colors of the two nanocomposite systems
discussed here are shown in Figure 4 using xy color space representation [13].
For the nanocomposites with minimum [Si] and [C] the colors are similar to the
one of pure TiN, that by itself is close to the color of Au. These materials exhibit a
typical metallic, Drude-like behavior. As the amount of the amorphous insulating
SiN1.3 matrix in nc-TiN/SiN1.3 is increased (increasing [Si]), the system adopts a
more dielectric character. The coatings lose their characteristic metallic gloss,
and for high [Si] values, their appearance approaches grey color.

When C is introduced in the nc, the electronic structure also changes. Since
nitrogen is more electronegative than carbon, the Ti-N chemical bond possesses a
more ionic character than the Ti-C bond, that is more covalent. Lower free
electron density in TiCxNy with respect to TiN crystals shifts the reflectance
towards infrared. As a result, nc-TiCxNy/SiCN coatings adopt a reddish color. This
effect is then well illustrated by the red shift of the curve in the spectral locus, as
shown in Figure 4.

Conclusions

Qualitative and quantitative evaluations of the structure property relations in
new materials and structures are key in the progress of superhard coatings and in
their practical applications. In our work, the nanocomposite system consisting of
TiCxNy nanoparticles in the amorphous matrix of SiCN was characterized using a
multitechnique approach. Nanocomposite coatings were optimized with respect
to the mechanical and tribological behavior, and we also evaluated the related
optical properties of this new material.

The superhard nc-TiCxNy/SiCN system is characterized by a high hardness
above 55 GPa, and a Young’s modulus of ~ 300 GPa. The improved mechanical
properties are due to the effect of substitution of N by C atoms, thus forming
stronger covalent bonds. However, above an optimum concentration of C, phase
segregation is suppressed, and an alloying effect causes a decrease of the
mechanical performance. Complementary optical measurements using combined
ellipsometry and spectrophotometry revealed a shift from a metallic-like to
dielectric-like character, in agreement with the proposed microstructural model
of nc-TiCxNy/SiCN. We now explore possible use of this material in decorative,
aerospace, automobile and biomedical applications.
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Surface Preparation:
"Glow Bars" for Plasma Cleaning

A “glow bar” is a high-voltage cathode used for
generating a plasma for plasma cleaning at a gas
pressure of a few microns up to several Torr.  A
glow bar often can be found in deposition
systems, such as in optical coating facilities using
thermal evaporation, where the deposition takes
place in a good vacuum. 

In a simple DC diode (non-magnetically
confined) discharge, electrons are accelerated
away from the cathode.  These establish the
plasma, but also many of the electrons reach high
energies and bombard any surface on which they
impinge.  Thus, the glow bar provides two
possible cleaning mechanisms: 1) plasma
cleaning, which occurs on all surfaces in contact
with the plasma, and 2), electron bombardment
of surfaces facing the cathode.  Both mechanisms
have been shown to be effective in cleaning glass.

A plasma in contact with a surface
generates a negative potential on the surface with
respect to the plasma (sheath potential) due to
the higher mobility of the electrons in the plasma
compared to the ions.  This potential will depend
on the local plasma density and temperature.
The potential will be increased if the surface is
also being bombarded by high-energy electrons
from the cathode.  Figure 1 shows the
effects involved with plasma cleaning.

Glow bars can have many shapes.
The most common design is a rod or
tube attached to a high-voltage
feedthrough.  As shown in Figure 2a, the
high-voltage insulator must be protected
from depositing metals by a baffle-type
shielding.  The rod or tube is usually
made of aluminum and can be bent into
any shape.  The tube can be water
cooled using two high-voltage/fluid
feedthroughs and an insulating break in
the water-cooling line.  Deionized water
should be used for cooling.  Other
shapes, such as plates or moveable
shutters, can be used to create a more
uniform plasma over the surface to be
cleaned, or the surfaces may be passed
in front of the glow bar. 

Aluminum is the most common
glow bar material because it forms a
thin coherent oxide, and the oxide has a
low sputtering rate.  Unless you are
depositing aluminum, it may be
important to shield the glow bar from
deposition because the surface material

on the glow bar will tend to be sputtered when the
glow discharge power is on. 

Ground shields can be used to control the
area on the cathode that produces the plasma.  If
a ground shield is placed closer than the distance
dictated by the width of the cathode dark space, a
discharge will not be sustained between the
ground and the high-voltage electrode.  By
making the spacing very small, pressures higher
than those used for sputtering can be used,
allowing a high-density plasma to be formed at
low voltages and at higher pressures. 

The advantage of using empty space as an
insulator is that you don’t have to worry about
metal deposits shorting out the insulator.
However, in regions where deposition is unlikely,
an insulating material such as Teflon™ can be
used in the space.  Teflon™ has a voltage standoff
of greater than 1000 volts per mil. 

Increasing the target voltage (at a constant
pressure) causes the dark space to decrease in
thickness.  Decreasing the gas density (at
constant voltage) makes the dark space thicker.
The product of the pressure and the dark space
thickness is fairly constant.  For example, in
argon at 10 mTorr and 1000 VDC, the cathode
dark space is about 0.5 cm.  A grounded
conductor placed closer than this will not allow a
glow discharge to be self-sustaining. 
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Figure 1: The effects involved with plasma cleaning.
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By shaping the active area of the glow bar, the ejected electrons can be
focused on the surface to be cleaned.  Figure 2b shows a shaped electrode
with a closely spaced ground shield to make the concave portion of the
cathode the active surface.  The high-energy electrons accelerated away from
the cathode produce a high surface potential on a dielectric surface (or
electrically isolated surface).  This increases the sheath potential between
the substrate and the plasma.

When using a continuous DC high-voltage potential, particularly when
using air as the working gas, there may be occasional arcs on the active
cathode surface.  These arcs can produce molten droplets and particulates
that can contaminate surfaces.  It is important that the DC power supply has
an arc-quenching circuit, or better yet, use pulsed DC or mid-frequency
bipolar power on the glow bar to prevent arcing. 

For the greatest flexibility in voltage and pressure, the spacing between
the ground and the high-voltage electrode should be small to prevent
establishing of a glow discharge in the pressure range of 10-20 mTorr.  Stray
magnetic fields should be eliminated in that they may allow a glow discharge
to be established in the space.  Generally, it is better to use lower voltages
and higher currents than to use higher voltages and lower currents to obtain
a specific cleaning power. 

Power supplied to the cathode may be DC (with arc suppression),
pulsed DC, or AC (symmetric or asymmetric bi-polar).  Usually the power
(V·A) to the cathode is voltage controlled.  For a specific gas and gas
pressure, the voltage and current should be reproducible for a specific power.
For pulsed power systems, the power is averaged over the whole cycle.  For

example, at a 50% duty cycle, the actual instantaneous
power to the cathode during half the cycle will be twice
the indicated power.  If the duty cycled is decreased, the
instantaneous power will be increased to give the same
average power.

In 1889 F. Paschen studied the effect of gas pressure
(actually gas density) on voltage breakdown between two
electrodes.  This led to "Paschen’s Law," which essentially
states that above a certain minimum pressure, a gap will
have a breakdown voltage (V) that is a function of the gas
pressure (p) times the gap separation (d) (i.e., V = f(p·d).
Below this value of (p·d), the breakdown voltage rises
rapidly with decreasing pressure.  The minimum (p·d) for
air and copper electrodes is about 0.6 Torr·cm (20ºC),
where the breakdown voltage is 350V.  Generally, the high
voltage for glow discharge cleaning should not be turned
on until the high vacuum pump is opened, or a destructive
arc may occur.

SAFETY: For reactive cleaning by oxidation, pure air
(medical air) is generally used, although oxygen-gas mixtures such as O2-Ar may
be used.  Be very careful if pure oxygen is used because compression of the
oxygen in contact with hydrocarbon oil can cause an explosion (diesel effect). 

SAFETY: When using an electrically isolated metal chamber, be sure to
turn off the plasma power supply before venting the chamber.  If you do not,
the chamber may lose its ground as the chamber is vented, allowing the
insulating O-ring to expand.  The plasma will attempt to take the now electri-
cally floating surface to the cathode potential, giving a high voltage on the
metal chamber.  To prevent this, the chamber can be grounded at all times or
the plasma supply turned off before the chamber is vented.  
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Figure 2: Figure 2a shows a shielded high-voltage feedthrough.  The gaps between the
shields should be less than the cathode dark space distance.  Figure 2b shows a
water-cooled shaped cathode where the active surface is defined by the conformal
ground shield.  The focused and accelerated electrons from the cathode increase the
sheath potential at the substrate surface..

Figure 3:  Breakdown voltage (V) between two parallel electrodes with a separation
of d = 1 cm in a homogeneous electric field as a function of gas pressure (gas
density).

Nanocomposite TiCxNy/SiCN Superhard Coatings Prepared by PECVD
continued from page 17
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Abstract

High power impulse magnetron sputtering
(HIPIMS) is a novel physical vapor deposition
technique whereby magnetron sputtering is
carried out with extreme pulsed power densities
in the range of 3000 Wcm-2.  HIPIMS achieves
high ionization fraction of the sputtered metal
flux and has been successfully applied for
materials synthesis.  In this work, spatial and
time-resolved electrostatic probe measurements
have been used to study the development of the
discharge.  Results showed that the spatial distri-
bution of plasma is highly homogeneous at
distances of 10 cm and greater.  Extremely high
peak ion saturation current densities (Js) of 20
mAcm-2 were found at the position of the
substrates some 20 cm from the target.  Time-
resolved measurements of Js showed that at gas
pressures of 0.7 mTorr the main plasma drifts
away from the cathode in ensemble at a high rate
of > 20 km/s.  In contrast, at high pressures of 10
mTorr, the plasma drift occurs in three
subsequent groups with an average velocity of
approximately 2 km/s.  

HIPIMS of Cr in Ar atmosphere at a
pressure of 3 mTorr was carried out for power
densities ranging from 0.5 to 3 kWcm-2.  Optical
emission spectroscopy studies of the plasma
composition showed that the intensity of Cr(1+)
and Cr(2+) had a similar increasing slope of 2 as
a function of power.  At the same time, Cr
neutrals exhibited a slope of 0.5 and Ar neutrals
0.75.  These dependencies are different from
those predicted by published models for conven-
tional sputtering.  An alternative mechanism of
species formation is discussed. 

Introduction

Industrial practice of physical vapor deposition
(PVD) is forever pushing for PVD sources that
provide high deposition rates, high ion to neutral
ratios and high uniformity over large areas.
While many large scale systems are equipped
with high efficiency sources, in many cases a
higher degree of ionization of the deposition flux
is desired in order to provide improved coating
density and better conformity of the coating to
the substrate.  A recent development of
magnetron sputtering—high power impulse
magnetron sputtering (HIPIMS) [1] seems a
strong candidate to fulfill this demanding
criterion for industrial size sources.  HIPIMS has

been shown to provide high deposition rates, high
degree of ionization (30% for Cr [2] and 70% for
Cu [1]), and the plasma is known to contain
highly charged ions—up to 2+ for Ti and Cr
[3,4].  HIPIMS has been successfully utilized as a
tool to introduce metal ions into steel substrates
prior to coating deposition in order to enhance
the adhesion of CrN films on high speed steel
[2,5,6].  HIPIMS has been shown to provide
excellent coating density resulting in superior
wear and corrosion performance comparable to
multilayer coatings [5].  Very recent hardware
developments have allowed the implementation
of HIPIMS in industrial scale equipment [4].

The strong interest towards industrializa-
tion of HIPIMS generated by these results issues
the challenge to better understand the behavior
of the discharge.  Studies in this area have shown
that the HIPIMS discharge develops in two
stages—an initial gas plasma stage followed by a
metal ion dominated discharge and self-
sputtering [7, 3, 8].  Studies have also been
dedicated to the expansion of the plasma in the
chamber volume [9].  However, the influence of
external parameters such as gas pressure has not
been investigated.  The present paper aims at
clarifying the interaction between HIPIMS
plasma and substrate by discussing the influence
of gas pressure on the expansion of the plasma in
the chamber volume.  The ion flux has been
mapped across the chamber volume by electro-
static probe measurements to obtain a picture of
the stages of development of the discharge near
the target and further away in the vicinity of the
substrates.  Optical emission spectroscopy
studies were used to reveal the plasma composi-
tion near the cathode surface and its dependence
on the local plasma density.

Experiment Details

HIPIMS was operated on circular chromium (Cr)
cathodes with diameter of 150 mm (6").  The
discharge was driven with a laboratory power
generator (Chemfilt R&D AB).  The parameters of
the HIPIMS discharge were measured with a high
voltage probe (Tektronix P6015A) with bandwidth
of 50 MHz and a high current transformer
(Tektronix CT-4) in combination with a current
probe (P6021) with bandwidth of 500 Hz. The
traces were recorded with a digital oscilloscope
Tektronix 520.  An example of the current and
voltage during the pulse for HIPIMS of Cr is
shown in Figure 1.  The current pulse is approxi-

mately 100 µs long, the peak current is 140 A at a
voltage of -900 V.  The pulses were applied with a
frequency of 50 Hz, equivalent to a period of
20,000 µs.  The cathode and power supply were
installed in a laboratory size cylindrical chamber
with diameter of 50 cm and length of 75 cm.  The
chamber was evacuated to a base pressure of 2 x
10-6 Torr (3 x 10-6 mbar) with turbomolecular
pumping.  HIPIMS of Cr was performed in Ar
atmosphere (~99.998%) at a pressure of 0.1 to 1
mTorr (1.3 x 10-4 - 1.3 x 10-3 mbar).  

The distribution of plasma in the chamber
volume was extracted from flat electrostatic
probe measurements.  A probe with disc diameter
of 2 cm and a guard ring was positioned on a
movable feedthrough.  The probe was scanned on
a single line across the chamber at different
distances from the cathode.  The time-resolved
ion current at a probe bias of -150 V was recorded
for each point.  The probe current was measured
using a clamp-on Tektronix AM 503S current
probe system (DC-50MHz).  The voltage and
current were recorded with a digital oscilloscope.

The optical emission from the dense plasma
region of the cathode was collected in situ by a
quartz fibre bundle with a collimator positioned
at 1 cm from the cathode surface.  This optical
probe was arranged in parallel to the magnetron
target surface to view the dense plasma region.
The emission was analyzed with a Jobin Yvon
Triax 320 spectrometer (Czerny-Turner geometry)
with resolution of 0.12 nm.  A photomultiplier
tube (Hamamatsu R928) was used as detector.
The entire system was sensitive to the spectral
range 200-950 nm. 

Influence of Pressure and Power on the Composition and Time
Evolution of Plasmas in High Power Impulse Magnetron Sputtering
Arutiun P. Ehiasarian, Roger New, and Papken Eh. Hovsepian
Materials Research Institute, Sheffield Hallam University, Sheffield, United Kingdom
Johan Böhlmark, Jones Alami, and Ulf Helmersson
Department of Physics, Linköping University, Linköping, Sweden

Presented on April 28, 2004, at the
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Figure 1:  A typical target voltage and current time
trace for the high power pulsed magnetron discharge.
The trace was taken at 1.3 Pa (10 mTorr) Ar pressure
using a 15 cm in diameter Cr target.
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The chemistry of the HIPIMS plasma was
obtained from OES measurements averaging over
50 pulses.  Time resolved measurements of the
plasma composition were obtained by monitoring
the light signal from a single emission line by
measuring the voltage across the 100 kOhm
terminated PMT output.  Sixteen averages were
taken in order to improve the signal-to-noise
ratio.  Plots of discharge current vs. optical
emission intensity were obtained from the peak
values obtained in time-resolved measurements
of the current and OES signal respectively.

Results and Discussion
Time-space Evolution of the Plasma in the
Chamber Volume as a Function of Pressure
The spatial probe current measurements allowed
the estimation of the rate of decay of plasma
density, npl with respect to the distance from the
target, r.  The relationship was of the type npl ~ r-
x where the exponent, x, is expected to be 3 for a
cosine law distribution.  The actual measured
rates for HIPIMS were strongly influenced by the
pressure.  At low pressure of 1 mTorr, npl ~
r-1.6±0.1 while at 10 mTorr npl ~ r-2.7±0.4.  A 10-fold
increase in gas pressure causes a ~2 fold
increase in the decay rate of the plasma due to
the greater number of collisions of plasma
electrons with the surrounding gas.

Figure 2 shows the time-resolved ion satura-
tion current density, Js, for an Ar pressure of 1
mTorr and 10 mTorr.  Js was measured at a
typical substrate position at a distance of 20 cm

from the cathode.  For 1 mTorr the peak value for
Js was 20 mA cm-2, while for 10 mTorr the
maximum Js was ~4 mA cm-2.  Even at high
pressures (10 mTorr), these values represent
significant improvements over conventional dc
unbalanced magnetron sputtering, where Js is
typically of the order of 0.5 mA cm-2.  This
analysis clearly shows the increased intensity of
ion bombardment available to the substrates in a
HIPIMS environment even at long distances from
the target.  This underlines the great potential of

HIPIMS as a tool to produce high-density
coatings even in large scale manufacturing [4]
where long target-substrate distances or high
pressures may be utilized. 

Figure 3 shows the evolution of the plasma
in space and time as a function of Ar pressure.
The measurements were preformed with a flat
electrostatic probe sweeping across three planes
parallel to the target surface at a distances of 2.5,
10 and 20 cm.  The Y-axis of each plot represents
distance in direction parallel to the surface of
the magnetron.  The relative position of the
permanent magnet array of the magnetron is
shown to the left of Figure 3a.  The X-axis of each
plot represents a time scale relative to the
application of the voltage pulse.  

Figures 3 a, b, and c show the evolution at
PAr = 1 mTorr.  Figure 3a is the distribution
measured at a distance of 2.5 cm from the target.
This distance is comparable or smaller than the
extent of the apparent dense plasma region
formed by the confining field of the magnetron.
Indeed the ‘race track’ of the magnetron is
mapped onto Figure 3a by two similar high –
density areas situated symmetrically with respect
to the magnetron axis.  The maximum plasma

density occurs some 70 µs after the voltage is
applied.  The apparent ion pulse width is 100 µs.
Keeping a constant pressure of 1 mTorr, the
plasma distribution at a distance of 10 and 20 cm
are shown in Figures 3b and 3c.  In both figures,
the distribution across the target surface is
highly homogeneous.  The two distinct plasma
regions of the ‘race track’ visible in Figure 3a
have spread and merged into one area.   It is
interesting to note that the peak plasma density
is still observed at approximately 100 µs, as in the
case of 2.5 cm (Figure 3a).  This signifies a fast
diffusion of the high density plasma from the
target outwards to the chamber.

The plasma evolution at 10 mTorr is shown
in Figures 3d, e, and f.  At a distance of 2.5 cm
from the target (Figure 3d), the plasma distribu-
tion again exhibits two dense plasma regions
corresponding to the confining field of the
magnetron as observed for the 1 mTorr case.  The
ion pulse is initiated sooner—some 20 µs after
the voltage pulse is applied (compared to 70 µs
for the 1 mTorr case).  However, the duration of
the plasma pulse is ~100 µs, i.e. similar for both
the high and low pressure cases.  As the distance
is increased to 10 cm, the space distribution
(Figure 3e, Y-axis) evens out and the plasma is
essentially homogeneous across an area twice the
size of the target surface.  However, interesting
effects are observed in the time evolution.  The
plasma exhibits two peaks.  The first peak occurs
at 20 µs, almost at the same time as the dense
plasma is formed near the magnetron.  This peak
has a short duration of ~100 µs (see also Figure
2), after which a plasma density local minimum
is reached.  A second plasma peak is detected at
60 µs.  The duration extends to some 300 µs.  As
the distance is increased to 20 cm, the plasma is
seen to develop further.  The spatial distribution
remains homogeneous.  The temporal evolution
now exhibits three peaks.  The first peak occurs,
as in the 10 cm case, very early in the pulse - 50
µs and lasts 100 µs until 150 µs (see also Figure
2).  This is followed by the second peak occurring
at 200 µs and lasting until 500 µs.  Finally, a
short-lived third peak is observed at 800 µs.

In summary, the spatial distribution of the
plasma develops in a similar manner at both low
(1 mTorr) and high (10 mTorr) pressures.  The
plasma near the target is confined to the race
track.  At a distance of >10 cm from the target,
the plasma is homogeneously distributed across
planes parallel to the target surface.  The
temporal evolution, however, is strongly
influenced by the pressure.  Already in Figures 3
e, d, and f a clear drift of plasma towards later
times is detected.  Figure 4 illustrates the
apparent velocity with which the plasma
propagates in the chamber volume as derived
from the data in Figure 3.  As discussed
previously, at 1 mTorr the velocity of the plasma

Figure 2:  Ion saturation current density, Js, measured
at a distance of 20 cm from the target for a pressure of
1 mTorr and 10 mTorr.

Figure 3: Contour plots representing the distribution of
the plasma density in space (Y) and time (X) at
different pressures of Ar. a) 1 mTorr, 2.5 cm from target,
b) 1 mTorr, 10 cm from target, c) 1 mTorr, 20 cm from
target, d) 10 mTorr, 2.5 cm from target, e) 10 mTorr, 12
cm from target, f) 10 mTorr, 20 cm from target.

continued on page 24
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is too high to be measured with the existing
setup.  The plasma peak is observed almost
instantaneously near the target surface as well as
at distances up to 20 cm.  

At 10 mTorr the first two peaks as shown in
Figures 3 e and f, are seen to propagate at a well-
defined velocity.  The peak marked 1st in Figure 4
has a velocity of propagation of 5 km/s (5 eV for Ar
ions).  The second peak propagates at a signifi-
cantly slower velocity of 1 km/s (0.2 eV for Ar ions).

Figures 3 a, b, and c and Figure 4 describe
in detail the time of initiation and duration of the
peak for the 1 mTorr case.  This compares well
with the discharge current shown in Figure 1,
thus indicating that Js detected at the substrates
is caused by the establishment of a plasma near
the target.  In the conditions of low gas pressure
(1 mTorr), this plasma drifts down to the
substrates at a high velocity.  At high pressures of
10 mTorr, the plasma is seen to split into three
peaks as the distance from the target is
increased.  The first peak corresponds to the
single peak observed at 1 mTorr as indicated by
the comparable duration and time of occurrence.

However, at increased pressures, collisions of the
discharge plasma with the surrounding gas are
intensified causing loss of energy and a slower
expansion and propagation velocity as shown in
Figure 4.  The higher pressure also contributes to
a faster decay rate as described in Figure 2 and
pertaining discussion.  

The second and third peaks observed at 10
mTorr could be attributed to the observation [9]
that plasma generated at the target expands to
the vessel walls and is reflected back towards the
axis, thus giving rise to what appear to be second
and third peaks.

Influence of Discharge Current on Plasma
Composition
Further information about the mechanisms of the
HIPIMS discharge was obtained from optical
emission spectroscopy.  Table 1 gives the partic-
ular wavelengths and excitation energies of the
species of interest.  Figure 5 presents the
influence of discharge current on the optical
emission intensity generated by Ar(0), Cr(0),
Cr(1+) and Cr(2+) species in the plasma.  The
double-logarithmic plot in Figure 5 shows that
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Figure 4:  Velocity of propagation of ion flux as a
function of Ar pressure.

Figure 5:  Log-log plot of the optical emission intensity
of metal and gas species as a function of discharge
current.

continued on page 26
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the emission intensity, e.g. I(Cr(0)), of metallic species has a straightforward
power law dependence on the discharge current, Id, namely:

I( Cr(0) ) = Id
n( Cr(0)) Equation 1

Here n(Cr(0)) is a species-specific exponent (slope).  The values of n
for different species are given in Table 1.  For the metallic ions Cr(1+) and
Cr(2+), the slope n is similar and is in the range of approximately 2.  At the
same time the slope for Cr(0) is only 0.5.  Ar(0) exhibits a variable slope, as
shown in Figure 5.  For discharge currents below 10 A, the slope is negative.
For Id >10 the slope is 0.74 as shown in Table 1.

Table 1:  Wavelengths excitation energy and slopes for species analyzed by OES.

The physical meaning of the relationship in Equation 1 is based on the
link between the plasma density npl and the discharge current Id as given by
the Bohm criterion:

Id = 0.6 npl (kTe)1/2 Equation 2

Thus, Equation 1 and the plot in Figure 5 describe the relationship of
the optical emission intensity to the density of the discharge plasma, which
in turn determines the sputtering rate and ionization rate of species in the
plasma.  

It is well known that the sputtering process generates 99.9% neutral
metal atoms.  Therefore, all Cr ions observed in these experiments are
generated in the dense plasma region of the discharge via collisions with
electrons.  Thus, the similar slopes n of Cr(1+) and Cr(2+) may signify that
these two species have similar ionization rates.  Since the ionization energies
required to produce these species are very different, 6.76 eV and 16.49 eV
respectively—this points to an extremely hot and dense plasma developing
at the target surface.   At the same time the slope for Cr(0) is significantly
smaller (0.5), indicating that the increase in Id leads to a clear increase in
metal ion to neutral ratio.  Similar findings are reported for HIPIMS of Ti on
industrial size cathodes [4].  High densities of Ti(2+) were found.  The
density of Ti(2+) and Ti(1+) ions was strongly influenced by the discharge
current resulting in a monotonic increase in metal ion to neutral ratio as a
function of Id.

In comparison, plasmas generated in conventional magnetron
sputtering are known to exhibit different slopes, namely 3 for Cr(1+) [10].
According to Rossnagel and Saenger [10], the slope for Cr(2+) can be
predicted to be 4, although emission from Cr(2+) has not actually been
observed in conventional magnetron sputtering plasmas.  The peculiar
behavior of the Ar(0) emission as a function of Id can be explained by the
operation of the discharge.  At low currents, the discharge has a low density
and the majority of electron collisions induce excitation of the Ar (0) atoms.
As the discharge current is increased from 1 to 10 A, a greater portion of
collisions lead to ionization of the Ar gas, thus effectively decreasing the
number of neutral Ar atoms.

Conclusions

The HIPIMS plasma diffusion into the chamber volume as a function of gas
pressure is presented.  The mechanisms of diffusion and generation of ions
in the plasma are discussed.  Analysis of the magnitude of the ion flux to the
substrates at a distance up to 20 cm showed one order of magnitude
improvements over conventional dc unbalanced magnetron sputtering
sources.  The HIPIMS plasma is homogeneously distributed across planes
parallel to the target surface.  This underlines the great potential of HIPIMS
as a tool to produce high-density uniform coatings even in large scale
manufacturing [4] where long distances or high pressures may be utilized. 

The diffusion of HIPIMS plasma is strongly influenced by the pressure
of the gas atmosphere.  The main plasma is generated at the target surface
and diffuses outward. The rate of diffusion is extremely fast at 1 mTorr, while
at 10 mTorr a distinct slowing down is detected. The plasma density and
temperature on the cathode surface are extremely high and give rise to
energetic ionization of the sputtered metal species. The ionization rates of
Cr(2+) and Cr(1+) seem to be similar.

Acknowledgments

The financial support of the EPSRC under Grant Ref: GR/R32420/01 is
gratefully acknowledged.

References
1. V. Kouznetsov, K. Macak, J.M. Schneider, U. Helmersson, and I. Petrov,

“A novel pulsed magnetron sputter technique utilizing very high target
power densities,” Surf. Coat. Technol., 122(2-3); 290, (1999).

2. A.P. Ehiasarian, W.-D. Münz, L. Hultman, U. Helmersson, and I. Petrov,
“High Power Pulsed Magnetron Sputtered CrNx Films,” Surf. Coat.
Technol., 163-164, (2003), p. 267-272.

3. A.P. Ehiasarian, R. New, W.-D. Münz, L. Hultman, U. Helmersson, and V.
Kouznetsov, “Influence of High Power Densities on the Composition of
Pulsed Magnetron Plasmas,” Vacuum, 65, (2002), 147.

4. A.P. Ehiasarian and R. Bugyi, 47th Annual Technical Conference
Proceedings of the Society of Vacuum Coaters, April 24–29, 2004, Dallas,
TX, USA.

5. A.P. Ehiasarian, P.Eh. Hovsepian, W.-D. Münz, L. Hultman, and U.
Helmersson, “Comparison of microstructure and mechanical properties
of chromium nitride-based coatings deposited by high power impulse
magnetron sputtering and by the combined steered cathodic
arc/unbalanced magnetron technique,” Thin Solid Films (2003) in print.

6. W.-D. Münz, A.P. Ehiasarian, and P.Eh. Hovsepian, “Kombiniertes
Beschichtungs Verfahren, magnetfeldunterstützte Hochleistungs-
Impuls-Kathodenzerstäubung und unbalanziertes Magnetron,” German,
European, and USA patent application No. 101 24 749.4.

7. K.M. Macak, V. Kouznetsov, J.M. Schneider, U. Helmersson, and I.
Petrov, “Ionized sputter deposition using an extremely high plasma
density pulsed magnetron discharge,” J. Vac. Sci. Technol., A 18(4),
pt.1-2, 1533-1537, (2000).

8. personal communication.

9. J. Böhlmark, A.P. Ehiasarian, J. Alami, P.Eh. Hovsepian, and U.
Helmersson, “Optical emission study of the ionization fractions in a
high power pulsed magnetron plasma,” paper presented at
International Conference on Metallurgical Coatings and Thin Films,
San Diego, 2003.

10. S.M. Rossnagel and K.L Saenger, “Optical emission in magnetrons:
Nonlinear aspects,” J. Vac. Sci. Technol., A7(3), (1989), p.968.  

Influence of Pressure and Power
continued from page 24

species Wavelength, nm Eexcitation, eV slope (n) error

Cr(1+) 205.5 nm 6.03 eV 1.94 0.02

Cr(2+) 228.6 nm 5.44 eV 1.74 0.14

Cr(2+) 232.03 nm 5.4 eV 1.9 0.3

Cr(0) 359.3 nm 3.45 eV 0.52 0.06

Ar(0) 750.38 nm 13.5 eV 0.74 0.06
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Abstract

A cylindrical magnetron system has been
developed to coat the internal surface of a thick
steel cylinder with refractory metals. In an initial
attempt to achieve cleanliness, an azimuthal
magnetic field generated by an axial current,
working in concert with the applied radial
electric field, was utilized to produce the plasma
in the cylinder. The adherence of the refractory
coating on the bore surface of the cylinder
depends on the cleanliness of the substrate and
target surface prior to the deposition process.
However, this configuration does not give uniform
etching of the bore surface and the target surface
due to plasma density variation along the axial
direction. The present magnetron system
overcomes the non-uniform etching of the target
by using a design in which a series of oscillatory
plasma rings are created along the axial direction
of the coaxial target. As for plasma etching of the
substrate, a mechanical device that produces an
approximately 25 mm wide plasma ring is
translated along the interior surface. Uniform 70-

160 microns tantalum and chromium coatings
were deposited on A723 steel cylinders using the
engineered cylindrical magnetron system. 

Introduction

Gun bore protection against the wear and erosion
of projectiles and propellant gases requires the
use of refractory metal deposit on the bore
surface. Currently, chromium is electrodeposited
onto the gun bore in a chromic acid solution. This
process generates hexavalent chromium, which is
harmful to the environment. It is desired that the
dry physical vapor deposition (PVD) prototype
process would replace the aqueous electroplating
process of chromium. Two requirements of the
sputtering process are good adhesion, relatively
rapid deposition rate, and uniform coating distri-
bution (good throwing power). 

In an initial attempt, 6-inch short-sections
of 25 mm and 40-inch long 45 mm tubes were
sputter deposited in a laboratory system in which
an axial current was used to generate an
azimuthal magnetic field for electron entrapment
[1]. In this process, the plasma density has the

propensity to concentrate at one end of the tube.
This led to low throwing power in the axial and in
the circumferential directions. Also this method
did not produce uniform etching of the target and
substrate surfaces in preparation for the
subsequent sputter deposition. The cleaning
shields had to be removed from the system
because of space limitation. Because of the (E x
B) electron drift velocity and the space
constraint, the sputtering process was operated
at 13 to 20 Pa in the 25 mm barrel and 6 to 20 Pa
in the 45 mm tube. At such high sputtering gas
pressures, the deposits exhibited a porous zone T
columnar structure as shown and defined in the
Thornton diagram [2]. 

In order to achieve the relatively dense zone
T morphology, a cylindrical magnetron sputtering
(CMS) system was designed to operate under 1.3
Pa. Concurrently, a new sputter cleaning method
was developed to remove contaminants from the
target and substrate surfaces in an effort to
improve the adhesion of refractory coatings. This
method dispensed with the opening of the system
to remove target and substrate cleaning shields
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Fang Yee, Mark Wotzak, Michael Cipollo, and Krystyna Truszkowska
US Army Armament Research, Development and Engineering Center
Benét Laboratories, Watervliet, NY

Presented on April 28, 2004, at the
47th SVC TechCon in the Plasma Processing Session



2004 Fall News Bulletin 29

as was done in the axial current system. In this
paper, the axial current configuration will be
described to provide an explanation for the
development of the CMS system. However, the
experimental details of the axial current
cylindrical system will be given in Reference 1.
Sputter tantalum and sputter chromium coatings
of both systems are presented. 

Description of Sputtering
systems
Axial Current Configuration
Figure 1 shows the configuration of the axial
current cylindrical system. 1000 to 2000 amps of
current were passed to the center copper tube to
generate an azimuthal magnetic field to increase
the mean free path of the primary electrons. The
target material was slid over the center copper
tube. The target tube received minimal cooling
from the cooling water in the center copper tube
because of poor contact between the target and
the copper tube. A positive voltage is applied to
the substrate to ignite the discharge for sputter
deposition. For target cleaning, a copper tube
was inserted into the sputtering system to act as
a substrate shield and collector for the materials
plasma etched from the target. For substrate
cleaning, a smaller copper tube was slid over the

center copper tube to collect materials removed
from the substrate (Figure 2). If the center target
is not concentric to the gun barrel, sputter flux
from one side of the barrel can redeposit on the

opposite side of the substrate. After each
cleaning operation, the system was opened to the
atmosphere and the copper shield was removed
from the system. Exposing the system to the
atmosphere caused the oxidation of the sputter
cleaned surfaces. The realization of these
potentials for poor coating qualities and adhesion
led to the development of the cylindrical
magnetron sputtering (CMS) and the design of
the plasma cleaning device (PCD).

Cylindrical Magnetron Configuration
Figure 3 shows the cylindrical magnetron system
in which a series of uniformly spaced permanent

Figure 1:  Cylindrical system using an axial current I
to generate an azimuthal magnetic field. Is is the
sputtering current.

Figure 2:  Cross-sectional view of substrate and target
collector shields inside substrate tube.

Figure 3:  Cylindrical magnetron system with inset
showing six argon glow discharge rings. This figure is
for illustration only. The actual number of magnets
used in the experimental setup was six and the
number of argon plasma rings was five.

continued on page 30
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magnets were mounted inside the center copper
tube. Again, the copper tube was cooled with
running water and the target was slid over the
copper tube. The axial component of the
magnetic field between the magnets and the
radial electric field generated a series of plasma
rings concentric to the center target as shown in
the inset of Figure 3. The target assembly was
connected to an actuator that oscillates the
magnets and thus the plasma rings for increased
target utilization and coating uniformity on the
substrate surface. The magnets were made of
radially magnetized samarium cobalt disks 19
mm thick and 38 mm OD. The length of the gun
tube specimen dictated the number of magnets
in the system. Five argon discharge rings were
generated for the depositions described below.

The target and substrate surfaces were
plasma cleaned by a plasma cleaning device
(PCD) [3]. The PCD traverses along the length of
the target as the target and substrate surfaces
are cleaned. Figure 4 shows the cross section of
the PCD. The PCD is comprised of two sections.
The upper section is the target-cleaning chamber.
This chamber collects the sputtered material
from the target. A positive potential of 400 to 500
volts was applied to the chamber, as the center
target remained at ground potential. The vertical
component of the magnetic field and the radial
electric field formed two to three plasma rings in
the chamber. The lower section is the substrate
cleaning section. It is composed of a pair of
magnetic rings kept apart by a stainless steel
cylinder that collects sputter material from the
substrate. The magnetic rings were designed
using FLUX2D finite element analysis. The
magnetic field between the magnetic rings was
about 150 to 200 gauss. During the substrate
cleaning process, the stainless steel cylinder was
maintained at a positive voltage between 350 to
420 volts. A ring of plasma was generated
between the magnetic rings. The motion of the
PCD was driven by a pair of stepping motors.
After the plasma etching process, the PCD can be
stowed without breaking the vacuum. 

Experiment Procedure
Experimental CMS System
The specimen was a gun tube 120 mm bore
diameter and 305 mm long gun tube section
machined to a 5 to 6 micro-inch finish. Prior to
installation, the tube specimen was degreased
with acetone and cleaned with isopropyl alcohol.
It was mounted in the system between two
stainless steel crosses. The system was evacuated
from both ends by two sets of pumps. A 300-

liter/sec. turbo pump backed by a scroll pump
was located on the top. A 250-liter/sec. turbo
pump, a cryogenic pump for trapping of H20, and
a backing scroll pump were situated at the
bottom. The base pressure of the vacuum system
after 24 hours of bake out was 3 x 10-6 Pa. The
bake out temperature for the vacuum chamber
was 250°C and 330°C for the specimen. The
specimen temperature was maintained
throughout the sputtering process. A residual gas
analyzer (RGA) monitored the gas composition in
the process chamber. 

High purity grade 5 argon was the working
gas and was passed through a Millipore gas filter
to remove residual contaminant gases during
operation. Argon gas flowed into the system at 8
sccm from the bottom gas inlet of the process
system for discharge cleaning of target and
substrate. Because the PCD restricted the flow of
argon gas into the system, the working gas
pressure was estimated to be 0.40 to 0.67 Pa.
Only 230 mm of the substrate tube was etched to
avoid damaging the copper seals located just
above and below the 120 mm gun tube. The PCD
traveled at 12.7 mm/min. during substrate
cleaning. About five microns of the substrate
material was etched. For target cleaning, the
PCD moved at 12.7 mm/min. and the actuator
oscillated at 3 mm/sec (7 in./min.) over 76 mm
cycle. Approximately two microns of materials
were removed from the chrome target. In the
target cleaning operation, two to three plasma
rings were ignited in the target cleaning section
of the PCD. The actuator was also cycled at 3
mm/sec. over 76 mm for the deposition process.
The argon gas was flowed at 8 to 9 sccm and
regulated at 0.67Pa (5 mTorr). The power density
was 5 W/cm2 at about 500 to 550 volts.

Both tantalum and chromium targets were
used in the CMS system. The chromium target
was formed by a hot isostatic pressed process of
chrome flakes. The dimensions of the chrome
tube were 60 mm OD, 300 mm length, and 5 mm
thickness. The tantalum target was fabricated
from 1 mm sheet EB welded to form a 305 mm
long and 60 mm OD tube. The purity of both
tantalum and chromium was 99.95%.

Results and Discussion

The deposition profile from the CMS system, as
shown in Figure 5, displays the thickness
variation of tantalum and chromium in the
circumferential and longitudinal directions. The
thickness of the coating was measured from -65
mm (toward the bottom of specimen) to +65 mm
(toward the top of specimen) position. The
thickness variation of both the tantalum and
chromium deposit is within 10 microns along the
length toward the top. The circumferential
thickness variation is, on average, 5 microns for
chromium and 10 microns for tantalum, with
most of the variation occurring at one end at the
bottom of the system for both chromium and
tantalum. The large decrease in the thickness of

chromium deposit from -20 mm to -60 mm
position was the result of the middle of the target
assembly being shifted about 40 mm higher up
the center copper tube.

Figure 6 shows a cross section of the
chromium sputter deposited sample approxi-
mately 127 microns in thickness. Truszkowska et
al. reported the hardness, characterization,
composition of the sputter chromium coating in
their work, and results of pulse laser heating
(PLH) test [4]. The reported hardness is less
than that of electroplated high contractile (HC)
and low contractile (LC) chromium. The explana-
tion was that the sputter chromium has an

Cylindrical Magnetron
Sputtering in a Ferromagnetic
Cylinder
continued from page 29

Figure 4:  Plasma cleaning device (PCD).

Figure 5:  Sputter chromium thickness profile. Zero
mm position corresponds to the mid-length of
specimen tube. Negative positions represent the bottom
portion of the specimen and positive positions the top.

Figure 6:  Metallographic cross section of sputter
deposited chromium.
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extremely low impurity level when compared to
electroplated chromium. The performance of the
sputter deposited chromium coating was gauged
in the PLH test developed by Benét Laboratories.
In the test, 20 pulses of 1.3 joule/mm2 of 1064
nanometers of light energy were delivered to the
coating to simulate the effects of gun firing
environment [5]. The results of the PLH tests
show that the resistance to thermal damage of
the sputter chromium coating is comparable to
that of electrodeposited chromium. 

However, the CMS deposited tantalum
coating did not perform as well as the CMS
chromium in the PLH tests. Thermal shocks from
the laser pulses caused delamination of the
coating at the tantalum-steel interface (Figure 7).
Also, a mixture of BCC and beta tantalum was
consistently coated on the gun steel in the CMS
system (Figure 8). Past works [6] showed that
beta tantalum can be induced by the presence of
oxides and hydroxides on the substrate surface. It
is possible that the plasma etching parameters
used in the substrate cleaning were not optimum
for tantalum sputter deposition. Matson et al.
indicated that the cleanliness of the substrate
was very critical for the adherence of thick
tantalum coating in the triode sputtering system.
More experimental work is in progress to identify
the cause of the coating failure and beta tantalum

formed at the substrate coating interface.

Conclusions

The CMS system with the PCD parked inside the
system has eliminated the need for the long
collector shields that were used in the axial-
current cylindrical system. This system can
deposit uniform coating on bore surfaces of 120
mm A723 steel cylinder. The resistance to
thermal degradation of sputter-deposited
chromium on gun steel is commensurate to that
of electroplated HC chromium as demonstrated
in the PLH tests. 
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Figure 7:  Tantalum coating delaminated after 20
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Take Advantage of the marketing Opportunities at the SVC Vacuum
Coating Show of the Year!
You can’t afford to miss the only Exhibit in the United States devoted solely to Vacuum Coating!

Exhibitors at the 2004 TechCon
A&N Corporation • AC Sp. z  o.o. • Academy Precision Materials • ADE Phase Shift •
Adixen-Alcatel Vacuum Technology • Advanced Energy Industries, Inc. • Advanced Fluid
Systems, USA • Advanced Vacuum Company, Inc. • Ambios Technology, Inc. • Ametek,
Process Instruments • Angstrom Engineering Inc. • Angstrom Sciences, Inc. • Applied Films
Corporation • Applied Process Technologies, Inc. • Applied Technology • Aquila/Millbrook
Instruments, Ltd. • Arcotronics-Aerre Machines • Astron Advanced Materials, Ltd. • ATI Wah
Chang • Bekaert VDS n.v. • BOC Edwards • Celerity Group, Inc. • Center for Tribology, Inc. •
CERAC, Inc. • CeramTec, Ceramaseal Division • CHA Industries • Chemat Technology, Inc. •
CompuVac® Systems, Inc. • Dark Field Technologies, Inc. • Denton Vacuum, LLC • Dexter
Magnetic Technologies, Inc. • Duniway Stockroom Corporation • DynaVac • Eagle
Instrument Services, Inc. • Eddy Company • Electro Chemical Finishing • Elgar Electronics
Corporation • EMD Chemicals, Inc. • Estes Technical Services • Evans Analytical Group •
Ferrotec (USA) Corporation • Fil-Tech, Inc. • Fischer Technology, Inc. • Fraunhofer FEP •
Fraunhofer USA • Fremat GmbH & Co KG • Galileo Vacuum Systems, Inc. • GE Advanced
Ceramics • Gencoa Ltd. • General Vacuum Equipment • GfE Metalle und Materialien
GmbH • Glassman High Voltage, Inc. • H.C. Starck, Inc. • H.E.F. USA • Hauzer Techno
Coating BV • Helix Technology Corporation • Heraeus, Incorporated • Hiden Analytical, Inc.
• High Vacuum Apparatus • Hitachi Metals America, Ltd. • HORIBA/STEC, Inc. •
Huettinger Electronic, Inc. • Huntington Mechanical Laboratories, Inc. • IGC - Polycold
Systems, Inc. • INFICON • Inland Vacuum Industries, Inc. • Insulator Seal, Inc. •
International SEMATECH • InVacuo, Inc. • IonBond® • iplas-innovative plasma systems
GmbH • ITN Energy Systems, Inc. • J.A. Woollam Co., Inc. • JC Controls • Jobin Yvon, Inc. -
Thin Film Division • Kaufman & Robinson, Inc. • KDF • Key High Vacuum Products, Inc. •
KLA-Tencor Corporation • Korea Vac-Tec Co., Ltd. • Kurdex Corporation • Kurt J. Lesker
Company • Leybold Optics USA, Inc. • Lubtec Corporation • Lucas-Signatone • Manitou
Systems, Inc. • Maxtek, Inc. • McAllister Technical Services • MDC Vacuum Products
Corporation • MeiVac, Inc. • Micro Photonics, Inc. • Midwest Tungsten Service, Inc. • Mill
Lane Engineering Co., Inc. • MKS Instruments, Inc. • MOCON • Morgan Advanced
Ceramics – Diamonex Products Division • Mykrolis Corporation • NAGY Meßsysteme
GmbH • NANO-MASTER, Inc. • Niles Machine & Tool Works • Nor-Cal Products, Inc. •
Normandale Community College • Oxford Applied Research Ltd. • Pfeiffer Vacuum • Phelps
Electronics, Inc. • PHPK Technologies, Inc. • Pi Scientific, LLC • Plasma Surface Engineering
Corporation • Plasmaterials, Inc. • Precision Metal Works Ltd. • Precision Plus Vacuum

Parts, Inc. • Process Materials, Inc. • PTB Sales, Inc. • PVT Plasma und Vakuum Technik
GmbH • R.D. Mathis Company • Refining Systems, Inc. • Reldan Metals, Inc. • Restek
Corporation • Rigaku/MSC Vacuum Products • Rocky Brook Associates, Inc. • Rohwedder,
Inc. • SAGE industrial sales, inc. • SainTech Pty. Ltd. • SCI Engineered Materials • Semicore
Equipment, Inc. • Seren IPS Inc • SHI-APD Cryogenics, Inc. • Shincron Co., Ltd. • Sidrabe,
Inc. • Sierra Applied Sciences, Inc. • Sigma Instruments, Inc. • Sigma Technologies
International, Inc. • Sintec Keramik USA • Sistec srl • Soleras Ltd. • Southwest Research
Institute • Sputtering Components, Inc. • Surface Engineering Group, Inc. • SVT Associates,
Inc. • Tangidyne Corporation • Tecport Optics, Inc. • Telemark • Televac, A Division of the
Fredericks Co. • Thermal Conductive Bonding • Thermionics Vacuum Products • Thermo
Vacuum Generators • Thin Film Analysis, Inc. • Thin Film Center, Inc. • Tico Titanium, Inc.
• Toho Technology Corporation • Transfer Engineering and Manufacturing, Inc. • Tuthill
Vacuum & Blower Systems • U-C Components, Inc. • UCM AG • Ulvac Technologies, Inc. •
Umicore Thin Film Products • Univac U.S.A. • US, inc. • Vacutron Technologies Corporation
• Vacuum Engineering & Materials Co., Inc. • Vacuum Instrument Corporation • Vacuum
Logistics • Vacuum Process Technology, Inc. • Vacuum Research Corporation • Vapor
Technologies, Inc. • Varian Inc., Vacuum Technologies • VAT, Inc. • Veeco Fort Collins, Inc. •
Vergason Technology, Inc. • VON ARDENNE Anlagentechnik GmbH • VON ARDENNE
Coating Technology • Wacker Ceramics • William Andrew Publishing/Noyes Publications •
Williams Advanced Materials, Inc. 
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The annual SVC
Technical Conference

and Exhibit is always a
unique and memorable
event.  The flexible
schedule of events allows
exhibitors, their
customers, short course
attendees, and TechCon
registrants to make the
most of their conference
experience.

Conference
organizers have listened
to Exhibitors through the
years and continue to
introduce events and
activities that attract
attendees to the Exhibit
and keep them there.
Last year’s Internet Cafe,

Beer Blast, Networking Dinner Reception, and Exhibitor Lunch (all located
in the Exhibit Hall) were instrumental in bringing even more visitors to the
Exhibit Hall.  In addition to the Exhibit, there are numerous opportunities to

promote your products and services at the TechCon.  As an exhibitor, your
company is included in the TechCon Exhibit guide and on the SVC Web Site
with a logo and link to your company’s Site.   And these benefits continue
long after the TechCon.  All queries at the SVC Administrative offices are
directed to the Virtual Exhibit (archived) section of the Web Site until the
2006 Exhibitors are uploaded in January and the cycle begins again.  You can
view the archives from the Dallas TechCon at
http://www.svc.org/EE/EE04/EE_ExhibitorProfiles.html.

Your company can also participate in the Innovators Showcase—a 10-
minute presentation about new products, new equipment, or a new process.
This approach is particularly effective when the presentation dovetails with
your company’s participation in the SVC Exhibit.  You can also sponsor a
refreshment break, the Beer Blast, or the Internet Cafe inside the Exhibit
Hall.  All sponsors will be widely recognized in all SVC publications, including
the Final Program, News Bulletin, Web Site, and on signage at the TechCon.

For more information or to reserve your booth, visit the SVC Web Site at
www.svc.org or call 505/856-7188.  

2005 SVC Exhibit
Adam's Mark Denver Hotel

Denver, Colorado
April 25, 12 noon–7:00 p.m.

April 26, 10:00 a.m.–5:00 p.m.



SVC—Your Best Resource for Education on Vacuum
Coating Technologies
A strong commitment to education is part of SVC’s Charter. Whether you take advantage of the more than two
dozen courses offered at the annual TechCon, or you decide to bring courses to your location, 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 the Technical Conference
SVC offers a comprehensive series of one-, two-, and three-day courses that emphasize operator training and
technical staff education. Although the instructors cover theories behind the aspects taught, they also provide
pertinent information for real-world applications. Courses are scheduled to complement the technical conference
sessions and Exhibit. Discounted fees are available for students.

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.

SVC Preliminary Course Roster
33 courses will be offered at the TechCon 2005—including three new courses!  Watch the Preliminary
Program for updates and changes.
C-101: Nathaniel Sugerman Memorial Short Course—Primer on Thin Films and Vacuum Technology
C-102: Introduction to Evaporation and Sputtering
C-103: Introduction to Physical Vapor Deposition (PVD) Processes
C-104: An Introduction to Optical Coatings
C-203: Sputter Deposition
C-204: Basics of Vacuum Web Coating 
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-211: Sputter Deposition onto Flexible Substrates
C-212: Troubleshooting for Thin Film Deposition Processes
C-213: Introduction to Smart Materials
C-214: Pulsed Plasma Processing    NEW!
C-301: Optical Coating Design & Monitoring
C-302: Preparation & Properties of Optical Thin Film Materials
C-303: Design and Manufacture of Optical Coatings Using Computer Methods
C-304: ITO and Other Transparent Conductive Coatings: Fundamentals, Deposition, Properties, and

Applications
C-306: Non-Conventional Plasma Sources and Methods in Processing Technology
C-307: Cathodic Arc Plasma Deposition 
C-308: Tribological Coatings
C-311: Thin Film Growth and Microstructure Evolution
C-312: Process Control for Applications in Large Area Sputtering
C-313: Practical Aspects of Permeation Measurement from Polymer Films to Ultra-high Barriers   NEW!
C-314: Plasma Web Treatment  NEW!
V-201: High Vacuum System Operation
V-202: Vacuum System Gas Analysis
V-203: Vacuum Materials and Large System Performance
V-206: Practical Helium Leak Detection Workshop
V-207: Practical Aspects of Vacuum Technology: Operation and Maintenance of Production Vacuum Systems
V-301: Care & Feeding of Mechanical Pumping Systems
V-304: Cryogenic High Vacuum Pumps
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.

Attend Courses at
the TechCon
and learn from the
experts

Or … 

Bring Experts to
Your Facility
and educate your team
at a reasonable cost

For an up-to-date list of course
descriptions and instructor biogra-
phical 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.
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Advanced Energy Industries, Inc. (Nasdaq:
AEIS) announced that it has increased customer
support operations in both its Taipei, Taiwan, and
Shanghai, China facilities, enhancing service for
its growing customer base in Greater China.
These facilities have made specialized infrastruc-
ture and personnel investments, growing
Advanced Energy’s (AE) customer service in the
region.  Both Taiwan and Mainland China are
critical to the future of the global semiconductor
and flat panel display industries.  Advanced
Energy’s Mainland China and Taiwan facilities
offer a comprehensive range of support services,
including quality repair work.  All repairs
conform to the company’s stringent, global
standards and are performed exclusively with
factory-specified parts-unlike other, third party
repair facilities in the region.  For further
information, contact Marna Shillman at
marna.shillman@aei.com.

Applied Films will be presenting a broad range
of Vacuum Web-Coating systems at this years K
show (October 20-27, Duesseldorf, Germany) at
their booth 04 / E05 for the packaging and
electronics industries.  In addition a new coating
system will be introduced which is specifically
designed for the production of foils for flexible
displays (LCD, OLED, TFT), integrated circuits,
touch screens and solar cells. Contact Michael
Treutel at mtreutel@eu.appliedfilms.com for
more details.

CeramTec North America is pleased to
announce that it has retained Power Connection
Incorporated of Morgan Hill California, as its
exclusive sales representative for Ceramaseal®

products in Northern California, Oregon,
Washington, and Nevada.  Val Robinson will be
the primary sales and technical support contact
for all Ceramaseal® product customers in this
region.  During his 23-year career at Rowe

Industries, a manufacturer of an array of high
voltage connectors, Mr. Robinson held various
management positions in Design, Engineering,
Sales, and Marketing.  He has authored a
technical paper entitled “Corona – Simple
Techniques Used to Eliminate it in High Voltage
Connectors and Cable Assemblies” and holds a
patent for a safe high voltage feedthrough discon-
nect for a mass spectrometer ionization chamber.
In 1991, Val founded Power Connection, Inc. and
has been growing sales and beating sales targets
for all of the companies he represents ever since.
Power Connection currently represents the
following manufacturers: EMC, Applied Kilovolts,
Connectronics, Wiremax and AirBorn Connectors
just to name a few. 

CPFilms, Inc., a manufacturer of precision-
coated films for industrial, commercial and solar
control applications, announces that it will be
installing new state-of-the-art metallizing produc-
tion equipment at its manufacturing facility in
Martinsville, Virginia.  According to Keith Dalton,
vice president of Coating & Laminating and
Vacuum Coating, “Acquiring this new metallizing
line will help us continue to grow and enhance
our solar control window films business, as well
as take advantage of emerging new business
opportunities in the precision coating segment.”
The metallizing line will feature digital optical
monitoring capabilities to control the consistency
of the metal deposition on the film.  Plasma
treatment capabilities will also be incorporated
to meet the increasing market requirements for
enhanced adhesion of metal depositions to film
substrates. Dalton notes that the company’s
metallizing capabilities can also be combined
with its coating and laminating technologies to
produce unique “hybrid” specialty film products,
such as glassless mirrors used in large-screen
rear projection televisions.  CPFilms is a division

Corporate Sponsor NewsCorporate Sponsor
Profile

General Vacuum
Equipment, Ltd.

GENERAL Vacuum Equipment Ltd. is
the foremost supplier of vacuum web
coating equipment in the world.  It is
part of the Bobst Group of companies
(Flexible Materials), which also includes
Atlas and Titan manufacturing slitting
and sheeting machines, and Rotomec
and Schiavi manufacturing gravure and
flexo print presses and laminating
machines.  Machine manufacturing,
design, and development are located in
Heywood, just north of Manchester,
England.  Sales, technical service, and
support for North America are handled
out of Charlotte, NC.  Sales and
technical service and support for the Far
East are handled out of the Hong Kong
and Shanghai offices.  General
Vacuum's range of experience and
expertise covers the design, manufac-
ture, and installation of vacuum web
coating machines utilizing many
different physical vapor deposition
technologies, including thermal evapora-
tion, sputtering, electron beam evapora-
tion, etc.  General Vacuum is experi-
enced in producing custom-built
machines designed to the customer's
exact and often proprietary require-
ments.  Multizone and multiprocess
machines to build up multiple layers on
a single substrate are a specialty.
Sputtering machines can be supplied
with planar magnetrons or rotatable
magnetrons for DC or reactive AC
sputtering processes.  Recent develop-
ments include the introduction of a
robust and efficient plasma treatment
system for high- and low-speed web
coaters, the development of the QLF
PECVD process for transparent barrier
coatings, and the development of
machines including pattern metallizing
for capacitors and other applications.

For further details contact GENERAL
Vacuum Equipment, Ltd. at
andy.jack@bobstgroup.com.
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2. J.L. Vossen and W. Kern, Thin Film
Processes, p. 106, Academic Press, New
York, 1978.

3. M.A. Cipollo, M.J. Audino, P. Vottis, and D.
Glocker, “In situ Plasma Cleaning Device
(PCD) for Cylindrical Surfaces,” Patent
Pending.

4. K. Truszkowska, M. Wotzak, F. Yee, G.
Vigilante, and M. Cipollo, “Cylindrical
Magnetron Sputter Deposition of Chromium
Coatings for Erosion and Wear Resistant

Application,” 47th Annual Technical
Conference Proceedings of the Society of
Vacuum Coaters, Dallas, TX, 2004.

5. P.J. Cote, G. Kendall, and M.E. Todaro,
“Laser Pulse Heating of Gun Bore Coatings,”
Technical Report ARCCB-TR-01023, Benet
Laboratories, Watervliet, NY, November 2001.

6. D.W. Matson, M.D. Mertz, and E.D.
McClanahan, “High rate sputter deposition
of wear resistant tantalum coatings,” J. Vac.
Sci. Technol., A 10(4), 1791, 1992.  

Cylindrical Magnetron Sputtering in a Ferromagnetic Cylinder
continued from page 31



Corporate Sponsors
3M Company

Academy Precision Materials
Advanced Energy Industries, Inc.

Applied Films Corporation*
Astron Advanced Materials, Ltd.

Automated Vacuum Systems, Inc.
Bekaert Advanced Coatings
Bekaert Specialty Films, LLC

BOC Edwards*
CeramTec, Ceramaseal Division

Comdel, Inc.
CompuVac® Systems, Inc.

CPFilms, Inc.*
Darly Custom Technology, Inc.

Denton Vacuum, LLC*
Dexter Magnetic Technologies, Inc.

DynaVac
Eddy Company

Engelhard Corporation
Ferrotec (USA) Corporation

Flex Products, Inc.*
Galileo Vacuum Systems, Inc.*

GENERAL Vacuum Equipment Ltd.*
Goodfellow Corporation

Hanwha L&C Corporation
Hauzer Techno Coating BV

Helix Technology Corporation*
Heraeus Incorporated

Huettinger Electronic, Inc.
IGC-Polycold Systems Inc.*

IonBond Inc.
ITN Energy Systems, Inc.

Jeol Ltd.
Kurt J. Lesker Company

Leybold Optics USA, Inc.
Materials Science International, Inc.
MDC Vacuum Products Corporation

MeiVac, Inc.
Micro Photonics, Inc.

Mill Lane Engineering Company, Inc.
Mitsubishi Plastics, Inc.
MKS Instruments, Inc.*
Nor-Cal Products, Inc.

Optical Coating Laboratory, Inc.
Pfeiffer Vacuum, Inc.*

Plasma Surface Engineering Corporation
Process Materials, Inc.

Providence Metallizing Company, Inc.*
PTB Sales, Inc.

PVT, Plasma and Vacuum Technologies LLC
R.D. Mathis Company

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 

Vergason Technology, Inc.
VON ARDENNE Anlagentechnik GmbH

Wacker Ceramics
Williams Advanced Materials, Inc.

Yeagle Technology, Inc.

* Charter Corporate Sponsor
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of Solutia, Inc.  For more information, send your
request to cpfilms@cpfilms.com,  or visit
www.cpfilms.com.

Nor-Cal Products, Inc. unveils a 3D model
library.  Most of the 4000 standard products are
available including Intellisys™ Pressure Control,
isolation valves and manipulators. Over 85 native
file formats are represented, including popular
PRT, SAT, STP, IPT, IGS and DWG.  These models
are available as free downloads. Visit our website
www.n-c.com for more information.

A new, technologically advanced, ultra-thin,
puncture-resistant, metallized barrier OPP film
designed to replace foil in packet and stand-up
pouch applications has been developed by Toray
Plastics (America), Inc. (North Kingstown, RI).
The new 45-gauge MOPP film provides
exceptional moisture and oxygen barrier
durability, superior flex-resistance in packaging
handling, and improved economics over
traditional foil. The non-metal surface of the film
uses Toray Plastics (America) Inc.’s proprietary,
ultra high surface energy treatment (UHSE) and
is specially designed for improved lamination
bonds.  For more information, contact Chris
Voght, at chris.voght@toraytpa.com

An investment group, led by the management of
VON ARDENNE Coating Technology, located in
Fairfield, California has recently purchased the
company from VON ARDENNE Anlagentechnik
GmbH, Germany.  VON ARDENNE Coating

Technology, Inc., operating under the new name
VACUUM COATING Technologies, Inc. (VACT),
will continue to operate as the leading manufac-
turer and supplier of glass coating equipment
from the same Fairfield location.  VACT will
continue to be both the primary source of coating
equipment and technology products for the
largest installed base in the glass coating
industry, and maintain existing development
programs leading to new products and capabili-
ties. We retain all rights to our current technolo-
gies, including our proprietary C-MAG®

cylindrical magnetron, VA C-MAG™ endblock
design and mid frequency AC reactive sputtering
technology. 

Vergason Technology, Inc. (VTI®) is pleased to
announce several recent appointments and
additions to the Senior Management Team.  Rick
Noterfonzo has been recently promoted to the
position of Director of Finance.  He joined VTI®

in 2000 as the Corporate Controller.  He brings
over 30 years of experience in Accounting &
Finance and is responsible for all financial and
human resource matters.  Dan Patton joined
VTI® in 2004 as the Director of Operations.  He is
responsible for the direction of all VTI® systems
and hard coating services operations.  Bruce
Deiseroth joined VTI® in 2004 as the Director of
Sales & Marketing.  He is responsible for all
aspects of the VTI® sales & marketing organiza-
tion.  For further information, contact  Bruce
Deiseroth at bdeiseroth@vergason.com  

The SVC Foundation Scholarship Program
Investing in the Future of Vacuum Coating
A long-term goal of the SVC has always been to support charitable, educational, and scientific activi-
ties. To help realize this goal, the SVC Foundation was established in July 2002. As a first initiative,
the Foundation established a scholarship program. Scholarships assist students entering or already
engaged in an undergraduate or graduate course of study important to vacuum coating technology.
The deadline for scholarship applications is January 31, 2005 for the 2005 academic year.  Visit
the SVC Web Site at http://www.svc.org/SF/SVCFoundationSchol.html for details and applications.

Pledge Benefits
The Foundation needs your financial support to endow the scholarship fund and other activities, as it
relies on contributions from individuals and businesses to continue. Pledges and contributions are
welcome in any amount, and the Foundation awards special recognition for pledges of $5,000, $10,000
and $20,000 as follows:

• $20,000 - Endowment Club - You may have a scholarship named in your honor, in honor of a
company, or in memoriam.  Endowment Club members are honored guests at the awards
ceremony and given the opportunity to present the award.  You will also be acknowledged on
the SVC Web Site. 

• $10,000 - President’s Club - President’s Circle members are encouraged to attend the awards
ceremony where you will be recognized.  You will also be acknowledged on the SVC Web Site.

• $5,000 - Highest Honors - You will be acknowledged on the SVC Web Site with Highest Honors
as a major contributor to the future of vacuum coating technology.

On behalf of the Foundation, SVC would like to thank those individuals and businesses that have
donated money to the Foundation, and would like to encourage those who have not, to pledge in
support of the SVC Foundation. Donations should be mailed to: Society of Vacuum Coaters
Foundation, Inc., 71 Pinon Hill Place NE, Albuquerque, NM 87122-1914, USA.  All inquiries
concerning the SVC Foundation should be sent by E-mail to svcfoundation@svc.org.



SVC Members! Take the time to vote in the Election of SVC Directors.  You
should have received your ballot envelope in early October.  The Nominations
Committee has presented an excellent group of candidates representing the
broad interests of the society, who are interested and willing to serve the
society.

The Society of Vacuum Coaters International Relations Committee is pleased
to announce that SVC will cosponsoring the 8th International Symposium
on Sputtering and Plasma Processes (ISSP 2005) which will be held in
Kanazawa, Japan on June 8–10, 2005.  For details visit http://issp2005.org or
contact Eiji Kusano at E-mail at issp@wwwr.kanazawa-it.ac.jp.  The abstract
deadline is December 17, 2004.

AVS 51st International Symposium & Exhibition will be held at the
Anaheim Convention Center, Anaheim, CA on November 14–19, 2004.  Taking
place during the 100th birthday of electronics, the Symposium will feature
over 1,400 papers and posters.  Here is a sampling of some of the many
intriguing talks that will be presented at the symposium.

• Smart Lights, presented by Fred Schubert of Rensselaer Polytechnic
Institute

• Solving Stickiness in Heart Implants, presented by Thomas Horbett of the
University of Washington in Seattle

• 100th Anniversary of Electronics, with Fred Dylla of Jefferson Lab in
Virginia, Paul Redhead of the National Research Council in Canada,
Bruno Ferrario of SAES Getters in Lianate, Italy, and Gary McGuire of the
International Technology Center in North Carolina

• Chemical “Defect Engineering”, presented by Edmund Seebauer of the
University of Illinois

• Novel Quasicrystal Friction Properties, with research by  J.Y. Park and his

colleagues at Lawrence Berkeley Laboratory and Ames Laboratory

• Modulating the Cellular Environment, presented by Albert Folch of the
University of Washington and graduate student Anna Tourovskaia

• Iron Dots for Reliable Data Storage, presented by Maria Torija, E.W.
Plummer and J. Shen, an Oak Ridge-University of Tennessee team

• Enzymes on Switchable Surfaces, presented by Rein Ulijn from the
University of Manchester

Session topics include the following:  Advanced Surface Engineering; Applied
Surface Science; Biomaterial Interfaces; Electronic Materials and Devices;
High-K Dielectrics; Magnetic Interfaces and Nanostructures; MEMS and
NEMS; Manufacturing Science and Technology; Nanometer Scale Science and
Technology; Organic Films and Devices; Plasma Science and Technology;
Semiconductors; Science; Technology for Sustainability; Thin Films; Vacuum
Technology.  For details visit the new AVS Web site at www.avs.org

The Association of Vacuum Equipment Manufacturers International
(AVEM International) announces that it will hold a Web cast Seminar on the
International Statistics on Vacuum Technology Program for vacuum
equipment manufacturers at 8:00 a.m. PT on Monday, November 15.  The
number of web-based participants will be limited to 125.  The live presenta-
tion will be held in the Anaheim Marriott and will be limited to 50 partici-
pants.  Contact AVEM International at aveminfo@avem.org if you are
interested in details about this program.  All vacuum equipment manufac-
turers are invited to register – your company does not need to be a current
member of AVEM, EVTA, or JVIA.  

Glass Processing Days 2005 will be held in Tampere, Finland on June
17–20, 2005.  For details visit www.gpd.fi.  
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Semiconductor Applications are Largest Segment 

The Working Group of the International Statistics on Vacuum Technology
(ISVT) has announced global vacuum components and equipment sub-
systems sales totalled $2.6 billion in 2003. The Working Group represents
members of the Association of Vacuum Equipment Manufacturers
International (AVEM), European Vacuum Technology Association (EVTA)
and Japan Vacuum Industry Association (JVIA) in cooperation with
Semiconductor Equipment and Materials International (SEMI).

The largest vacuum component market segment is semiconductor process
vacuum with 38 percent, followed by industrial vacuum at 12 percent,
process vacuum at 12 percent, instrumentation manufacturers at 11 percent
and thin-film deposition (non-semiconductor) vacuum at 10 percent. The
vacuum components market includes pumps and pumping packages, instru-
mentation, hardware including valves and couplings and after-sales
including spare parts and service.

The statistics are based on a quarterly member data collection program, in
which suppliers report actual sales of components by segment and region.
Membership in one of the vacuum associations (AVEM, EVTA or JVIA) is a
prerequisite for participation, and reporting companies represent approxi-
mately 80 percent of the global supply basis for vacuum components and
equipment sub-systems.

For more information about the organizations listed above, please visit their
Web sites:  AVEM at www.avem.org; EVTA at www.vdma.org, JVIA at
www.jvia.gr.jp and SEMI at www.semi.org.

Contact the Association of Vacuum Equipment Manufacturers International
at aveminfo@avem.org if your company is interested in becoming a member
of AVEM International, and participating in this program.

* Note: Reporting companies represent approximately 80 percent of the
global market.

2003 Global Vacuum Components and Equipment Sub-systems*

Segment US$ Billions Percentage (%)
Semiconductor Process Vacuum 0.99 38
Industrial Vacuum 0.31 12
Process Vacuum 0.31 12
Instrumentation 0.29 11
Thin-film Deposition (non-semiconductor) Vacuum 0.26 10
Others 0.44 17

Total $2.6 billion 100%

Vacuum Components and Equipment Sub-systems Markets Total $2.6 Billion in 2003



What’s Ahead
for the Vacuum

Coating Industry?

What’s Ahead
for the Vacuum

Coating Industry?

Stay Updated
P

ho
to

s 
o

f 
D

en
ve

r 
co

ur
te

sy
 o

f 
th

e 
D

en
ve

r 
M

et
ro

 C
o

nv
en

tio
n 

&
 V

is
ito

rs
 B

ur
ea

u

48th Annual SVC Technical Conference
and Smart Materials Symposium

48th Annual SVC Technical Conference
and Smart Materials Symposium

Society of Vacuum Coaters  505/856-7188  Fax 505/856-6716  E-mail svcinfo@svc.org

Join us in the “Mile High City” for six days of
education, innovation, and information on
vacuum coating!
Exciting developments and innovative ideas will be presented in the Technical Sessions

(April 25–28), including the second annual Smart Materials Symposium, co-sponsored by
Elsevier, as well as two Hot Topic Joint Sessions, a special HIPIMS Session, Heuréka! Post-

Deadline Recent Development Session, and much more. Other highlights include the Donald M. Mattox
Tutorial Program, “Meet the Experts” Corner, Technology Forum Breakfasts, the Internet Cafe and Beer Blast

in the Exhibit Hall, and various other hospitality events – all included in the registration fee.

The two-day Exhibit & Innovators Showcase (April 25–26) is a one-of-a-kind forum
dedicated to showcasing technological advances in the vacuum coating industry.

Take advantage of the SVC Short Course Education Program (April 23–28) during the TechCon. You
don’t need to register for the TechCon or be an SVC member to choose from more than 30 high-quality,

practical courses taught by industry experts.

www.svc.org
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April 23–28, 2005
Adam’s Mark Denver Hotel

Denver, Colorado

April 23–28, 2005
Adam’s Mark Denver Hotel

Denver, Colorado

For more information, go to

to find out more about this one-of-a-kind event.
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Join us in the “Mile High City” for the 2005 TechCon!
April 23rd through 28th, 2005, at the Adam’s Mark Hotel, Denver, Colorado

Find out what’s ahead for the vacuum coating industry at the 2005 SVC TechCon.  This
one-of-a-kind event features a four-day technical program, daily educational program, and
two-day exhibit and innovators showcase in a relaxed, professional environment. For
program updates and additional information, visit our Web Site at www.svc.org.

Join us in
Denver,
Colorado, in
2005!
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