






Tuesday, May 12

11:10 a.m.

L

7

Design 
Tools and

A. Pflug, M. Siemers, and 
B. Szyszka, Fraunhofer 

Due to the 
increasing 

Tuesday, May 12

11:10 a.m. L 7 Design Tools

Tuesday, May 12

11:10 a.m. L-7 Design Tools and Simulations for Plasma Processing in Large Area Coating

A. Pflug, M. Siemers, and B. Szyszka, Fraunhofer Institute for Surface Engineering and Thin Films IST, 
Braunschweig, Germany

Invited 40 min. Talk

Due to the increasing demands on size, throughput and precision, the development and optimization process of 
plasma deposition sources by empirical methods suffers from the increasing complexity and construction costs. For 
this reason, the development of simulation models for low-pressure plasma deposition processes has been the subject
of large R&D efforts during the past decade. However, substantial progress has been possible only within the last 
few years due to the increasing availability of parallel hard- and software architectures.  With the use of massive 
parallelization we implemented a full featured 3D simulation environment for low pressure gas flow and plasma 
discharge phenomena based on the Particle-in-Cell Monte-Carlo (PIC-MC) approach, which can be applied on CAD
data of industrial coating setups. This work gives an overview of different issues in low-pressure plasma deposition
processes, whereof the understanding has been improved by the use of simulation models. For magnetron sputtering,
examples are simulation of gas inlet and gas separation systems as well as deposition profile calculations by tracing 
the scattering of sputtered particles in the gas phase. Furthermore, the self-consistent plasma simulation enables the 
theoretical understanding and circumvention of empirically known plasma anomalies of magnetron devices, which 
frequently cause non-uniform erosion profiles. For plasma enhanced chemical vapor deposition, the potential of 
time-dependent RF discharge simulations as well as multi-species transport simulations for predicting the deposition
homogeneity as well as the energy bombardment onto the substrate with respect to the plasma source geometry and
process parameters are discussed.  The low-pressure gas flow and plasma simulation has been proven to be a design 
tool for efficient development of advanced low-pressure plasma deposition sources. Comments on further possible 
applications as well as on current issues in theoretical plasma deposition process modeling will be given as an 
outlook.
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11:50 a.m. L-8 Higher Performing Cylindrical Target Materials and Rotating Sputter Magnetrons Meeting 
the Upcoming Challenges for PV Applications

A. Blondeel, N. Carvalho, and W. De Bosscher, Bekaert Advanced Coatings, Deinze, Belgium

Nowadays, the use of rotatable magnetrons has become the standard for high quality thin film deposition in large 
area architectural and automotive applications.  In the PV industry, however, this technology still has a large 
potential in dealing with current and future needs.  Applying the rotatable sputtering technology to PV is a step 
towards cost-effective mass production, outperforming the capabilities of planar cathodes and even becoming a 
valuable alternative for some PECVD layers.  The success within PV applications however requires fit-for-use 
sputter hardware as well as targets which are able to live up to the PV standards and future expectations.  In this 
paper, targets and hardware for PV applications will be discussed in more detail.  Promising results are discussed on
a new concept AZO target, having the potential of surpassing the state-of-the-art properties.  High-purity Si targets 
are presented offering a high quality alternative for PECVD deposited passivation and anti-reflection layers on 
crystalline Si solar cells.  Next to this, other materials may complete the necessary cylindrical target portfolio.  
Besides the axial magnetron and the compact end-block, which are both fit for use for PV applications; a new 
adjustable magnet-bar is presented, allowing more accurate tuning and better process control both locally and 
overall.
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Tuesday, May 12

12:10 p.m. L-9 Stress-Free Bonding of Large Linear Sputtering Targets for LCD Displays

A. Duckham, H.B. Parker, T.J. Acchione, M.A. Curran, and J.E. Newson, Reactive NanoTechnologies, Inc., Hunt 
Valley, MD

Sales of sputtering targets for TFT (thin film transistor)-LCDs are projected to grow at a compound annual growth 
rate of 30% to reach over a billion dollars by 2012*.  Sputtering is used in the manufacturing of aluminum based 
electrode layers, molybdenum-based wiring and transparent conductive layers (mainly ITO).  The glass panel sizes 
used in the manufacturing of LCD displays have been steadily increasing due to the demand for higher efficiencies 
and larger displays.  The next generation process (Gen 10) will use glass panels measuring 2850 mm x 3050 mm.  
As the glass panels have expanded in size, so too have the sputtering targets.  A Gen 10 sputtering target will 
measure 3400 mm x 218 mm. Bonding these large targets to CTE (coefficient of thermal expansion) mismatched 
backing plates is becoming increasingly challenging. RNT has developed the process of bonding stress free, flat 
bonded assemblies of late generation LCD sputtering targets using reactive multi-layer foil as a localized heat 
source. This talk will demonstrate the capability of bonding targets to backing plates of sizes up to and including 
Gen 10 and on material combinations as divergent as molybdenum (CTE = 5.4 x 10-6/˚C) and                                  
aluminum (CTE=24x10-6/˚C).

*BCC Market Research Report, April 2008.
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10:30 a.m. IS-1 Benefits of Aluminum for the Construction of Vacuum Chambers for Use in Large Area 
Coating and Deposition Systems

K. Coates, J. Bothell, R. Bothell, and E. Jones, Atlas Technologies, Port Townsend, WA

The mass production of architectural glass, flat panel displays and photovoltaic panels demands ever increasing 
complexity and scale.  Traditionally, high-vacuum coating chambers are constructed from stainless steels such as 
304, 304L and 316L.  The chambers become a significant component of the system budget. This paper aims to show
that aluminum can be considered to have significant advantages over steel, even mild steel, as a material for chamber
construction.  Over and above total cost (an aluminum chamber is approximately 40% cheaper than an equivalent 
stainless one), aluminum 6061 alloy has multiple material and vacuum properties that provide strong incentives to 
produce large vacuum chambers from aluminum.  Compared to stainless steel, aluminum is a much easier and 
quicker material to machine and manufacture from. Its lighter weight allows for easier handling and transportation.
Aluminum has a high thermal conductivity that allows for the efficient bakeout of chambers and facilitates the 
management of process temperatures.  Perhaps most importantly, the high vacuum properties of aluminum rival 
those of stainless steel.  Outgassing is exacerbated in large chambers with significant internal surface area. It is 
possible to achieve outgassing rates that exceed stainless steel, in the region of 1 x 10-13 Torr l s-1 cm-2.
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10:40 a.m. IS-2 Dry Pumps - Cost Effective “Green”� Vacuum Coating Process Solutions

J. Luby, Edwards Vacuum, Tewksbury, MA

There is growing pressure on manufacturers to make “green”� products, which ties into a responsibility each and 
every one of us has to make environmentally responsible choices.  OEMs and end users alike are faced with 
fluctuating energy costs having a significant impact on the cost to manufacture and operate a coating tool.  
Companies which faced the reality of a shifting demand toward “green”� products and “green”� manufacturing stand 
ready to supply the world’s demand for high quality products with minimal environmental impact.  This paper 
examines the shift in demand for vacuum products requiring less energy to operate, less oil to dispose of, least 
footprint to consume, and least cost of ownership while never compromising and perhaps improving performance 
and longevity.  From conception to prototype to test to market, one must look for ways to make a better product for 
less money and less environmental impact.  For many companies, this effort began long before being “green”� was 
fashionable or even considered a phrase to be coined.  Being “green”� is becoming the rule and we must look at what
it takes to manufacture a product but, perhaps more importantly, we must better understand the cost of the product 
over its lifetime to know if we are striving to be “green”�.
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10:50 a.m. IS-3 Design Considerations of Precision Planetary Rotation Systems

J. Oliver, Vacuum Innovations, LLC, Pittsford, NY

Planetary rotation systems have one fundamental purpose, to improve thin-film uniformity and thickness control.  
The Vacuum Innovations planetary incorporates advanced design and performance features while maintaining a 
focus on reliability and ease of maintenance.  The resulting design requirements are far-reaching, from careful 
tolerancing of flatness and height, integrated mounts for fixed-position uniformity masks, and integrated multi-point
crystal monitoring.  We carefully characterize the impact of different gear ratios, source locations, and planet sizes.
By modeling the influence of each of these characteristics on the overall performance of the system, we are able to 
achieve far more stable control and uniform coatings.  We provide uniformity masks customized to individual 
system geometry for optimal performance and refine the designs based on a given deposition process, to compensate
for the influence of gas partial pressures, source materials, and electron-beam sweep patterns. Even large-diameter 
substrates can be coated with less than 0.25% film non-uniformity.
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11:00 a.m. IS-4 Successful Application of Varian, Inc.'s Unique Remote AssistTM Program for Large 
Turbomolecular Pumps Used in Vacuum Coating Systems

T.C. Forbes, Varian, Inc., Lexington, MA

Varian, Inc. has successfully deployed its latest innovation in customer service products on vacuum coaters 
worldwide: the Remote Assist customer support program. Unique in the industry, Remote AssistTM is a proactive 
program that is specifically designed to provide first-class support in monitoring and servicing Varian turbo pumps 
by combining Varian’s remote Monitorr diagnostic system, extended warranty, and Varian, Inc’s advanced exchange
program.  This allows for maximum up-time and system availability. This Innovators Showcase Power Point 
presentation will describe the Remote Assist program and its implementation on coaters using Varian’s large turbo 
pumps around the world.
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11:10 a.m. IS-5 Industrial HiPIMS-Bias Power Supplies

G. Eichenhofer, Solvix SA, Villaz-St. Pierre, Switzerland

High Power Impulse Magnetron Sputtering (HIPIMS) offers the ability to apply new and already existing thin film
materials with advanced film properties, on standard coating machines.  To deposit these state-of-the-art thin films to
a structured surface, a functional substrate bias voltage system is a basic necessity.  Due to the high density plasma 
and the high ionization rate, it is a “must” that the applied bias voltage is present on the substrate during the short 
HiPIMS-impulses, when peak power densities of kW/cm2 are present.  It can be experienced with conventional bias
power supplies, that the bias voltage drops dramatically (or even vanishes) during the few microsecond lasting 
HiPIMS-impulses.  This is well known.  But there seems to be a lack of industrial available and reliable power 
supplies to handle this condition.  Based on its already proven Magix bias PS technology with the “patented tapless
wide output load impedance range”, Solvix has developed such a bias-power-system with a highly sophisticated arc-
management.  This new Solvix DC and DC-pulse HiPIMS bias-supply can be applicable for all the conventional 
techniques such as a magnetron-sputtering, arc-evaporation, pre-clean and ion-etching.  Plus, it has the capability of
handling all the requirements needed for the HiPIMS-impulses.
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Tuesday, May 12

11:20 a.m. IS-6 Recent Innovations in In Situ Optical Monitoring

S. Hicks, Intellevation Ltd., Glasgow, United Kingdom

In situ optical monitoring is rapidly becoming a crucial technology in the manufacturing of complex high precision 
optical coatings.  Recent hardware and software based technological advances in optical monitoring will be 
presented.  The first of these is real-time refractive index compensation during the coating process.  This is 
especially useful when depositing TiO2 layers which can experience significant run-to-run refractive index variation
due to the different oxide states achievable.  Achieving a fast and accurate measurement of the actual refractive 
index during the coating run, and then accurately correcting the cut points for all of the subsequent layers leads to 
enhanced process yield and product performance.  Other developments include extension of monitoring wavelength 
regimes down into the UV and out into the IR, new test glass changer configurations for different chamber 
geometries and new remote support and monitoring capabilities.
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11:30 a.m. IS-7 Current and Future Development of Arbitrary Voltage Waveform Pulsed Plasma Generators

R. Chisyakov and B. Abraham, Zond Inc./Zpluser, LLC, Mansfield, MA

A unipolar arbitrary voltage wave form pulsed plasma generator (Zpulser) was introduced as a new development in 
pulsed DC technology for material processing applications. When used for magnetron sputtering applications, the 
Zpulser output voltage pulse shape typically has two voltage stages that create both low power and high power 
magnetron discharges within a single pulse. The high power magnetron discharge stage generates a high intensity 
flux of ionized sputtered target material atoms. By adjusting voltage rise time and voltage oscillation amplitude 
within single pulse, a stable high density plasma discharge with low energy metal ions at a high deposition rate can 
be created for both reactive and non-reactive processes. Zpulsers can also be used for cathodic arc deposition to 
improve the ionization level and control the size of macro particles. The principles of operation of the Zpulser as 
well as the method of programming an arbitrary voltage pulse shape will be discussed. Integration of Zpulsers into 
PVD tools for industrial applications will also be discussed. A road map for integrating Zpulser plasma generators 
into PVD, CVD and RIE applications will be presented.
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Tuesday, May 12

11:40 a.m. IS-8 COPRA 300-Radio Frequency Plasma Source for Enhancement to Existing PVD Coaters

W. Schwärzler and M. Kessler, Provac AG, Balzers, Principality of Liechtenstein; and D. Gary, Ricmar Sales and 
Service Inc., Aptos, CA

Provac AG introduces the industry’s first stand alone RF Plasma Source enabling vacuum coaters to easily upgrade 
their existing PVD systems (chambers from 650 mm/25” to 1100 mm/43”). Based on the well established and 
proven Taurion Series RF-PEPVD technology, the COPRA 300 consists of an RF Plasma Source and portable 
workstation module containing laptop PC, control system, mass flow controller, power generator, and connection 
lines.  By upgrading your existing coater or replacing the current ion source, the COPRA 300 enables the production
of densified oxide layers (SiO2, TiO2, Ta2O5, Nb2O5, and more), shift free layers (filters), and nitrate layers. 
Additionally, you can plasma etch, cleanse and degas substrate surfaces in a free environment.  The COPRA 300 is 
very simple to integrate and operate, 400+ hours of operation without maintenance; consisting of a cloth wipe down
and possible extraction grid replacement, enables use of the basically neutral plasma generated from the high-
frequency plasma source eliminating potential damage to the substrates by electrical discharges, and provides very 
high long term stability. Additionally, the use of pure process gasses (i.e. oxygen and argon) expands new areas of 
applications, where other processes are not suitable.
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Tuesday, May 12

11:50 a.m. IS-9 Optimized Magnetic Designs for Rotatable Magnetron Technology

V. Bellido-Gonzales, M. Holik, and D. Monaghan, Gencoa Ltd., Liverpool, United Kingdom (Presented by S. 
Williams, Gencoa LTD., San Francisco, CA)

Magnetron sputter cathodes, with rotating tubes as the target, eliminate several of the problems associated with 
planar magnetrons. However, there is still a need to optimize performance via the magnetic circuit that confines the
plasma. A range of different magnetic types will be illustrated that can improve film uniformity, TCO conductivity,
plasma stability as well as the deposition rate and energy consumption.
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1:30 p.m. T-7 The Morphology of Sn Thin Films on Plastic Substrates Deposited with Sputtering and 
Thermal Evaporation

J.H. Yang, J.I. Jeong, Y.H. Park, and K.H. Lee, Research Institute of Industrial Science and Technology, Pohang, 
Korea

Sn thin films show high electrical resistance at critical thickness and typical bright metallic color.  The growth mode
of Sn films is island mode so that, at critical thickness, the islands of Sn do not connect with each other.  This is the 
reason of the high electric resistance of Sn films.  Therefore, the Sn thin film is a candidate for metallic coating of 
mobile information devices.  For the deposition of Sn films, thermal evaporation and magnetron sputtering systems
were used.  The Sn films deposited with thermal evaporation showed the regular island size and easy control of 
island size with amount of Sn source.  However, the films deposited with magnetron sputtering showed relatively 
small island size, and the island size did not control by process conditions.  The small island size of Sn films 
deposited with sputtering affected the color of the film, which was relatively dark metallic color compared with that
of the films deposited with evaporation.  The adhesion of Sn films deposited with sputtering was better than that of 
the films deposited with evaporation.
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1:50 p.m. T-8 Plasma-Based Deposition of Dielectric/Metal Nanocomposite Films Exhibiting Surface Plasmon
Resonance Effects for the Production of Hard and Uniform Coloured Coatings

H.T. Beyene, Materials Innovation Institute, Delft, The Netherlands; and M. Creatore and M.C.M van de Sanden, 
Eindhoven University of Technology, Eindhoven, The Netherlands

The current state of the art for the coloured coatings is based on the interference of the light reflecting from the 
metal/metal oxide interface.  This work addresses coloured coatings based on the surface plasmon resonance (SPRs)-
induced absorption in a specific wavelength range.  In this case, hybrid materials consisting of metal nanoparticles 
dispersed in a dielectric matrix are the subject of interest due to their functional properties for ultra thin colour filters
and decorative coloured coatings. Inorganic films are particularly attractive as matrix for hard and wear-resistant 
coatings.  Various approaches have been reported to incorporate metal nanoparticles into the host dielectric medium.
The present work is concerned with the preparation of inorganic/metal nanocomposites by means of a hybrid 
technique, Plasma-Enhanced CVD and magnetron sputtering for the deposition of the dielectric medium and the 
metallic clusters, respectively.  The optical properties of the nano-composite (NC) layers have been investigated by
UV-VIS-NIR variable angle spectroscopic ellipsometry (VASE) and by optical transmission measurements. 
Rutherford backscattering/ Elastic Recoil Detection (RBS/ ERD) and InfraRed absorption spectroscopy (FTIR) were
used for characterizing the film density, chemical composition and environment. AFM and TEM observation as well
as the EDX analysis revealed the formation of nanoclusters. Verbose invited
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2:10 p.m. T-9 New Cost-Effective Titanium Based Protective and Decorative Coatings by Ion Plating Plasma
Assisted IPPA

C. Misiano, Romana Film Sottili, Rome, Italy; and P. Matarazzo and M. Pezzilli, Romana Film Sottili, Anzio, Italy

The activity aiming to replace galvanic treatments by vacuum processes is based  on the effort to reduce the 
production costs and to set-up new decorative effects impossible to be galvanically realised because the use of 
dielectric materials.  This work describes cost effective metal-oxide and oxide-metal-oxide decorative coatings based
on the use of titanium as basic material deposited by Ion Plating Plasma Assisted from Reactive Magnetron 
Sputtering source.  A new multilayer protective and decorative structure, based on the use of titanium and titanium 
oxides is also presented.  The protective effect against aggressive environment is obtained by alternating layers of 
metal and metal-oxide mixture that exhibit good barrier properties because its microstructure.  The decorative effect
is obtained with a final couple of titanium and titanium dioxide or, on transparent substrates, with a titanium dioxide-
titanium-titanium dioxide structure providing different colour effects on the two faces.  Cost effectiveness is 
obtained by reducing dramatically the process requirements and duration, by simplifying the preparation and 
cleaning phase, reducing the pump-down time and depositing at room temperature.  The treatments were realised 
and characterised on aluminium, stainless steel and glass substrates.
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2:30 p.m. T-10 Broadening the Application Window of Ternary Zr Compounds by Using HIPIMS

A. Santana, Ionbond, Olten, Switzerland; A. Hieke, Ionbond Netherlands b.v., Venlo, The Netherlands; R. Fontana, 
Ionbond North East, Rockaway, NJ; and G.J. van der Kolk, Ionbond Netherlands b.v., Venlo, The Netherlands

ZrN and ZrCN are widely applied coatings systems, for industrial components and decorative applications.  ZrON 
has some interesting properties linked with low surface energies. HIPIMS has been used to deposit nitrides and 
ternary alloys of ZrN, ZrON and ZrCN.  For having a systematic comparison we deposited and characterized ZrN 
produced by ARC, UBM and HIPIMS technologies.  The diversity found in terms of structure, mechanical 
properties, surface energy, corrosion resistance or simply in the colour could be still further varied by the addition of
third elements such as oxygen and carbon. HIPIMS-ZrN evidenced dense structure as well as improved corrosion 
properties compared to other coating technologies. If on the one hand the addition of carbon in HIPIMS-Zr(C)N 
could allow us to obtain black colour with improved wear behaviour, the addition of oxygen to HIPIMS-ZrN was 
done to attempt producing combinations of antibacterial and transparent coatings.  The structure of the coatings has
been studied by XRD and observed by cross sectional SEM. Mechanical properties like coating hardness and elastic
modulus were determined by nanoindentation techniques.
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Tuesday, May 12

2:50 p.m. T-11 Decorative Coatings Obtained by Combination of PVD, Galvanic and Powder Coatings

J. Barriga, Fundación Tekniker, Eibar, Spain; C. Schrauwen, TNO Science and Industry, Eindhoven, The 
Netherlands; D. Gawne, London South Bank University, London, United Kingdom; C. Zubizarreta, Fundación 
Tekniker, Eibar, Spain; and A. Hovestad, TNO Science and Industry, Eindhoven, The Netherlands

PVD is a powerful technology for the development of decorative coatings offering interesting properties: bright 
metallic appearance for polymer substrates and a wide range of colors.  But at the same time, this technique presents
some limitations like insufficient leveling and covering of substrate defects and poor corrosion protection.  The 
combination of the PVD processing with other coating techniques enables efficient use of the particular advantages 
of each coating technique.  In the present work three different combinations have been investigated: 1) PVD start 
layer as a base for an electroplated finishing, 2) powder coating as base for decorative PVD and 3) PVD on nickel 
electroplated substrate. Combination of magnetron sputtering and arc evaporation was used in order to take 
advantages from both processes.  In the first case, it has been seen that the PVD start layer replaces at least four pre-
treatment steps needed for full electroplating.  Even more, PVD start layer could be used to make a conductive layer
on plastics that cannot be usually electroplated (like polypropylene or polyamide which have increasing interest due
to economical aspects).  The second combination, a first powder coating, leads to products with good surface 
finishing avoiding the polishing step, an improved adhesion of the PVD coating and a good corrosion protection of 
the substrate.  The deposition of a PVD alumina layer on top of the epoxy powder coating before depositing the PVD
film significantly improves adhesion, chemical and heat resistance of the coating system.  Finally, it was observed 
that adhesion of PVD coating on electroplated nickel depends highly on the characteristics of the base coating.
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1:30 p.m. L-10 North America - The Next Solar Growth Market

E. Wegener and P. Thompson, AGC Flat Glass North America, Alpharetta, GA

Invited 40 min. Talk

Although the modern solar industry has its roots in North America, in recent years, the focus of market development
efforts and capital investment has been in Asia and Europe. While these two markets are unquestionably the largest,
the market growth rate in North America has accelerated in recent years. North America is a smaller but more 
attractive market because its forecasted growth shows no sign of abating.  The prospective growth is not confined to
any particular segment. C-Si, thin film and CSP (concentrating solar power) all have strong growth momentum and 
the ability to attract investment capital to fund the growth. The underlying technologies in each of these segments 
have different drivers that will influence adoption and commercialization rates. This presentation will examine each
of these segments and discuss growth, challenges and opportunities going forward. As of this writing, it appears that
an Energy Bill will be passed and signed into law; this too will play an important role in developing the market 
going forward.
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2:10 p.m. CT-1 Silicon Oxide Barrier Layers on Flexible Metal Substrates for Thin Film Photovoltaic 
Produced by High Rate EB-Deposition for Large Area Coatings

F. Haendel, H. Morgner, and C. Metzner, Fraunhofer Institute for Electron Beam and Plasma Technology FEP, 
Dresden, Germany

For thin film photovoltaic applications, functional layers are inevitable in terms of electrical insulation and diffusion
resistance. The change of substrate material from rigid glass to flexible metal foil for thin film solar cell production 
demands the prevention of diffusion into the absorber layer of impurity atoms out of the metal. Furthermore, 
modules with monolithic serial connection need an electrical separation of the cell back contact from the conducting
metal substrate.  SiOx-based layers on steel strips were produced by electron beam (EB) technology, hollow cathode
arc activated deposition (HAD-process), plasma polymerization and by combining these three processes. These 
methods are distinguished by their in-line capability enabling roll-to-roll processing with dynamic rates of up to 1 
µm·m / s. Moreover, the possibility arises to produce coatings scaled up to common industrial width and larger 
dimensions.  Electrical and dielectrical examinations of the layers were carried out to characterize the insulating 
abilities. Also microstructure and layer growth were analyzed. The efficiency of the barrier properties was 
determined by SIMS-measurements.  The insulating properties are distinguished by the breakdown voltage of some
hundred volts. The positive effect of the barrier layer is apparent from the strong reduction of Fe diffusion into the 
CIGS-layer. Verbose invited

Verbose student

Verbose_student_2
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Tuesday, May 12

2:30 p.m. CT-2 PECVD Thin Films for Anti-Reflection and Passivation of Crystalline Silicon Solar Cells

M. George, H. Chandra, and J.E. Madocks, General Plasma, Inc., Tucson, AZ

Crystalline silicon solar cells owe their high efficiencies in part to advanced high throughput thin film technologies.
These thin films serve both as optically matched anti-reflective layers and simultaneously render the surfaces of the
underlying active semiconductor passive.  Hydrogenated silicon nitride is of keen interest because it is a key thin 
film for commercial crystalline silicon n+ emitter solar photovoltaic devices.  A new Plasma Enhanced Chemical 
Vapor process has developed that deposits thin films for this demanding requirement: an advanced hydrogenated 
SiN:H process capable of depositing SiN:H films on n-type FZ Si surfaces with minority carrier lifetimes exceeding
2 milliseconds, measured by photoconductivity decay.  Deposition conditions include temperatures between 200˚C 
and 350˚C and pressures from 20 to 75 millitorr - yielding a SiH4 utilization efficiency that exceeds 10% at 
deposition rates >60 nm-m/min.  We discuss the thermal stability, thin film bonding and surface chemistry of the 
SiN:H films that account for this exceptional surface passivation.  Future crystalline silicon cells will be 
manufactured with p+ emitters, enabling efficiency improvements of 2-5% over 21% efficient n+ emitter cell designs.
This cell architecture requires films with altogether different properties from SiN:H to enable these dramatic 
efficiency gains.  We include summary data on thin films deposited by our Dual PBS‚ PECVD source for this 
application that include index of refraction, minority carrier lifetime and deposition rates.
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Tuesday, May 12

2:50 p.m. CT-3 Stochastic Nanostructures on Polymers for Solar Applications

N. Kaiser, K. Fuechsel, U. Blumrueder, P. Munzert, and U. Schulz, Fraunhofer Institute for Applied Optics and 
Precision Engineering IOF, Jena, Germany

A new technology based on plasma etching has been developed to produce antireflective nanostructures.  By 
choosing thin initial layers and variable plasma conditions a broad range of differently shaped structures can be 
produced on various polymers.  A broadband antireflective effect can be achieved that is less sensitive to the incident
angle of light compared to multilayer interference coatings.  In combination with metallic layers, some types of 
structured surfaces can be transformed to show high absorption. Such surfaces appear completely black in the visible
spectral range.  This paper presents structured polymer surfaces exhibiting broad band antireflective properties 
optimized for the solar wavelength range as well as absorbing surfaces produced by plasma etching.
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Tuesday, May 12

3:10 p.m. CT-4 Web and Inline System Optimization Utilizing Thermal Sources for Thin Film Solar

J. Patrin and R. Brasnahan, Veeco Instruments, St. Paul, MN; and D.L. Miller, Consultant, Valley Center, CA

Recently, there has been considerable activity scaling thin film photovoltaics from R&D to high volume 
manufacturing because of their low cost potential.  For CIGS thin film solar, the manufacturing challenges focus on
optimizing the deposition for high material utilization, low thickness variation and decreased system footprint.  In 
this contribution we report on a deposition modeling and optimization method that evaluates parameters such as 
number of sources, individual flux rates, source-to-substrate distance, source angle, source separation and deposition
area in order to quantify the impact of these variables and their dependency on one another.  We have used this 
process for a variety of deposition configurations including thermal point sources for copper, indium, gallium and an
array of nozzles for selenium linear sources integrated into web and inline glass systems. The modeling process 
provides a fast, cost effective and low risk means of determining the optimal system design given the process and 
hardware constraints.  This method is applicable for substrate sizes beyond 1m and we will present system 
configuration results for substrate sizes ranging from 300mm to 1200mm for copper, indium, gallium and selenium 
sources illustrating that material utilizations up to 75% can be obtained with thickness variations +/- 5%.
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Tuesday, May 12

12:10 p.m. LP-1 A Demonstration of Theory and Methods for Cost-Effective Nanoindentation

N. Randall and E. Skopinksi, CSM Instruments, Needham, MA

Instrumented nanoindentation is a widely used method for the analysis of thin films and coating systems.  In this live
demonstration, an examplary nanoindentation study will be performed. Focus will be given to the relation of results 
to basic theory, to provide understanding on the theoretical source and meaning of instrumented indentation results.
The CSM Table Top Instrument combines all the advantages of the Standard Nanoindentation Tester into a small 
and simple-to-use instrument which is ideally suited to routine nanoindentation testing where a Full Platform System
may not be appropriate.  The nanoindentation head offers the same high performance as the standard 
Nanoindentation Tester (NHT) head.  It is also upgradeable with optional technical features like the Sinus mode 
(Dynamic Mechanical Analysis: storage and loss moduli) and can be configured with a range of displacement stage
options and integrated video microscope.  The Load Range is 0.1 to 500 mN, the Load Resolution is 0.04 µN, the 
Max Depth is 200 µm and the Depth Resolution is 0.04 nm.  CSM Table Top Nano Indentation Tester is a cost-
effective solution which meets the ISO 14577 & ASTM E2546 standards.

 - Easy to use

 - Full NanoIndentation Functionality

 - Robust Head

 - Compact Frame

 - Manual or Motorized Table
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Tuesday, May 12

12:45 p.m. LP-2 Demonstration of Sputter Target Bonding at Room Temperature Using NanoFoil®

M. O’Neill and A. Duckham, Reactive NanoTechnologies, Inc., Hunt Valley, MD

NanoBond® is a process that enables solder bonding of materials in nanoseconds. This is accomplished by inserting a
sheet of NanoFoil® in between two surfaces prepared with prewet solder. Under pressure, the NanoFoil® is ignited 
and serves as an embedded, sacrificial heat source. The soldered assembly is bonded with little evidence of 
deflection or stress created by the bonding process. The NanoBond® process has been adopted by several companies
who bond sputter targets to a backing plate. NanoBond® is used to bond metal and ceramic oxide targets to a range 
of backing plate materials. In many cases this combination possess a temperature coefficient of expansion mismatch
(TCE). The NanoBond® process only heats the interface being bonded, avoiding any stress or deflection due to the 
mismatch, creating a strong and reliable bond. Due to the flexibility in using any solder, the NanoBond® process 
enables higher power sputtering, reduction or elimination of arcing, use of lighter and less expensive backing plates,
and an overall increase in sputter tool uptime. The NanoBond® process can be conducted in stages, allowing for 
improved manufacturing flow and enabling the ability to bond sputter targets live for the participants of SVC 2009.
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Tuesday, May 12

1:20 p.m. LP-3 Better Utilization with Cylindrical Magnetron

R. Newcomb and J. Hrebik, Angstrom Sciences Inc., Duquesne, PA

Angstrom Sciences has created a compact, lightweight, and economical cylindrical magnetron specifically designed 
to offer uniform thin films while maximizing target utilization .  Cylindrical Magnetrons can hold up to 3 times the 
amount of target material as a planar magnetron with the same spatial area.  The ONYX-Revolution further 
optimizes material investment with greater than 85% target utilization and with a universal and cost-effective magnet
design, is able to fit any target type.
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Tuesday, May 12

2:00 p.m. IS-10 Advanced Sputter Magnetrons and Linear Ion Sources

J. Madocks, General Plasma, Inc., Tucson, AZ

With the acquisition of Advanced Energy’s linear ion source product line in 2008, General Plasma is the world 
leader in high performance ion sources for solar, glass and web applications.  In a whirlwind tour, attendees are 
shown the latest in ion source performance statistics and application examples.  This is a quick overview to leave 
time for presentation of General Plasma’s new Compact End Block for rotary magnetron sputtering.  The innovative
end block has mechanical water seals, ferrofluid vacuum seals and is only 100mm long!  Any time left will be used 
to share the latest user data from our Moving Magnet Planar Magnetron.  Exciting stuff!
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Tuesday, May 12

2:10 p.m. IS-11 Controling Utilization and Uniformity

R. Newcomb, Angstrom Sciences, Inc., Duquesne, PA

Angstrom Sciences has developed a magnetron with an electromagnetic coil that enables you to Control the Plasma 
across the surface of the target.
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Tuesday, May 12

2:20 p.m. IS-12 Technology Update: NanoBonding of Sputter Targets

M. O’Neill and A. Duckham, Reactive NanoTechnologies, Inc., Hunt Valley, MD

NanoBond® is a process that enables solder bonding of materials in nanoseconds. This is accomplished by inserting a
sheet of NanoFoil® in between two surfaces prepared with prewet solder. Under pressure, the NanoFoil® is ignited 
and serves as an embedded, sacrificial heat source. The soldered assembly is bonded with no evidence of deflection
or stress created by the bonding process. The NanoBond® process has been adopted by several companies who bond
sputter targets to a backing plate. NanoBond® is used to bond metal and ceramic oxide targets to a range of backing 
plate materials. In many cases these combination possess a temperature coefficient of expansion mismatch (TCE). 
The NanoBond® process only heats the interface being bonded, avoiding any stress or deflection due to the 
mismatch, creating a strong and reliable bond. Due to the flexibility in using any solder, the NanoBond® process 
enables higher power sputtering, reduction or elimination of arcing, use of lighter and less expensive backing plates,
and an overall increase in sputter tool uptime. Several recent case studies of successful sputter target bonding will be
presented.
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Tuesday, May 12

2:30 p.m. IS-13 Deposition Tolerant Langmuir Probe

D. Gahan, National Centre for Plasma Science and Technology, Dublin, Ireland; and B. Dolinaj and M.B. Hopkins, 
Impedans Ltd., Dublin, Ireland

In a standard Langmuir probe system, the monitoring of plasma parameters during plasma deposition is limited by 
the effects of probe surface contamination. A number of issues arise:  i. A Langmuir probe immersed in the plasma 
during deposition processes is subjected to the deposition of a layer resulting in a large disturbance of the probe 
characteristic. Surface contamination changes the work function, resulting in a shift of the probe characteristic and/or
in hysteresis in the I-V Characteristic. The formation of dielectric layers causes the slope of the characteristic to 
become shallow and eventually reduce the current to zero. This problem is addressed in current Langmuir probe 
systems based on electron or ion cleaning but limits the probe operation to plasma with low deposition rates.  ii. A 
poor ground return path for the electron current causes shifts in the plasma potential. While this problem is addressed
in modern probe systems by using a floating reference probe to compensate for low frequency effects, in deposition
plasmas the reference electrode cannot be cleaned by electron bombardment and may be become insulating. The 
poor electron ground return is made worse by insulating coatings on the wall.  In order to produce a Langmuir probe
that can operate well in deposition plasma we have introduced a high frequency swept probe. The probe attains a DC
bias negative relative to the plasma potential and draws a net current close to zero. The probe records the AC IV 
characteristic or complex impedance of the sheath and determines the plasma parameters. This technique is valid 
even in the case of a fully insulating layer forming on the probe surface.  The probe draws little net current and 
minimal ground return is required. We show that the plasma to ground sheath capacitance provides sufficient current
during the electron collection period. A unique feature of the probe is the ability to attain a bias voltage above the 
plasma potential even when coated with a non-conducting layer.  We show results of the system in an O2/N2 plasma
and compare the swept probe with a standard Langmuir probe.
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Tuesday, May 12

2:40 p.m. IS-14 Investigation of Creep Behaviour with a New Innovative Nanoindentation Tester

N. Conte and R. Consiglio, CSM Industries SA, Peseux, Switzerland; and N. Randall and E. Skopinksi, CSM 
Instruments Inc., Needham, MA

Nanoindentation testing is particularly appropriate for creep and stress relaxation tests because it can measure 
materials whose properties are highly viscoelastic. However, the main drawback of nanoindentation tests is linked to
the low thermal stability of most instruments. These instabilities introduce an uncontrollable penetration drift 
superimposed to the viscoelastic deformation of the sample. For some very thin coatings, thermal expansion of the 
instrument frame can cause significant measurement error. The recent development of a new innovative instrument 
(the Ultra Nanoindentation Tester) has allowed such drawbacks to be avoided, and has allowed the precise 
investigation of the creep behaviour of samples using very long duration tests. These results were made possible 
thanks to a quasi elimination of the thermal drift by the use of specific dedicated materials with very low thermal 
expansion coefficients and a special design of the measurement head. Furthermore, the influence of the deformation
of the frame has been eliminated due to an active top referencing which continuously monitors the position of the 
surface of the sample through a reference applying a very small and controlled pressure. A series of long time quasi 
static tests various coatings and will be used to demonstrate the efficiency of this novel instrument design and 
ability.
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Tuesday, May 12

2:50 p.m. IS-15 Surface Modification by 3D Nano Coatings

M. Fliedner, Cotec GmbH, Karlstein, Germany

Easy-to-clean coatings are a special kind of protection coating, only a few nanometers thick, against mechanical 
stress, watermarks, fingerprints, dust, grease and so on.  The combination of coating systems and an ultra 
hydrophobic material will leave a long lasting coating.  The hydrophobic and olephobic performance will remain the
entire lifetime of the product.  New test equipment and background data on the physical basis of these properties are
presented.  Surface characterization was performed by electron microscopy and detailed contact angle 
measurements.
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Wednesday, May 13

8:30 a.m. P-4 Plasma-Based Approach to Controlling the Oxygen Concentration in Graphene Oxide

S.G. Walton, E.H. Lock, and M. Baraket, Plasma Physics Division, U.S. Naval Reseach Laboratory, Washington, 
DC; P.E. Sheehan and Z. Wei, Chemistry Division, U.S. Naval Research Laboratory, Washington, DC; and J.T 
Robinson and E.S. Snow, Electronics Division, U.S. Naval Research Laboratories, Washington, DC

Graphene and graphene oxide have attracted widespread interest because of their unique structural and electronic 
properties, which lend themselves well to the production of nanoscale electronic and sensing devices. Indeed, 
graphene is a single monolayer thick carbon sheet with remarkably high electron mobility. The addition of oxygen 
increases the sheet thickness and decreases this mobility and, more interestingly, determines both the conducting and
reactive properties of the material. One significant impediment to realizing the potential of graphene oxide is the 
development of an industrially viable approach to producing large area substrates of well-controlled oxygen 
concentration. In this respect, plasmas are an ideal candidate but problems associated with the large fluxes of 
energetic ions are a significant concern. The Naval Research Laboratory has developed a plasma processing system 
that is characterized by a uniquely low incident ion energy, in the range of a few eV, at or near the carbon-carbon 
and carbon-oxygen bond strength. In this talk, we discuss the use of this system to reduce the oxygen concentration 
of graphene oxide. We examine both the processing conditions and the resulting properties of the material. This 
work was supported by the Office of Naval Research.
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Wednesday, May 13

8:50 a.m. P-5 Modeling the Plasma Growth of Carbon Nanostructured Materials

E. Neyts, M. Eckert, A. Maeyens, and A. Bogaerts, University of Antwerp, Antwerp, Belgium

Invited 40 min. Talk

Carbon nanostructured materials such as carbon nanotubes (CNTs), graphene, amorphous carbon films, and (ultra)
nanocrystalline diamond, attract a lot of attention thanks to their exceptional electronic, optical, mechanical, and 
tribological properties.  Each of these materials can be deposited using plasma sources starting from some 
hydrocarbon gas, and hence it is of great importance to obtain a fundamental understanding of the plasma used to 
deposit these materials. For this purpose, we use self-consistent fluid simulations. In the first part of the presentation,
attention will be focused on how different operating conditions lead to a different plasma chemistry and plasma 
composition.  Beside a computer model for the plasma itself, it is also of great interest to simulate the interaction 
between the plasma and the walls of the plasma reactor, because (i) this defines the boundary conditions of the 
plasma simulations, and (ii) it provides information on the growth mechanisms of the deposited materials. For this 
purpose, we apply molecular dynamics (MD) simulations. In the second part of the presentation, the capabilities and
limitations of MD simulations will be illustrated for the case of deposition of various kinds of carbon nanostructured
materials, including amorphous hydrogenated carbon thin films, (ultra)nanocrystalline diamond and carbon 
nanotubes.
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Wednesday, May 13

9:30 a.m. P-6 Film Microstructure Characterization of Plasma-Deposited SiO2-Like Films

M. Creatore, N.M. Terlinden, G. Aresta, and M.C.M van de Sanden, Eindhoven University of Technology, 
Eindhoven, The Netherlands

SiO2 layers have been deposited in a remote expanding thermal plasma setup enabling a good control of the ion flux
(by changing the deposition chemistry and the arc plasma parameters) and the ion energy by an additional RF 
substrate biasing or a tailored ion biasing technique.  The role of ion energy and ion-to-growth flux ratio on the film
densification has been investigated by means of ellipsometric porosimetry, monitoring the refractive index change 
due to the adsorption (and desorption) of ethanol vapors in the volume of macro-meso-micro pores.  From the 
analysis of the adsorption isotherm and the presence of hysteresis, the open porosity in the layer can be determined.
Both biasing techniques lead to densification of the deposited layer, which experiences a transition from 
mesoporosity to microporosity and eventually non-porosity.  Although both biasing techniques also lead to a 
comparable critical ion energy value per deposited SiO2 unit, the ion-to-growth flux ratio and ion energy are not 
found to be interchangeable.  While the RF biasing technique allows the above-mentioned transition in a relatively 
small bias voltage range (down to 50V), the layers densified via the tailored ion biasing technique require a larger 
voltage range (down to 240V) to quantitatively remove microporosity.
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Wednesday, May 13

9:50 a.m. P-7 Plasma Treatment of Micropowder - From Laboratory Experiments to Production Plant

P. Špatenka, Technical University in Liberec, Liberec, Czech Republic and University of South Bohemia, Ceske 
Budejovice, Czeck Republic; J. Hladík, Department of Material Science, Technical University of Liberec, Liberec, 
Czech Republic; and M. Peciar, Institute of Process and Fluid Engineering, Slovak University of Technology in 
Bratislava, Bratislava, Slovakia

Plasma modification of powder has recently attracted much interest because of new perspectives of the interfacial 
properties supervision.  Plasma modified powder was used as a filler for composite materials or for production of 
parts using roto-molding technique.  Parts sintered from the plasma modified polyethylene powder preserved high 
surface tension, which allowed e.g. direct painting or adhesive bonding without any additional pretreatment or using
them as a filler in composite materials.  Plasma modification also significantly enhanced adhesion of the polymer to 
the substrate.  Various methods for powder treatment have been reported for low-pressure plasma treatment of 
powder including fluidized bed or reactors with mechanical stirring.  Based on laboratory experiments and 
theoretical analysis of various treatment methods a concept for industrial scale production of plasma-modified 
powder was proposed.  The principle of the industrial-scale reactor will be presented.  Production capacity and cost 
estimation will be also presented.  Partial support of the projects MSM 4674788501 and GACR 106/08/1665 is 
greatly acknowledged.
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Wednesday, May 13

10:30 a.m. P-8 Detecting and Preventing Instabilities in Plasma Processes

D.C. Carter and V.L. Brouk, Advanced Energy Industries, Inc., Fort Collins, CO

RF driven plasmas commonly used in enhanced CVD deposition and etch processes are continually subject to 
shrinking feature size and film thickness requirements.  The ongoing evolution of film architectures has driven many
processes into regimes not previously explored with past technologies.  Low pressure, low power processes often 
using electronegative gases pose unique challenges to power delivery in these increasingly demanding applications.
All of these directly influence plasma impedance, a critical characteristic of any RF driven plasma.  Besides the need
to maintain load impedance in a range for efficient power delivery, the dynamic sensitivity of plasma impedance to 
other process variables can prove critical to accurate power delivery into plasma processes.  Low pressure, low 
power, electronegative plasmas are particularly prone to stability issues, some inherent to the plasma and others 
resulting from dynamic interaction between the plasma impedance and the power delivery system.  Today’s RF 
power systems, in addition to becoming increasingly efficient, are also equipped with state-of-the-art measurement, 
regulation and control features.  When properly implemented, advanced features such as variable frequency, 
delivered power regulation and high speed impedance measurement can be used to not only detect the presence of 
plasma instabilities but also to suppress and avoid them.  In this paper we demonstrate the use of advanced power 
delivery and measurement technologies for the detection and prevention of plasma instabilities.  We show 
characterization methods that can be used for determining process margin and effective means for power delivery 
optimization for ensuring process stability.   For the most sensitive processes, we further demonstrate an 
implementation of a real time control system for plasma stabilization that detects the presence of instabilities and 
actively corrects them to restore stable power delivery and plasma conditions.
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Wednesday, May 13

10:50 a.m. P-9 Pulsed Heating for Plasma Assisted Processes, Principles and Application

E. Bergmann and A. Houbbi, University of Applied Science of Western Switzerland, Geneva, Switzerland; and B. 
Pecz and L. Toth, Műszaki Fizikai és Anyagtudományi Kutatóintézet, Budapest, Hungary

Pulsed heating in plasma assisted deposition processes is a new concept that uses the decay of propagating heat 
pulses to grow coatings at temperatures significantly higher than the substrate temperatures.  Although different 
options exist for heat pulses and lasers have been used in the past for superconductive oxide coatings, electron 
bombardment is the method of choice in plasma assisted processes. In practice duration and frequency of the pulses
will be linked to the coating growth rate.  This allows the deposition of fully tempered coatings or the deposition of 
laminar structures consisting of sequences of tempered and untempered layers.  The validity of the concept is shown
by direct observation of the heat wave in a model experiment, from which the surface temperature reached during 
heating can be estimated.  The experiments were carried out in a sputter configuration and the maximum surface 
temperatures exceed 1000˚C.  One example of an application are CrC/a-C:H coatings, where pulsed heating leads to
higher graphitisation and a lower friction coefficient.  Another example are arc co-evaporated CrC/C coatings, where
pulsed heating can be used to improve the crystallinity of the chromium carbide.  In this case the tempered layers 
appear as galaxies in dark field transmission microscope cross sections.  The concept can be used with any plasma 
assisted vapour deposition technology, but arc evaporation is particularly suited because of the high heating currents,
that can be achieved. In industrial systems, coating temperatures exceeding the substrate temperature by 150˚C - 
300˚C can be achieved.
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11:10 a.m. P-10 Recent Advances in APP-Based Food and Non-Food Decontamination/Sterilization

J. Engemann, JE PlasmaConsult GmbH, Wuppertal, Germany (Presented by T. Engemann, JE Plasma Consult 
GmbH, Wuppertal, Germany)

A technology has been developed recently to generate an extremely low-cost atmospheric pressure dielectric barrier
discharge. The necessary electrodes can be printed on disposable labels which in turn are attached to airtight flexible
or rigid packages containing the goods to be decontaminated or sterilized. When generating a plasma, these labels 
need to be only of a limited lifetime in the order of several 10sec to several minutes. During that time, ozone is 
generated very efficiently with ozone concentration increases of up to more than 200 ppm/sec. Maximum 
concentrations achieved so far in a suitable gas atmosphere are in the order of 40.000ppm. For comparison, 
inactivating ozone concentrations for bac. Escherichia, bac. Streptococcus, bac. Clostridium Botulinum and bac. 
Staphylococcus Aureus range from 200 to about 1000 ppm. Plasma label yields these concentrations after 4 to 5 sec.
When switching-off the power ozone decomposes again to oxygen within minutes. This means that upon opening the
packages after a suitable time, no harmful ozone is being released.  Depending on the surface textures of food (e.g. 
fruit, meat) an initial microbial load of 106 was reduced by log 3, log 2 and log 1 for apples, chicken- and pork-meat,
respectively. More importantly, the subsequent increase of the surviving microorganism population after opening the
package was slowed down considerably compared to untreated samples.  Textiles for clinical use also need to be 
sterilized preferentially on the point of use. Here the discharge effectively sterilized the textiles consistently with a 
reduction of log 6. Verbose invited
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11:30 a.m. P-11 Plasma Enhanced PVD Coatings for 120mm and 155mm Barrel Applications

S.L. Lee, U.S. Army ARDEC-Benét Laboratories, Watervliet, NY; R. Wei, Southwest Research Institute, San 
Antonio, TX; M. Todaro, U.S. Army ARDEC-Benét Laboratories, Watervliet, NY; E. Langa, Southwest Research 
Institute, San Antonio, TX; and S. Smith, U.S. Army ARDEC-Benét Laboratories, Watervliet, NY

Plasma enhanced PVD (physical vapor deposition) process with externally generated plasma and substrate biasing 
were used to deposit environmental friendly protective coatings for potential barrel applications.  In this work, 
tantalum coatings of 200-500µm thickness were sputter deposited on ASTM A723 steel samples cut from curved 
120mm smooth bore, and rifled 155mm gun bore sections.  SEM showed dense, uniform, adhesive, and crack-free 
coatings on all bore surfaces, except the walls of rifled 155mm, expected due to oblique angle deposition.  XRD 
showed body-centered-cubic tantalum coatings.  Fracture tantalum surface showed excellent microvoid coalescence
with ductile mode of fracture, resilient to thermal shock cracking.  Adhesion tests performed included groove test, 
cyclic pulsed laser heating test, and vented erosion simulator test, which simulates the thermal-mechanical-chemical
environment of large cal.  The 120mm sample showed excellent adhesion, no delamination, no cracks after 129 
rounds firing simulated high erosive rounds.  The 155mm land and groove surfaces showed excellent adhesion, no 
delamination, no cracks after 10 cycles of very aggressive pulsed laser heating testing.  The plasma enhanced PVD 
deposition process and the analytic and adhesion test results will be discussed. Verbose invited
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8:30 a.m. T-6 Present Status of Carbon Based Cutting Tool Coatings for Soft Alloy Workpiece Materials

G.J. van der Kolk, Ionbond Netherlands, Venlo, The Netherlands; and E. Damond, Ionbond France, Chassieu, 
France

Cutting tool coatings are increasingly optimized for the dominant wear phenomena.  For soft metals and alloys like
Al-alloys and Ti-alloys adhesive wear is one of the dominant wear mechanisms.  Coatings provided for these 
applications are focusing partly on abrasive wear reduction by having a high hardness, partly on avoiding adhesive 
wear by working on the surface energies, and avoiding matching with the workpiece materials.  The applied coatings
range from pure diamond, diamond like carbon (DLC) in many variations, to nitrides and carbo-nitrides.  An 
overview will be presented of the present state-of-the-art coatings.  Further, a model will be discussed trying to link 
the coating engineering to the expected wear mechanisms due to the cutting conditions and work piece material.  
Special emphasis will be on multilayer coatings produced by unbalanced magnetron technology, mainly based on a 
load carrying layer of CrN with a top coating of hydrogenated DLC (CrN/a-C:H) and on non-hydrogenated DLC 
coatings produced by ARC technology (ta-C).
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9:10 a.m. T-13 DLC Base Coating on Plastics as Support for Scratch Resistant Decorative Finishes

P. Peeters, I. Kolev, J. Landsbergen, R. Tietema, and T. Krug, Hauzer Techno Coating BV, Venlo, The Netherlands

PVD colour coatings are widely spread since the early 1990s due to their high hardness in comparison with galvanic
coatings, thus protecting the colour for much longer periods of time then ever achievable with galvanic coatings or 
lacquers.  Because decorative PVD coatings are relatively thin (0.5 micron), their high hardness is only 
advantageous when deposited on a adequate support layer.  For plastics this support is often provided for by a 
galvanic coating, while for stainless steels it is provided for by a thicker PVD base layer.  DLCs can be used as  an 
alternative, since they also exhibit high hardness, and generally have smooth surfaces.  If the technology is mastered
in the proper manner, these coatings can be produced with relatively low costs and high growth rates.  These 
properties make DLC coatings suitable candidates to serve as a base layer for decorative coatings on relatively soft 
substrates.  The problem related  to adhesion between the DLC base coating and the decorative top coating has been
mastered, as shown in a SVC presentation of 2008.  The process parameters for depositing adequate DLC support 
layers on plastic substrates will be addressed in the current presentation.
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9:30 a.m. T-14 Adavnced Magnetron Sputter Technique for Deposition of Superhard a-C:H Coatings

K. Bewilogua, M. Keunecke, H. Thomsen, and R. Wittorf, Fraunhofer Institute for Surface Engineering and Thin 
Films IST, Braunschweig, Germany; Y. Ivanov, SVS Vacuum Coating Technologies GmbH & Co. KG, Karlstadt, 
Germany; and T. Zufrass, Systec GmbH & Co. KG, Karlstadt, Germany

Superhard amorphous hydrogenated carbon (a-C:H) coatings were prepared in a large scale batch coater equipped 
with 4 targets and electromagnetic coils.  Coils around each target and an additional coil generating a magnetic field
over the chamber volume caused high substrate ion currents.  The sputter gas was a mixture of argon and acetylene.
To improve the adhesion different interlayer systems, e.g. from chromium or tungsten carbide were used.  The a-C:H
coating deposition was carried out working with varying parameters of substrate bias (d.c. and pulsed d.c.), acetylene
flows and coil currents.  The highest hardness values were reproducibly measured with up to 50 GPa.  The coatings 
characterization was done by SIMS and Raman spectroscopy as well as by hardness and wear tests.  The hardness 
clearly depended on the hydrogen contents and the hardest coatings could be prepared at about 10 atom % hydrogen.
Reasons for this behavior will be discussed considering the effects of the most essential process parameters.  For a 
fully loaded machine processes suitable to deposit well adhering coatings were developed.  To achieve optimum 
adhesion for components or tools, respectively, different types of interlayers were applied.  The addition of HIPIMS
steps allowed additional process modifications influencing coating properties, especially the adhesion.
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9:50 a.m. T-15 Influence of Surface Roughness on the Tribological Performance of Superhard Amorphous 
Carbon Films

H.-J. Scheibe, A. Leson, and V. Weihnacht, Fraunhofer Institute for Material and Beam Technology IWS, Dresden,
Germany

Diamond-like carbon films (DLC) have proven to be excellent low friction and wear protection coatings for 
components and tools under different tribological conditions.  The new generation of hydrogen-free ta-C films (ta-C
= tetrahedral bounded amorphous carbon) have extraordinary high wear resistance under extreme abrasive 
conditions due to their hardness close to crystalline diamond.  They possess excellent dry-running and emergency-
operating properties at lubrication break down if their surface roughness adapt to the running conditions.  Too rough
ta-C films are very abrasive and the friction partner can be severely damaged in a short time.  Conventional ta-C 
films deposited by unfiltered arc-deposition mostly are not directly applicable due to their typical high roughness.  
By using plasma-filtered deposition methods or polishing after deposition ta-C films with sufficiently smooth 
surface can be obtained. In this investigation, ta-C films are deposited with a pulsed arc deposition process (Laser-
Arc) on different substrate materials.  The ta-C surface roughness has been modified by three different methods.  
Firstly a mechanical polishing of the as deposited films, secondly the deposition of a soft running in top layer on the
ta-C film and thirdly a new filtering process for ta-C film deposition were applied.  The influence of these three 
methods has been studied by means of tribological testing under the same dry and lubricated friction condition.  The
results will be discussed and examples of successfully introduced applications of such modified ta-C films will be 
presented.
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10:30 a.m. T-16 How Substrate Constraints Affect the Performance of Thin Film Coatings Under Dynamic 
Impact Loading

L.V. Davies, Caterpillar, Inc., Peoria, IL

Invited 40 min. Talk

The study of dynamic impact performance of thin film coatings has largely been focused on the coating alone, using
high hardness, highly polished steel to eliminate substrate effects.  But in practice, it is vital to study the combined 
effect of the coating and the substrate (known as the coating system). When selecting engineering steels for coated 
components a large amount of the decision is based on functionality, manufacturability and cost requirements, and 
less so on the tribological needs of the system. In sliding motion, this is less of a problem, provided the substrate has
sufficient load bearing capability for the coating and operating conditions. However, under dynamic impact, 
substrate selection becomes much more critical. The cyclic impact loading applied to the coated surface generates 
energy waves that must be accommodated by the coating system. The substrate must possess a high toughness to 
absorb the severe macromechanical stress fields from the impacts whilst have sufficient elasticity to accommodate 
any substrate deformation that may occur under impact.  This paper will define impact resistance and provide an 
example of how engineering functional requirements plus manufacture constraints directly affected the performance
of a coated control valve.
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11:10 a.m. T-17 Erosion, Corrosion and Wear Resistance and Microstructure of Diamond-Like Carbon 
(DLC) Coatings Prepared Using a Mesh Method

R. Wei, M. Jakab, V. Poenitzsch, and K. Coulter, Southwest Research Institute, San Antonio, TX

In this paper, we present a systematic tribological and microstructural study of diamond-like carbon (DLC) coatings
deposited using a newly developed process.  This process utilizes a metal mesh to enclose the parts. When a pulsed 
voltage of a few thousand volts is applied to the mesh, pulsed glow discharge is generated in the mesh to accomplish
the deposition.  This process does not only result in a high rate deposition of a DLC coating, but it also allows the 
deposition on non-conductive parts such as polymers and ceramics. Using this method, we deposited DLC and Si-
DLC coatings on 1018 steel under various conditions.  The microstructure of these coatings was studied using SEM
and Raman sectroscopy.  Their erosion resistance was evaluated using a micro sand blaster with 50µm Al2O3 
particles at various back pressures at two incident angles, 30˚ and 90˚. The coating corrosion resistance was 
evaluated using the polarization test, while the coefficient of friction and sliding wear resistance were studied using a
pin-on-disc tribometer. For comparison purposes, a DLC sample was also prepared using the standard plasma 
immersion ion deposition (PIID) process.  It was observed that the DLC deposition rate using the mesh method was
over 10 times higher than that using the conventional PIID process.  Most coatings showed higher resistance to 
erosion than uncoated 1018 steel.  The coating also exhibited high polarization resistance, up to four orders of 
magnitude.  In addition, all the DLC coated samples showed a coefficient of friction from 0.1-0.12 with negligible 
mass loss due to wear, in ambient conditions without lubricant.  The research results show that this new method may
be used for protection of low alloyed steel or low cost materials from wear, corrosion and erosion.

Verbose invited

Verbose student

Verbose_student_2



Wednesday, May 13

11:30 a.m.

T

18

Adhesion
of ZrCN 

C. Zubizarreta, J.
Goikoetxea, J. Barriga, U. 

Although PVD is
one of the most

Wednesday, May 13

11:30 a.m. T 18 Adhesion of 

Wednesday, May 13

11:30 a.m. T-18 Adhesion of ZrCN Decorative PVD Coatings on Nickel Electroplated Substrates: Effect of 
Stresses

C. Zubizarreta, J.Goikoetxea, J. Barriga, U. Ruiz-Gopegui, and B. Coto, Fundación Tekniker, Eibar, Spain

Although PVD is one of the most powerful technologies for coating, there are characteristics that PVD on its own 
can not impart in an efficient way because they intrinsically require a coating of a high thickness that can not be 
cost-effectively applied by PVD. Some of these properties are, for example, the adequate protection of the substrate 
from corrosion, or the capability to level the surface of the substrate to give a shiny bright appearance. Nowadays 
this functionality is being applied mostly with approximately 20 microns electroplated nickel. Nevertheless, due to 
the stresses involved in PVD, the parameters of this process must be carefully selected in order to obtain quality 
products in terms of adhesion.  In this work, nickel plated substrates from four different suppliers have been coated
with ZrCN by Cathodic Arc Evaporation. The study of the correlation between the stresses induced by the PVD 
process and the adherence achieved between the PVD layer and the nickel plated substrates has been carried out. For
this purpose, coatings of different thicknesses were applied. Adherence was evaluated and residual stresses were 
calculated using the Stoney equation after measuring the curvature radius when applying the coating on very thin 
substrates.  On top of that, a preliminary study of the nickel plated substrates has been carried out, characterizing the
substrates by means of microstructure, through optical microscopy and SEM, roughness, through AFM, 
composition, by GDOES, microhardness and residual stresses. Verbose invited
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11:50 a.m. T-19 ALD-Deposited Nanometer Scale Metal Oxide Films as Adhesion Promoters for Sputtered 
Metal and Ceramic Coatings on PMMA

T. Kaariainen and D.C. Cameron, Lappeenranta University of Technology, Mikkeli, Finland

Magnetron sputtered metal and ceramic films have poor adhesion to certain polymer structures especially 
polymethylmethacrylate (PMMA).  Because of ion bombardment and short wavelength vacuum ultraviolet (VUV) 
radiation from the plasma, the PMMA surface suffers scission of the molecule’s side chain by degradation of the 
ester group, consequently weakening the mechanical properties of the polymer.  Nanometer-scale metal oxide Al2O3

and TiO2 films deposited by atomic layer deposition (ALD) were deposited on PMMA plates prior to magnetron 
sputtered Ti and TiC films. They proved to have a multifunctional role in enhancing the adhesion of the sputtered 
layer.  The adhesion significantly improved with increasing ALD film thickness up to ~40 nm thickness at which 
point the adhesion strength reached the cohesive strength of the substrate material itself.  Using infra-red 
spectroscopy (ATR-FTIR) to monitor changes in the bonding in the surface layers, it is shown that the ALD layers 
act both as a shield against ion bombardment and also against the effects of VUV radiation from the plasma and so 
prevents the structural changes in the PMMA which otherwise cause degradation of adhesion.
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8:30 a.m. O-9 Recent Advances in the Design of Optical Filters with Arbitrary Intermediate Refractive 
Indices

S. Larouche, Pratt School of Engineering, Duke University, Durham, NC

Invited 40 min. Talk

Most optical filters in use nowadays consist of a stack of layers of two materials with discrete refractive indices.  At
normal incidence, it has been demonstrated that such filters provide optimal solutions and it is possible to 
manufacture them with very good reproducibility.  However, the use of graded-index layers or homogeneous layers
with intermediate refractive indices might provide optimal solutions at oblique incidence and better mechanical 
properties.  The recent years have seen rapid development in the processes used to fabricate thin films of mixed 
materials in controlled proportions with intermediate refractive indices. There is, therefore, interest for design 
methods exploiting those possibilities. This presentation reviews the advantages of using intermediate indices in the
design of optical filters and the methods used to design such filters. It focuses on recent developments made at École
Polytechnique de Montréal, namely the inclusion of two correction factors in the Fourier transform method to 
account for the effect of refractive index dispersion, and the step method, a new synthesis method specifically 
developed for the design of multilayer filters with intermediate indices. The challenges faced in the manufacturing of
such filters are also discussed.
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9:10 a.m. O-10 Antireflection Coating Design by Fourier Frequency Filtering with Frequency Range 
Adjustments

P. Verly, National Research Council of Canada, Ottawa, Canada

Frequency filtering is a useful Fourier optics technique also applicable to dielectric thin films.  The Fourier 
relationship arises between the logarithm of a refractive index profile versus optical thickness and a function of its 
reflectance versus inverse wavelength (called the Q-function in the literature).  This relationship allows decomposing
the index profile in components corresponding to different regions of the spectrum.  For example, one can construct
complex reflecting filters from the superposition of simpler reflectors.  Conversely it is possible to extract unwanted
spatial frequencies from a known refractive index profile.  An interesting application is the design of antireflection 
coatings by elimination of the Fourier frequencies from the AR band.  An iterative approach based on this concept 
was proposed in the past.  It was found that the Fourier calculations decrease the reflectance to a minimum after 
which it starts increasing again due to the inherent approximate nature of the Fourier approach in thin films.  The 
present work shows that tuning the Fourier frequency range in the course of the design process results in significant 
improvements.
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Wednesday, May 13

9:30 a.m. O-26 Synthesis Route to Garnet and Perovskite Thin Films via Quad-Reactive Co-Sputter 
Deposition of Amorphous Non-Equilibrium Alloy Oxides and Subsequent Annealing

D. Baldwin, 4Wave, Inc., Sterling, VA; M. Martyniuk and R.C. Woodward, The University of Western Australia, 
Perth, Australia; and R.D. Jeffery, Panorama Synergy Ltd., Balcatta, Australia

Amorphous layers of (BiDy)3(FeAl)5O12 have been deposited at low substrate temperature by reactive plasma co-
sputtering from four metallic targets and subsequently annealed to produce crystalline magneto-optical garnet films.
Details of co-sputter deposition from bismuth, dysprosium, iron and aluminum metal targets by biased target sputter
deposition (BTD) are presented.  BTD, a form of PVD, uses a remote plasma source to provide sputtering ions and 
employs bi-polar pulsed DC bias with independently adjustable duty cycle for each target to control alloy oxide 
composition.  Fully oxidized films of (BiDy)3(FeAl)5O12 have been characterized for composition by Rutherford 
backscattering spectrometry (RBS) both before and after annealing.  Film composition was easily controllable by 
BTD co-sputtering and remained constant after annealing. Post-annealing measurements by x-ray diffraction showed
crystallinity with the main peak at ~32˚ indicating the garnet phase.  SQUID measurements of magnetic anisotropy
were made, optical absorption was characterized and preliminary results on Faraday rotation at 633 nm were 
obtained.  A conclusion is that the demonstrated synthesis route for (BiDy)3(FeAl)5O12 is robust, production-scalable
and of general applicability, and the technique opens garnet, perovskite and other alloy-oxide systems to study in 
composition ranges not readily achievable by other means. Verbose invited
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9:50 a.m. O-12 Multifunctional Optical Coatings on Polymers Deposited by Pulse Magnetron Sputtering and
Magnetron Enhanced PECVD

P. Frach, H. Bartzsch, K. Taeschner, J. Liebig, and E. Schultheiss, Fraunhofer Institute for Electron Beam and 
Plasma Technology FEP, Dresden, Germany

Reactive pulse magnetron sputtering processes are of increasing interest for the deposition of high-precision optical 
coatings of high density, low roughness and shift-free environmental stability.  SiO2, Si3N4 and silicon oxynitride are
attractive coating materials for interference filters produced by sputtering of a silicon target in a precisely controlled
reactive gas mixture of oxygen and nitrogen.  Polymer substrates are increasingly relevant for the application of 
optical coatings due to their mechanical and economical advantages.  The opposing properties of hard and brittle 
metal oxide layers on one hand and of the soft and elastic polymer substrates on the other hand may lead to adhesion
failure and crack formation of the coatings.  Therefore it is necessary to adapt the coating properties to the surface 
characteristics of the polymer substrates by using adapted process parameters of the reactive pulse magnetron sputter
deposition.  Well-adhering multilayer or gradient layer stacks on polymer substrates are obtained even for thick 
coatings that fulfill not only optical requirements but have also diffusion barrier and hard coating properties.  
Magnetron enhanced PECVD using HMDSO and HMDSN as precursors allows to deposit carbon containing films
with polymer-like properties.  Results show the suitability of these coatings as hard coatings or matching layers.
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10:30 a.m. O-13 On the Influence of Surface and Interface Roughness on the Optical Performance of Silver 
Based Stacks Deposited onto Plastic Film

R. Thielsch, R. Kleinhempel, T. Boehme, and A. Wahl, Southwall Europe GmbH, Grossroehrsdorf, Germany

Magnetron sputtered thin silver layers combined with various dielectric layers have found wide applications for solar
control and heat protection in buildings and cars as well as in such challenging application like thin film EMI/NIR 
blocking filters in plasma display panels.  The optical and electrical properties of various silver- metal oxide layer 
stacks were investigated in correlation with the deposition parameters. These properties are evaluated and correlated
with the micro-structure of the coatings. Silver layers were combined with metal oxides like ITO, In2O3, Zn(Al)O 
and ZnSnOx by magnetron sputtering (DC, unipolar pulsed) onto PET film.  DMD stack sequence with up to 5 silver
layers were deposited and analyzed by optical methods, thin film stress determination, measurement of the sheet 
resistance and by determination of structural properties (AFM, XRD).  Measured optical data were compared with 
data from modeling of the stack optics which highlight the importance of the interface roughness on the 
performance.  Another emerging application is for high reflectivity of concentrated solar reflectors on flexible 
organic substrates. The influence of interface roughness to the substrate on the overall performance is demonstrated.
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Sputtering

C. Batista, V. Teixeira, and R.M. Ribeiro, Department of Physics, University of Minho, Braga, Portugal

Sponsored Student Presentation

Thermochromic coatings are demonstrating a high potential to be applied as energy effective building and 
automotive window coatings due to their self-adaptative optical properties which actively modulate the solar 
radiation.  VO2 is an example of a transparent thermochromic material which is a promising candidate for this 
application. The change on its optical/electrical properties takes place at 68˚C as a result of structural transition.  It 
has been demonstrated that substitutional doping of vanadium by other elements is effective in reducing the 
transition temperature, however, their effect on the structural and optical/thermochromic properties are not 
completely understood.  In this study, we have prepared pure and doped VO2 thin films onto SiO2-coated glass 
substrates by reactive direct current magnetron sputtering. The chosen elements for the doping were molybdenum 
and indium. To our knowledge, it is the first time that indium has been used as a candidate to reduce the transition 
temperature of VO2 films.  The films were characterized in terms of crystal structure and texture by x-ray diffraction
(XRD) and the morphology of the surface has been analyzed and quantified by scanning electron microscopy (SEM)
and atomic force microscopy (AFM).  The optical/thermochromic behavior of the films was studied by optical 
spectrophotometry in the UV-VIS-NIR range. Verbose invited
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11:10 a.m. O-15 Optical Properties of ITO Thin Films Produced by Plasma Ion-Assisted Evaporation and 
Pulsed DC Sputtering

K. Fuechsel, U. Schulz, N. Kaiser, and A. Tuennermann, Fraunhofer Institute for Applied Optics and Precision 
Engineering IOF, Jena, Germany

Indium tin oxide is one of the most important transparent conductive oxides.  Due to its high transparency in the 
visible spectral range and its metallic properties, ITO is used as transparent electrode, heat-reflecting mirror, or 
heatable layer.  As a result of free and bounded electrons, a multi-oscillator model has to be applied to describe the 
optical properties from the UV to the NIR and to compute the extinction coefficient and the refractive index.  This 
paper compares the results of reverse engineering for thin ITO films deposited by pulsed DC sputtering and by low 
temperature plasma ion-assisted evaporation. Design examples are shown to demonstrate the suitability of ITO as a 
high index material for optical coatings.
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Wednesday, May 13

11:30 a.m. O-16 Low Temperature Deposition of Indium-Tin Oxide Films Using Magnetron Sputtering

J.I. Jeong and J.H Yang, Research Institute of Industrial Science and Technology, Pohang, Korea

By using a magnetron sputtering source, an indium-tin oxide (ITO) target was characterized in terms of sputtering 
conditions such as voltage-current relation, impedance change, change of deposition rate in DC and RF mode, 
respectively.  In the DC mode, the deposition rate increased very rapidly when the power increased, whereas the 
change of the deposition rate was not so large when RF power was applied.  The optimum process conditions have 
been employed to deposit indium-tin oxide (ITO) films on PET film substrate at low substrate temperature. 
Pretreatment by RF and pulse plasma and irradiation effects of halogen lamp on the properties of ITO films have 
been examined.  Post annealing and UV radiation effects of the coated samples have also been investigated.  
Transmission electron microscopy (TEM) was employed to investigate the microstructure and crystallinity of the 
films.  The transmittance and sheet resistance were investigated according to the deposition time.  It has been found 
that the transmittance was highest and sheet resistance was lowest when the film thickness was in the range of 
140nm.  The pre-treatment of the substrate and post-treatment of the coated sample greatly affected the optical and 
electrical properties of ITO films as well as morphologies of the films.  Systematic experimental results will be 
presented in this paper.
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Wednesday, May 13

8:30 a.m. CT-5 Basic Economics of Photovoltaics for Vacuum Coaters

G. Smestad, Sol Ideas Technology Development, San Jose, CA

Invited 40 min. Talk

With widespread deployment of Photovoltaic (PV) power imminent, it is useful for researchers in the coatings sector
to have at least a basic knowledge of the economic principles that govern PV modules and systems. Several 
simplified and illustrative equations are presented, along with a technical overview of the field. For the past several 
years, PV modules prices have deviated from 80% progress ratios exhibited since 1980. These ratios are obtained 
from experience or learning curves. Deviation is due, in part, to strong demand and a Si supply shortage that is 
expected to end within the next two years. Thin film PV modules are believed to allow for a rapid return to prior 
trends. If Balance of Systems (BOS) costs are considered for existing technologies, the near term (2015) cost of PV
power could be 0.08-0.13 $/kWh, assuming a module of 15% efficiency that lasts at least 15 years under the 
irradiance levels found in the sunnier regions of the world. Although solar cells of 15% efficiency that last for 15 
years can be competitive with fossil fuels, those of less than 8% efficiency with lifetimes < 15 years will likely not 
lead to competitive products at MW scales.
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Wednesday, May 13

9:10 a.m. CT-6 A Turnkey Approach for CIGS Thin Film Photovoltaic Production

D. Schmid, I. Koetschau, A. Kampmann, and T. Hahn, centrotherm photovoltaics AG, Blaubeuren, Germany

Invited 40 min. Talk

centrotherm photovoltaics AG has chosen Cu(In,Ga)Se2 (CIGS) as material system for turnkey thin-film 
photovoltaic production lines because of its large potential concerning conversion efficiencies and economical 
production techniques.  Several approaches are reported in literature for the deposition of CIGS thin-film solar cells,
with two-stage processes being favoured by the industry.  Here, a metallic Cu(In,Ga)-precursor is deposited, 
preferably by sputtering, while the crystallization of the CIGS-compound is completed by an annealing step under 
the presence of selenium.  Within CIGS thin-film technology, centrotherm photovoltaics AG is introducing a 
completely new approach for the production of CIGS-layers, which has not been reported in literature so far.  This 
centhrotherm-unique new technology allows for both, an easy scaling of the preparation techniques involved as well
as unrivaled short process intervalls for CIGS formation.  Hence, the new technology developed by centhrotherm 
photovoltaics AG is especially designed for the realization of economically operated in-line plants, since the fast 
processing of CIGS-modules is not restricted by module size.  Thus, keeping the high efficiencies associated with 
the CIGS system, a considerable economical impact on thin-film solar cells due to this new  technology is expected.
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Wednesday, May 13

9:50 a.m. CT-7 TiO2-Ge Nanocomposites for Solar Cells Applications

S.I. Shah and B. Ali, University of Delaware, Newark, DE; and M. Abbas, COMSATS Institute of Technology, 
Islamabad, Pakistan

Several new photovoltaic semiconductor materials and synthesis techniques have been developed as a result of the 
increasing need for renewable energy sources.  Quantum dot (QD) based solar cell is potentially one of the best 
contenders. We have developed a thermodynamically stable nanocomposite (stable up to 900˚C) titania-germanium
(TiO2-Ge) which shows promise as the active layer for QD nanocomposite solar cells.  In TiO2-Ge nanocomposites
Ge nanodots are distributed in a TiO2 matrix.  Due to the 3-D quantum confinement effect, tailoring of the 
optoelectronic properties is relatively easily done by simply varying the Ge nanodots size.  Ge is particularly 
advantageous since the Bohr radius of Ge is relatively large, 25 nm.  In addition to the specific results of the 
variation of the optoelectronic properties of TiO2-Ge nanocomposites, some results on device fabrication and 
characterization will also be presented.
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Wednesday, May 13

10:30 a.m. CT-26 Survey of Thin Film Solar Cell Technology in Germany
V. Sittinger, W. Diehl and B. Szyszka, Fraunhofer Institute for Surface Engineering and Thin Films IST, 
Braunschweig, Germany

Invited 40 min. Talk

Within the scope of limited non-renewable energy sources and the restricted capacity of the ecosystem for 
greenhouse gases and nuclear waste, sustainability is one important target in the future. Different energy scenarios 
showed the huge potential of photovoltaic to solve this energy problem. Nevertheless, in the last decade PV had an 
average growth rate of 44% per year. In 2007, the worldwide production of solar cells has grown to 4 GW. More 
than 90% of the recent production involves crystalline silicon technologies. These technologies have still a high cost
reduction potential. On the other hand, the so-called second generation thin film solar cells based on a-Si/µc-Si, Cu
(In,Ga)(Se,S)2 or CdTe have material thicknesses of a few microns as a result of their direct band gap. Also the 
possibility of circuit integration offers an additional cost reduction potential. Nowadays, roughly 150 companies are
engaged in this field worldwide. Especially in Germany, there are many companies focusing on thin film solar cells.
Some of them have already started mass production. Schott Solar GmbH and Ersol Thin Film GmbH (takeover by 
Bosch GmbH) with the a-Si technology are collaborating in the development of a-Si/µ-Si tandem technology. The U.
S. company, First Solar, produces in Germany using the CdTe technology. Würth Solar GmbH is also in production
using the Cu(In,Ga)Se2 technology. There are further different production lines under construction by companies for
example by Avancis, Sulfurcell, Johanna Solar, and Solarion GmbH. Furthermore, the biggest company in the 
worldwide solar market so far is  QCells Company, which has started up different subsidiary companies with all 
these technologies (Sontor, Calyxo, Solibro). Nevertheless, there are still many companies who have just started to 
build up their production lines.  An overview of the research activity in different companies and with different thin 
film technologies will be given as well as different manufacturing and production processes.
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Wednesday, May 13

11:10 a.m. CT-9 A Novel Approach for Thin-Film Crystalline Silicon on Glass

K. Sharma, A. Illiberi, A. Branca, M. Creatore, and M.C.M. van de Sanden, Eindhoven University of Technology, 
Eindhoven, The Netherlands

Thin film technology is emerging as a new and promising approach for industrial production of PV modules: 
polycrystalline silicon (Poly-Si) films are fabricated by crystallization of amorphous silicon layers, grown on low-
cost supporting materials (glass substrate).  In this framework, we are developing a new approach for the production
of Poly-Si thin films: the amorphous layers are deposited by using the expanding chemical vapor deposition (ETP-
CVD) technique, which has previously demonstrated device grade a-Si:H at high deposition rate (7-11 nm/s).  The 
crystallization process has been induced by means of Solid Phase Crystallization.  Fourier Transform Infrared and 
Spectroscopic Ellipsometry (SE) diagnostics have been used to characterize both the as deposited and annealed a-Si:
H layers, by measuring the thickness, hydrogen content, bonding configuration and optical constants of the films.  
The imaginary part of the pseudo-dielectric function has been measured by means of SE to give insight into the 
crystallization degree of the annealed a-Si:H films.  The results have been confirmed by Raman diagnostics.  The 
structural material quality of the Poly-Si films has been investigated by means of cross-section Transmission 
Electron Microscopy: crystal grains (1 um lateral dimension) extending over the entire thickness (1um) of the 
annealed a-Si:H films on glass have been observed.
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Wednesday, May 13

11:30 a.m. CT-10 Progressive DC Power for TCO Deposition

D. Ochs, HUETTINGER Elektronik GmbH + Co. KG, Freiburg, Germany; and P. Rozanski and P. Ozimek, 
HUETTINGER Electronic Sp. z O.O., Zielonka, Poland

Transparent conductive oxides (TCO) as ZnO:Al (AZO) are of great importance as  transparent electrical contact 
layer for thin film solar cell application. As this material has a very high arcing rate pulsed DC power processes have
been needed in the past. A new DC power supply family has been developed with the goal to replace these expensive
pulsed DC processes by standard DC processes. The most important feature of this power supply is a very fast and 
advanced arc management. After detecting an arc a positive voltage is applied to the cable between power supply 
and cathode. This compensates the stored energy of the cable and reduces the energy supplied into the arc after 
power switch off.  Measurements using a 60kW DC power supply have shown very stable process conditions over a
long time for planar and tube AZO targets. Residual arc energies significantly less than 1 mJ/kW could be calculated
from oscilloscope measurements of the voltage and current behavior during the arc event. Because of the very short
process interruption stable processes with the in production typical arcing rates of several thousand arcs per second 
become possible. Transmission and resistivity of layers deposited with DC have been measured and compared with 
pulsed DC deposited layers. Pure DC deposited layers show similar or even better results in respect of transmission 
and resistivity compared to the pulsed deposited layers. It could be demonstrated that pulsed power can be replaced
without any disadvantage. Verbose invited
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Wednesday, May 13

11:50 a.m. CT-24 Mechanical Behaviour Study on Conductive Polymer and TCO Thin Films on PET for 
Smart Flexible Devices

V. Teixeira, J.O. Carneiro, P. Carvalho, and S. Lanceros, University of Minho, Guimarães, Portugal; and A. Cochet,
U. Posset, and G. Schottner, Fraunhofer Institut für Silicatforschung ISC, Würzburg, Germany

In flexible organic electronic devices, the high brittleness and limited mechanical ruggedness of requisite inorganic 
thin films are a likely source of failure. It is, therefore, important to understand and improve the mechanical limits of
these functional layers. In the present study, a multiple film cracking in thin film/substrate composite systems was 
analysed. Specifically, the experimental measurement of multiple cracking of indium tin oxide films (ITO) deposited
by reactive magnetron sputtering on polyethylene terephthalate (PET) substrates was investigated. In addition, thin 
homogeneous and highly transparent films of the conductive polymer poly(3,4-ethylene dioxythiophene) (PEDOT)
were prepared by means of spin coating via moderator controlled in situ chemical oxidative polymerization of 
EDOT on the ITO coated PET sheets. Such multilayered films may be used as cathodically colouring 
electrochemical half cells for the assembly of flexible electrochromic devices. The system was subjected to an 
unidirectional tensile loading. A shear lag model was used to derive the stress distribution in the system, and the film
cracking problem was analysed using the strength criteria. In addition, a numerical computer simulation was 
performed to simulate the number of cracks, the crack distribution and the film fracture strength using a Weibull 
statistical analysis. The simulation predicted successfully the crack density and the distribution of fragment lengths 
during the progress of multiple cracking. The influence of the polymeric top layer on the mechanical properties of 
the composite systems is discussed.
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Wednesday, May 13

12:30 p.m. - 1:10 p.m. TS-2 Coatings for Automotive Applications

E. Bergmann, University of Applied Science of Western Switzerland, Geneva, Switzerland

Invited 40 min. Talk

Wear protecting PVD coatings were first introduced on a large scale to automotive applications in the early eighties;
AlSn20Co nanocomposite coatings on conrod bearings were the materials enabling the introduction of the first 
turbocharged diesel engines.  But the big wave started with the introduction of the WC/C coatings for the new 
hydraulic cam followers of the common rail system by Balzers/Bosch/INA.  From there on, the application of PVD 
coatings spread quickly to a wide range of components. PVD coatings for automotive components have become the 
fastest growing sector of PVD wear protection coatings and the main enabler of innovations in cars. Today PVD 
coatings can be found in almost every system of a car.  This tutorial will present the requirements and wear 
mechanisms of the most important subsystems of cars and compare them with the PVD coatings currently used.  A 
special focus will be given to the recent and current developments for engine components.
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Wednesday, May 13

1:30 p.m. A-1 Fundamental Understanding of Pulsed PECVD Through Diagnostics and  Modeling

C.A. Wolden, Colorado School of Mines, Golden, CO

Invited 40 min. Talk

Atomic layer deposition (ALD) is the leading technology for nanoscale synthesis of thin films, imparting digital 
control over thickness and composition, uniformity, and conformality.  However, its low rates preclude its use for 
the practical synthesis of relatively thick mesoscale coatings (100 - 1000 nm).  There are tremendous opportunities 
in this area, and some applications of interest include flexible electronics, precision optical components, thin film 
batteries, and solar cells.  At CSM we have developed low frequency (~1 Hz) pulsed plasma-enhanced chemical 
vapor deposition (PECVD) as an alternative to ALD for self-limiting growth of metal oxides.  Pulsed PECVD 
retains Angstrom level control over thickness and composition, but at significant net rates (> 30 nm/min).  In this 
presentation will introduce the principles of the technique, highlighting a number of salient results.  Pulsed PECVD 
appears to have widespread applicability, having been successfully used to synthesize a wide variety of oxides (ZnO,
TiO2, Al2O3, Ta2O5).  Achievements include demonstration of high rates, exceptional quality, a high degree of 
conformality, and room temperature synthesis of crystalline semiconductors.  The technology continues to expand  
and current efforts in the synthesis of nanolaminates, mixed metal oxides, and inorganic/organic hybrids will be 
described.  To date, pulsed PECVD process development has been largely empirical.  In order to continue to expand
and refine this deposition technology for emerging markets it is clear that a more fundamental understanding of the 
process is necessary.  We have embarked on a project that employs time-resolved diagnostics (Langmuir probe, 
optically emission spectroscopy (OES), electrical impedance spectroscopy (EIS)) to provide fundamental insights 
into the dynamics controlling the plasma chemistry in these systems.  These in situ measurements are being used to 
validate state-of-the-art computational models of the process. In pulsed PECVD the role of both neutrals (fluid flow,
transport phenomena, gas- and surface chemistry) and activated species (ion, electrons, metastables) are of 
comparable importance.  As such, this system poses unique challenges to modeling that will be addressed through 
transformative approaches to accelerate computations for plasma simulations with large number of species and 
chemical reactions.  In this talk we will describe the development of this integrated tool set, as we work to create a 
platform that will enable automated process development and provide strategies for real time control.
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Wednesday, May 13

2:10 p.m. A-2 Optimizing Sputter Processes via 3D Magnetic and Plasma Simulations

D. Monaghan, M. Holik, and V. Bellido-Gonzales, Gencoa Ltd., Liverpool, United Kingdom; and J. Bradley, 
Liverpool University, Liverpool, United Kingdom

The presentation will demonstrate how the performance of a magnetron sputter cathode in terms of target use, 
uniformity and coating quality, can be greatly enhanced by appropriate simulation tools.  All geometries of 
magnetron sputter targets rely upon the nature of the magnetic field design to optimize the plasma distribution and 
hence the target erosion.  Simple circular geometries can be solved by 2D simulations whereas rectangular 
geometrics require 3D solutions.  Magnetic field solutions in 3D are readily available from a range of commercial 
packages.  A 3D magnetic field simulation goes some way to providing the ability to create a good magnetic trap.  
To provide a replication of the resulting target erosion requires the collisional and anodic effects to be taken into 
account.  This requires a 3D plasma simulation and calculation of the impact points of the particles on the target 
surface.  It will be shown that 3D magnetic and plasma simulations can provide an accurate prediction of how a 
target erodes.  This in turn leads to the ability to improve the sputter process without exhaustive plasma test and 
results in higher efficiencies.  The plasma modeling also predicts the magnetic changes required to tune uniformity 
and the coating properties and a number of examples will be shown.
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2:30 p.m. A-3 Simulation Analysis of Plasma Discharge Anomalies in PVD and PECVD Processes

M. Siemers, A. Pflug, and B. Szyszka, Fraunhofer Institute for Surface Engineering and Thin Films IST, 
Braunschweig, Germany

Developing industrial PVD and PECVD plasma sources within the framework of a model based simulation 
environment has been subject of large R&D efforts in the past decade.  However, substantial progress has been 
possible only within the last few years due to the increasing availability and utilization of parallel hard- and software
architectures.  With the use of massive parallelization we realized a full featured 3D simulation environment for low
temperature plasma discharges based on the Particle-in-Cell Monte Carlo (PIC-MC) approach.  A finite element 
mesh model has been incorporated to enhance geometry mapping into the simulation domain.  Within the simulation
environment all relevant static and dynamic process parameters of a plasma discharge (e.g. pressure distribution, 
magnetic field and coater geometry) can be varied.  This avoids costly touch ups and aberrations during the design 
phase of a coater and gives insights into the complexity of 3D plasma discharges which are hard to achieve using 
conventional experimental techniques.  Also, the plasma simulation turns out to be a rather cost effective design tool
since costly expenses for plasma diagnostics can be avoided using the process model.  We are going to show 
simulation results regarding discharge anomalies in PVD and PECVD processes.  The visualization of macroscopic 
and numerical process quantities helps us identifying the cause of unwanted plasma aggregations, e.g. from 
insufficient magnetron and compartment layout respectively. Verbose invited
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Wednesday, May 13

2:50 p.m. A-9 Advanced Radio Frequency Plasma Enhanced Evaporation and its Advantages

W. Schwärzler, Provac AG, Balzers Principality of Liechtenstein and D. Gary, Ricmar Sales snd Service Inc., Aptos,
CA

Dielectric layers functionality, complexity, and stability demands are ever increasing. Efficient coating layers easily
can be produced by using Advanced Radio Frequency Plasma Enhanced Evaporation techniques in high vacuum 
environments. This presentation gives a brief overview about enhancing conventional E-Beam evaporation with the
Advanced Radio Frequency Plasma Techniques evolving from Taurion technology.  Advanced Radio Frequency 
Plasma Enhanced-Electron Beam Evaporation (RFPE-EBE) is predominately used to produce absorption free and 
densified oxide layers such as SiO2, TiO2, Ta2O5, Nb2O5, and nitrate metallic layers (possible to produce hard layers-
nitride basis). The bombardment of the substrate with high-energy ions of the respective process gas can also be used
for degassing of the substrate surface and increasing the cleaning effect.  Advanced Radio Frequency Plasma 
Technology can directly be used in combination with existing coating processes. Advantages of RFPE-EBE include
easier operations, maintenance, cleaning, and use of the basically neutral plasma of the high-frequency plasma 
sources that renders damage to the substrates by electrical discharges impossible right from the start. Additionally, 
the use of pure process gases expands new areas of applications, where the other processes are not suitable.
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3:30 p.m. A-7 The Modeling of Large and Distributed Vacuum Systems

J. Luby, Edwards Vacuum, Tewksbury, MA; A. Chew, Edwards Vacuum, Crawley, United Kingdom; and M. 
Galtry, Edwards Vacuum, Shoreham, United Kingdom

As the size and complexity of vacuum systems increases, the financial and technical challenges do so also. Accurate
modeling allows system optimisation in advance of engineering efforts and negates the need for inefficient empirical
iterations. This paper will describe a computational modeling technique which allows the modeling of vacuum 
systems incorporating any number of primary and secondary pumps and all other elements of a vacuum system. Real
examples will be used to illustrate accuracy and efficacy.

Verbose invited

Verbose student

Verbose_student_2

Wednesday, May 13

3:50 p.m.

A

6

Differentia
l Sputter 

A. Yalin, B. Rubin, J. 
Topper, and C. Farnell, 

Detailed 
knowledge of 

Wednesday, May 13

3:50 p.m. A 6 Differential 

Wednesday, May 13

3:50 p.m. A-6 Differential Sputter Yield Measurements of Single- and Multi-Element Targets Due to Ion 
Beam Bombardment

A. Yalin, B. Rubin, J. Topper, and C. Farnell, Colorado State University, Fort Collins, CO

Detailed knowledge of differential sputter yield profiles could aid the optimization of coating processes based on ion
beam etching.  In this contribution we present an experimental setup and demonstrative results for measurement of 
differential sputter yield profiles (i.e. angular profiles of ejected particles).  The facility employs a gridded ion source
to provide an approximately mono-energetic and collimated beam.  Sputter yields are measured using a quartz 
crystal microbalance (QCM) deposition monitor.  We present measurements of differential sputter yield profiles for
molybdenum targets, and boron nitride targets, due to bombardment by xenon ions in the energy range of 100-300 
eV.  Total sputter yields (found by integrating the differential profiles) are validated against weight-loss 
measurements and published values.  The measured profiles are fit with Modified Zhang expressions to compactly 
describe the results using two fit parameters, a characteristic energy (E*) and total sputter yield (Y).  We also present
demonstrative modeling that uses the ion beam conditions and differential sputter yield profiles to model and 
optimize placement of targets and substrates in coating processes.
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Wednesday, May 13

4:10 p.m. A-8 Development of Me-DLC Films for Strain Gauge Applications

R. Bandorf, U. Heckmann, S. Schnabel, M. Luebke, and G. Braeuer, Fraunhofer Institute for Surface Engineering 
and Thin Films IST, Braunschweig, Germany

In many industrial applications, strain gauges are commonly used for measurements of applied forces or the loading
status of work pieces.  While commercial strain gauges using polyimide foils can cause errors due to influence of 
humidity, thin film strain gauges are of interest for direct application on the work piece surface.  Besides the 
improvement of the signal due to avoiding glue and polymer substrate, the gauge factor can be further improved by 
using new sensor materials.  For diamond-like carbon films, a high gauge factor up to 1000 is published in literature.
Unfortunately, a very high negative temperature coefficient of resistance TCR is also connected with those 
properties.  By adding metal with typically positive TCR, thermal compensation in DLC can be realized.  An 
investigation was conducted of suitable material for thermal compensated strain gauges with a gauge factor higher 
than two, as is typical for conventional NiCr.  DLC films were doped with different metals (Ti, W, Ni) and the 
resulting sensing properties were measured.  For Ni-DLC, the TCR showed a zero crossing.  The gauge factor of 
those films was higher than ten, resulting in a significant increase in sensitivity with the potential for thermal 
compensation.
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1:30 p.m. W-8 Roll-to-Roll Deposition for OLED Lighting Devices

C. May, S. Mogck, and J. Amelung, Fraunhofer IPMS, Dresden, Germany

OLED technology has successfully penetrated the display market within the last years.  To enable OLED technology
for further markets like signage and general lighting, cost reduction is a major issue.  The use of ITO coated glass 
substrates as used for passive matrix displays is therefore not an option for lighting application.  Low cost metal foil
as substrate for the deposition of organic light-emitting diodes will allow a major cost reducing step.  Furthermore, 
there is a need to replace sheet to sheet fabrication technologies by roll-to-roll-processing.   Using the existing 
equipment for vacuum evaporation of small molecule materials on glass substrates OLED on commercial aluminum
sheets were fabricated.  Relative thick doped transport layers allow it to get stable devices on rough substrates too.
Results for highly efficient top emitting OLEDs on rough metal substrates will be presented.  Within the Center of 
Organic Materials and Electronic Devices Dresden, (COMEDD) of Fraunhofer IPMS a roll-to-roll line for research 
and development in OLED lighting is currently under installation.  The paper discusses the line concept and 
technological demands for OLED roll-to-roll fabrication as substrate roughness, substrate patterning, small molecule
organic layer deposition and encapsulation.  First results will be presented.
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2:10 p.m. W-9 Opportunities and Challenges in Flexible Electronics

D.J. McClure, 3M Corporate Research, St. Paul, MN

Invited 40 min. Talk

The promise and /or attractiveness of flexible electronics seem obvious: building electronic devices in roll-to-roll 
formats would reduce device costs dramatically. Some applications actually require flexibility. There are likely more
applications that do not require flexibility per se, but rather value the reduced weight, reduced thickness, and, 
perhaps most importantly, the improved mechanical robustness that flexibility provides. We will review the many 
technical challenges involved in flexible electronics: materials performance, durability, and cost, substrate 
cleanliness and distortion issues, device patterning and yield problems, and the lack of standardized production tool 
sets. Many opportunities for materials and process advancements remain. A key barrier to rapid expansion of this 
technology area is the lack of an identifiable market that justifies the capital investment required without incurring a
disproportionate market risk.
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Wednesday, May 13

2:50 p.m. W-10 Pentacene Deposition for Vacuum Web Coated Organic Transistors

G.A.W. Abbas and H.E. Assender, University of Oxford, Oxford, United Kingdom

We have investigated routes to the development of roll-to-roll vacuum processed organic TFTs.  Use of a vacuum-
deposited organic layer as the semiconductor in a transistor device could allow the integration of this deposition with
other vacuum-deposited layers with a view to cheap, flexible TFT arrays.  One candidate material for the 
semiconductor is evaporated pentacene, and much preliminary work has been reported by many groups in 
constructing devices on rigid substrates under high vacuum static deposition conditions.  In an attempt to investigate
a roll-to-roll deposition (with a lower vacuum than previous studies) and to implement a vacuum compatible surface
functionlisation method, we investigated the structure of pentacene films thermally grown at low vacuum with 
various gas ambience conditions (3x10-3 mbar of N2 and Ar). The semiconductor films exhibited a thickness-driven 
structural transformation which controls the conductivity of the layer. X-ray diffraction and micro-focal Raman 
spectroscopy results will be presented to show how the vacuum conditions control the quality of the deposited 
semiconductor layer.  These results imply that the optimal charge transport efficiency in pentacene semiconductors 
can be obtained through the appropriate growth environment.
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3:30 p.m. W-11 Sputtering Synthesis of Antimicrobial Materials and Associated Process Optimization 
Approaches to Remain Competitive in Global Markets

D. Field, NUCRYST Pharmaceuticals, Fort Saskatchewan, Canada

Invited 40 min. Talk

While silver has long been known to possess antimicrobial properties, the most commonly used forms (silver nitrate
and silver sulfadiazine) have historically demonstrated serious shortcomings in terms of efficacy and delivery.  In the
1990s, magnetron sputtering was used to synthesize unique nanocrystalline antimicrobial silver films, which 
addressed these shortcomings.  The improved performance of these films resulted in rapid market penetration of 
various sputter-coated, silver-based products for treatment of serious burn wounds and other indications.  Following
on this success, sputtered silver-based powders were also developed for use as antimicrobials and anti-
inflammatories.  This presentation will describe the development and efficacious properties of these sputtered, 
silver-based antimicrobial films and will discuss the challenges in synthesizing such materials on a wide variety of 
substrate types.   Attention will be given to the various approaches in dealing with such challenges so as to remain 
competitive in a global market.   More specifically, the reduction of manufacturing costs through various theoretical
and experimental approaches will be reviewed. Examples of specific challenges, such as limiting heat flux at the 
substrate, will also be presented.
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4:10 p.m. W-12 In-Register In-Vacuum Pattern Printing; From Wish to Reality

N. Copeland and L. Harland, General Vacuum Equipment, Heywood, United Kingdom (Presented by A. Jack, 
General Vacuum Equipment, Heywood, United Kingdom)

The use of flexo printed oil within a metallizer is a well known method that enables complex patterns to be 
metallized directly in a single pass. In this new development this in-vacuum pattern printing process has been 
developed further, so that the positioning of the pattern can be controlled to remain in-register with precision to a 
printed or embossed mark on the polymer substrate. This means that a pre-printed or embossed substrate can now 
have selective metallization applied to compliment existing designs. This is an important development as it assists 
the production of advanced packaging designs such as high security devices that depend on both the clear and un-
metallized areas be in-register to highlight the different security features. In this paper we will highlight the benefits
of this technology including examples of material that has been metallized in-register.
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Wednesday, May 13

4:30 p.m. W-13 Impact of Metallizing Process Parameters on Metal Deposition, Optimum Film Properties 
and Converting Performance

E. Mount, EMMOUNT Technologies, LLC, Canandaigua, NY

The metallization process is straightforward and conceptually well understood, but at the same time it is quite 
complex and at times troublesome.  While the overall process parameters for each machine are essentially the same,
we find that various chambers will show an increased sensitivity to some parameters as opposed to another set of 
parameters.  The controlling factors for each machine will impact the quality, metallized properties and the 
converting performance of the final product.  As evidence of this, we find metallization chambers which can readily
produce a product that the metallizer down the street just cannot reproduce and vice versa.  The focus of this talk 
will be to review the principle metallizing process parameters which are common for all metallizers, to compare 
those that are specific to unsupported and supported machines and explore how these process parameters can impact
the metallized film properties and defects.  In some cases, comments relating to the film design and its impact on the
metallizer process and defect generation will also be made.
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Wednesday, May 13

4:50 p.m. W-14 Multi-Layer, Low Emissivity Materials

A. Yializis and S. Yializis, Sigma Technologies International, LLC, Tucson, AZ

Aluminum foil has long been the dominant material used for applications requiring low emissivity surfaces for heat 
reflection and energy management. Metallized aluminum films, though initially exhibiting emissivity values equal to
their bulk foil counterparts, are far more susceptible to performance degradation as a result of oxidation and 
corrosion of the reflective aluminum layer in the presence of heat and moisture.  This is due in part, but primarily, to
the amount of sacrificial aluminum available to be consumed by the oxidation reaction. Investigated are novel, 
multi-layer, low emissivity materials incorporating one or more vacuum deposited layers designed to protect vacuum
deposited aluminum layers from oxidation and corrosion, as wells as to enhance the emissive properties of the multi-
layer structure by providing a planarized surface on which to deposit the reflective aluminum layer.  Various 
substrates ranging in material composition and breathability are investigated as potential replacements for 
perforated, and non-perforated aluminum foil laminates for heat reflection and low emissivity applications.
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Wednesday, May 13

1:30 p.m. HP-8 Analysis of Reactive HIPIMS Discharge Based on Time- and Space-Resolved Optical 
Emission Spectroscopy

M. Hala, N. Viau, O. Zabeida, J. Klemberg-Sapieha, and L. Martinu, École Polytechnique de Montréal, Montréal, 
Canada

Sponsored Student Presentation

HIPIMS has recently been applied to the fabrication of metal nitrides and oxides.  However, detailed gas phase 
processes in reactive HIPIMS discharges are not yet well understood.  In the the present work, we employ high 
resolution Optical Emission Spectroscopy (OES) to perform a systematic time- and space-resolved study of the 
plasma in pure Ar and different N2(10-90%)/Ar mixtures excited by high-power pulses at a frequency of 50 Hz and a
duty cycle of 1 %, applied to a chromium target. The monitoring of both neutrals (Ar0, Cr0) and ionized species (Cr+,
Cr2+, N2

+) during each pulse revealed two distinct discharge phases (like in the case of sputtering in pure Ar), namely:
Phase 1, dominated by signals from Ar and N2, followed by Phase 2 dominated by emission from Cr neutrals and 
ions. The presence of Phase 2, earlier attributed to self-sputtering, is clearly distinguishable by the characteristic 
shape of the target current waveform for any N2/Ar ratio.  Its duration depends on the applied cathode voltage and 
the working pressure.  The addition of N2 into the discharge at the same cathode voltage and at the same total 
pressure leads to a 2.5-fold increase in the peak current and up to a tenfold increase in the metal ion-to-neutral signal
ratio.  The observed phenomena are correlated with the coating's microstructure and composition.
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1:50 p.m. HP-9 A Langmuir Probe Study of the Plasma Parameters in the HiPIMS Discharge

J.T. Gudmundsson, University of Iceland, Reykjavik, Iceland; and P. Larsson, D. Lundin, and U. Helmersson, 
Linkoping University, Linkoping, Sweden

We describe measurements of the plasma parameters in a high power impulse magnetron sputtering (HiPIMS) 
discharge.  A Langmuir probe is used to determine the plasma parameters, such as the electron temperature, the 
electron density, the floating potential and the plasma potential, as well as the electron energy distribution function 
(EEDF).  The spatial and temporal variation of the plasma parameters and electron energy distribution function are 
recorded in the pressure range 3 - 20 mTorr.  The electron density peaks at 5 x 1018 m-3 for 40 - 80 mm distance from
the target surface for all pressures investigated. The electron temperature reaches its peak value of 1.5 - 3 V at 80 \μs
after pulse initiation, in the pressure range 5 - 20 mTorr.  The plasma potential and the floating potential peak 
towards the end of the pulse.  We will in particular explore the EEDF and the spatial variation of the plasma 
potential at various times during the discharge.
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Wednesday, May 13

2:10 p.m. HP-10 Spatial and Temporal Evolution of Ion Energies in HIPIMS Plasma Discharge

A. Hecimovic and A.P. Ehiasarian, Sheffield Hallam University, Sheffield, United Kingdom

Sponsored Student Presentation

High power impulse magnetron sputtering (HIPIMS) is a novel technique successfully implemented on full scale 
industrial machines.  HIPIMS utilizes short pulses of high power delivered to the target in order to generate high 
amount of metal ions.  The life-span of ions between the pulses and their energy distribution could strongly influence
the properties and characteristics of the deposited coating.  In many modern industrial coating machines the sample 
rotates on the sample holder and changes its position and distance with regard to the magnetron.  Time resolved 
measurements of the ion energy distribution function (IEDF) at different distances from the magnetron have been 
performed to investigate the life-span of ions at various distances from target.  The measurements were performed 
using two pressures, 0.9 Pa and 3 Pa to investigate the influence of working gas pressure on IEDF. Plasma sampling
energy-resolved mass spectroscopy was used to measure the IEDF of Ti1+, Ti2+, Ar1+ and Ar2+ ions in HIPIMS plasma
discharge with titanium (Ti) target in Ar atmosphere.  The measurements were done over a full pulse period and the
distance between the magnetron and the orifice of the mass spectrometer was changed from 25 mm to 215 mm.  At 
shorter distance between target and the mass spectrometer we measured higher energies and shorter life-spans of the
time averaged IEDF measurements, e.g. as distance increased from 100 mm to 210 mm, the life-span increased from
5 ms to 10 ms.  This effect is emphasized at higher pressure.  Low pressure measurements exhibit a higher energy 
tail compared to high pressure both for metal and gas IEDFs, at 150 mm distance high energy tail of Ti1+ spans up to
100 eV at low pressure compared to only 30 eV at high pressure.
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Wednesday, May 13

2:30 p.m. HP-11 The Temporal and Spatial Evolution of Ion Energies in HIPIMS Discharges

J.W. Bradley and A. Mishra, University of Liverpool, Liverpool, United Kingdom; and P. Kelly, Manchester 
Metropolitan University, Manchester, United Kingdom

Using a double gating electrostatic technique applied to a commercial energy dispersive mass spectrometer, the 
temporal evolution of the distribution of ion energies have been determined as a function of distance from the target 
in a HIPIMS sputter source.  Two electrostatic discriminating techniques for the ions at the front of the instrument 
have been used.  The first incorporated a retarding grid in the barrel while the second used an internal lens as a beam
de-focuser electrode. Both techniques provided time-resolutions less than 2 micro-seconds.  The results show the 
evolution of singly and doubly charges gas argon ions and post-ionized sputtered metals (Ti, Cu and Cr) in the 
HIPIMS discharge for a variation of distance from the substrate and for different pulsed powers and pressures.  The 
ion energies themselves (with energies exceeding 100 eV for the metals but low energies for argon) and their arrival
times at the instrument are related to the distribution of plasma potential (determined by an emissive probe) and 
initial ion energies on creation.
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Wednesday, May 13

2:50 p.m. HP-12 Arbitrary Voltage Pulse Shape Plasma Generator with RF Capabilities for Material 
Processing

R. Chistyakov and B. Abraham, Zond Inc./Zpulser LLC, Mansfield, MA

A new arbitrary voltage pulse shape plasma generator with capabilities to generate RF discharge was developed for
RF superimposed high power pulse magnetron sputtering.  Plasma generator consists of two units; arbitrary voltage
pulse shape unit and an RF unit.  A special designed RF filter prevents RF power to penetrate inside the arbitrary 
voltage pulse shape unit.  An arbitrary voltage pulse shape plasma generator with RF discharge capabilities gives 
unique opportunity for controlling plasma parameters.  The principals of operation of new arbitrary voltage pulse 
shape plasma generator with RF generation capabilities will be presented.  Method of generating multi step voltage 
pulses in the presence of RF discharge will be discussed.
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Wednesday, May 13

3:30 p.m. HP-13 Reactive Sputtering Using HiPIMS

M. Aiempanakit and E. Wallin, Linkoping University, Linkoping, Sweden; W. Moller, Forschungszentrum Dresden-
Rossendorf, Dresden, Germany; and U. Helmersson, Linkoping University, Linkoping, Sweden

Reactive sputter deposition of various oxides using HiPIMS have shown that the process becomes surprisingly stable
and that hysteresis effects can be reduced and in some cases completely avoided. We have shown this for the case of
deposition of Al2O3.  Modeling of the reactive process, using a modified version of the Berg model, shows that this 
hysteresis-free behavior can be reproduced by setting the target etching in the model to a level that corresponds to 
what is expected during the HiPIMS-pulse. This indicates that the oxide build-up on the target in-between pulses is 
very small. A significant reduction of target poisoning is also confirmed by in situ target analysis. Here we present 
results also from deposition of CeO2 which show a similar result. However, shorter pulse-off times are required for 
elimination of the hysteresis effects, indicating a slightly more rapid oxide build-up in-between the pulses for this 
material.  Based on these results, the origin of the process stabilization as well as routes for optimization of the 
process conditions will be discussed.
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3:50 p.m. HP-14 Progress in Process Control of High Rate HiPIMS Processes for Optical Thin Films

M. Vergoehl, O. Werner, and S. Bruns, Fraunhofer Institute for Surface Engineering and Thin Films IST, 
Braunschweig, Germany

It is well known that HPPMS/HiPIMS processes yield lower deposition rates due to the backscattering effect of 
positively charged metals ions to the target. In addition, for the deposition of isolating materials as Al2O3 or SiO2, 
standard HiPIMS processes suffer from low process stability and arcing due to the low frequencies.  Recently we 
developed a process wherewith bipolar, unipolar mid-frequency pulses is superimposed to the HiPIMS pulses.  This
yields a higher stability in the case of highly isolating oxides compared to the superposition of a DC signal.  In 
addition, for pure HiPIMS, the control of the oxygen partial pressure turned out to be important to obtain high 
quality ZrO2 films.  In the present paper, a superimposed bipolar MF-HiPIMS, which in addition can be controlled at
arbitrary set points of the oxygen partial pressure, was realized. With this process, highly isolating films like of 
Al2O3 and SiO2 can be deposited from metallic targets at high rates and on larger areas.  Optical and other properties
of the films as stress, hardness and surface roughness deposited with the mentioned processes will be presented and
discussed.
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4:10 p.m. HP-15 Heat Treatable TCO Film for Position 1 Based on HIPIMS

V. Sittinger, F. Horstmann, W. Boentoro, W. Werner, and B. Szyszka, Fraunhofer Institute for Surface Engineering
and Thin Films IST, Braunschweig, Germany

Functional coatings on weather exposed surfaces produce a huge interest in the architectural glazing industry.  Since
these coatings are exposed to atmospheric conditions and natural environment e.g. dust, dirt or salt, their resistance 
to mechanical abrasion and their chemical stability has to be ensured to guarantee their function over lifetime.  The 
need of a cost-effective process for curved and toughened glass necessitates the use of float glass and a heat treatable
and bendable coating.  Well insulated glass units (Ug < 1.0 W/m˚K) mist up at a clear night to a greater or lesser 
extent depending on the glazing concept and its mounting angle.  Mist and water condensation on glass surfaces can
disturb the view.  A Low-E coating at the outer glass surface such as transparent conductive oxides (TCO) can 
almost entirely prevent water condensation on its surface.  A TCO coating has been developed for position 1 based 
on a high power impulse magnetron sputtering (HIPIMS) generator.  A prototype power supply has been used for 
depositing ITO films at varying deposition parameters.  Structural analysis has been carried out for films with 
different deposition parameters before and after heat treatment. Film properties have been studied by optical 
spectroscopy (UV/VIS), atomic force microscopy (AFM) and x-ray diffraction (XRD) measurements.  Mechanical 
stability has been tested with taber-, scratch-, and sand trickling tests.  The impacts have been observed with light 
and scanning electron microscopy as well as haze measurements.  Furthermore, the results are compared with 
conventional DC sputtered ITO films and evaluated in respect to lifetime stability as well as coat and bend 
applicability.
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Wednesday, May 13

4:30 p.m. HP-16 Modulated Pulse Power Deposition of ITO, Silicon and Silver Coatings

R. Chistyakov and B. Abraham, Zond Inc./Zpulser LLC, Mansfield, MA; W.D. Sproul, Reactive Sputtering, Inc., 
San Marcos, CA; and J.J. Moore and J. Lin, Colorado School of Mines, Golden, CO

Modulated pulse power (MPP) sputtering is a variation of high power pulse magnetron sputtering that overcomes the
rate loss issue through modulation of the pulse shape, intensity, and duration.  Usually MPP uses a two-step voltage
pulse to create highly ionized magnetron plasma.   The first voltage step creates a low power magnetron discharge, 
and once it is stable the cathode voltage is modulated with an increase of this voltage, resulting in the generation of 
high power magnetron discharge and strongly ionized plasma.  The pulse shape and duration and plasma 
perturbations directly affect the degree of ionization of the sputtered material.  In this study, silicon, silver and 
reactive ITO films were deposited with the modulated pulse power sputtering approach.  The applied voltage pulse 
shape to the magnetron generated a high power pulse discharge and directly affected the degree of ionization of the 
sputtered material.  Nanometer scale layers of silicon, silver and reactive ITO films were alternately deposited, and 
the thickness and structure of each nanolayer was controlled by varying the output voltage pulse shape of the MPP 
plasma generator.  The OES of plasmas, film structure, orientation, and surface roughness were analyzed and 
measured.  The data will be presented.
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D. Ochs, Huettinger Elektronik GmbH + Co., Freiburg, Germany; R. Spencer, Alacritas Consultancy Ltd., 
Markfield, United Kingdom; and P. Ozimek, Huettinger Electronic Sp. Z O.o., Warsaw, Poland (Presented by A. 
Klimczak, Huettinger Electronic Sp. Z.O.o., Zielonka, Poland)

High Power Impulse Magnetron Sputtering (HIPIMS) is an exciting technique to produce a highly ionized sputter 
flux for film densification, surface modification, trench filling, adhesion promotion and other applications.  Layers 
produced with HIPIMS show superior properties in many applications.  The most investigated and promising 
HIPIMS application is for hard coatings in wear and corrosion protection.  HIPIMS significantly changes the  
hysteresis curve in reactive sputtering, offering much higher deposition rates of compound thin films.  Also the 
HIPIMS process has a significantly lower substrate heat load than standard magnetron sputtering enabling high rate
coating even on temperature sensitive substrates.  HIPIMS power supplies can be added to existing sputter systems
with little or no system modification making them attractive as a way of extending process capability.  However the
HIPIMS parameters of pulse width, pulse frequency, pulse current, and pulse voltage are completely different from
what needs to be specified with more conventional types of supply.  This means that when first choosing a HIPIMS
power supply it can be difficult to know what to specify.  This paper describes the process effects of these 
parameters, and looks at their typical values.  A simple and general step by step guide is given to specifying a 
HIPIMS power supply for sputter systems. Verbose invited
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2:30 p.m. CT-11 Emissivity Modulating Electrochromic Device

H. Demiryont, Eclipse Energy Systems, Inc., St. Petersburg, FL

Invited 40 min. Talk

Eclipse infrared electrochromic device, IR-ECD, is an all-solid-state, all inorganic vacuum deposited monolithic thin
film system functioning as an electrically controlled dimmable mirror in IR region. Maximum reflectance 
corresponding to bleach condition of the system is around 90% (low-e condition, e=0.1).  The minimum reflectance 
reaches near zero in the colored condition of the system (high-e, e=1). Average emissivity modulation of Eclipse IR-
ECD is 0.8 in the 8-12 micron region. Emissivity modulation is associated with reversible tuning properties of the 
system at 3 to 5 and 6 to 9 micron regions. Tuning properties of the system are associated with the cooling/heating of
the IR-ECD surface.  Because of the light weight (5g/m2), low voltage requirement (±1 Volts), extremely good 
emissivity control properties around room temperature region and controllable process ability on any substrate by 
reliable thin film deposition process makes this technology very attractive for satellite-spacecraft thermal control 
applications.  Functionality of Eclipse IR-ECD has been successfully tested in space since March 8, 2007.  This 
paper presents recent developments on the IR-ECD including space functionality test results.  Space environmental 
tests will be reviewed in the paper.
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3:30 p.m. CT-12 New Thermochromic Coatings for Energy Efficient Windows

C.G. Granqvist, N.R. Mlyuka, and G.A. Niklasson, Ångström Laboratory, Uppsala University, Uppsala, Sweden

Thermochromic materials change their transmittance reversibly at a "critical" temperature.  Vanadium dioxide films
are well known and have a larger infrared transmittance below the critical temperature than above it.  Applications 
on energy efficient windows have been hampered by two things: the critical temperature is too high (about 60˚C), 
and the visible transparency is too low for thicknesses giving good thermochromism.  These problems have 
remained for decades despite much research.  This paper shows that magnesium doping increases the visible 
transmittance substantially and also decreases the critical temperature to a comfortable temperature.  Doping with 
aluminium gives enhanced transmittance but increases the critical temperature somewhat.  Specifically, we report 
recent data on vanadium dioxide films doped with Mg, Al, W, and combinations of these.  We believe that these 
results make thermochromics more viable for window applications.  Furthermore, new combinations of 
electrochromic and thermochromic coatings lead to "smart" windows with new and superior functionality.
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Wednesday, May 13

3:50 p.m. CT-13 Boron-Doped Polycrystalline Diamond Electrodes for Electrochemical Applications

M. Becker and T. Schuelke, Fraunhofer USA, East Lansing, MI; G. Swain, Department of Chemistry, Michigan 
State University, East Lansing, MI; and J. Asmussen, Department of Electrical and Computer Engineering, Michigan
State University, East Lansing, MI

Boron-doped polycrystalline diamond thin films are an excellent electrode material for electrochemical applications 
including water treatment (destruction of inorganic and organic pollutants, disinfection), electrosynthesis, 
electroanalytics, bioelectrochemistry and electrochemical energy storage and conversion.  This broad variety of 
potential applications requires the material to be synthesized on various substrate materials, geometries and 
dimensions. Therefore a tunable microwave plasma assisted chemical vapor deposition (MPACVD) reactor was 
used to develop coatings for disks, plates, pins and wires made from various metals (titanium, tungsten, niobium) 
and silicon. Process development results are presented, which address issues such as coating adhesion, mechanical 
stress reduction, boron concentration and uniformity, thickness uniformity, and microscopic coating material flaws 
(cracks, voids).  In addition the paper presents information on shaping the coated materials to fabricate designed 
electrodes and on testing them using cyclic voltammetry.
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4:10 p.m. CT-14 Visible Light-Active C-Doped TiO2 Thin Films for Solar Hydrogen Generation

M. Schulz, H.Y. Lin, M. Day, and S.I. Shah, University of Delaware, Newark, DE

Sponsored Student Presentation

Photoelectrochemical cells (PECs) have the potential to split water to generate clean-burning hydrogen fuel, using 
only input power from the sun.  Titanium dioxide thin films are excellent candidates for photoanodes in PECs, and 
substitutionally doping pure TiO2 with nonmetals such as carbon has been shown to improve visible light response 
by establishing defect electronic states just above the valence band.  We have synthesized a series of modified TiO2 

thin films with atomic concentration up to 4% carbon via a simple, easily controlled pulsed laser deposition 
technique.  Film structure and composition were verified via X-ray diffraction and X-ray photoelectron 
spectroscopy.  UV-Visible absorption spectroscopy and preliminary electrochemical characterization showed 
improved visible light response over undoped TiO2.
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4:30 p.m. CT-15 The Properties of Metal Doped TiOx Thin Films Deposited by PVD Method

M. Horakova, Technical University in Liberec, Liberec, Czech Republic; N. Martin and E. Aubry, Institut FEMTO-
ST, Besancon, France; P. Spatenka, Technical University in Liberec, Liberec, Czech Republic and University of 
South Bohemia, Ceske Budejovice, Czeck Republic; and P. Hájková, Technical University in Liberec, Liberec, 
Czech Republic

For several years, titanium dioxide has gained scientific interests because of its versatile properties like 
photocatalytic activity. Basically, the photocatalytic process is initiated by the photogeneration of electron/hole pairs
in the semiconductor by photon absorption of UV-light. The addition of noble metals into a semiconductor can 
change its physical properties, thus the photocatalytic activity.  The aim of this study is improving photocatalytic 
efficiency of TiOx thin films doped with noble metals. TiOx thin films were deposited on glass substrate by DC 
reactive magnetron co-sputtering at low temperature and in situ doped by nanoparticles of silver, gold or copper. The
morphology and structure of the films were examined by SEM and XRD. The chemical composition was studied by
RBS analysis. The photocatalytic activity was evaluated from decomposition speed of aqueous solution of the 
Orange 7, (sodium salt of sulphonated azo dye), exposed to UV light. Relations between doped and non-doped films
properties, deposition parameters and photocatalytic activity is analyzed.  This work was supported by MSMT, 
project NANOPIN 1M0577 and by GA AV CR, project No. KAN101120701.
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B. Szyszka, V. Sittinger, W. Dewald, A. Pflug, S. Ulrich, A. Kaiser, and W. Werner, Fraunhofer Institute for Surface
Engineering and Thin Films IST, Braunschweig, Germany

Transparent and conductive ZnO:Al films to be applied as window layers in thin film solar cells have received 
strong interest in the last few years.  This material competes against SnO2:F by AP-CVD or LP-CVD and against 
ZnO:B by LP-CVD.  For ZnO:Al, on the other hand, the deposition technique most relevant for industrial production
is PVD by large area inline magnetron sputtering.  The state-of-the-art for industrial manufacturing at the present 
time is ceramic target sputtering using sintered target materials either from planar or rotatable sintered targets since 
this technique allows for excellent process stability at acceptable cost level at this time.  The reactive magnetron 
sputtering of ZnO:Al, on the other hand, has not achieved industrial relevance for mass production up to now due to
the severe demands on closed loop control.  This hindered the integration in processing lines for mass production in
spite the fact that superior film properties result from reactive sputtering in terms of low absorption, high 
conductivity and good light scattering.  Furthermore, a substantial decrease of costs can be expected when cost 
effective metallic Zn:Al targets are used instead of ceramic ZnO:Al2O3 compounds.  This paper gives a report on the
status of reactive AC magnetron sputtering using the 60 x 100 cm2 in-line coater at Fraunhofer IST. We report on the
performance of ZnO:Al coatings and thin film solar cells utilizing a variety of ZnO:Al films and also on the latest 
developments on the PLC based closed loop control algorithms for fully automatic operation of the coater. Verbose invited
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8:30 a.m. W-15 Efficacy of Flexible Moisture Barrier Films Produced Using a Roll-to-Roll Coater as 
Measured by the Calcium Test

S. Louch, Centre for Process Innovation, Redcar, United Kingdom; M. Hodgson, Dupont Teijin Films, 
Middlesbrough, United Kingdom; and S. Edge and K. Luxmore, Centre for Process Innovation, Redcar, United 
Kingdom

Until recently, flexible barrier films implied films for food or medical packaging with oxygen transmission rates 
(OTR) and water vapour transmission rates (WVTR) down to ~10-1cc/m2/day and ~10-2g/m2/day, respectively. 
However, since the discovery of organic semiconductors, with their inherently flexible nature, a plastic electronics 
revolution is imminent. In order for this to be realised, suitable substrate materials (with gas barrier performance 
similar to glass) and processing technologies must be developed. For example, it is often quoted that the moisture 
barrier performance required of polymer based substrates for organic light emitting diode (OLED) devices is of the 
order 10-6g/m2/day. The work presented here will explore what this level of barrier really means and, if it is 
achievable using roll-to-roll vacuum coating of polymer based substrates. In addition, the calcium test, a 
methodology for measuring WVTR barrier performance at these low levels of moisture permeation will be discussed
in some detail, and results presented.
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8:50 a.m. W-16 All-in-Vacuum Deposited Transparent Multilayer Barriers on Polymer Substrates

J. Fahlteich, Fraunhofer Institute for Electron Beam and Plasma Technology FEP, Dresden, Germany

To meet the high water vapour and oxygen permeation barrier requirements of flexible electronic devices many 
groups suggest multilayer stacks.  We have developed a concept for roll-to-roll all-in-vacuum production of 
multilayer barrier stacks.  It is based on the combination of reactively sputtered layers with an interlayer grown by 
Magnetron-PECVD. Magnetron-PECVD is a novel technology that allows the deposition of both silicon-oxide like 
and polymer like layers using a dual magnetron system.  The combination of reactive sputtering and Magnetron-
PECVD has been installed in a pilot-scale roll-to-roll coating unit. Process parameters like long term stability of both
processes and their combination are characterized as well as coating uniformity.  Also the single and multilayer 
permeation barriers are characterized regarding their barrier properties against water vapour and oxygen permeation.
The multilayer concept also allows the deposition of multifunctional layer stacks.  An example of a combination of 
barrier layers and TCOs will be shown.
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H. Yanagihara, Mitsubishi Plastics, Nagahama, Japan; C. Ookawara and S. Yoshida, Mitsubishi Plastics, Inc., 
Ibaraki, Japan; and K. Ohdaira and H. Matsumura, Japan Advanced Institute of Science and Technology, Ishikawa, 
Japan

Recently, a film with high gas-barrier performance for penetration of oxygen and water vapor has been strongly 
expected in the food packaging and the coating of electronic devices.  In order to get high gas barrier performance, 
we have tried to coat SiOxNy layers on film by catalytic CVD (Cat-CVD).  Cat-CVD is a method to make thin film 
by decomposing gas molecules on heated surface of catalyzer using catalytic cracking reactions and transporting 
them to cooled substrates.  In this study, the water vapor transmission rate (WVTR) of SiNx/SiOxNy double-layer 
coated film showed one order superior to that of monolayer coated samples with same thickness.  We will show 
some WVTR results mainly of samples produced by Cat-CVD, and also show measurements and other approach.
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9:30 a.m. W-18 High Rate Roll-to-Roll Deposition of ALD Thin Films on Flexible Substrates

E. Dickey and W. Barrow, Lotus Applied Technology LLC, Hillsboro, OR

Thin, transparent, dielectric barrier films were deposited on plastic web in a roll-to-roll configuration using a novel 
approach to Atomic Layer Deposition (ALD). The films were deposited in a roll-to-roll coater prototype in which 
web is transported multiple times through different precursor zones separated by slit valves.  Pulsing of precursors as
used in conventional ALD processes was eliminated.  This resulted in very high deposition rates by eliminating the 
pulse and purge times.  Furthermore, since different precursors were isolated from each other at all times except for 
the monolayer chemisorbed on the web, there was no film deposition anywhere except on the web itself.  Water 
Vapor Transmission Rate (WVTR) data are provided showing barrier film performance as a function of film 
thickness for titanium dioxide films on PET.  The prototype tool is described. Process parameters, including web 
translation speed, deposition temperature and pressure are provided.  Based on these data, it is demonstrated that this
technique can deposit roll-to-roll films utilizing an ALD process at extremely high rates.
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9:50 a.m. W-19 Innovative Transparent Barrier for Packaging

S. Guenther, S. Straach, and N. Schiller, Fraunhofer Institute for Electron Beam and Plasma Technology FEP, 
Dresden, Germany

The trend towards transparent barrier coatings for flexible packaging gains momentum. Product visibility is a 
powerful marketing tool. Vacuum coated transparent barrier film has been pushed forward during the last years 
mainly by electron beam evaporation technology with equipment installations in Japan and Europe. But as the 
investment cost for electron beam web coaters is high, and also as most metallizing companies are not familiar with 
this process, the number of running electron beam web coaters, compared to the number of Al metallizers using 
boats, is low.  To use this basic technology of standard Al evaporation from boats also for the production of 
transparent barrier layers was a dream for many years. In the presentation, a new development will be described. 
Based on the combination of an innovative plasma-technology with standard Al evaporation from boats, transparent
barrier coatings with outstanding barrier performance and optical clarity on BOPP, PET and PLA films have been 
achieved.  A close cooperation between an equipment manufacturer, an R&D institute, and a BOPP film producer, 
all three partners, being leaders in their fields, have boosted this innovative development. An adapted production 
machine has been manufactured by Applied Materials and upscaling of this technology to production level was done
in close cooperation between those involved. A first production machine using this process has been in operation 
since 2008 on a customer’s site. Verbose invited
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10:30 a.m. W-20 Polymer Nanofilms from a Topochemical Deposition/Polymerization Process

J. Lauterbach, Department of Chemical Engineering, University of Delaware, Newark, DE

Invited 40 min. Talk

Current polymer thin-film formation techniques give adequate film properties for the specific polymer systems and 
applications for which they were designed. However, they all have deficiencies that restrict their use in applications
beyond those for which they were developed. Our deposition/polymerization (DP) process is a two step method to 
create polymer nanofilms through topochemical polymerization. First, monomer is dosed onto a sample at low 
temperatures in vacuum. UV radiation is then used to initiate polymerization. Using this process, the polymer films 
have controllable thickness in the nanometer region. As a result of the monomer being dosed onto a surface at low 
temperatures, the diffusion of monomer in the film is restricted. This inability of the monomer to diffuse allows for 
construction of complex monomer film structures, such as stacked layers. The monomers also interact when dosed as
a mixture. The ability to create such mixtures allows for the use of photoinitiators and the creation of copolymers.  
One important characteristic of the DP process is the ability to polymerize molecules previously thought 
unpolymerizable.  Normally, 1,2-disubstituted ethylenes are unable to polymerize because the rate of radical 
termination is much faster than radical propagation.  In the DP process, however, high molecular weight polymers 
were produced.
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11:10 a.m. W-21 Plasma Enhanced Chemical Vapor Deposition (PECVD) on Web Using Novel Linear, High
Density Plasma Source

M.A. George, H. Chandra, P. Morse, L. Birch, and J. Madocks, General Plasma, Inc., Tucson, AZ

General Plasma has invented a novel source technology that enables large area plasma enhanced chemical vapor 
deposition (PECVD) for continuous processes such as web coating.  The novel source has advantages over 
conventional PECVD, such as no electrode coating, high precursor dissociation and no powder formation.  The 
PBSTM deposition rates are also admirable; for examples SiO2 at > 1000 nm-m/min and SiN at > 200 nm-m/min.  
This paper reviews the historical progress of the new technology and presents the latest results. Films deposited by 
the source include hard coatings on plastics (SiO2), barrier films (SiC, SiN), transparent conducting oxide (SnO2), 
anti-reflection layers (ZnO, FeO, SiN, TiO2) and active layer passivation in solar cells (SiN).  Property and 
characterization results for these films are discussed.
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11:30 a.m. W-22 Chemistry of Powder Formation in SiOx Deposition Plasmas

M. Ricci, J.L. Dorier, and Ch. Hollenstein, École Polytechnique Fédérale de Lausanne (EPFL); and P. Fayet, Tetra 
Pak (Suisse) SA, Romont, Switzerland

The plasma enhanced chemical vapor deposition (PECVD) process for coating polymer films has several advantages
over evaporation processes.  A disadvantage of PECVD is the relatively low deposition rate which limits the line 
speed.  The deposition rate could be increased by reducing powder formation and by an optimized use of the 
monomer while keeping excellent barrier characteristics.  In particular, the powder formation in SiOx deposition 
plasmas is far from being understood compared to other PECVD processes.  The plasma chemistry during powder 
formation has been investigated in a small capacitively coupled RF reactor equipped with advanced plasma and 
powder diagnostics.  In particular time resolved in situ Fourier Transform Infrared Absorption Spectroscopy has 
been applied to elucidate the formation of the nanometer sized particles.  Several different monomers for SiOx 
deposition, such as HMDSO, HMDSN and TMS, with various amount of oxygen admixture, have been studied.  In a
first phase, the chemical nature of the organosilicon compound is important, since the nucleation of the particle is 
induced by polymerization of the highly reactive fragments of the monomer in the plasma.  In a second phase the 
particle size increases due to SiOx accretion which depends strongly on the oxygen content in the plasma.  These 
results indicate the importance of the chemistry of the monomer in the nucleation phase of the particle in these 
reactive plasmas. Verbose invited
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11:50 a.m. WFT-1 Regression Analysis for the Determination of Optical Density

J. McShane and A. Jones, Avery Dennison, Schererville, IN

The use of optical density is key for many products in many industries.  It is one of the primary measurement 
techniques for the determination of how thick the aluminum is on the substrate.  While we in industry always hope 
that our Optical Density (OD) sensor never breaks, the reality is that everything will eventually fail, including your 
optical density sensor.  While repairing a key instrument is always a priority, it may take several days depending on 
the type or extent of the damage.  In this case, it may not be economically feasible to shutdown the machine until the
sensor is repaired.  How, though, can one be fairly assured to the aluminum thickness on the web over time without a
sensor?  The purpose of this presentation is to demonstrate how one can effectively forego the use of an OD sensor 
for a period of time.  This presentation will go through the regression analysis by investigating the metrics chosen, 
the rational for choosing them, the regression models explored, and the implementation of that model.
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8:30 a.m. O-17 Titanium Dioxide Thin Films: Their Structure and its Effect on their Photoactivity and 
Photocatalytic Properties

M.-L. Kaariainen, T.O. Kaariainen, and D.C. Cameron, ASTRaL, Lappeenranta University of Technology, Mikkeli,
Finland

Atomic Layer Deposition (ALD) has been used to deposit titanium dioxide thin films.  A series of films with 
different thicknesses has been created and the film structure has been studied with X-ray diffraction and Raman 
spectroscopy.  It has been noticed that at a reaction temperature of 350˚C titanium dioxide thin film grows first as 
anatase but at a certain thickness continues growing as rutile. The dependence of the photoactivity and photocatalytic
activity on the film structure has been investigated. Both the photoactivity and the photocatalytic activity of the films
have been found to reach their peak at a certain low film thickness.  The photocatalytic activity is strongly depended
on the crystallinity, especially on a high anatase/rutile ratio.
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8:50 a.m. O-18 In Situ Spectroscopic Ellipsometry for Atomic Layer Deposition

W.M.M. Kessels, Eindhoven University, Eindhoven, The Netherlands

Invited 40 min. Talk

Atomic layer deposition (ALD) is emerging as a key process in semiconductor industry as well as in many other 
advanced technologies employing electronic materials, optical coatings, and protective layers that require control of
film properties in the (sub-)nanometer scale. In this presentation, it will be demonstrated that in situ spectroscopic 
ellipsometry is a very valuable tool for studying ALD film growth including ultrathin film metrology and control. 
Applied to the cycle-wise ALD process of oxide, nitride and metal films, spectroscopic ellipsometry yields film 
thickness and growth-per-cycle information. It also provides insight into the self-limiting behavior of the surface 
(half-)reactions, substrate nucleation effects, and evolution of the microstructure and crystal phase of the films. For 
conducting films, the method provides in situ analysis of their electrical resistivity, electron mean free path and 
conduction electron density by probing the Drude absorption in the near-infrared. These and other examples of the 
merits of applying spectroscopic ellipsometry to ALD will be illustrated by presenting results for metal oxides 
(Al2O3, HfO2, Ta2O5, amorphous and anatase TiO2), metal nitrides (TaN, TiN) and metals (Pt, Ru).
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9:30 a.m. O-19 End-Hall Ion Sources: Improvements, Problems, Future

V.V. Zhurin, Colorado Advanced Technology LLC, Fort Collins, CO

A review of existing industrial broad beam Hall current ion sources is presented.  The main parameters determining
efficiency of ion sources, latest designs and improvements will be discussed.  The main types of ion sources and 
comparisons of some existing ion sources are described.  Future Hall current ion sources are discussed.  New designs
and high electron emission for increase of ion beam current and ion energy are suggested.  Various problems 
accompanying ion source operation are analyzed as are the solutions for some problems:  1) Influence of 
unaccounted increase of additional mass flow into ion source discharge channel that can be caused by insufficient 
pumping or too small dimensions of vacuum chamber, or too big ion source for a vacuum chamber; insufficient 
pumping that develop dangerous instabilities;  2) Charge exchange effects that are important at high test facility 
background pressure;  3) Presence of double ionized particles and theirs impact on ion beam energy;  4) Dielectric 
depositions on anode during operation with reactive gases;   5) Returned sputtered particles into an ion source with 
development of dielectric films on discharge channel surface, substantially influencing ion source operation;  6) 
Influence of ion source heating on its operation;  7) Negative ions and their role in ion beam processes
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9:50 a.m. O-20 Anisotropic Nonlinear Optical Absorption in Gold Nanorod Nanocomposite Coatings: Theory
and Experiment

J.-M. Lamarre, École de Polytechnique de Montréal, Montréal, Canada; F. Billard, Institut Carnot de Bourgogne, 
Dijon Cedex, France; C. Harkati Kerboua, Université de Montréal, Montreal, Cananda; M. Lequime, Institut Fresnel,
Marseille Cedex, France; S. Roorda, Université de Montréal, Montréal, Canada; and L. Martinu, École de 
Polytechnique de Montréal, Montréal, Canada

Gold nanorods were formed in a silica matrix using a 3-step fabrication process: 1) hybrid deposition using plasma-
enhanced chemical vapor deposition of SiO2 and pulsed-DC co-sputtering of gold, 2) high temperature annealing, 
and 3) 30 MeV Cu5+ heavy ion irradiation. Anisotropic linear and nonlinear optical properties were measured by 
several techniques (polarized light transmission measurement, ellipsometry and polarization-dependent Z-Scan/P-
Scan) and related to the presence of transversal and longitudinal surface plasmon resonances corresponding to the 
particle short and long axes, respectively. Linear optical properties were modeled using the generalized Maxwell-
Garnett equation and were shown to depend strongly on the nanostructure and the fabrication parameters (ion 
irradiation doses and annealing temperature). Gold nanorod/silica nanocomposites were found to exhibit anisotropic
saturable absorption. Gold nanorod nanocomposite nonlinear absorption coefficient (at 532 nm) was found to vary 
between -0.9x10-2 cm/W for a polarization along the particle short-axis and -5.1x10-2 cm2/W for a polarization along 
the particle long-axis. These values were compared with reference measurements on gold nanospheres-containing 
samples. The anisotropic nonlinear optical properties were modeled using anisotropic local field calculations based 
on the Maxwell-Garnett formalism. Synthesis, microstructural control and potential applications will be discussed.
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10:30 a.m. O-21 High Reflective Silver Coatings on 3D Plastic Parts for Solar Concentrators

T. Schmauder, S. Kueper, and P. Wohlfahrt, Leybold Optics GmbH, Alzenau, Germany

Concentrated solar power technologies (CSP) are an alternative to large area photovoltaic systems.  To achieve 
competitive efficiency, CSP relies on highly reflective mirrors to concentrate solar radiation over a wide spectral 
range‚ from the UV at 350 nm to the near infrared at 900 to 1500 nm‚ with a specular reflectivity above 95%.  
Further requirements are - weatherability in terms of wide range humidity and temperature changes as well as 
durability against UV exposure, both over a design-lifetime of several decades, and economic production capabilities
for large scale applications.  Several options are known for fabricating high reflective mirrors.  The most common 
approach is silver metallization, possibly enhanced by interference stacks.  Additional corrosion protection layer(s)
may be necessary, but need very careful selection with respect to their optical impact.  The paper will discuss and 
compare various such coating stacks with respect to their optical performance, weatherability and capability for 
industrial mass production. Substrate materials are different 3D shaped polymer parts.
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Thursday, May 14

10:50 a.m. O-22 Optical Coatings on Glass Tubes Made by Atomic Layer Deposition (ALD) Technology

T. Alasaarela, J. Maula, and S. Sneck, Beneq Oy, Vantaa, Finland

Because of the conformity limitations of the traditional PVD methods, precise optical coatings are usually applied 
only on flat or slightly curved surfaces. Atomic Layer Deposition (ALD) technology offers a way to make uniform 
optical coatings on objects of any shape.  ALD has been used in nano-optical application to fill trenches, and 
produce photonic crystals and other nanostructures.  ALD can also be used to coat macroscale objects e.g. tubes, 
balls, cones, or whatever other objects where the reactant gases can be put in touch with the surfaces.  To 
demonstrate optical coatings on difficult shapes, this paper studies a few different kinds of glass tubes coated by 
ALD technology.  Tubes coated with an antireflection coating and their performance are described.  Furthermore, the
durability properties of the coatings are examined.  This paper also investigates other types of optical coatings on 
pipes for different applications.
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11:10 a.m. O-25 ALD (Atomic Layer Deposition) for Optical Coatings

J. Maula, T. Alasaarela, and S. Sneck, Beneq Oy, Vantaa, Finland

This paper describes the use of ALD for optical coatings from the practical point of view.  Features not available 
with the PVD are covered, like ALD capabilities to make new film materials and to modify materials during the 
deposition.  Coating of parts in a stacked batch and/or in large areas and novel methods to get high uniformity in 
large batch applications is explained with examples.  The possibility to use many materials in the process and 
capabilities to modify film interfaces for process integration purposes is explained.  Factors mentioned above and its
natural 3D coating capabilities, set ALD into an enabling technology position and this paper highlights these new 
possibilities.
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11:30 a.m. O-24 Optical Properties and Microstructure of Oxide Sculptured Thin Films by Glancing Angle 
Deposition

X. Xiao, Y. Jin, H. He, H. Qi, Z. Fan, and J. Shao, Shanghai Institute of Optics and Fine Mechanics, Shanghai, 
China

Oxide sculptured thin films were prepared by electron beam glancing angle deposition.  XRD, SEM, UV-Vis-NIR 
spectra are employed to characterize the microstructure and optical properties.  Sculptured thin film with tilted 
columns has optical anisotropy.  Among the oxide thin films prepared, the maximum of birefringence (∆n) is up to 
0.067 for TiO2 at α=70˚. Deposition angle and packing density are both important factors to influence in-plane 
birefringence. After heat treatment, the birefringence is improved greatly.  The phase retardance is up to 90˚at 
λ=550nm. Glancing angle deposition is a useful method to obtain larger in-plane birefringence, which seems useful 
to create some devices such as retardation plate and polarizer.
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8:30 a.m. CT-16 An Update on the Center for Advanced Molecular Photovoltaics

M. McGehee, Department of Materials Science and Engineering, Stanford University, Stanford, CA

Invited 40 min. Talk

Molecular photovoltaic cells can be fabricated at low-cost using roll-to-roll coating processes similar to those used to
make newspapers.  They can be much cheaper than conventional cells because, in addition to having low materials 
costs, the cells can be printed and connected to each other in a high-throughput, integrated architecture. Today’s best
organic solar cells have an efficiency of 6.5 % and last approximately 1 year under sunlight.  The Center for 
Advanced Molecular Photovoltaics has plans for raising the efficiency and making the cells stable for ten years or 
more.  Highlights of recent research will be presented.
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Thursday, May 14

9:10 a.m. CT-17 New Materials for Organic Photovoltaic Devices

M.E. Thompson, M.D. Perez, K. Mutolo, and C. Schlenker, Department of Chemistry, University of Southern 
California, Los Angeles, CA

We have begun a systematic study of a range of different materials for organic photovoltaic devices.  This talk 
discusses the development of new materials as donors, acceptors and buffer layers in OPVs.  We have investigated a
family of Ru(beta-dikenotate) complexes.  We have investigated a range of Ru(acetylacetonate)3 as a buffer material,
several subphthalocyanine complexes have been used to investigate the connection between the OPV open circuit 
voltage (Voc) and have explored the use of metal porphyrin complexes as donor materials in OPVs.  The complexes
we have chosen have high luminance efficiencies and long lifetimes.  We expected that these two parameters would 
lead to long exciton diffusion lengths.  Both Pt and Pd complexes make good red absorbing donor materials in 
OPVs.  Unfortunately, our initial hypothesis that these materials would give long exciton diffusion lengths was 
wrong.  We believe that this is due to a combination of both poor spectral overlap and a self quenching process that 
severely shortens the exciton lifetimes in thin films of these materials.
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Thursday, May 14

9:30 a.m. CT-18 Advanced Processing of New Materials for Extended Operational Lifetime of Polymer Solar
Cells

S. Gevorgyan and F. Krebs, Risø National Laboratory for Sustainable Energy, Technical University of Denmark, 
Roskilde, Denmark

The current performance in the state-of-the-art polymer solar cell is most often reached through processing methods
post-film formation i.e. using solvent or thermal annealing. We present new fully roll-to-roll compatible processing
methods and demonstrate that they can be used for improving the power conversion efficiency. Power conversion 
efficiencies in excess of 1.5% by processing novel materials in these manners will be presented. The operational 
lifetime is improved through choice of device geometry and materials such that exceptional resilience towards 
oxygen and water is achieved enabling operation without encapsulation.
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Thursday, May 14

9:50 a.m. CT-19 Stability Investigations of Organic Photovoltaic Cells

J.A. Hauch, A. Seemann, F.R. Kogler, and P. Schilinsky, Konarka Technologies GmbH, Nuremberg, Germany

Stability of OPV cells is one of the key properties needed for commercialization. Despite some recent work showing
that organic solar cells made with P3HT:PCBM have very promising lifetimes under various conditions, there still is
not much known about the degradation mechanisms of organic solar cells.  We use a novel cell architecture to 
investigate the influence of water and oxygen on cells in operation, allowing us to separate the degradation effects.
Our results can be used to further develop packaging technology for organic solar cells, and to further improve their 
lifetimes.
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Thursday, May 14

10:30 a.m. CT-20 Modification of Nanomorphology in Polymer: Fullerene Blends-Route Towards High 
Efficiency Polymer Solar Cells

Y. Yang, Department of Materials Science and Engineering, University of California Los Angeles, Los Angeles, 
CA; G. Li and V. Shrotriya, Solarmer Energy Inc., El Monte, CA; and Y. Yao, H.Y. Chen, and S. Sista, Department
of Materials Science and Engineering, University of California Los Angeles, Los Angeles, CA

Invited 40 min. Talk

Extensive research is going into polymer solar cells because of their advantage of ease of fabrication, low cost, 
ability to make large area devices and mechanical flexibility.  Optimizing the morphology on a molecular level is 
essential for achieving high performance polymer solar cells.  Optimal nanomorphology leads to optimized exciton 
dissociation efficiency which is determined by the donor/acceptor interface area and optimal charge transport 
efficiency through percolating pathways for carriers.  In this presentation, we discuss three strategies to manipulate 
the nanomorphology of regioregular poly(3-hexylthiophene) (rr-P3HT): [6,6]phenyl-C61-butyric acid methyl ester 
(PCBM) blends viz. thermal annealing, solvent annealing and mixed solvent approach, all of which lead to improved
photovoltaic performance. It has been shown that all  three strategies lead to better ordering of the P3HT domains 
and hence good polymer crystallinity.  The effect of these strategies on the blend morphology, polymer crystallinity,
absorption and charge carrier mobility will be discussed and will be related to the photovoltaic performance of the 
device. Verbose invited Invited 40 
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Thursday, May 14

11:10 a.m. CT-21 Supramolecular Approaches for Polymer-Based Solar Cells

B.C. Thompson, University of Southern California, Los Angeles, CA

Composite solar cells based on conjugated polymer donors and fullerene acceptors represent the current state-of-the-
art in organic photovoltaics, where blends of poly(3-hexylthiophene) (P3HT) and [6,6]-phenyl C61-butyric acid 
methyl ester (PCBM) exhibit efficiencies approaching 5%.  Despite the excellent performance of these systems, 
there is a great deal of room for improvement in not only the electronic properties of the polymer, but also in the 
thermal stability of the composite material.  Without a precise control over donor-acceptor interfaces within the 
composite material, little progress can be made in improving solar cell performance.  Here, several novel approaches
toward polymer based solar cells will be described in which control over the supramolecular organization of the 
donor and acceptor components is targeted as a primary mechanism of improving the electronic properties of the 
solar cells. Further, steps toward achieving stable composite materials based on supramolecular approaches will be 
described.  The ultimate goal of this work is to develop stable donor-acceptor composites in which the morphology 
is accurately controlled to maximize device performance and lifetime and to increase the potential for generating 
effective, low cost, solution processable, and flexible solar cells.
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Thursday, May 14

11:30 a.m. CT-22 Alternative Hole Transport Layers for Organic Photovoltaics

D.C. Olson, J.J. Berry, N.E. Widjonarko, M.S. White, M.O. Reese, and D.S. Ginley, National Renewable Energy 
Laboratory, Golden, CO

Improvements in the lifetime and efficiency of organic photovoltaics are critical to its development as a viable 
technology.  One of the important interfaces in OPV devices is between the transparent electrode and the organic 
active material, where an interfacial material can aid in charge extraction.  In our typical OPV devices we employ a
glass/indium tin oxide (ITO) substrate with an interstitial layer of PEDOT:PSS to modulate the interface between the
ITO and active P3HT:PCBM bulk heterojunction (BHJ) region. The PEDOT:PSS material serves as the hole 
transport layer (HTL) in the devices, but has numerous drawbacks with respect to morphology, chemistry, stability 
and scalability.  Here we report on our use of alternative HTLs based on mixed metal oxides and commercially 
available organic HTLs.  We compare the results from P3HT:PCBM BHJ devices using these alternative HTLs with
traditional devices employing PEDOT:PSS.  Changes in device efficiency, as well as work function, pH, and 
conductivities are quantified as a function of the HTL employed.  In addition, we will employ transparent electrodes
other than ITO that are not accessible when using PEDOT:PSS as the HTL.  We also report on initial device 
degradation studies, which examine the correlation between the HTL used and time dependent changes in device 
efficiency.
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Thursday, May 14

11:50 a.m. CT-23 Large Scale Demonstrations of Polymer Solar Cells as a Tool for Innovation, Cost Analysis
and Market Development

T. Nielsen and F. Krebs, Risø National Laboratory for Sustainable Energy, Technical University of Denmark, 
Roskilde, Denmark

Polymer solar cells have a long history approaching two decades and commercialization is imminent. There has been
a large interest in establishing a firm comparison with existing solar cells technologies under conditions of large 
scale production and real life demonstration. In this presentation, examples of large public demonstrations of 
polymer solar cells produced industrially on a large scale will be detailed. The performance was significantly below 
the current state-of-the-art for laboratory cells but sufficient for demonstration purposes. The total process time for 
complete modules comprising five solution processed layers and module areas of ~100 square centimeters was as 
low as 12 seconds. This has allowed for extensive innovation that will be detailed along with a firm cost analysis of 
the technology. The market possibilities for the technology as it can be produced via the methods presented are 
detailed.
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