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est to the vacuum coating community. In addition to celebrating our 50th

Anniversary, the technical sessions had lectures to honor Don Mattox, 
who recently retired as our Technical Director after 17 years. 

Minoru M. Freund, NASA Ames Center for Advanced Aerospace
Materials and Devices, presented the Plenary Lecture, “Emerging and
Disruptive Technologies for Space Exploration.” The objective of the lec-
ture was to describe the vision of Ames for the use of nanotechnology to
build miniature spacecraft that will be significantly less expensive and
have 80% of the capabilities of large expensive satellites. Materials and 
physical properties of materials at the nanoscale can be very different 
than those at the macroscale. In this realm, concentrations of nanoparti-
cles can be 30% greater than in bulk materials and solid state processes 
are controlled by quantum mechanics. Dr. Freund envisions a herd of 
small satellites fitted with nanoscale thrusters and detectors that can
replace the extremely expensive large satellites. To decrease weight and
size, nanoreinforced ultra-high temperature composites, multifunctional
materials, and nanostructures such as nanotubes are used to provide
small-scale circuitry and thermal transport. By utilizing nanotechnology,
spacecraft can have ultra-high sensitivity magnetometers, CNT strain
sensors, temperature sensors, pressure sensors, microphones, CCD cam-
eras, and IR cameras. All this technology is integrated into miniature
space probes. An example is shown in Figure 1. Large numbers of these
miniature space probes can be sent into orbit at a fraction of the cost of 
present spacecraft and have most of the capabilities of large craft. These
mini-satellites will cost 20 – 200 times less than conventional probes 
with 80% of the functionality.

                               Figure 1. Picture of “mini-satellite”

Don Mattox gave the 50th Anniversary Presentation, “The SVC and 50
Years of Advances in Vacuum Coating Technology”, on Monday morning.
Don is a nationally recognized expert in the history of vacuum coating
technology. He led us through an historical tour of vacuum coating
technology from before the 1960’s to the present, beginning with resis-
tive evaporation and diode sputtering in glass bell jars. More science was
introduced into deposition processes and new processes were developed
in the 1960’s, which led to much of our modern deposition technology.
These included plasma treatment of polymers, post cathode magnetron
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sputtering, and bombardment by high mass energetic particles using
the ion plating process. The interaction of energetic particles with the 
growing film was beginning to be better understood and knowledge of 
this interaction led to improved control of film growth and microstruc-
ture. In-line processes were also introduced in this time period. In the 
1970’s development focused on planar magnetron sputtering, including
unbalanced and linked magnetron sputtering. A number of the deposi-
tion technologies were born, including bent-beam e-beam evaporation, 
reactive deposition for tool coatings, plasma enhanced CVD and ion 
beam sputtering. It then became possible to control coating micro-
structure using Thornton’s structure-zone model. Arc vapor deposition, 
rotatable magnetrons, mid-frequency sputtering, pulse power and dual 
cathode sputtering processes were intensely developed in the 1980’s. 
Many coaters focused on large area coating development and decorative
coatings in the 1990’s. Calculations of the energy of ions and atoms
reflected from the sputtering target, were used to guide deposition pro-
cesses and film stress in relation to sputtering gas pressure and coating
thickness. In modern times high power impulse magnetron sputtering
has become an important deposition technology. Laser ablation deposi-
tion has also become a viable deposition process. Through the years, 
these advances in deposition technology and applications have helped
SVC succeed in becoming the premier forum for information exchange
in vacuum coating technology. Much has yet to be done, however. Thin
film characterization techniques must keep pace with deposition tech-
nology. In addition, challenges in multilayer, multiphase, nano-materials
and new applications, particularly in energy applications, must be met 
by improving deposition processes and characterization methods.

Our Keynote Speaker Joe Greene, University of Illinois highlighted
the advances in intelligent synthesis of thin film materials in his
lecture entitled, “Design of Self-organized Nanostructures in Hard
Ceramic Films: Enhanced Properties and the Role of Interfacial Atomic 
Structure.” He focused on transition metal nitrides, which have a variety 
of applications, including tribological coatings and diffusion barriers.
Design rules based on KMC modeling, analytical theory and detailed
microstructural characterization have been developed to control nano-

Minoru M. Freund presenting the Plenary Lecture, “Emerging and Disruptive Technologies for 
Space Exploration.”
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continued on page 10

structure that greatly enhance physical properties. Internal interfaces 
determine the properties of nanocomposites and nanolaminates. The 
example of Ti-Si-N nanocomposites was discussed. This material can 
have extremely high hardness ~ 60 – 90 GPa. This is a typical nanocom-
posite with TiN crystallites in a Si-N amorphous matrix. The interface 
between the matrix and nanocrystallite can be crystalline and result in 
strong interfacial bonding. Results such as this can guide the develop-
ment of ultrahard materials and unique nanostructured materials. 
This analysis and natural patterning processes found in nature can 
be extended to synthesize self-organized nanostructures with unique 
properties

Both Donald M. Mattox Tutorial Lectures addressed an historical 
perspective of vacuum coating technology. Dennis Quinto, Oerlikon 
Balzers USA, Inc. presented the first Tutorial on the subject, “25 Years of 
PVD at the Cutting Edge.” The talk described the technical challenges 
of designing, depositing and characterizing hard coatings for cutting 
tools and a comparison of PVD and CVD technologies. High performance 
single layer hard coatings such as TiN, TiC and Al2O3 were first depos-
ited by CVD processes, but PVD processes have closed the gap and have 
the advantage of depositing multilayer combinations of these materials. 
Nanocomposites and multilayer hard coatings have now surpassed the 
performance of CVD hard coatings in many applications. The most 
important coatings for cutting tools are TiN, TiCN, TiAlN, AlTiN, and 
AlCrN. The Tutorial described and compared several important perfor-
mance aspects of these materials deposited by PVD and CVD processes 
for cutting tools, including residual stress, hardness, wear resistance, 
oxidation resistance, chip formation, and sharp edge coverage. The 
best performance to date has been achieved by PVD AlCrN coatings. In 
general, multilayer TiAlN-WC/C and AlCrN/TiSiN coatings show promise 
for dry machining applications with their low coefficient of friction and 
nanocomposite coatings. The bottom line is that the coating must match 
the cutting tool application and that no one coating can meet all perfor-
mance criteria. PVD coatings are now overtaking CVD coatings in many 

machining applications because of their wide range of coating designs, 
microstructures and compositional combinations possible.

The second Donald M. Mattox Tutorial Lecture was presented by 
Richard Bosmans, Essilor International, France, on the subject “From 
Glass Spectacles to Modern Eyewear: the Essential Contribution of 

Multifunctional Lens Coatings.” Dr. Bosmans gave an historical perspec-
tive of the evolution of the modern eyeglass lenses and coatings. He 
described the design and processes in the different manufacturing steps 
and technological and cosmetic performance, and underlined the devel-
opments during the past 10 to 15 years. The first leap in materials was 
the use of plastic or polymer lenses. To these lenses and conventional 
glass lenses was added multifunctional coatings to furnish additional 
wear resistance, antireflection performance, tinting and mirror func-
tions. Thin films and vacuum coating processes now play a major role 
in the manufacture of ophthalmic products. While the market for 
ophthalmic lenses is large, costs must be kept low and the product must 
be continually improved to remain competitive. Optical and cosmetic 
performance is still the most challenging, but the wear and environ-
mental durability must continually be improved. New processes are used 
to improve adhesion and lifetimes of the coatings on the lenses.

An underlying theme of many Technical Sessions was the use of some 
form of nanostructured or nanolayered coatings and low dimensional 
structures to achieve improved performance. Applications included tri-

- I appreciate all the knowledge, I feel I've obtained 

through the many courses I attended. This information has 

helped me with all my career objectives. I will continue to 

endorse the SVC short courses and conferences 

as a great resource for personal enrichment.
Patrice Cantin, Metrologic Instruments Inc.-
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continued from page 9

bological coatings, ultralight nanolaminate mirrors, photocatalytic thin 
films and nanotubes, smart materials, solar energy and energy efficiency.

The three Hot Topic Sessions addressed 
• Power generation and Energy Conversion 
• High Power Impulse Magnetron Sputtering (HIPIMS)
• Biomedical and Pharmaceutical Applications of Vacuum Processes 

and Coatings 
Photovoltaics and organic photovoltaics lead the way in low cost 

power generation and energy conversion, and DOE’s Solar America 
Initiative, described by Jeffrey Mazer, U. S Department of Energy, is an 
industry-led, cost sharing program between government and industry to 
rapidly advance solar energy: “The Solar America Initiative (SAI) is part 
of the President's Advanced Energy Initiative and its goal is to make 
solar energy cost-competitive with conventional forms of electricity by 
2015. Adding solar energy to our nation's energy mix will increase our 
energy security by
• providing the United States with decentralized sources of clean   

power for the electric grid 
• improving our environment by avoiding 191,000 tons/year of CO2
• boosting our economy by promoting a U.S.-based solar industry

The U.S. Department of Energy (DOE) is leading the SAI effort to 
accelerate the development of cost-effective solar energy technologies 
that produce electricity and heat water. DOE will conduct cost-shared 
research with industry-led teams and form strategic partnerships with 
universities, federal and state governments, and other non-governmental 
agencies. DOE will also support early-stage companies as they take 
promising prototype photovoltaic cells from the laboratory to the mar-
ketplace, leveraging DOE funding and technical assistance from national 
laboratories. DOE will also address non-technological barriers to wide-
spread deployment of solar technologies such as building codes, stan-
dards, certification, and technical training. DOE will establish Energy 
Star labeling for solar hot water heaters to ensure product performance. 
Finally, DOE will facilitate cost reductions in utility-scale concentrating 
solar power systems by addressing three factors: further technology 
development, volume production, and scale-up in plant or project size.

Two other energy related papers presented by Andy Skumanich 
(Applied Materials) and Kent Coulter (SRI) represented current tech-
nology thrusts. 

There is a significant amount of space on buildings and structures 
that could be put to use generating energy, as surfaces for photovoltaics 
in particular. The Building Integrated Photovoltaics (BIPV) concept 

involves embedding solar cells in windows and integrating them into the 
exterior and interior surfaces of buildings. This technology, used widely 
in Europe, would make the entire building a source of energy. The elec-
tricity generated by the solar building would be directed through power 
conversion equipment and into the buildings electrical distribution 
system. A typical efficiency of the BIPV window is around 4.15% and it is 
estimated that these windows could offer significant energy cost savings 
over low-e glass alone over ten, twenty, and thirty year time periods. The 
point was made that BIPV should not be considered a primary source 
of energy, but as one method to reduce the overall energy usage of a 
building. Read the SVC Technical Conference Proceedings for specific 
results!

Kent Coulter described how hydrogen is being developed as the 
next generation fuel. In fact, hydrogen internal combustion engines 
are now being developed and tested by a few major automobile manu-
facturers. Many fuel cells use hydrogen to generate electricity. Kent 
Coulter’s presentation described a vacuum deposition method to make 
self-supporting palladium alloy membranes for hydrogen separation. 
One of main problems with hydrogen is the high cost of production and 
separation from gas mixtures. The primary method to separate hydrogen 
is through a palladium membrane, although polymer membranes can 
be used at low temperatures. Although palladium is itself expensive, 
metal membranes have distinct advantages over other types in manu-
facturability, higher operating temperatures and selectivity. Palladium 
is highly catalytic in breaking hydrogen molecules into hydrogen ions. 
Coulter described a method to deposit palladium-copper alloys by 
magnetron sputtering onto a suitable flexible substrate in a vacuum roll 
coater. The 5 µm- 13 µm thick pin hole free foils are released from the 
substrate to form a free standing membrane and annealed to achieve 
the beta or mixed alpha-beta phases. The hydrogen permeation of the 
free standing foil is ~3.8 X 10-5 cm3 (STP).cm/cm2.s.cm Hg, very close to 
that of rolled palladium-copper foil. This process has thus been shown 
to be feasible to produce large area, low cost pore-free membrane for 
hydrogen separation. 

The Vacuum Web coating sessions reflected the diversity and high 
level of performance now present in this technology. Vacuum web 
coating processes can now deposit a wide range of materials and struc-
tures, including superlattices, nanolaminate coatings, thermoelectric 
and solar cell structures, ultrabarrier coatings, transparent conductive 
coatings, polymer thin film for medical applications, thin film catalysts 
for fuel cells, fuel cell structures, and sophisticated optical designs. 
A major advantage of this technology is the capability for large area 
coverage at high speeds and low cost. This is particularly apparent in 

Full house in the Technical Sessions
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deposition of amorphous silicon solar cells as described by Tim Gessert 
of NREL. Very large areas, up to 100 square miles, are needed to meet 
the power requirements for energy independence. It is predicted that by 
2026 all energy requirements could be met by photovoltaics. The bottom 
line is that PV represents a significant future market for thin film deposi-
tion and web coating technology. Many papers highlighted the use of web 
coating technology to generate nanostructured thin film materials for 
ultra-lightweight optical components, packaging, thin film fuel cells (thin 
film solid oxide), thin film batteries, biomedical device and optoelec-
tronics. The second session had a number of diverse papers. One does 
not usually associate fuel cells with web coating technology, however, 
Mark Debe, 3M Company gave an invited paper on “Nano-structured Thin 
Film Catalysts for PEM Fuel Cells by Vacuum Web Coating.” The paper 
described a radically different thin film based electrocatalyst for PEM 
fuel cells based on high surface area platinum dispersed onto a unique 
polymer support. Standard PEM fuel cells use carbon paper loaded 
with a nanoparticle platinum catalyst. These standard catalysts do not 
have a long enough lifetime. The thin film catalyst is supported on a 
nanostructured film consisting of a single layer of a dense distribution of 
highly oriented crystalline whiskers of an organic pigment material. This 
structure is fabricated by a dry web coating process. This structure is 
20 - 30 times thinner and contains no carbon particles like conventional 
supports. The PEM fuel cell must effectively remove water that is formed 
during the electrochemical reaction. This new membrane is also very 
effective in water management. Vacuum web coating will be the key to 
low cost high volume production of PEM fuel cell electrodes. 

You might recall the Plenary Lecture given by Professor 
Steven Forrest at the 2001 TechCon on, “The Coming of Molecular 
Optoelectronics” where he introduced us to organic solar cells. This area 
has exploded in the last five years and papers in the Hot Topic Session 
on Power Generation and Energy Conversion described recent progress 

in this area. While efficiencies of organic solar cells are not close to 
crystalline semiconductor cells, progress is being made. Efficiencies of 
organic cells in the range of 6% make them competitive with amorphous 
silicon cells. Stability of these cells has also improved, with lifetimes of 
10,000 hours under accelerated conditions. The technology has matured 
sufficiently so that organic solar cells with areas up to 0.1 m2 can be 
deposited using web coating processes. The first cells deposited on 
webs will be delivered this year and will have improved efficiency and 
environmental stability.

The Hot Topic Session on Biomedical and Pharmaceutical 
Applications of Vacuum Processing addressed a number of important 
recent technical developments, including using plasma modifications of 
polymers as a tool for tuning cell behavior, tribo-corrosion properties of 
DLC coatings, photocatalytic decomposition of organic matter by TiO2
films, and marketing trends in biomedical coatings. The invited talk on 
“Biomedical Applications of Plasma Processing” by Ralf Fellenberg, VDI 
Technologiezentrum GmbH, Germany summarized a number of impor-
tant developments in this field. Plasmas are used to modify the surface 
of materials and substrates to provide activation, improve adhesion of 
coatings, and etch or clean a surface. Polymers have important medical 
applications and plasmas are effective in sterilizing their surfaces. 
During the sterilization process it is important that the polymers not 
outgas, and not change their properties. One must be careful not to 
destroy the surface being treated or poison it. Much of the time this 
process is determined empirically. 

The interaction of plasmas with biomolecules, microbes and mam-
malian cells during sterilization was discussed in detail. Treating a 
polymer surface can reduce absorption of proteins in biological systems, 
which is important in keeping the proteins active. Plasma treatment can 
also kill microbes and reduce their growth rate, 

continued on page 12

B
A

M SaGEF
A P u b l i c a t i o n f o r t h e V a c u u m C o a t i n g I n d u s t r yA P u b l i c a t i o n f o r t h e V a c u u m C o a t i n g I n d u s t r y

Bulletin
NewsNews

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Next Page

B
A

M SaGEF
A P u b l i c a t i o n f o r t h e V a c u u m C o a t i n g I n d u s t r yA P u b l i c a t i o n f o r t h e V a c u u m C o a t i n g I n d u s t r y

Bulletin
NewsNews

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Next Page

________________

_________________

http://www.filtech.com
mailto:sales@filtech.com
http://www.filtech.com


12 2007 Summer Bulletin

CONFERENCE HIGHLIGHTS
continued from page 11

essentially disinfecting the surface. Plasma treatments are also being 
developed that release antimicrobial substances to keep a surface clean. 
The surface energy of a polymer can be modified by plasma treatment. 
Mammalian cell growth is affected by this surface energy, and cells 
respond differently to the hydrophilicity of the surface. Depending on 
the type of plasma treatment, one cell type can be preferentially grown.

As was discussed in the paper by Jolanta Klemberg-Sapieha (École 
Polytechnique, Canada) “Tribo-corrosion Properties of DLC Coatings 

for Biomedical Applications”, diamond-like carbon (DLC) coatings are 
being developed as tribological coatings for medical devices and tools. 
DLC coatings significantly reduce the coefficient of friction of a medical 
implant and are biocompatible. They are used in a wide range of applica-
tions, including cardiovascular and orthopaedic implants, catheters, 
and stents. Microfluidic devices are used for manipulation, reaction and 
analysis of small volumes of fluids. Polymers are used in many of these 
devices. After fabrication, plasma treatment is used to make the surfaces 
of the device suitable for movement of biological fluids. 

Another paper in this session deserves honorable mention:  
“Photocatalytic Decomposition of Organic Matter on TiO2 Film prepared 

by PECVD”, by Petr Spatenka (University of South Bohemia, Czech 
Republic). Self cleaning windows with photocatalytic TiO2 have been on 
the market for several years. UV radiation generates electron hole pairs 
in anatase TiO2. The holes create an oxidation reaction with organics on 
the surface of the substrate that decomposes the organics and can have 
a strong microbiological activity. This paper compared the photoactivity 
of anatase TiO2 deposited by PECVD, PVD, and hollow cathode pro-
cesses. One should mention that the photoactivity of PVD TiO2 can be 
varied over wide ranges by choice of deposition conditions. The authors 
concluded that films deposited by PECVD had the highest antibacterial 
activity while the antibacterial activity of those deposited by the other 
two processes was relatively low. 

The Optical Coatings and Emerging Technologies sessions had a wide 
variety of papers presented. The paper “TiO2 Thin Films and Doped TiO2
Nanolaminates, their Structure and its Effect on their Photocatalytic 
Properties,” presented by Marja-Leena Kaariainen (Lappeenranta 
University of Technology, Finland) was in keeping with the general 
nanotechnology theme. Most photocatalytic TiO2 films are deposited by 
magnetron sputtering and spin coating. However, films presented in this 
paper were deposited by atomic layer deposition (ALD). Compare this 
to the related paper in the previous Hot Topics Session. Similar to other 
work, optimum photocatalytic activity was found to occur at a specific 
film thickness. The advantage of using ALD is that film growth, while 
slower than other processes, can be precisely controlled and doping 
with metals can be readily accomplished. Nanolaminates of TiO2 with 
WO3, In2O3, Fe2O3 and Ga2O3 and nitrogen doping were also reported. 
Surprisingly, maximum photoactivity was found in films with thicknesses 
of only 15 nm and minimum activity for thicknesses ~ 260 nm. High 
photoactivity was attributed to quantum confinement effects. Nitrogen 
doped films showed the highest photoactivity. Based on the results of 
papers presented this year, it appears that TiO2 with high photoactivity 
can be deposited by a variety of processes. 

Another interesting paper presented in the Optical Coatings sessions 
by Torsten Schmauder addressed durable wear resistant reflector coat-
ings on plastic substrates used for vehicle bezels and headlights. Highly 
durable aluminum reflectors were deposited by hybrid DC magnetron 
sputtering/ PECVD process. The Al layer was deposited by magnetron 
sputtering and a SiO2 protective layer was deposited by PECVD. The 
full stack was capped off by a corrosion resistant layer using HMDSO 
and oxygen in a PECVD process. Interference effects were minimized to 
preserve the neutral color of the reflected light.

A wide variety of topics were covered by the two Emerging 
Technologies sessions. Harold Kaufman of Kaufman & Robinson opened 
the program with an invited presentation on development of ion sources, 
on their characteristics and on mechanisms for different ion energy 
levels. Applications, mainly for coatings, were reviewed. 

Keeping with the general nanotechnology theme of the Conference, 
Laser Reactive Deposition of Porous and Dense Films was presented by 
Kevin Chen (Nanogram Corporation). The LRD process is based on laser 
pyrolysis of a feedstock gas containing precursors and a gas that absorbs 
the laser energy. One advantage of this process is direct conversion of 
low-cost precursors and high deposition rates that reduce fabrication 
costs. The laser energy provides the ignition “switch” to thermally 
create the chemical reaction of the precursor gases. Advanced planar 
waveguide circuits from metal oxides have been synthesized using this 
technology. The LRD process is also used to synthesize components for 
thin film solid oxide fuel cells, thin film lithium-ion batteries, and Si 
solar cells.

The Hot Topic Session on High Power Impulse Magnetron Sputtering 
(HIPIMS) topics included plasma diagnostics, plasma modeling, 
fundamental film growth, tribological coatings, interface engineering 
and industrial upscaling. HIPIMS has been combined with other types 
of magnetron sputtering (planar and unbalanced) to form hybrid pro-

– Such lower cost and more friendly locations are great 

for small business participants. It is also good for 

international participants to see that there is more 

to the US than the large cities. The event on the Belle of 

Louisville was great! This is a reflection of the positive 

impact of the small-town environment!
Chris Klepper, HY-Tech Research Corporation
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it’s all related to how the hydrogen atoms bond. Applications keep 
increasing. CrN is used to replace electroplated Cr. MoS2 is used as a 
dry lubricant. Finally, nanocomposites comprising an amorphous matrix 
surrounding nanocrystallites, are now showing promise for exceptional 
tribological properties. 

The Large Area Coatings sessions included a total of 14 presenta-
tions covering topics such as history of large area coating, new designs 
of sputtering equipment, large area off-line chemical vapor deposition, 
ion source deposition, deposition of solar cell systems, strategies for 
improving uniformity, abrasion resistant coatings, conductive coat-
ings and protective layers for automotive deicing applications, a cost 
analysis of large area coating, rotatable TCO targets, simulation of anode 
configurations for improved sputtering performance, and modern power 
supplies for large area coating.

The need for large area coatings for a range of optical applications 
began as a result of large area glazings being used extensively in build-
ings in the 1940’s. Coatings were needed to vary the color of the glass, 
tinting the glass, for mirrors, and for solar control. Large area coating 
processes evolved from electroplating and chemical reduction to plate 
silver mirrors in the 1940’s to the late 1970’s. Solar control coatings such 
as indium tin oxide were deposited by chemical coating on hot glass in 
the 1960’s. Atmospheric pressure CVD (APCVD) on hot glass became 
popular in the 1970’s and is still used today. Mirrors, conductive glasses, 
photocatalytic glass, solar control glass, AR/EM shielding glass and spy 
mirrors are all deposited by this process. Sol gel processes have even 
been used to coat large glazings, as early as 1959. The glass panes were 
dipped in the appropriate bath, drawn out and then dried. AR and TiO2
solar control coatings were deposited using this process. Thin film coat-
ings are also deposited by PVD processes, first by thermal evaporation 
in the 1940’s and more recently by magnetron sputtering (including 
cylindrical magnetrons). The presentation gave an in depth description 
of each large area coating process, its history and equipment. Today, the 
most durable large area thin film coatings are deposited by some form of 
magnetron sputtering. 

The flat panel display market is huge and is making demands 
on large area coaters. The presentation by Anja Blondeel (Bekaert 

continued on page 14

cesses. Multilayer CrN films have been grown by sequentially moving the 
substrate over HIPIMS and UBMS cathodes. The result is a higher depo-
sition rate than for HIPIMS alone and a hardness intermediate between 
HIPIMS and UBMS coatings. 

For Tribological and Decorative Coatings, the 50th SVC Conference in 
2007 in Louisville contained many very interesting and high-level talks, 
focusing on industrial applications. Bill Sproul presented a history of 
tribological coatings in the spirit of SVC’s 50th Anniversary on Monday 
morning. He walked us through the deposition of monolithic CVD coat-
ings for cemented carbide inserts in the 1960’s, which gave birth to the 
era of hard coatings. These coatings tripled tool life, but the problem was 
that they had to be deposited at a temperature near 1000 0C. PVD alter-
natives were sought in the 1970’s. The first such coatings were deposited 
by ion plating (Don Mattox). TiN hard coatings were introduced by 
Balzers in the 1980’s using hollow cathode and cathodic arc processes. 
The PVD coatings worked well on high speed steel tooling. A significant 
improvement in hard coating technology was provided by unbalanced 
magnetron sputtering and closed field unbalanced magnetron sputtering. 
Bill showed several configurations of deposition sources and systems. 
The main drawback for sputtering was the relatively low deposition rate. 
Partial pressure control became more important for reactive sputtering 
of hard coatings. The advent of advanced power supplies such as pulsed 
DC and mid-frequency RF, helped provide stable operating conditions 
and effective partial pressure control for deposition of tribological coat-
ings. The combination of closed field unbalanced magnetron sputtering, 
partial pressure control of reactive gases, and advanced power supplies, 
resulted in a high substrate ion current density, precise control of 
composition, and high deposition rates. Once problems with particulates 
were solved, filtered cathodic arc deposition was able to produce high 
quality tribological coatings. Multilayer (ML) coatings were the next step 
in improving tribological properties. The first ML coatings involved TiN 
and TiCN. Superlattice TiN/VN and nanocomposites are the third genera-
tion of these thin film materials. A family of super-hard coatings (H >50 
GPa) have resulted from these structures, including TiN/VN, TiN/NbN. 
Recently progress has been made in DLC and CNx materials. The hard-
ness of DLC can range from 20 – 80 GPa, and depends on bonding. Sp2

bonding provides high hardness while sp3 bonding increases lubricity; 

Heuréka! Session packs the Conference Theater

B
A

M SaGEF
A P u b l i c a t i o n f o r t h e V a c u u m C o a t i n g I n d u s t r yA P u b l i c a t i o n f o r t h e V a c u u m C o a t i n g I n d u s t r y

Bulletin
NewsNews

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Next Page

B
A

M SaGEF
A P u b l i c a t i o n f o r t h e V a c u u m C o a t i n g I n d u s t r yA P u b l i c a t i o n f o r t h e V a c u u m C o a t i n g I n d u s t r y

Bulletin
NewsNews

Previous Page | Contents | Zoom in | Zoom out | Front Cover | Search Issue | Next Page



14 2007 Summer Bulletin

CONFERENCE HIGHLIGHTS
continued from page 13

Advanced Coatings N.V.) described how the demands for large area 
high rate deposition of transparent conducting oxides (TCOs) are being 
met. The title of the presentation is “Rotatable Targets of Transparent 
Conducting Oxides: Fulfilling the Needs of the Booming Flat Panel 
Display Market.”  Cylindrical magnetrons are used extensively in the 
glass coating industry. This type of cathode has the advantages of higher 
materials usage, enhanced target cooling, improved process stability, 
more highly focused plasma, and enhanced anode functionality for 
AC operation. TCO targets, and in particular ITO, have difficulty in 
fabricating with consistent composition. This paper compared the 
electrical and optical properties of ITO coatings deposited from planar 
and rotatable magnetrons. ITO deposited from the cylindrical target 
had slightly higher resistivity of 189 µ cm compared to 164 µ cm for 
low temperature (210 °C) planar and 118 µ cm for high temperature 
(320 °C) planar magnetrons. Optical transmissions at 550 nm were all 
very similar: 86.9% for the rotatable, 86.3 % for the low temperature 
planar and 89.6% for the high temperature planar (one would expect 
improved performance at higher substrate temperatures). Atomic force 
microscopy results showed that the surface roughness of the ITO from 
the rotatable magnetron was higher than planar films, 62 nm vs. ~ 44 
nm. The conclusion was that ITO films from rotatable magnetrons are 
very similar to films deposited by planar magnetrons and well suited for 
large area applications. 

One of the highlights of the Process Control & Instrumentation 
session was the presentation by Roger De Gryse (Ghent University) 
“Poisoning and Depoisoning in Reactive Sputtering with Rotatable 
Magnetrons.” Roger is a recognized expert in sputter deposition. The 
rotatable magnetron is widely used in the glass industry and web 
coating. However, reactive sputtering using these cathodes is not well 
understood. Roger’s presentation gave insight on how rotation speed 
affects poisoning of the target. Poisoning of the target has been well 
documented for non-rotating magnetrons, and results from chemisorp-
tion of oxygen on the target surface and subsequent decrease in target 
voltage and deposition rate. Contrary to the findings of others, the 
hysteresis curve of discharge voltage vs. oxygen flow shifts to lower 
oxygen concentrations with increased rotation speed. The depoisoning 
section of the hysteresis curve showed a slight sinusoidal dependence, 
attributed to the oxidized racetrack region. Mathematical relationships 
between the amount of oxide formed and rotation speed were presented. 
It was determined that in the addition to chemisorption, reactive ion 
implantation inside the racetrack affects target poisoning and may well 
be responsible for the inverse relationship between rotation speed and 
oxygen flow. It was emphasized that more work still needs to be done to 
fully understand this hysteresis behavior.

Twenty-one papers were presented in the Plasma Processing ses-
sions. The invited presentation “Plasma and Ion Assistance in Physical 
Vapor Deposition: A Historical Perspective” by Andre Anders (Lawrence 
Berkeley National Laboratory) gave an insight on how plasmas have 
been used to improve the performance of a wide range of thin film coat-
ings. His talk was very well coordinated with other 50  Anniversary pre-
sentations by Don Mattox and Bill Sproul, and started with the invention 
of plasma arc deposition by Joseph Priestly in 1760’s and finished with 
high power impulse magnetron sputtering (HIPIMS) in the twenty first 
century. Grove, in 1852, reported the formation of films near the cathode 
using high voltages excited from an induction coil. You might recall that 
Grove was the inventor of the first fuel cell in the 1860’s. Sputtering 
from a cathode was well established in the last half of the 19th century. 
By the mid 1900’s the need and technological basis for industrial coating 
processes were well established. A giant step in industrial coating 
technology was made by the advent of the ion plating process (Don 
Mattox) in the 1960’s. Ion beam assisted deposition (IBAD), which is 

used extensively to improve the density of thin film coatings, was first 
demonstrated by NASA in 1968. The first diamond-like carbon films were 
deposited using IBAD. Since then IBAD has become essential for deposi-
tion of fully dense films and reduction of vacancies and interstitials. Ion 
sources are also used in ion beam sputtering processes. Cathodic arc 
and filtered cathodic arc processes were the next big step in plasma pro-
cessing for thin films. This process was important for tribological coat-
ings, starting with TiN films. Other plasma related deposition processes 
were described, culminating with HIPIMS. The beauty of HIPIMS is that 
no additional equipment is needed to produce highly ionized sputtered 
materials. This process provides a very high power density to the sput-
tering plasma, causing a significant increase in electron temperature 
and plasma density. The message to take away from this presentation is 
that deposition technology would not have advanced without plasmas. 

Another presentation in the first Plasma session related to polymer 
surface modification. “Electron Beam-Generated Plasmas for Polymer 
Surface Modification,” was presented by Scott Walton (U.S. Naval 
Research Laboratory). He described a materials processing system based 
on electron beam generated plasmas for a range of application. This type 
of plasma differs from the conventional plasma generated by externally 
applied electric fields because they have a lower plasma temperature 
and more precise control over ion flux. As a result, this type of plasma 
is very effective in treating the surface of polymers. Polymer such as 
polyethylene and polyimide treated with Ar/SF6 mixtures had decreased 
surface tension, resulting in a more hydrophobic surface. 

Four papers were presented in the popular Heuréka! Session on 
Monday evening. S. Konstantinidis’s (Materia Nova) presentation on 
“Deposition of Metal Oxide Layers by High Power Impulse Magnetron 
Sputtering”, presented new results on TiO2 and ZrO2 with improved 
optical properties. By using very short (1 – 20 µs) high power pulses, the 
deposition rate was kept high (for the HIPIMS process) and refractive 
indices were found to be higher than films deposited by conventional DC 
magnetron sputtering. The deposition rate for these HIPIMS materials 
was still only ~ 20% of DC magnetron sputtered films. The surfaces of the 
HIPIMS films were smoother than DC magnetron sputtered films.

This has been only a sampling of the excellent papers presented 
at the 50th Anniversary Technical Conference. For more details read 
the reviews by the Technical Advisory Committee Chairs later in this 
Bulletin issue. The full manuscripts will be available on the Conference 
Proceedings CD (1991-2007) issued this fall. The CD is provided to SVC 
members as a membership benefit. It is also available for sale to non-
members for $115. 

Peter Martin has worked at Battelle, Pacific Northwest 
Laboratory (BNW) for thirty years where he currently 
holds the position of Laboratory Fellow, and specializes in 
developing thin film coatings for energy, biomedical, space 
and defense applications. He pioneered the use of reac-
tive magnetron sputtering technology to fabricate novel 
coatings, superlattice and quantum well materials and 
engineered coatings with improved durability, adhesion, 
and performance. He also specializes in large-area coating 
development. He is currently President of the Society of 
Vacuum Coaters, Executive Editor for Vacuum Technology 
& Coating magazine, and Technical Advisory Committee 
member for the Society of Vacuum Coaters. He was 
elected a Mentor of SVC in 2003. 

He has written over 200 technical publications, given over 200 technical pre-
sentations, won three R&D 100 Awards for his work in microfabrication and barrier 
coatings for flat panel displays, two FLC awards, Battelle Technology of the Year, 2003, 
for his work with the photolytic artificial lung, distinguished inventor, and PNNL 2005 
Inventor of the Year. He has twenty six patents and numerous pending patents in 
microtechnology, coatings technology, thermoelectrics and barrier coating areas. 

For further information, contact Peter Martin, Pacific Northwest National 
Laboratory at peter.martin@pnl.gov 

Peter Martin
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