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Keynote Presentation
9:00 am K-1 Thin Film Deposition Techniques for Advanced Energy Materials: From Fundamental Aspects to Device 
Technology
W. Jaegermann 
Surface Science Division, Department of Materials Science, Technische Universität Darmstadt, Darmstadt, Germany

Thin film materials play an important role in advanced energy technologies such as solar cells, (photo)electrochemical cells, 
and batteries to name those in which we are scientifically active. As the performance of such devices are strongly dominated by 
interface effects, we have established a number of integrated UHV systems for our research which consist of the combination of 
various thin film deposition techniques coupled with surface science analytical techniques. In these systems fundamental studies 
on the influence of different synthesis and processing steps on materials properties can be combined with the manufacturing of 
completed devices. We will address in the talk the first investigations on new thin film absorber materials in comparison to CdTe 
solar cells. In addition, the needed research efforts and first promising results on photoelectrochemical water splitting will be 
presented. Finally, interface effects in Li-ion batteries will be discussed. We will emphasize the dominant influence of electronic 
effects for energy related materials research. In very many cases, the devices are dominated by the electronic structure of involved 
interfaces in contact formation and charge transfer reactions usually between dissimilar materials. Applying modern surface 
science techniques as photoelectron spectroscopy for investigating the electronic structure of in situ deposited thin film and 
interfaces leads to a better insight of material’s properties and device functionality, which can be used in a knowledge based 
approach of device optimization. 

Emerging Technologies
9:50 am E-15 Atomic Layer Etching Using Thermal Reactions: Atomic Layer Deposition in Reverse 
Y. Lee, J.W. DuMont, D.J. Higgs, S.M. George 
Department of Chemistry and Biochemistry, University of Colorado, Boulder, CO

Atomic layer etching (ALE) is a thin film removal technique based on sequential, self-limiting surface reactions. ALE is the reverse 
of atomic layer deposition (ALD). ALD has developed rapidly over the last 10-15 years to meet many technological needs such as 
the miniaturization of semiconductor devices. In contrast, ALE is relatively new and is only starting to receive serious attention.  
Initial work in ALE has focused on plasma ALE using halide adsorption and energetic ion bombardment to obtain anisotropic 
etching. There is a need for thermal approaches to ALE based on spontaneous reactions that would produce isotropic etching. 
This poster will present a new thermal approach to ALE based on sequential, self-limiting thermal surface reactions. Examples 
will be presented for Al2O3, HfO2 and AlF3 ALE. The ALE is achieved using sequential, self-limiting thermal reactions. For the metal 
oxides, the ALE process is based on fluorination and ligand-exchange reactions. Using HF and Sn(acac)2 as the reactants, Al2O3 and 
HfO2 ALE are examined using quartz crystal microbalance, x-ray reflectivity and Fourier transform infrared spectroscopy measure-
ments. These studies show that controlled, atomic level removal of Al2O3 and HfO2 is possible at temperatures from 150-250°C. 
The surface reaction mechanism involves the formation of a metal fluoride reaction intermediate from fluorination of the metal 
oxide by HF. The HF reactant also allows H2O to leave as a reaction product. The Sn(acac)2 reactant then accepts fluorine from the 
metal fluoride and donates acac to the substrate. The donated acac ligand can produce Al(acac)3 or Hf(acac)4 as volatile reaction 
products.  AlF(acac)2 and HfF(acac)3 may also be volatile reactions products. Sequential exposures of HF and Sn(acac)2 produce 
Al2O3 ALE etching rates of 0.14 Å/cycle- 0.61 Å/cycle per cycle at temperatures from 150- 250°C. Sequential exposures of HF and 
Sn(acac)2 produce HfO2 ALE etching rates of 0.070 Å/cycle - 0.117 Å/cycle per cycle at temperatures from 150- 250°C. This ALE 
reaction mechanism based on fluorination and ligand-exchange should be applicable to other materials such as metal nitrides, 
metal phosphides, metal arsenides and elemental metals. This ALE reaction mechanism is also general and works with other 
fluorine metal acceptors such as Al(CH3)3 and fluorination precursors such as XeF2. In addition, metal fluorides are candidates for 
ALE.  Fourier transform infrared spectroscopy reveals that Al2O3 is converted to AlF3 during the HF exposure. Sn(acac)2 can then 
remove the AlF3 by the ligand-exchange process. If AlF3 is a reaction intermediate during Al2O3 ALE, then AlF3 ALE should also be 
possible using AlF3 substrates. We have demonstrated AlF3 ALE using AlF3 ALD thin films grown using Al(CH3)3 and HF. The AlF3 ALE 
was performed using Sn(acac)2 and HF as the ALE reactants.

10:10 am E-2 Superconducting Coatings of Complex Accelerating Cavities Geometries 
A. Sublet, S. Calatroni, P. Costa Pinto, T. Richard, G. Rosaz, M. Taborelli 
Vacuum Surfaces and Coatings, CERN, Geneva, Switzerland

Particle accelerators are complex machines integrating several technological disciplines. Radio-Frequency (RF) is the core technol-
ogy to accelerate charged particles. RF accelerating cavities require the use of superconducting materials in order to reduce the 
RF-losses and achieve high accelerating gradients. Two technologies are currently in use: bulk niobium cavities and thin film 
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coated copper cavities, the latter having the advantage of lower material cost, better thermal properties and simpler cryomodule 
design. CERN introduced this thin film technology about 20 years ago at the LEP time. The future cavity designs and working 
frequencies lead to a variety of shapes and sizes to be coated. In this work we present the coating techniques (DCMS, HiPIMS) 
used at CERN to coat complex 3D geometries and the challenges of obtaining uniform SC layer properties. It will be supported 
by concrete examples from ongoing cavities coating production activities at CERN. Finally the R&D methodology, from plasma 
simulation to layer characterization, will be described.

10:50 am E-3 Optimization of Precursor Utilization Using Spatial ALD
E. Dickey, B. Danforth 
Lotus Applied Technology, Hillsboro, OR

Traditional Atomic Layer Deposition (ALD) is based on pulsing and purging of precursors from a common volume containing the 
substrates. With this method of ALD, coating accumulates on all surfaces inside the reactor, including the substrates, chamber 
walls, and gas flow paths. In addition, for any ALD application requiring a high level of conformality, large precursor overdoses 
must be used to allow diffusion into recessed substrate features. This leads to a substantial majority of precursor passing through 
the chamber and into the exhaust stream. With spatial ALD, the precursors are separated in space, and substrate is transported 
to provide sequential exposure. This limits film deposition to only the substrates and exposed carrier surfaces. More importantly, 
spatial ALD presents a unique opportunity to trap and re-use precursors because they are exhausted separately. In this work, a 
liquid cooled trap is employed to capture the precursor that is exhausted from the reactor. This trap is then removed, and heated 
to act as the precursor source for the process. Trapping efficiency is measured using an RGA downstream from the trap, and by 
gravimetric comparison of precursor consumed from the source versus precursor trapped in the exhaust stream. Finally, analytical 
and optical characteristics of films made using virgin precursor material are compared with those of films made using trapped and 
re-used precursor.

11:10 am E-4 Gas Flow Sputtering for Manufacture of High Quality Hard Magnetic Films
R. Bandorf, A. Gröninger, K. Ortner, H. Gerdes, M. Vergöhl, G. Bräuer 
Fraunhofer Institute for Surface Engineering and Thin Films IST, Braunschweig, Germany

Sputter deposition of magnetic material provides some challenges. In the case of soft magnetic materials, usually thin targets and 
strong magnetic arrays of the sputtering cathode are used for an effective magnetron sputtering. In the case of hard magnetic 
material, the situation is different. The magnetic field lines are closed in the target and the magnetron is effectively acting as a 
diode sputtering system. Hollow cathode processes in contrast require no magnets at all to enhance the ionization. Therefore 
high rate deposition of hard magnetic films becomes possible. This paper presents results of gas flow sputtering (a modification 
of hollow cathode processes) for deposition of hard magnetic CoSm films. The dynamic deposition rate is in the range of several 
ten micron per hour. Depending on the preparation conditions, high coercitivity and magnetic remanence are achieved. Finally, 
an example of successful application for magnetic encoding will be given that is exceeding the performance of state of the art 
electroplated hard magnetic Co films.

11:30 am E-5 Developing Perovskite and Dye Sensized Solar Cells and Modules on Flexible Substrates
Invited Talk
T.M. Brown1, F. Di Giacomo1, F. De Rossi1, G. Lucarelli1, G. Mincuzzi1, A. Reale1, A. Di Carlo1, V. Zardetto2, W.M.M. Kessels2, M. Creatore2, 
J. Fahlteich3 
1 CHOSE (Centre for Hybrid and Organic Solar Energy), Department of Electronic Engineering, University of Rome “Tor Vergata”,   
 Rome, Italy 
2 Department of Applied Physics, Eindhoven University of Technology, Eindhoven, The Netherlands 
3 Fraunhofer Institute for Organic Electronics, Electron Beam and Plasma Technology FEP, Dresden, Germany

Flexible photovoltaics (PV) is drawing strong interest as it can bring advantages to applications where flexibility, conformability, 
and being lightweight and easy-to-integrate are desired. Furthermore, it enables high-throughput roll-to-roll web manufacturing. 
Hybrid PV such as dye sensitized and, more recently, perovskite solar cells have shown the potential to deliver high efficiencies 
and easy solution processing and manufacturability. Development of the technology on flexible substrates is far from trivial. Espe-
cially important is identifying materials, architectures, and techniques that are low-temperature and compatible with deformable 
plastic substrates. We will overview effective strategies and formulations and the early efforts that have enabled the realization of 
perovskite cells and modules on plastic substrates as well as dye sensitized devices. We will also highlight avenues for enhancing 
efficiencies and lifetimes, both of which are important performance parameters to examine jointly in the successful development 
of these flexible PV technologies. Further considerations that can help guide material, processing and application aspects related 
to the continued development of effective flexible photovoltaics and their operation will be presented in this talk.
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Leading-Edge Coating Technologies: High-Performance Films Shape Tomorrow’s Products

9:50 am SY-1 Cathode Heating Hysteresis in Reactive Magnetron Sputtering: A Path to Accurate Values of the Ion-Induced 
Secondary Electron Yield
Invited Talk
D.J. McClure1,2, C. Bedoya2, E.J. Anderson2 
1Acuity Consulting and Training, Lindstrom, MN 
23M Corporate Research Laboratories, St. Paul, MN

Reactive magnetron sputtering is a powerful technique for producing thin films of a wide range of metallic compounds, with 
metal oxides being particularly important. These films are used in an enormous range of products and are very often crucial to 
the success of the products in which they are employed. They are found in optical, electronic, dielectric, transparent conductive, 
protective, and barrier applications. We will look briefly at a series of process innovations that have propelled reactive magnetron 
sputtering to its current vital role and then describe process insights developed from measurements and analysis of a newly 
uncovered phenomena: cathode heating hysteresis. The latter parallels the hysteresis behaviors seen in the reactive gas partial 
pressure, in the cathode material removal rate, and in the cathode voltage. These new measurements provide a direct determina-
tion of the ion-induced secondary electron emission coefficient, whose values define the operating voltage of the cathode. The 
method works at any operating point of the process from metallic sputtering to fully reactive, or oxide, sputtering and all points 
in between. This seems to be a totally new method, is direct and simple, and provides better values than previous methods in the 
technologically crucial reactive or oxide mode. The results lead to an improved understanding of the reactive sputtering process. 
We show that for the many processes in which the secondary electron yield rises with added reactive gas, this new understanding 
allows an increase in the power delivered to the cathode, and thus an increase in rate, without excessive heating of the cathode. 

10:50 am SY-3 Increasing the Oxidation-Resistance of Molybdenum Thin Films
H. Köstenbauer, D. Lorenz, M. Schober, J. Winkler 
Plansee SE, Reutte, Austria

Sputter-deposited Molybdenum (Mo) films are widely used as electrode layers in various thin film devices such as thin film transis-
tors (TFTs), thin film solar cells, or touch sensors. For special applications, the thin films need to withstand excessive exposure to 
humid atmosphere or ambient air combined with elevated/high temperatures, without oxidation or corrosion. The stability of Mo 
against these conditions can be enhanced by adding certain alloying elements (e.g. Ta, Nb, Ti) to the sputtering target. For most 
applications, it is necessary to pattern the electrode films by wet chemical etching. Typically, the alloying elements not only reduce 
the rate of corrosion/oxidation, but also the wet etch rate, and to identify the right (trade-off) amount is not straight forward. In 
addition, other film properties like electrical conductivity, residual stress, or adhesion should not be negatively affected.

11:10 am SY-4 A Case Study in Progress - Replacing an Incumbent Coating Technology
Invited Talk
M. Brazil 
Vergason Technologies, Inc., Van Etten, NY

Supporting the business decision to replace an incumbent coating technology with PVD, the technologist faces a plethora of 
changes. Our new vacuum deposited coating replaces electroplating for automotive exterior plastic trim, and presents a clas-
sic example of managing technological change. The requirements across the industrial network, from molder to end user, are 
described. The new PVD coating can match incumbent gloss and satin appearances, but PVD also offers a wider palette. While the 
new PVD coating excels in durability and exposure testing, harmonizing the test methods and criteria across OEMs would acceler-
ate market entry. Addressing heat management intrinsic to PVD processes, a process with sufficient thickness and hardness to 
meet both durability and cost targets is developed. A means to change the mindset around cleaning this new coating, indeed PVD 
coatings on plastic in general, is addressed. 
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Plasma Processing
9:50 am P-1 13.56MHz Plasma Diagnostics Integrated with Impedance Matching Network
T. Siembida1, A. Dziułko1, K. Lewandowski1, K. Kompa2, W. Glazek1 
1TRUMPF Huettinger Sp. z o.o., Zielonka, Poland 
2Institute of Control and Industrial Electronics, Warsaw University of Technology, Warsaw, Poland

13.56MHz plasma is well known and researched subject, yet some aspects of measuring electrical parameters of the plasma in 
industrial conditions are still problematic. One of the major problems is the measurement of real power delivered to the plasma. 
Keeping stable and known power delivered to the process is key to repeatable and stable industrial applications. Because applica-
tions are getting more and more sophisticated, precise control of delivered power is getting more critical. Problems of measuring 
real power delivered to a plasma process are caused by the complexity of the power delivery system, in which multiple compo-
nents affect power transfer. Because of this indirect power measurement, based on known input power of power supply alone, it 
is not precise. Measurement of current, voltage and phase shift directly on the process is problematic as well. This is because of the 
small real part of plasma impedance. With typically high values of current and voltage and a significant shift between them, ac-
curate direct measurement of actual process power is difficult because small mistakes in measured value of phase shift contribute 
to significant errors in calculated power. In this paper, an innovative solution to the described above problem will be presented. 
We will present an innovative power delivery system using advanced DSP methods to solve problems associated with the accurate 
control of RF plasma power delivery.

10:10 am P-2 Shape Matters - Advantages of Waveform Adaptability in Plasma Applications
K. Ruda, W. Gajewski, P. Ozimek, W. Glazek 
TRUMPF Huettinger Sp. z o.o., Zielonka, Poland

Bipolar power supply technology receives growing interest in different sputtering applications. The flexibility of output current 
and voltage shape modification, tunable pulsing frequency, advanced arc and power delivery management are the driving factors 
for successful usage of bipolar technology in a variety of industrial applications. Furthermore, the flexible design enables an easy 
up-scaling form single kilowatt up to the biggest industrial sputtering systems. After many years of industrial experience the 
collected data allowed the authors to present in this contribution the advantages and challenges associated with the exploitation 
of bipolar technology. The dependence of plasma parameters, deposition rate and layer properties on different output signal 
shapes and frequency will be discussed in details. Functionalities distinctive for bipolar power supplies will be briefly described 
in comparison with competitive power delivery technologies. Next, attention will be devoted to the relationship between the 
available arc detection and suppression algorithms and deposition time, thus deposition rates. The discussion will be followed 
by the impact assessment of the output signal shape on plasma and film properties. As a summary, cost and benefit statement of 
industrial implementation of bipolar technology will be emphasized based on the latest process results.

10:50 am P-3 Influence of Negative Oxygen Ions and Ion Energy Flux on the Phase Formation of Oxide Thin Films
Invited Talk
S. Mráz, J.M. Schneider 
Materials Chemistry, RWTH Aachen University, Aachen, Germany

Often, the film composition determines the phase formation of multicomponent thin films. However, utilization of multicompo-
nent compound targets may not lead to deposition of thin films with the target composition. The composition of Ti-B and Cr-Al-C 
thin films, angular distributions of the sputtered species and their transport within the gas phase will be presented and the 
underlying mechanisms will be discussed within the first part of the talk. Magnetron sputtered oxide films are often deposited in 
a reactive Ar/O2 atmosphere. The presence of three negative O- ion populations with high, medium, and low energies correspond-
ing to the target potential, half of the target potential, and < 150 eV, respectively, during magnetron sputtering of Nb, Ta, Zr and 
Hf in an Ar/O2 atmosphere will be discussed based on the measured ion energy distribution functions (IEDFs). From correlating 
the measured IEDFs with the phase stability data, it can be deduced that large fluxes of medium and high energy O- ions compa-
rable to the fluxes of the low energy O- ions enable formation of crystalline transition metal oxide thin films during growth onto 
nonintentionally heated substrates. The structure evolution of TiO2 thin films deposited by RF and DC magnetron sputtering onto 
nonintentionally heated, floating, glass and Si (100) substrates was investigated. As the total pressure was varied from 0.15 to 4.0 
Pa, corresponding to the pressure-distance product values from 10.5 to 280 Pa mm, rutile, anatase and a mixture thereof were 
deposited. The pressure-distance induced changes in ion energy were quantified by probing the ion energy distribution functions. 
The ion energy during synthesis was additionally varied by applying a substrate bias potential ranging from floating to -100 V 
revealing a similar phase formation characteristic. While the structure evolution of TiO2 thin films reported in the literature exhibits 
a rather complex dependence on the process parameters, a simple correlation between the structure evolution and the ratio 
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between the ion energy flux and the deposition flux was identified. Phase pure anatase films were grown below 540 eV/Ti atom 
and the phase pure rutile films were grown above 1000 eV/Ti atom.  The here presented data suggest that the ratio between the 
ion energy flux and the deposition flux ratio defines the phase formation of TiO2 thin films during magnetron sputtering.

11:30 am P-4 An Alternative Approach for High Quality Indium Tin Oxide Coatings to be Deposited with Rotatable 
Magnetrons 
H. Li1,T. Sgrilli1, V. Bellido-Gonzalez1, A. Azzopardi1, F. Papa2, D. Monaghan1 
1Gencoa Ltd., Liverpool, United Kingdom 
2Gencoa Ltd. (USA), Davis, CA

Indium Tin Oxide (ITO) is an important material for many industrial applications such as displays, touch screens and electrochromic 
devices. The drive for higher throughput has driven industry to use rotatable magnetrons for the deposition of ITO in production. 
However, the cost of doing research and development with such magnetrons can be prohibitively expensive due to target, system 
and operating costs. Full face erosion circular planar cathodes are a low cost alternative for such development work. The main 
advantage of such cathodes is that the target surface is kept clean and nodule formation can be avoided. Such cathodes can also 
be used to study plasma interactions and ion bombardment of the coating during deposition. Results will be presented showing 
the correlation of ITO coating properties sputtered from both types of cathodes. 

11:50 am P-5 Arc Plasma Deposition of Metal Nano-Particles
D.J. Mount, E. Sohm 
ULVAC Technologies, Inc., Methuen, MA

Arc Plasma Deposition is a unique form of physical vapor deposition that is used to deposit uniformly sized nanoparticles with 
high specific activity, in a controlled size range from 2nm to 30nm in diameter. This technology is also referred to as pulsed coaxial 
vacuum arc deposition. Platinum and other conductive metals can be deposited onto nanometer or micron-sized powder sub-
strates, by this technique. This capability enables the technology to be applicable to and very useful for battery, supercapacitor, 
fuel cell and catalyst research. Arc Plasma Deposition technology also enables the deposition of diamond-like carbon (DLC), alloys, 
metal oxides, and dense metal films in UHV without using any process gas. It is possible to produce very smooth and highly dense 
multilayer thin films at rates of from 0.01 – 0.3 nm/sec. Film uniformity is presently: +/- 15% over a 50 mm diameter coated area. 
The equipment used for arc plasma deposition can be scaled-up to meet the needs of larger substrate, or roll-to-roll production 
requirements. This presentation will focus on the equipment used for producing the Nanoparticles, discuss applications in energy 
conversion devices (with examples), nano-metal inks, diverse biomedical applications, and include a short video of an Arc Plasma 
System in operation.
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The Donald M. Mattox Tutorial Presentation
12:50 pm TS-1 New Challenges for Industrial Tribological Coatings
A. Matthews 
School of Materials, The University of Manchester, Manchester, United Kingdom

Those developing and specifying tribological coatings for use in manufacturing and product applications are facing pressures 
from different directions to ensure that their coatings meet and even exceed end-user requirements. Whilst there are continuing 
technological breakthroughs pushing new coating and surface treatment developments, there are also regulatory, legislative 
and performance demands which act to pull-through developments in surface processes and coatings with particular attributes 
to meet the challenges faced by manufacturing industry. It is therefore important that coating companies and those developing 
coatings work together with these end-user companies and become integrated into the product development programs; this 
includes becoming embedded into the end-user’s in-house testing and validation systems. By operating with end-users in this 
way, coating companies can improve their coatings and processes and also ensure a more resilient future market for themselves. 
Examples are provided of end-user test programs for new coatings and the methodologies and philosophies driving the adoption 
of new coatings by major manufacturing organisations.

Coatings and Processes for Biomedical and Environmental Applications
1:40 pm MED-1 Antibacterial Effects of Silver and Copper Nanoparticles Deposited by High Vacuum Magnetron Sputtering 
on Filtering Materials
D.M. Mihut, L. Lackey 
Mercer University, Macon, GA

Different filtering materials were selected and deposited with metallic silver and copper nanoparticles for increased time and 
thickness by using the DC high vacuum magnetron sputtering system. The deposited structures were further investigated in order 
to observe the adhesion of the metallic nanoparticles to the substrate, their distribution and the overall surface morphology by 
using scanning electron microscopy (SEM). The chemical composition of the structures was characterized using the X-Ray dif-
fraction analysis and scanning electron microscopy/ energy dispersive X-ray spectroscopy (SEM/ EDS) techniques. All deposited 
structures were further tested against different types of bacteria to observe the effect of the metallic composition and thickness, 
and to find the optimum composition for a good antibacterial performance.

2:00 pm MED-2 Photocatalytic Activity and Antibacterial Response of Titanium Oxide PVD Coatings Doped by Nitrogen 
Plasma Immersion Ion Implantation
J. Esparza1, G.G. Fuentes1, R. Bueno1, R. Rodríguez2,  J.A. García2, A. Vitas3 
1AIN, Ingeniería Avanzada de Superficies, Cordovilla-Pamplona, Spain 
2Universidad Pública de Navarra, Pamplona, Spain  
3Universidad de Navarra, Pamplona, Spain

Plasma immersion ion implantation technology has been utilized to enhance the photocatalytic activity of anatase phase TiO2 
thin films deposited by DC magnetron sputtering. The objective of this study is to increase the light absorbance of the titania 
in order to make it active in the visible light range. TiO2 thin films, deposited on stainless steel (AISI 304) substrates and silicon 
wafers, were implanted with nitrogen ions (N+/N2

+) at 20-25-30 kV of beam energy and 200-300-350ºC respectively. In this study 
the antibacterial activity of nitrogen implanted titania coatings has been monitored for Escherichia coli and Staphylococcus aureus. 
Additionally UV-Vis-NIR spectrophotometry tests have been carried out to measure the changes of the light absorption of the 
doped films. Further characterization has been performed, including FE-SEM, XRD, GD-OES, Roughness and contact angle and 
wetting properties. Moreover a complete study of the mechanical properties of the N-doped TiO2 has been carried out, including 
scratch test and nanohardness measurements. As a result of nitrogen implantation, the coatings showed a shift in the light 
absorption peak from UVA to visible wavelength range, which led to an increase of the antibacterial efficacy.

2:20 pm MED-3 Plasmas and Liquids
Invited Talk
F. Iza 
School of Mechanical, Manufacturing and Electrical Engineering, Loughborough University, Leicestershire, United Kingdom

Plasmas in contact with liquids have been investigated since the 19th century but undoubtedly they have received growing atten-
tion in recent years. As a result of this renewed interest, plasmas in and in contact with liquids were featured in the 2012 Plasma 
Roadmap as one of the 16 key topics in low-temperature plasmas. It is also not unusual for international conferences to dedicate 
sessions to this topic and a consortium of experts in the field of electrical discharge plasmas in contact with liquids has recently 
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formed under the umbrella of a European Cost Action. Applications of plasmas in and in contact with liquids exploit the non-equi-
librium chemistry, the radiation, the charge and/or the thermal effects created in the discharges to modify liquid properties and/
or trigger processes in the liquid phase. Examples of these applications include environmental monitoring, biological treatments, 
nanoparticle formation and water purification. In most of these ‘well-established’ applications, water is the main constituent in 
the liquid, although other inorganic and/or organic compounds are also present. Less established, however, are the studies of 
plasmas in and in contact with organic liquids. Early works have focused mainly on the breakdown of dielectric liquids for high-
voltage switching applications and one could argue that further opportunities for cross-fertilization between organic chemistry 
and plasma physics exist. Desirable degradation of waste oils or undesirable degradation of lubricants by plasmas formed in 
tribological contacts are examples of applications where our understanding of the ongoing physicochemical process in plasmas 
interacting with organic liquids is far from complete. Here we further discuss two other possible avenues of cross-fertilization 
between organic chemistry and plasma physics: 1) The use of organic compounds as plasma diagnostics: In most applications it 
is desirable to know the actual flux of reactive species reaching a plasma-treated target. Chemical probes have the potential to 
provide this information without having to extrapolate data from the gas phase, enabling the quantification of the dose for the 
comparison of different treatments/devices. Chemical probes have revolutionized other disciplines, such as biology, and could 
provide new insights in many plasmaliquid systems. Although the selectivity of existing probes needs to be reassessed in plasma 
environments, chemical probes developed for biological and environmental applications open new doors to quantify reactive 
species generated in plasmas. 2) Plasmas as a synthesis tool in organic chemistry: The idea of using plasmas in organic synthesis 
is not new and early work in the 70’s focused primarily on chemical modifications of organic compounds in low-pressure plasmas 
where all reactants were in gas phase. The advancement of low-temperature atmospheric-pressure discharges and the possibility 
of operating plasmas in and in contact with liquids, however, open new possibilities that are yet to be fully explored. Plasmas 
produce non-equilibrium chemistries that when brought in contact with organic compounds may lead to new processes or novel 
compounds, potentially circumventing the need for dangerous or expensive precursors. Ozonolysis reactions and tetrazole forma-
tion are examples of reactions where plasmas could provide a novel and valuable synthesis route.

3:00 pm MED-4 Investigation of the Antimicrobial Properties of Modified Multilayer Diamond-Like Carbon Coatings on 
316 Stainless Steel 
S. Robertson1,2, W. Mackay2, C. Williams2, S. Reid1, R. Birney1 
1 Institute of Thin Films, Sensors and Imaging, SUPA, University of the West of Scotland, Paisley, United Kingdom 
2 Institute of Healthcare, Policy and Practice, Healthcare Associated Infections, University of the West of Scotland, Paisley, United   
 Kingdom

Diamond-like carbons (DLCs) have found utility in a wide range of applications, perhaps most notably as protective coatings for 
metals against corrosion. An increasingly recognized contributory factor to corrosions is the formation of microbial biofilms, which 
can accelerate the corrosion process. DLCs consist of the amorphous hydrogen-carbon alloys (a-C:H), hydrogen-free amorphous 
carbons (a-C) and tetrahedrally-structured amorphous carbons, (ta-C), which can contain in excess of 90% sp3 bonding. Modified 
DLC coatings have previously been shown to reduce biofilm formation observed on steel substrates; previous investigations have 
also suggested that this type of coating can reduce biofouling on copper and copper alloys in marine environments. In this paper, 
modified a-C:H type diamond-like carbon multilayer films have been deposited on stainless steel by pulsed-DC hollow cathode 
PECVD. Films of total thickness 1µm, 10µm and 20µm were deposited, with and without quantities of germanium dopant. Char-
acterisation of the coatings has been performed by SEM/EDX, surface energy/contact angle analysis, nanoindentation, electro-
chemical analysis and antimicrobial susceptibility testing. The antimicrobial effect of modified DLC has been investigated using 
P. aeruginosa, a Gram-negative bacterium, and S. aureus, a Gram-positive bacterium. Scanning electron microscopy of biofilm 
formation on uncoated and modified DLC-coated stainless steel has also been performed.

3:40 pm MED-5 Novel Boron Carbide/Aromatic Polymers Deposited by Plasma-Enhanced Chemical Vapor Deposition: 
Electronic and Photonic Properties 
B. Dong1, E. Echeverria2, J. Rimsza3, J. Du3, Y.S. Jun4, G. Stucky4, P.A. Dowben2, J.A. Kelber1 
1 Department of Chemistry, University of North Texas, Denton, TX 
2 Department of Physics and Astronomy, Nebraska Center for Materials and Nanoscience, University of Nebraska-Lincoln,  
 Lincoln, NE 
3 Department of Materials Science and Engineering, University of North Texas, Denton, TX 
4 Department of Chemistry and Biochemistry, University of California, Santa Barbara, CA

Semiconducting boron carbides are of interest in areas ranging from neutron detection to low K dielectrics. Such applications 
are hindered, however by generally poor and defect-dominated semiconducting properties. We report a new class of composites 
combining aromatic species (e.g., pyridine, aniline or pyrimidine) with orthocarborane, deposited by plasma-enhanced chemical 
vapor deposition (PECVD). Photoemission and MO calculations indicate that HOMO and LUMO states are associated with aromatic 
and carborane moieties, respectively.  Photoluminescence and spectroscopic ellipsometry indicate that these materials can 
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exhibit a range of indirect band gaps across the visible region. We have observed exciton emission energies larger than the band 
gap for boron carbides with pyridine. The larger exciton energies indicates why the enhanced electron-hole separation seen for 
boron carbides with pyridine, at ambient temperatures, are not limited by the very short exciton lifetimes. The boron carbides with 
added pyridine materials have exhibited dramatically enhanced charge collection efficiencies in diode structures with zero bias. 
The devices exhibit neutron voltaic properties. Relationships between chemical and electronic properties of the composite films, 
with applications in neutron detection and other areas, will be discussed.

4:00 pm MED-6 Diamond-Like Carbon Coated Fabrics for Electrochemical Oxidation Process to Treat Organic Waste Water
C.-C. Yeh1, P.-W. Wang1, Y.-H. Chen1, K.-B. Cheng2, J.-L. He1 
1Department of Materials Science and Engineering, Feng Chia University, Taichung, Taiwan 
2Department of Fiber and Composite Materials, Feng Chia University, Taichung, Taiwan

Anodic electrochemical oxidation processes (AEOPs) are environmentally friendly emerging methods for wastewater decontami-
nation. Efficient and low-cost electrode materials as alternatives to boron-doped diamond (BDD) are persistently investigated. In 
this study, an arc ion plating (AIP) technique was used to deposit diamond-like carbon (DLC) film on titanium plate and Poly-m-
phenyleneisophthalamide (PMIA) fabrics, respectively, for investigating the overpotential properties and degradation efficiency. 
The DLC coated PMIA performs as an anode/filter and a SUS 304 barrel (served as a cathode) forms a continuous wastewater 
treatment system. Experimental results show that the sulphur black can be degraded rapidly with its COD value decreasing 
from 575 mg/L to 68 mg/L after treatment for 3h. For tetramethylammonium hydroxide (TMAH), no degradation is observed. 
This can be ascribed to the aromatic molecular structure of the sulphur black, which easily is adsorbed on the electrode surface 
for a direct reaction and therefore the noticeable effectiveness. On the contrary, the aliphatic molecular structure of TMAH gave 
limited adsorption capability, and as a result, showed ineffective degradation. As a whole, DLC coated PMIA, capable of selectively 
mineralizing organic pollutants, may have the potential for application in AEOP electrode.

4:20 pm MED-7 Atmospheric Pressure ICP Jet for Manufacturing of Silicon Nitride Hip Implants from Nanopowder
Y. Glukhoy, P. Ducha, A. Ryaboy, T. Kerzhner, B. Carman, V. Lukashyk 
Nanocoating Plasma Systems Inc, Fremont, CA

The 3D ceramic printing technology offers a new approach in producing powerful Solid Oxide Fuel Cell (SOFCs) with 3D geometry. 
Even more effective advances can be achieved by increasing the volumetric power density in account of miniaturization of the cell 
size and integration of a large number of these small scale cells into a 3D form. For example, by using a 3D honeycomb configura-
tion of the SOFCs, we can acheive structural advantage, such as the cumulative capacity of multiple cells (large electrode area 
per unit volume) and a more rational control of a fuel supply. Such 3D printing technology may simultaneously control both the 
macrostructure like the flat/tubular/corrugated configurations for fuel delivery communication and the microstructure like distri-
bution and patterning of porosity, Triple Phase Boundary (TPB) optimization, thickness of layers, impermeability of electrolyte, etc. 
Such geometry better matches the  corrugated shape of the heat dissipated means of thermal waste produced by combusting 
and other exothermic processes like the radiators, inner walls of the turbines as well as the outer walls of automotive engines, 
the exhausting tubes, heat sinks, etc. Consuming such thermal waste, the 3D fuel cells convert it electrocatalytically into electric 
energy drastically reducing the world dependence on fossil fuels and environmental contamination. The corrugated 3D design 
of the SOFCs can limit heat losses and increase catalytic and electrochemical efficiency. Consequently, a 3D-printing system may 
be considered a strategic solution for the integration of structured SOFC components in large area construction, dissipating heat 
from the power plants, as well as in small heat sinks dissipating heat from the electronic components. But their key element like 
laser has a limited thermal budget and can’t afford melting of the ceramic precursors. On other hand, the spray methods can 
melt such ceramic but can’t provide focusing this spray. Being experienced in design of a high temperature atmospheric pres-
sure inductively coupled plasma device for melting and vaporization of the ceramic nanopowder as well as in deposition of the 
impermeable YSZ electrolyte on the porous Ni-YSZ anode a new 3D ceramic  printing method  proved by a built prototype that 
can bring the 3D solid oxide fuel cells manufacturing closer to commercial and affordable reality is proposed. In Phase I, we will 
optimize our Atmospheric Pressure Inductively Coupled (AP-ICP) jet and the aerodynamic focusing system as well as another 
component of the prototype of the 3D printer, like a powder delivery system to provide cluster-less deposition and the motion 
system with the ability of an oblique deposition in order to deposit the impermeable YSZ electrolyte. The result of such optimiza-
tion will be used in Phase II for developing a R2R production line for manufacturing of the large area 3D low temperature SOFCs.
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Emerging Technologies
1:40 pm E-6 Sputter-Deposited Mo Thin Films with Improved Fracture Behavior for Flexible Electronics
T. Jörg1, M.J. Cordill1,2, R. Franz1, O. Glushko1,2, J. Winkler3, C. Mitterer1 
1Montanuniversität Leoben, Leoben, Austria 
2Austrian Academy of Sciences, Wien, Austria 
3PLANSEE SE, Reutte, Austria

Sputtered molybdenum thin films are frequently applied in many electronic applications, such as electrode materials in thin film 
transistors or solar cells. With the emergence of flexible electronics, attention has been focused on determining and enhancing 
the deformation behavior of such films on flexible substrates to ensure their reliability. One of the key obstacles in the utilization 
of Mo films in flexible electronics is their low failure strain. For example, commonly applied Mo films will fracture immediately 
when strained in tension. Within this work, three strategies are explored to improve the fracture behavior: stress tuning by 
deposition parameters, adjusting the films thickness, and tailoring the microstructure. Advanced in situ characterization methods 
are applied to determine the electro-mechanical performance of the films during loading. For example, uniaxial tensile tests were 
conducted under the light microscope, to observe the fragmentation process in situ and were combined with in situ synchrotron 
X-ray diffraction and four-point probe resistance measurements. By inducing high compressive stress in the films and reducing 
their thickness, the failure strain can be improved by a factor of three. A further enhancement for a given stress and thickness can 
be achieved by forming zigzag-structured films, where the achievable failure strain can even be doubled.

2:00 pm E-7 Vacuum Polymerization of Active Devices
F. Papa1, V. Bellido-Gonzalez2,  B. Daniel2, J. Brindley2, H. Li2, A. Azzopardi2, I. Fernandez3, A. Wennberg3 
1Gencoa, Davis, CA 
2Gencoa Ltd., Liverpool, United Kingdom 
3Nano4Energy, Madrid, Spain

Thin film vacuum polymerization methods have gained interest over the past 20 years. The fields of application extend over a 
many applications such as biomedical, electronics and barrier films. In the field of organic and polymer electronics, such as OLEDs 
or Polymer-LEDs (PLEDs), most successful devices have originated from spin coating and effusion/evaporation/sublimation 
technologies. These technologies involve either non-vacuum techniques, such as wet chemistry, or the complexity of managing 
high temperature sublimates which are not easy to transport and deposit on devices. Regarding the latter, even the temperature 
management itself is generally complex and in certain cases limits the device functionality. Therefore the creation of active 
functional devices, which could be formed via in situ plasma polymerization processes is of great interest. The ability of plasma 
processes to be upscaled for plasma polymerization and the ease of gas phase distribution of lighter monomers is therefore a 
good candidate. This paper will present results using innovative plasma polymerization processes for the deposition of active 
semiconductor devices.

2:20 pm E-8 Novel Low Pressure Sputtering Source and Improved Vacuum Deposition of Small Patterned Features Using 
Precision Shadow Masks
W. Decker2, S. Armstrong1, R. Belan1, T. Fisher2, V.D. Heydemann2 
1Kurt J. Lesker Co, Jefferson Hills, PA 
2Advantech U.S. Inc, Pittsburg, PA

A novel, low pressure sputter source has been used in conjunction with a precision shadow mask to deposit crisp features on 
glass substrates. The LPSS operates at pressures as low as 0.01 Pa (1 E-04 Torr) which increases the mean free path of the sputtered 
atoms and reduces the spread of the deposited pattern often associated with normal pressure magnetron sputtering through 
shadow masks. The low pressure sputter source (LPSS) exhibits high-rate omnidirectional deposition and can form crisp lined 
features that are typically 5 μm to 50 μm in size when combined with precision mask technology. These feature sizes are a factor of 
5x smaller compared to features achieved traditional magnetron sputtering at typical sputtering pressures (~1 Pa). Thin films with 
thicknesses between 300 Å to 6,000 Å were deposited using the first and second generation low pressure sputter sources. The 
impact of ambient pressure, DC power and source/substrate distance on the resulting thin film deposition rates was investigated. 
The deposition runs were conducted under static conditions, with stationary source and substrate, as well as with a scanning 
source. Patterned features were deposited on display-grade borosilicate glass substrates by placing custom manufactured nickel 
shadow masks with apertures in the 10 µm to 50 µm size range between the low pressure sputter source and the substrates. The 
thin film deposits in substrate regions that are exposed by precision apertures in the shadow mask to the sputter source. The 
shadow masks are manufactured by an electroforming process that allows precise control of the mask thickness. The thermal 
history of the shadow masks in thin film deposition runs using the low pressure sputter source was investigated, proving this 
novel source superior to traditional thin film deposition sources for use with precision shadow masks. Results and conclusions of 
this work will be presented in this report.
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Large Area
2:40 pm L-1 Ten Years of Coating the 8-m Gemini Telescopes with Protected Silver
T. Schneider1, T. Vucina2, C. Araya2, C. Ahhee1 
1Gemini North, Hilo, HI 
2Gemini South, La Serena, Chile

Since 2004 the Gemini telescopes have used a protected 4-layer silver coating on their 8-meter diameter primary mirror and other 
smaller optics. A protected silver coating was chosen for the twin telescopes due to the high reflectivity and low emissivity proper-
ties of silver. For over 10 years the protected 4-layer silver coating at Gemini has met the science requirements for reflectivity of 
88% between 0.3-0.7 μm and 84% between 0.7-1.1 μm. Initial requirement also stipulated that the coating should last at least two 
years. All the mirrors have far outlasted the two year requirement, with the exception of the Gemini North secondary mirror which 
has simply met the requirement. Provided is an in-depth explanation of the Gemini vacuum systems and magnetron sputtering 
processes that are employed in coating the mirrors and data concerning the long performance of the films. 

3:00 pm L-2 High Rate Sputter Deposition of Al2O3 Films for Electrical Insulation Applications on Large Area Substrates
T. Goschurny, D. Gloess, H. Bartzsch, P. Frach, A. Drescher, M. Gittner, P. Poetschick  
Fraunhofer Institute for Organic Electronics, Electron Beam and Plasma Technology FEP, Dresden, Germany

In this paper, the breakdown field strength and resistivity of Al2O3 layers deposited in two different sputter coating machines using 
different variants of process control will be presented. Deposition runs were performed in a cluster sputter equipment for station-
ary coating of 8” substrates and in an inline sputter equipment with rectangular magnetrons for dynamic coating of substrates up 
to 650 x 750 mm2. Experiments in the inline coater using single-channel impedance control led to insufficient uniformity regard-
ing layer stoichiometry and thickness distribution. This problem could be solved by combining the impedance control with a two 
channel optical plasma emission control. The interlaced control loops ensured deposition of stoichiometric Al2O3over the coating 
area with a homogeneity better than ±3% on 500 mm. The achieved deposition rates were 2.5 nm/sec for stationary coating and 
38 nm*m/min for dynamic coating with a single magnetron in the unipolar pulse mode, respectively. Insulation properties were 
measured on films with a thickness of 1µm on Si wafers. For Al2O3 films, a breakdown field strength of 5 to 6 MV/cm and a specific 
resistivity of 1016 to 1017 Ωcm was measured at room temperature.

3:40 pm L-3 Scratch-Resistant Coatings for Architectural Glass
Invited Talk
S. Lecoultre 
Glas Trösch AG, Bützberg, Switzerland

The market of Low-E and solar control glazing has risen in the past decade to reach over 600 million square meters annually. 
These optical coatings consist of multilayer stacks of metals and metal-oxides of a total thickness ranging from a few tens to a few 
hundred nanometers. Demand for large area antireflective coating for building glazing and lobbies is growing fast as well. While 
optical performance of coated glass is constantly improved and prices are falling, the scratch-resistance needs to be ensured to 
survive the different processing chain steps of fabrication, transformation and transportation. In this talk, some insights on the 
mechanics of these multilayer coatings under different load and environment conditions will be given. The various processing 
steps where specific mechanical failure can potentially appear will be addressed. Finally, some design rules and solutions in order 
to produce scratch-resistant coatings for architecture application will be outlined. I will conclude the talk with an attempt to 
propose some directions for future research and development in large area coatings on glass.

4:20 pm L-4 Superomniphobic Coatings for Automotive and Petroleum Applications
C.A. Ellis-Terrell, R. Wei, C. Rincon, M.A. Miller, K. Coulter 
Southwest Research Institute, San Antonio, TX

A superomniphobic coating exhibits high contact angles for both low and high surface tension fluids, bundling both the 
properties of superhydrophobic and superoleophobic coatings into one. The potential applications for water and oil repellent 
coatings are extensive, which include self-cleaning, anti-fouling, drag reduction and anti-corrosion. We have developed a range 
of coating capabilities such as vacuum based plasma immersion ion deposition (PIID) and solution-based spray techniques 
to apply physically and chemically-robust superomniphobic coatings onto metallic substrates. Each coating technique offers 
different advantages to the end user, such as accommodating large, or many small, three-dimensional components. The coating 
chemistry developed from both the PIID and spray coating techniques are based on a fluoro-organosiloxane and fluoroalkylsilane 
modified-silica nanoparticle compositions, respectively. Additionally, hierarchical structures may be formed from the spray-coated 
nanoparticle compositions to further enhance the superomniphobic effect for certain applications. The chemical composition of 
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these coatings along with surface roughening techniques of the substrate contributes to creating superomniphobic surfaces. In 
this presentation, an overview of coating engineering and deposition processes will be presented. Additionally, the characteriza-
tion and performance of the coated surfaces will be discussed.

4:40 pm L-5 DC-Dual-Anode Reactive Sputter Deposition of Transparent Dielectrics with Low Substrate Heating 
F. Benecke, H. Proehl 
VON ARDENNE GmbH, Dresden, Germany

Dual Anode Sputtering (DAS) is industrially proven to be applicable for ceramic processes like NbOx, TiOx or intrinsic ZnO for 
display and PV-applications. The DAS technique guarantees good anode availability due to periodic anode cleaning even when 
sputtering dielectrics. The DAS technique enables us to go over from the common used AC-MF mode to a DC powering of the 
process which reduces the heat load to the substrate remarkably, so for ceramic processes like Nb2O5 or TiO2 we can report a 
reduction of about 30%, whereas the deposition rate is slightly higher. Nevertheless, the focus of this paper will be the applica-
tion of DAS-sputtering combined with reactive process control to achieve high deposition rates in the transitions region. This is 
important, especially since SiO2 and AlOx coatings on web are going to commercialization for barrier applications on web and the 
productivity of sputter roll coaters is limited due to the thermal sensitivity of the plastic substrate material. We report the results in 
respect to energy load, deposition rate and long term stability for the reference processes SiO2 and AlOx where we commercially 
applied a VAprocos process-control-loop at different cathode and power supply configurations.

5:00 pm L-6 Challenges for Counter Electrodes of Electrochromic Devices
S. Ulrich1, C. Szyszko1, S. Jung1, M. Vergöhl1, G. Bräuer1, S. Beuermann2, D. Jödicke2 
1Fraunhofer Institute for Surface Engineering and Thin Films IST, Braunschweig, Germany 
2EControl-Glas GmbH & Co. KG, Plauen, Germany

Electrochromic devices offer fascinating possibilities for lighting and building climate control as they allow for actively controlling 
light and energy throughput in a wide range. In the last decades the technology matured from an academic research topic to 
commercially available products especially in the field of automotive mirrors (e. g. Gentex). Nowadays also architectural glazing 
is an upcoming market mainly served by EControl-Glas (Germany), Sage (US/France) and View (US). Forecasts predict a strong 
growth and huge potential of this market segment. While for the main coloring/bleaching electrode tungsten oxide WO3 or 
modifications thereof are established as the materials of choice, for the counter electrode the development is still ongoing. The 
talk will therefore discuss selection guidelines including coloring type, coloring efficiency, producibility, long term stability and 
environmental aspects with respect to selected material candidates. Furthermore, current efforts will be shown including counter 
electrode material preparation using serial co-sputtering technology and appropriate characterization arrangements such as 
combined cyclic voltammetry/photometry, XRD, Raman and EPMA.

High Power Impulse Magnetron Sputtering (HIPIMS)
1:40 pm HP-1 HIPIMS Applications for Soft Substrate Materials
J.-L. He 
Invited Talk 
Department of Materials Science and Engineering, Feng Chia University, Taichung CIty, Taiwan

The high power impulse magnetron sputtering (HIPIMS) technique has been developing for over a decade, with its one major 
advantage being the capability of low-temperature deposition, yet relatively little attention has been drawn to applications for 
soft substrate materials. In this report, the importance of HIPIMS application for those targeted soft substrate materials such as 
textile materials, flexible PET sheet and biomedical polymeric materials, etc. is addressed. HIPIMS deposition work and property 
measurement are carried out to reveal the feasibility and effectiveness of this technique for a wide range of different purposes. 
Comparison is made with other conventional deposition methods.

2:20 pm HP-2 Deposition of ITO Films by Reactive High Power Impulse Magnetron Sputtering from a Metallic Rotatable 
Target
F.C. Carreri1,2, H. Gerdes1, R. Bandorf1, M. Vergöhl1, G. Bräuer1 
1Fraunhofer Institute for Surface Engineering and Thin Films IST, Braunschweig, Germany 
2CAPES Foundation, Ministry of Education of Brazil, Brasília, Brazil

HIPIMS is ideal for the deposition of high quality films from plasmas with a high content of ionized sputtered species. For the 
fabrication of ITO films, a ceramic target is typically used. However, ceramic targets are expensive, provide low deposition rates, 
and are a source of energetic negative oxygen ions which cause damage and degradation of film properties. Since HIPIMS makes 
use of high voltage pulses, problems due to energetic negative ions are a concern. A reactive process using metallic targets will 
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reduce the amount and energy of negative oxygen ions. For a reactive HIPIMS process on lab scale, numerous advantages like, 
better coverage of complex-shaped surfaces, higher deposition rate compared to non-reactive mode, room temperature deposi-
tion, decreased lateral resistivity, and decreased surface roughness are reported. Nevertheless, up-scaling the process to industrial 
scale still needs reliable control of the oxygen flow over large area rotatable targets. In this work, a reactive HIPIMS process for 
deposition of ITO from a 0.6 m long rotatable target was investigated. A suitable optical emission control was utilized. A com-
parison between films deposited from ceramic and metallic targets was performed in terms of deposition rate, film morphology, 
electrical and optical properties.

2:40 pm HP-3 Control of Reactive Bipolar HIPIMS Processes in Dual Magnetron Configuration
I. Fernandez-Martinez1, F. Papa2, V. Bellido-Gonzalez3, J. Brindley3, B. Daniel3, J. Price3, H. Li3, A. Azzopardi3, A. Wennberg1 
1Nano4Energy SL, Madrid, Spain 
2Gencoa US, Davis, CA 
3Gencoa Ltd, Liverpool, United Kingdom

This paper presents data on the control of reactive bipolar HIPIMS sputtering processes in dual magnetron configuration. Similar 
to mid-frequency (MF) sputtering, particularly when using reactive processes forming insulating films, bipolar operation in dual 
magnetron configuration offers the chance to avoid target surface charging and thus, minimize arcing. Also, this configuration 
does not suffer the problem of the disappearing anode, allowing continuous operation in production systems. The experiments 
were performed in sputtering systems using rotatable as well as planar magnetrons, loaded with pure Al targets, and a  HIPIMS 
power supply. Oxygen was used as a reactive gas. Data on the process stabilization using feedback control, deposition growth 
rates, coating microstructure, defects density and breakdown voltage will be presented.   

3:00 pm HP-4 Increased Control of Deposition Conditions by Using Highly Ionized Fluxes of Film Forming Species

J.C. Oliveira, F. Ferreira, R. Serra, A. Cavaleiro 
Department of Mechanical Engineering, University of Coimbra, Coimbra, Portugal

High-Power Impulse Magnetron Sputtering (HiPIMS) relies on the application of very high target power densities to achieve 
higher plasma densities and subsequent ionization of the sputtered material. However, as for DCMS, independent control of 
the average angle of impingement and average energy of the firm forming species is not possible. Increasing the peak power 
also increases the discharge voltage and, consequently, also increases the average energy of the film forming species. The main 
objective of this work was to evaluate the effectiveness of the HIPIMS technology (in Deep Oscillations Magnetron Sputtering 
(DOMS) mode) as a tool to improve the control of the bombarding species during magnetron sputtering. For this purpose Cr, 
CrN and TiSiN thin films were deposited by both DCMS and DOMS, in a wide range of deposition conditions leading to very 
different bombardments regimes. The structure, morphology, surface topography and mechanical properties of the films were 
characterized and related to the bombarding conditions. It was concluded that HIPIMS-DOMS allows using different sets of energy 
and incidence angle of the bombarding species as compared to DCMS and, therefore, enables the deposition of thin films with 
improved properties.

3:40 pm HP-5 High-Rate Reactive High-Power Impulse Magnetron Sputter Deposition: Principles and Applications
J. Vlcek, J. Rezek, A. Belosludtsev, T. Kozak 
Department of Physics and NTIS, University of West Bohemia, Plzen, Czech Republic

High-power impulse magnetron sputtering (HiPIMS) with a pulsed reactive gas flow control (RGFC) was used for high-rate reactive 
depositions of densified, highly optically transparent, stoichiometric ZrO2, HfO2 and Ta2O5 films on floating substrates. The deposi-
tions were performed using a strongly unbalanced magnetron with a planar Zr, Hf and Ta target of 100 mm diameter in argon-
oxygen gas mixtures at the total pressure close to 2 Pa. The repetition frequency was 500 Hz at the average target power density 
from 5 Wcm-2 to 54 Wcm-2 during a deposition with the voltage pulse durations ranged from 50 µs to 200 µs (the duty cycles from 
2.5 % to 10 %). The target-to-substrate distance was 100 mm. For the same duty cycle of 10 %, the deposition rates were up to 120 
nm/min for the ZrO2 films, up to 125 nm/min for the Ta2O5 films and even up to 345 nm/min for the HfO2 films. First, we explain 
the principle of the effective feed-back pulsed RGFC method which does not require any additional measurement or monitoring 
devices, such as a plasma emission monitoring system, mass spectrometer or Lambda sensor. Then, we present a simplified rela-
tion for the deposition rate of films prepared using a reactive HiPIMS. Lastly, we explain, using this formula and model calculations, 
why the deposition rates achieved by the reactive HiPIMS are so high.
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4:00 pm HP-6 HIPIMS Deposited Titanium Monoxide and the Effect of Post Annealing
W.C. Peng1, Y.H. Chen2, J.Y. Chen2, D.S. Wuu1, J.L. He2 
1Department of Materials Science and Engineering, National Chung Hsing University, Taichung, Taiwan 
2Department of Materials Science and Engineering, Feng Chia University,Taichung, Taiwan

In view of its wide potential use as a p-type oxide semiconductor, titanium monoxide (TiO) is deposited by using high power 
impulse magnetron sputtering (HIPIMS), which is known to provide less hysteresis effect in reactive sputtering and thus better 
control in stiochiometry. The obtained films are then annealed in pure nitrogen gas and characterized to study the effect of the 
annealing temperature on the microstructure, optical and electrical properties. Experimental results show that cubic γ-TiO can be 
successfully grown. In regard to the effect of post annealing, the as-grown cubic γ-TiO turns into R-TiO2 at a critical temperature of 
400°C Below this temperature, an amount of roughly 5% nitrogen is found to incorporate into the annealed films thus inhibiting 
grain growth and synergistically affecting the band gap energy, decreasing from 2.8 eV to 2.2 eV. With a p-type oxide semicon-
ductor feature, the hole carrier concentration is 1.6×1022 cm-3 and the hole mobility is 8.2 cm2/V, giving an electrical resistivity of 
2.0×10-4 Ωcm. Over 400°C, the films give a dramatic change in band gap energy, polarity and electrical resistivity due to the R-TiO2 
formation.

4:20 pm HP-7 Low-Voltage High Power Impulse Magnetron Sputtering with Igniting Pulse (Booster) 
X. Tian1, X. Zhang1, M. Cai1, C. Gong1, P.K. Chu2 
1State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin, China 
2Department of Physics and Materials Science, City University of Hong Kong, Hong Kong, China

High power impulse magnetron sputtering (HiPIMS) has attracted much interest in academic institutes and industries due to its 
many advantages including higher plasma density, capability for conformal deposition, denser film structure and better surface 
properties. However, lower deposition rate has limited its wide application in PVD fields since HiPIMS is featured by higher 
current and higher voltage. A power supply with two-step voltage waveform has been developed in which two voltage pulses are 
produced. The higher and shorter pulse (booster voltage) is utilized to ionize gas and achieve original plasma with higher density, 
then followed by the lower and longer pulse to maintain discharge with relatively larger current compared to conventional DC 
magnetron configuration even with the same target voltage. Consequently, high density plasma is gained using a lower average 
power. The power supply runs on Cr target. With square voltage waveform (conventional pulsed DC or HiPIMS), the discharge cur-
rent rises slowly with a triangle or parabolic shape. If a booster voltage is utilized in the early stage of pulse voltage, a current peak 
rapidly appears and then averagely larger current is maintained even with a lower pulse voltage. This may lead to a lower voltage 
HiPIMS in which higher plasma and higher deposition rate may be speculated.

4:40 pm HP-8 Phase Tailoring of Ta Thin Films by HiPIMS in Deep Oscillations Magnetron Sputtering (DOMS) Mode
F. Ferreira, C. Sousa, A. Cavaleiro, J.C. Oliveira 
SEG-CEMUC, Department of Mechanical Engineering, University of Coimbra, Coimbra, Portugal

Ta is a refractory metal with a high melting point, a low electrical resistivity, and an excellent chemical inertness at temperatures 
below 150°C. Due to these characteristics, it has many applications, for instance in magnetic thin film applications, such as 
diffusion barriers in integrated circuits and magnetic disk drives. In bulk form, Ta has the α-phase. However, during thin film 
growth of Ta, the metastable tetragonal β-phase commonly forms. It has been shown that energetic ion bombardment of both 
the substrate and the growing film can strongly influence the film structure and properties. However, formation of the β-phase 
is not fully understood. The main objective of this work is to understand the mechanisms responsible for Ta phase formation by 
using an ionized Ta flux during deposition. Ta films were deposited by deep oscillation magnetron sputtering (DOMS), a variant of 
high power impulse magnetron sputtering (HIPIMS). The directionality and the energy of the depositing species was controlled by 
changing the ionization fraction of the Ta species arriving at the substrate at different deposition pressures and substrate biases. In 
this work, the surface morphology (AFM), microstructure (SEM), structure (XRD) and mechanical properties (Hardness and Young’s 
modulus) of the films were characterized.

5:00 pm HP-9 Structure and Wear Mechanism of Novel CrAlBYCN/AlSiCN PVD Coating Deposited Using a Combined UBM 
and HIPIMS Process in a Reactive Gas Mix
T.J. Morton1, A.P. Ehiasarian1, C.-F. Carlström2, M. Ahlgren2 
1Materials and Engineering Research Institute, Sheffield Hallam University, Sheffield, United Kingdom  
2Sandvik, Stockholm, Sweden

A novel CrAlYBCN/AlSiCN coating has been devised for the improved wear resistance and high temperature stability of tools for 
cutting applications.  The as-deposited coating contained CrAlN and disordered carbon phases as detected by Raman spectrosco-
py. With hardness values of 3550 HK; the coating could be classified as superhard. Rockwell indentation showed class 0-1 adhesion 
and scratch test critical loads were 43 N on high speed steel substrates. Isothermal annealing and thermogravimetric analysis of 
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the coating indicated high temperature stability up to 900˚C. Temperatures of 600 °C and above resulted in a surface reconstruc-
tion that smoothed the coating due to the diffusion of carbon. A thin oxide layer supported by weak oxide Raman peaks and 
only 9% oxygen inclusion at 800˚C observed by EDX. In pin-on-disk tests with an Al2O3 ball counterpart at room temperature, the 
wear track contained predominantly a CrAlN phase similar to the as-deposited coating. Wear tracks produced at 200˚C contained 
a Cr2O3 build-up layer resulting in an improvement in wear rate by an order of magnitude to 4x10-16 m3N-1m-1 compared to room 
temperature. Raman of the wear tracks at both temperatures indicated graphitisation of carbon in the coating which would 
improve wear resistance by acting as a solid lubricant.
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Heuréka! Post-Deadline Recent Developments
5:30 pm H-1 Exploration into Sputtered ITO Film Properties as a Function of Magnetic Field Strength
P. Morse, T. Strait, R. Meck 
Sputtering Components Inc., Owatonna, MN

Depositing high performing ITO films onto room temperature substrates has been an industry-wide challenge for decades. Identi-
fying the process properties that drive film quality is the first key to developing advanced hardware capable of improving the ITO 
film properties. The room temperature ITO deposition process space and resulting film properties as a function of magnetic field 
strength are explored in this study to help determine the key mechanisms responsible for changing the ITO film properties.

5:50 pm H-2 A Novel Sensor Using Remote Plasma Emission Spectroscopy Monitoring and Control of Vacuum Processes
J. Brindley1, T. Williams1, B. Daniel1, V. Bellido-Gonzalez1, F. Papa2, W. Sproul3 
1Gencoa Ltd., Liverpool, United Kingdom 
2Gencoa USA, Davis, CA 
3Reactive Sputtering, Inc., San Marcos, CA

Plasma emission monitoring (PEM) has been used for a number of years to either monitor the condition of, or actively control, 
vacuum plasma processes. This approach has many advantages such as fast response time, monotonic sensor behavior and the 
ability to control uniformity by monitoring different areas of the process. There are, however, some disadvantages, e.g. a clear line 
of sight to the plasma is required and can be obscured by substrate movement, the PEM sensor can become coated by the depos-
ited material and, of course, it can only be used when the process itself generates a plasma. A new type of remote plasma genera-
tor has been developed which, when combined with advances in miniature spectrometers, can be used to perform optical plasma 
spectroscopy. Presented are a number of examples of its use as an intelligent pressure gauge (penning pressure measurement in 
conjunction with plasma spectroscopy), etching process monitoring, vacuum quality monitoring, and reactive deposition control. 
A novel method of sensing species indirectly via the emission lines relating to the sputtered material from inside the sensor also 
enables process monitoring and control using remote PEM that are otherwise not possible via conventional plasma spectroscopy.

6:10 pm H-3 Tribomechanical Properties of DLC Coatings Deposited by Magnetron Sputtering on Metallic and Insulating 
Substrates
I. Fernández-Martinez1, J.A. Santiago2, V. Bellido-González3, A.Wennberg1, R. Gonzalez-Arrabal2, A. Rivera2, J. Molina3, M. Monclús3,  
F. Papa4 
1Nano4Energy SL, Madrid, Spain 
2ETSII-UPM, Madrid, Spain 
3Gencoa Ltd., Liverpool, United Kingdom 
4Imdea Materiales, Madrid, Spain 
5Gencoa USA, Davis, CA

Diamond Like Carbon (DLC) coatings have been recognized as one of the most valuable engineering materials for various indus-
trial applications including manufacturing, transportation, biomedical and microelectronics. Among its properties, DLC has good 
frictional behavior combined with high surface hardness, offering an elevated protection against abrasive wear. Nevertheless, DLC 
is very temperature-sensitive since its sp3-sp2 structure undergoes a graphitization process at high temperatures which dete-
riorates both hardness and the coefficient of friction. Information about the range of temperature where DLC loses its excellent 
tribomechanical properties still remains unclear. This is mainly due to the difficulties associated with the characterization of the 
mechanical and tribological behavior of thin-films at high temperature. DLC films were deposited by magnetron sputtering with 
a magnetic configuration optimized for C-based compounds using DC, DC-Pulsed and HIPIMS plasma excitation modes. In order 
to study the influence of the H concentration on the tribomechanical properties of the samples, some of them were deposited by 
reactive sputtering under different hydrogen atmospheres. The properties of the DLC films range from >30 GPa for low hydrogen 
concentration to very low friction with a higher content of hydrogen. As the industrial success of DLC films in tribological contacts 
is strongly dependent on their adhesion properties, a HiPIMS technique was used to improve the coating adhesion. Rockwell 
adhesion and nanoscratch tests show that the films exhibit excellent resistance to delamination on both metallic and insulating 
substrates.
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6:30 pm H-4 A Novel Sensor for Se Vapour Deposition Monitoring and Control
V. Bellido-Gonzalez1, D. Monaghan1, J. Brindley1, B. Daniel1, R. Brown1, F. Papa2, A. Wennberg3, I. Fernández-Martínez3, R. Caballero4, 
M. Leon4 
1Gencoa Limited, Liverpool, United Kingdom 
2Gencoa USA, Davis, CA 
3Nano4Energy SL, Madrid, Spain 
4Universidad Autónoma de Madrid, Madrid, Spain

The 21st century has seen a rapid increase in the manufacturing of thin film photovoltaic (PV) panels. One of the most successful 
materials as a PV absorber has been CuInGa(Se,S). Although different deposition methodologies have been employed, one of the 
steps that remain critical in the manufacturing and performance of the solar cells is the selenisation of the CuInGa alloy. Effusion 
cells of different forms and shapes are in the market but effective methods to control the vapour are limited, hence most of the 
production platforms evaporate Se in an open loop configuration lacking any real feedback. Selenium is generally poured into 
the deposition system in excess. Such are the consequences in production that the largest material cost in CIGS production is the 
Se rather than the In, as many people would believe. In CIGS production more than 90% of the Se gets wasted away. In addition 
to the material costs the level of waste gives an even bigger problem due to the waste management and cleaning operations 
needed for the contaminated elements of the deposition system. The authors of this presentation have developed and tested 
a new type of Se sensor for such application which is combined with a pulsed Se effusion cell and allows real feedback control 
regulation to maintain deposition conditions in a stable vapour pressure environment.

6:50 pm H-5 Advances in Broadband Plasma Emission Monitoring Technology for Production
M. Audronis 
Nova Fabrica Ltd., Ignalina, Lithuania

Plasma Emission Monitoring (PEM) is one of the most versatile Reactive Magnetron Sputtering process monitoring and control 
technologies available on the market. In modern plasma-based PVD manufacturing this technology is mostly known as a useful 
technique for increasing deposition rate (2-4 times) of compounds (e.g. oxides, nitrides, oxy-nitrides) and improving substantially 
thin film properties. So far no other monitoring and process control technology can compete in terms of technical parameters, 
flexibility and applicability. Two branches of the PEM technology exist: the so called single-wavelength PEM (SW-PEM) and the 
broadband PEM (B-PEM). The lower cost SW-PEM has so far dominated installations across the different industries. The higher 
cost B-PEM has been making inroads, however, until recently wider deployment of it was limited by higher cost and technical 
shortcomings, such as slow (200-500 ms) update times and unacceptable levels of sensitivity to the environment. The situation 
has changed substantially in favor of B-PEM recently with both cost reduction and advancements in the technology. This paper 
reports game changer developments that enable B-PEM to meet stringent field deployment requirements, such as: high update 
speed, low sensitivity to the environment, system and measurement stability, process control repeatability (i.e. coating run-to-run 
reproducibility), process relevance (smart features, algorithm capability), ease of integration with ICS, and lower cost. Novel ap-
plications of PEM are discussed focusing on both industrial (e.g. large area reactive magnetron sputtering) and R&D plasma-based 
process monitoring and control uses. Case examples from B-PEM field deployments are presented. We show that through relevant 
knowledge of a particular field and innovation in optics, electronics, software and automation, a game changing innovation is 
possible and something that is considered a relatively mature technology can again have an enabling impact and provide signifi-
cant improvements to the existing processes and materials.
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Keynote Presentation
8:30 am K-2 Printed Electronics: Innovations in Materials, Processes, and Devices
V. Subramanian 
Electrical Engineering and Computer Sciences, University of California, Berkeley, CA

In recent years, there has been significant interest in the applications of printed electronics in the realization of a range of low-
cost, large area, flexible electronic systems such as displays, distributed sensors, and low-cost disposable tags. To make printed 
electronics a viable technology, however, there is a need for significant innovations across all aspects of these systems, including 
realization of advanced printable materials, improvements in printing technology, and design and realization of devices and 
systems that exploit the capabilities of this emerging technology. In this talk, I will review our progress in advancing the state of 
the art in printed electronics. I will begin by discussing the physical underpinnings of printing and will discuss how understanding 
and control of printing-related phenomena allows for substantial advancement in the capabilities of the same. I will additionally 
discuss advances in printable material systems that enable the realization of high-performance printed thin films. In particular, I 
will discuss the importance of proper material design for use as printable precursors. Finally, I will show how the combination of 
advanced printed techniques with appropriate materials and proper device design may be used to realize printed devices with 
unprecedented performance levels, thus helping to usher in the era of printed electronics.

Emerging Technologies
9:20 am E-9 Synthesis and Characterization of Polycrystalline Hollow Magnetic Nanoparticles by Vacuum Evaporation and 
Inert Gas Condensation 
M. Bah1, G.H. Jaffari2, F.A. Khan3, S.I. Shah1,4 
1Department of Materials Science and Engineering, University of Delaware, Newark, DE 
2Department of Physics, Quaid-i-Azam University, Islamabad, Pakistan 
3Department of Physics, Bangladesh University of Engineering and Technology, Bangladesh 
4Department of Physics and Astronomy, University of Delaware, Newark, DE

One of the techniques developed to prepare nanoparticles is inert gas condensation (IGC). In IGC, metals are evaporated and then 
rapidly cooled into solid nanoparticle by an inert gas. Typically helium is used due to its high thermal conductivity. In this paper 
we present the study of the growth of the hollow manganese oxide polycrystalline nanoparticles by IGC. The growth of the solid 
nanoparticles is followed by vacuum annealing that leads to the formation of hollow nanoparticles due to the Kirkendaal Effect. 
X-ray diffraction, high resolution TEM and X-ray photoelectron spectroscopy were used to analyze the oxide phases and crystal 
structure of the prepared nanoparticles. The nanoparticles were found to be polycrystalline and hollow in nature, ranging in size 
from 25 nm to 50 nm, and composed of two manganese oxides, Mn2O3 and MnO. The multiple oxidation states of manganese 
were of interest to us due to their contrasting magnetic nature and their mutual interaction. The extra surface in hollow nanopar-
ticles also lead to very interesting magnetic properties. Results from magnetic measurements obtained by physical properties 
measurement system helped ascertain the oxide phases present in the nanoparticles. The recorded coercivity and exchange bias 
field, were 11 kOe and 7 kOe, respectively.   

9:40 am E-10 Manufacture of Titanium Nitride Nanotubes Using High Vacuum Magnetron Sputtering Depositions 
D.M. Mihut1, K. Lozano2, C. Hilario2 
1Mercer University, Macon, GA 
2The University of Texas Rio Grande Valley, Edinburg, TX

Titanium nitride thin films of 200 nanometer thickness were deposited on Nylon 6 nanofibers using reactive high vacuum 
magnetron sputtering deposition technique. Nanofibers were manufactured using the forcespinning method, were collected on 
the frames and further on coated both sides. The thickness of the coatings was evaluated using Atomic Force Microscopy (AFM) 
performed on glass slides coated simultaneously with the nanofibers. The magnetron sputtering system was further on used to 
perform calcination of the samples at high temperatures (e.g. 650°C) while ensuring the ultrahigh vacuum atmosphere (e.g. 10-6 

torr). The structures were investigated before, after deposition and after calcination using the scanning electron microscopy/ 
scanning transmission electron microscopy (SEM/ STEM), scanning electron microscopy/ energy dispersive X-ray spectroscopy 
(SEM/ EDS) and X-ray diffraction analysis. Thermogravimetric (TGA) analysis and SEM/EDS were performed on the deposited and 
calcinated structures in order to observe the polymer degradation and the nanotubular shape formation.
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10:00 am E-11 Development of a Sputtering Device for In Situ Coating of Long Beam Pipes of Particle Accelerators with a 
Low Secondary Electron Yield Carbon Thin Film
P. Costa Pinto, M. Taborelli, M. Van Gompel 
Vacuum Surfaces and Coatings Group, CERN, Geneva, Switzerland

In the framework of the ultimate upgrade of the Large Hadron Collider (LHC), named High Luminosity LHC (HL-LHC), some of the 
superconducting quadrupole magnets responsible for the final focusing of the proton beams before collision are expected to 
quench due to the total heat load resulting from the synchrotron radiation, the collision’s debris arising from the interaction point, 
and the electrons generated by multipacting in the beam pipe. A possible way to eradicate this last contribution is to coat the in-
ner walls of the beam pipes with a carbon thin film having a maximal Secondary Electron Yield (SEY) of about 1, in order to supress 
the electron multipacting effect. In this work, we report on the development of coating devices, (based on sputtering), to deposit 
such a carbon layer in situ, i.e., without dismounting the quadrupole magnets from their operating positions in the LHC tunnel. 
Amongst the main constrains are the length of the magnet assemblies, (more than 30 meters), the aperture of the beam pipes, 
(down to 38 milimeters), the limited access to introduce the coating device, and the hydrogen partial pressure in the discharge 
during the deposition process. Different sputtering configurations are compared and the effect of the discharge gas (Ar) pressure 
and flow rate in the SEY and the deposition rate are investigated.

10:40 am E-12 Ultra Thin Glass - Review of Latest Achievements
R. Sprengard 
Invited Talk 
Schott AG, Mainz, Germany

Ultra-Thin Glass has been evolving from a “hype” topic of the glass industry into a phase of focused technology and product devel-
opments. Drivers for using Ultra-Thin Glass include, excellent hermeticity, unmatched surface quality, superior thermo-mechanical 
and environmental properties, as well as high end optical properties and dielectric properties. Recent advances in SCHOTT’s 
Ultra-Thin Glass development will be presented. Selected handling and post-processing technologies will be discussed. 

11:20 am E-13 Progress in the Research on Graphene and its Composites as Electrodes for Capacitive Deionization
Y. Yu, A. Feng, L. Song, X. Hu 
Key Laboratory of Inorganic Coating Materials, Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai, China

Capacitive deionization (CDI) is a promising alternative technology in modern desalination methods, which forces salt ions from 
feed water toward oppositely charged high-surface-area electrodes through a direct electric field to achieve the purpose of 
desalination. The key technology of CDI is to prepare the electrode materials, because the performance of CDI largely depends 
on the physical and structural attributes of the electrode materials. The ideal electrode materials require a high specific surface 
area, reasonable pore size distribution, and excellent electrical conductivity. Recently, graphene has emerged as a desired kind 
of electrode material used in capacitive deionization for its high specific surface area, wonderful conductivity, and suitable pore 
size. Among the available techniques for obtaining graphene, the chemical reduction of graphite oxide provides an established, 
low-cost and scalable approach. What’s more, it is easy for us to produce the chemical functionalization of graphene materials to 
improve the performance of CDI through the chemical reduction of graphite oxide. However, the actual specific surface area is far 
below the theoretical value due to the effect of inevitable aggregation of graphene. In recent years, the researchers have demon-
strated three-dimensional graphene or the graphene-based composite materials can overcome aggregation effect to improve the 
performance of electrodes. The research progress of the capacitive deionization technology based on graphene and its composite 
electrode, such as GE/AC (graphene-activited carbon composite), GE/CNFs (graphene-carbon nanotube composite), GE/MC 
(graphene-mesoporous carbon composite), GE/PANI (graphene-polyaniline composite) as well as GE/NM (graphene-nanometallic 
particles composite), is reviewed in detail. The existing problems and application prospect are also objectively pointed out in this 
paper.

11:40 am E-14 Finding New Customized Materials by PVD for Device Needs
S. Lee and S.-M. Cho 
Intermolecular Inc., San Jose, CA

With the advance of modern technologies, there are demands for more sophisticated and specific thin film material properties 
for both single films and film stacks in the areas of display, semiconductor, and glass coating. The difficult part in film stack 
development is that each film layer has to not only demonstrate desired film properties but also show good interfacial behavior 
with neighboring layers to contribute to the performance of the whole film stack or device. As a result, modern thin film material 
systems have included more elements from the periodic table and also have more complex compositions. On the other hand, 
the demand for short time to market has been increased. In this paper, we present a case study of new oxide thin film transistor 
(TFT) material development, which is a key material for OLED and flexible display application. By using a combinatorial approach 
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applied to sputtering technology, a desired material was found and optimized to the device performance in 7 months. The 
material resulted in superior device performance, whose negative bias temperature illumination stress (NBTIS) and positive bias 
temperature stress (PBTS) were both less than 0.5V. 

Large Area Coatings
9:20 am L-7 Upscaling of Sheet-to-Sheet Processes for Large Area Coating on Flexible Glass
M. Junghaehnel1, S. Garner2, R. Blüthner1, T. Preussner1, J. Westphalen1 
1Fraunhofer Institute for Organic Electronics, Electron Beam and Plasma Technology FEP, Dresden, Germany 
2Corning Incorporated, Corning, NY

Ultra-thin flexible glass is an innovative substrate material and opens up a wide range of new and smart-device applications 
in flexible or curved electronics, photovoltaics, or glazing applications. For large area applications, reliable manufacturing and 
processing of flexible glass devices are key challenges. Upscaling of sheet-to-sheet processes for thin-film vacuum coatings on 
large substrate sizes requires new concepts for the handling of ultra-thin glass. For this study we used Corning® Willow® Glass, an 
alkali-free borosilicate glass. The substrate samples had thicknesses of 100 m and a maximum size of ≤ 600 x 600 mm2. The films 
were grown by sheet-to-sheet processing in a pilot-scale in-line sputter coater with a vertically oriented substrate carrier. This 
coating machine is normally used for rigid glass substrates (3 to 10 mm thick). We applied ITO (90/10) thin-films on the flexible 
glass at room temperature. For the ITO thin-film deposition we used a conventional planar single magnetron system with oxide 
target, which was driven in direct current (DC) sputtering mode. The films were annealed by dynamic flash lamp annealing (FLA). 
The main advantage of FLA is that only the surface is heated, while the substrate itself remains cold. The short process times in 
the millisecond time-range ensure high efficiency and high productivity. No cooling down time in the processing is needed. After 
annealing, we observed an increased conductivity and transmittance of the ITO films. The availability of reliable flexible glass 
substrate handling solutions opens up new paths for low cost and high volume large-area manufacturing with high-quality layer 
performance.

9:40 am L-8 Linear Plasma Sources for Surface Modification and Deposition for Large Area Coating
J. Brindley1, H. Li1, V. Bellido-Gonzalez1, F. Papa2, T. Williams1 
1Gencoa Ltd., Liverpool, United Kingdom 
2Gencoa Ltd. (USA), Davis, CA

Plasma sources play an important role in the areas of surface functionalization, coating densification and plasma enhanced 
deposition. One difficulty with many types of such sources is their scalability to large area coating systems, such as web and glass 
coaters. Linear plasma sources show great promise as they can be easily scaled to lengths of 4 meters or more while maintain-
ing good uniformity, being easy to maintain and having low contamination. Polymers and glass substrates typically need to 
be functionalized or etched in order to improve adhesion. Contaminates such as fingerprints and organics can be removed by 
including gases such as oxygen in the ion beam. Coatings to improve scratch resistance, tribological properties and encapsulation 
can be deposited via such methods. Modification of coating density and properties is also possible. Several process examples and 
industrial applications using linear plasma sources with integrated controls will be presented.

10:00 am L-9 A Cost Effective Solution for Large Area TCO Coatings for Solar Cells
V.P. Joshi, M.G. Sreenivasan, K. Mohanachandran, P. Sakhamuri 
Hind High Vacuum Company Private Limited, Bengaluru, India

A multi-chambered vertical in-line DC sputtering system with a rotary magnetron sputtering source has been designed and devel-
oped indigenously for the deposition of aluminum-doped zinc oxide (AZO) on Gen 5.5 glass substrates. The system implements a 
frameless transfer of glass substrates using a transport mechanism consisting of graphite padded chain conveyors and PbO-Kevlar 
based belts. This system allows for offline coating of AZO that can be set up independent of the float line. An in-line conveyorized 
chemical bath for post-deposition texturing of the AZO films has also been developed. By optimization of the sputtering process 
parameters, and the chemical texturing, single junction amorphous silicon modules on 1 ft x 1 ft substrates are found to give 
comparable performance to that of commercially procured fluorine-doped tin oxide (FTO) substrates. Fill-factors comparable to 
FTO substrates have been obtained on AZO substrates with the use of oxide-alloyed amorphous silicon p-layers thus eliminating 
the need for an intermediate microcrystalline p-layer. The cost advantages and the feasibility of the sputtering system for CIGS 
applications, and architectural glass (low-e glass) coatings will be discussed.

Wednesday Morning, May 11



22    Society of Vacuum Coaters • 2016 Final Program Abstracts

10:40 am L-10 Magnetron Sputtering of Oxide Films from Novel Ceramic Rotary Targets for Large Area Applications
J. Oberste-Berghaus, R. Van Nuffel, G. Gobin, W. De Bosscher, A. Das 
Soleras Advanced Coatings BVBA, Deinze, Belgium

Magnetron sputtering from rotary cathodes has become the process of choice for the deposition of a wide range of industri-
ally important large area coatings, such as for displays, photovoltaics and architectural low-E glass. Low emissivity coatings 
have evolved from single silver to the highly performing and complex triple silver low-E solutions, and include functionalities 
of individual layers for improved adhesion, better optical and electrical properties and chemical and mechanical stability. For 
oxides based layers, the concept of replacing the reactively sputtered metal targets with conductive ceramic target is increas-
ingly considered for reasons of improved processing compatibility, higher productivity, ease of use and overall lower cost. While 
the replacement of titanium targets with TiOx, often manufactured by thermal spraying, is well established, there are many 
candidates including oxides of niobium, zirconium, zinc, zinc-tin and others, which can offer important benefits.  In this paper, we 
will elaborate on the processing characteristics of a novel zinc-stannate ceramic target and compare to the reactive process with 
the metallic counterpart. Optical, electrical and mechanical properties of the resulting films will be assessed. Our findings show a 
significant increase in deposition rate, reduced oxygen requirements, superior process robustness and easier control of TCO/ASO 
properties. The potential for other material systems will also be addressed.

11:00 am L-11 Si Based Target Materials for Large Area Sputtering Applications
C. Simons, A. Herzog, A. Kastner, T. Klotz, A. Schott, M. Schultheis, J. Wagner 
Heraeus Deutschland GmbH & Co. KG, Hanau, Germany

Si based layers like Si oxide or Si nitride are frequently used in sputtering applications as they offer low refractive and medium 
refractive index layers. Thus they are used for modelling the optical characterestics of high performance coatings. Si oxide layers 
are used e.g. in optical filter stacks and in highly reflective or antireflective layer systems. Si nitride based layers are frequently 
used in large area coating systems. Latter layers are deployed as dielectric bottom or top layer of an IR reflective Ag layer, enabling 
thermally insulating or solar heat restraining window glasses for residential houses and architectural buildings. Also nitridic layers 
with high hardness are well known as top coat layers to improve the handling characteristics of coated glass panes. In many cases 
SiAl target material is used to generate Si oxide or Si nitride layers by sputtering in a gas reactive process mode. The Al content 
helps to improve the manufacturing  and application of the target material. The influence on the optical characteristics is relatively 
small. Various Al contents are possible but show influence on the sputtering behaviour of the target material as Al is highly reac-
tive and tends to form electrically non conductive phases on the target surface. Also other alloying elements like Zr or Ti are under 
discussion to improve special characterestics of the resulting layers. The implementation of hard phases within a layer stack might 
enhance the mechanical and chemical stability of the layer. Moreover playing with alloys of high refractive index materials gives 
chances to model the refractive index of the resulting Si based layer.

11:20 am L-12 Large Area Co-Sputtering: Insights on Power and Control
D.J. Christie 
Advanced Energy Industries, Inc., Fort Collins, CO

Co-sputtering, with a different material on each of the targets in a dual magnetron sputtering (DMS) system, can create a wide 
range of thin film materials with properties not otherwise achievable. It is beneficial to understand the properties of a reactive 
co-sputtering process operating in the transition region between the metallic state (with a small fraction covered with compound) 
and the poisoned state (approaching unity coverage with compound) of the target. Insight into the requirements for control of 
deposition rate and composition can be gained. A static model can be used to find the equilibrium characteristics of the process, 
and build intuition about transfer characteristics impacting rate, stability and composition. When reactive co-sputtering processes 
are operated in the naturally unstable transition region they must be stabilized with output feedback. Published data can be used 
to model a representative reactive co-sputtering process. Reactive co-sputtering in DMS systems is enabled by pulsed power 
supplies with independent control of power delivered to each magnetron and process parameter measurements specific to 
each magnetron. Modeling of reactive co-sputtering processes will be reviewed. Insights on requirements for control of rate and 
composition will presented, including power format, control, and measurement requirements for the pulsed power system.

11:40 am L-13 Review and Recent Insights Regarding Target Nodule Formation Upon Depositing ITO
P. Lippens, C. Frei 
Umicore Thin Film Products AG, Balzers, Liechtenstein

Although sputter deposition of ITO with ceramic targets has been performed in several industries for about 25 years already, the 
formation of nodules on the target surface, especially with planar magnetrons, is not widely understood. This work will first give 
an overview of the mechanism behind nodule formation and the parameters which influence it, mainly referring to literature. 
In many cases, rotary cylindrical cathodes reduce nodule formation drastically. The very fact that re-deposition doesn’t get the 
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chance to grow combined with better target cooling can explain this. Surprisingly, in case a very low power load is used with 
rotary cathodes (< 2.5 kW/m), nodule formation can again happen. The paper will explain why this can be the case and will give 
solutions to counteract nodules in that configuration.

12:00 pm L-14 Process Benefit of Advanced Arc Management in DMS Power Supplies
M. Heintze, M. Bannwarth 
TRUMPF Hüttinger GmbH + Co. KG, Freiburg, Germany

Reactive dual magnetron sputtering is state of the art in the deposition of transparent and insulating coatings in large area 
applications. For the further development of final products, there is a considerable interest in extending the range of deposited 
materials. For some of them, reactive DMS has been demonstrated years ago. However, in industrial coatings they are not widely 
established due to a critical process window or poor process stability. The power supply can have a substantial part in the suc-
cess of a reactive sputter coating, if it comes with an advanced arc management. This implies fast and reliable arc detection, fast 
shut-down for a period which may be adjusted according to the actual process needs and smooth re-start. In this contribution we 
show examples of practical process advantages offered by an advanced arc management. They include stable operation in the 
transition mode for SiO2, giving transparent layers at high rate and the reduction of nodules in industrial coaters. The arc treatment 
time may be set very short to enable a stable process at high arcing rates without power loss caused by arc treatment. For some 
materials longer arc treatment times are required to prevent immediate arc re-ignition. 

Plasma Processing
9:20 am P-6 Developments of Functional Nanofilms by Plasma Enhanced Chemical Vapor Deposition - Potentialities of Low 
Pressure and Atmospheric Pressure Technologies
Invited Talk
P. Choquet 
Materials Research and Technology Department, Luxembourg Institute of Science and Technology (LIST), Belvaux, Luxembourg
Chemical Vapor Deposition (CVD) assisted by plasma offers the possibility to develop different functional nanofilms through the 
three main routes: multi nano-layering, nano-clustering and nano-texturing. Because of the adaptability of plasma assistance 
during the CVD process, this technology is now used for the production of micro components, from 1 mm2 (energy microsource 
element, miniaturized fuel cell, energy storage device, microfluidic component, gas sensor, etc.) but also, for the production of 
macro components, >> 1m2 (functional glass panel, barrier layer for packaging, large solar panels, etc.). Through the presentation 
of different examples of innovative nanofilms, the benefits of an enhancement by plasma of new CVD low pressure techniques 
as Cyclic CVD (C-CVD or more commonly called ALD) and initiated CVD (i-CVD) will be discussed, for example, the lower possible 
process temperature, the higher speeds and the wider palette of possible materials. Before concluding, the expansion of research 
in recent years to achieve new functional thin films by atmospheric pressure plasma solutions will be explored. The main motiva-
tions and expectations for this approach are principally linked to the possibility to use low–volatility liquid compounds, solutions 
with nanoparticle dispersions in the form of aerosols as precursors, to deposit on large surface substrates; As a result, there are 
small linear plasma sources with a more localized pollution of the reactor walls due to low diffusion or on small volumes with 
micro-torches.

10:00 am P-7 Using Numerical Simulations for Optimization of a Deposition Process in an Atmospheric-Pressure Dielectric 
Barrier Discharge
A. Obrusnik1, P. Jelinek1, D. Necas1,2, L. Zajickova1,2 
1Department of Physical Electronics at Faculty of Science, Masaryk University, Brno, Czech Republic 
2Plasma Technologies at CEITEC, Masaryk University, Brno, Czech Republic

This contribution focuses on characterization and improvement of deposition of carboxyl-rich thin films, which have promising 
applications in the fields of biosensing and tissue engineering. The films were deposited at the atmospheric pressure in a dielectric 
barrier discharge (DBD) reactor operating in argon with vapors of maleic anhydride and acetylene. At atmospheric pressure, it is 
often a challenge to ensure uniform transport of precursors since they decompose quickly in the plasma. For this reason, an exten-
sive numerical study was carried out with respect to the gas supply geometry to make the gas flow above the substrate as uniform 
as possible. Once the gas supply and discharge geometry are optimized, the model can be used to achieve deeper understanding 
of the deposition processes itself. In particular, by correlating the gas dynamics model with large-scale deposition experiments, 
overall activation rate and sticking coefficients of the precursor can be obtained. Knowing these coefficients, the model can be 
used for predicting the deposition rate at different conditions (gas flow rates, precursor concentration) or geometrical configura-
tions. Numerical modeling can, therefore, help to reduce the costs and the time invested into development of new plasma sources 
and the deposition processes in them.
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10:40 am P-8 Throughput Scaling of the Atmospheric Pressure PECVD Process for Gas Diffusion Barrier Films 
S.A. Starostin1, F.M. Elam1,2,3, A. Meshkova2,3,  M.C.M. van de Sanden2,3,  J.B. Bouwstra1, H.W. de Vries2 
1FUJIFILM Manufacturing Europe B.V., Tilburg, The Netherlands 
2Dutch Institute For Fundamental Energy Research (DIFFER), Eindhoven, The Netherlands 
3Applied Physics, Eindhoven University of Technology, Eindhoven, The Netherlands

Recently we reported that excellent single layer silica-like moisture barrier films (WVTR ~ 10-3 g m2 day-1 at  40°C, 90% RH) can be 
produced at atmospheric pressure  by industrially compatible roll-to-roll PECVD process. The silica-like films were deposited on 
polymer web by dielectric barrier discharge in N2, O2 gas mixture with the addition of tetraethyl-orthosilicate. It was highlighted 
that good quality gas diffusion barrier films are synthesized at relatively low dynamic deposition rates and high specific energies 
(in order of few keV per deposited silicon atom). From the practical point of view it is important to investigate the possibility to 
scale the reactor throughput in order to increase the production of high quality barrier film. The straightforward increase in power 
density dissipated in PECVD reactor is strongly limited by the thermally sensitive polymer substrate as well as by the possibility of 
discharge transition to the arc. In this contribution we will discuss how the governing non-uniform local deposition rate within the 
PECVD reactor and layer architecture can lead to several times increase in permeation barrier film throughput.

11:00 am P-9 Development of PECVD SiOx Moisture Barrier Coatings
N. Kaabeche1, P. Kelly1, L. Harland2 
1Manchester Metropolitan University, Manchester, United Kingdom 
2BOBST Manchester Ltd, Heywood, United Kingdom

Barrier coatings are widely used to enhance the already existing barrier of polymer substrates against water vapour and oxygen 
permeation. SiO2-based barrier coatings have been applied to polyethylene terephthalate (PET) using the plasma enhanced 
chemical vapour deposition (PECVD) technique on a roll to roll coater. Hexamethyldisiloxane was used as the monomer precur-
sor. Different coater configurations were investigated along with the use of different reactive gases. Fourier-transform infra-red 
spectroscopy (FTIR) was used to characterize the chemical composition of the coatings. Scanning electron microscopy and white 
light interferometry were used to image the surface morphology. The main aim was to determine the relationship between the 
barrier level and the chemical and physical properties of the coatings. This could be achieved by investigating the relationship 
between the operating parameters (e.g. power, oxygen or monomer flow rates, etc.) and the coating properties, including the 
permeation barrier.

11:20 am P-10 Role of Plasma Conditions on Cross-Linking of Amine Polymers
L. Zajickova1, A. Manakhov1, S. Bittnerova1, M. Michlicek1, D. Cossement2, R. Snyders2,3 
1CEITEC and Department Physical Electronics, Masaryk University, Brno, Czech Republic 
2Materia Nova Research Center, Mons, Belgium 
3Chimie des Interactions Plasma Surface, CIRMAP, University of Mons, Mons Belgium

Stable amine-rich plasma coatings have numerous applications including hydrophilic surface modifications, adhesion enhance-
ment, tissue engineering and biomolecule immobilization. The main concern of all the applications is the stability of the films 
in air but for bio-applications another important factor is their stability in aqueous media and during sterilization processes. In 
general, the stability of plasma polymers is influenced by their cross-linking degree and density of reactive groups. In this work, we 
have studied plasma polymerization of cyclopropylamine in radio frequency (13.56 MHz) discharges at different plasma condi-
tions and in two different plasma reactors. The relation between plasma conditions and chemical structure of amine polymers was 
drawn on the basis of infrared spectroscopy, X-ray photoelectron spectroscopy and time-of-flight secondary ions mass spectrom-
etry. Additionally, the stability of the films was investigated at room conditions, increased temperature, under UV radiation and 
when immersed in water.

11:40 am P-11 Electron Beam Generated Plasmas Produced in SF6 Gas Mixtures
S.G. Walton, D.R. Boris, S.C. Hernández, Tz.B. Petrova, and G.M. Petrov  
Plasma Physics Division, U.S. Naval Research Laboratory, Washington, DC

Electron beam generated plasmas are characterized by high plasma densities (> 1010 cm-3) and very low electron temperatures (< 
1 eV), making them well-suited for next-generation processing techniques, where high fluxes of low energy ions are desirable. In 
this work, we focus on characterizing the bulk plasma and flux of species incident to substrates located adjacent to magnetically 
collimated electron beam generated plasmas produced in mixtures of argon and SF6.  We present bulk plasma and plasma-surface 
diagnostics along with modeling results in an effort to understand how the introduction of gases with very large electron affinities 
influence the characteristics of very low Te plasmas. In particular, we discuss changes in electron temperature and density along 
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with the creation of negative ions and evolution in plasma electronegativity in the bulk plasma and how those properties effect 
the fluence and energy of ions at adjacent surfaces. Finally, we discuss the implication of these results on processing applications 
ranging from surface functionalization to etching. This work is supported by the Naval Research Laboratory Base Program.
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Special Presentation
12:50 pm SP-1 New Approach to Vacuum Technology Education at a Distance
D. Smith, N. Louwagie 
Normandale Community College, Bloomington, MN

Education and training for technicians who work in the vacuum and vacuum coating industries is becoming more critical as the 
complexity of the equipment and processes increases. In addition, many of those currently working as technicians are approach-
ing retirement age, with no obvious source for the large number of replacement personnel that will be needed. Many technicians 
will benefit from a formal educational program giving them grounding in the basic sciences and building their communication 
and other “soft” skills.  Several local companies utilizing vacuum and coating technologies partnered with Normandale Commu-
nity College about 20 years ago to develop a formal educational program to train technicians in the basic concepts of vacuum and 
thin film technology. Recently, we became aware of a need for the expansion of this program to areas that are currently under-
served and cannot support a college program in these specialties. Normandale Community College in Bloomington, MN, is in its 
second year of a three-year project, funded by the National Science Foundation, Division of Undergraduate Education, Advanced 
Technological Education. The focus of this project is to develop the curriculum, processes and equipment needed to train techni-
cians at locations remote from the primary instructor. It is recognized by many in the industry that hands-on experience is critical 
to the total learning experience. This paper presents the current status of this project, with details about curriculum development, 
remote classroom technology and the development and use of advanced Vacuum Training Hardware Systems for use at the 
remote learning site that include features not previously available. The second session of the Introduction to Vacuum Technology 
course delivered to a remote site is currently underway.

Poster Session
Poster-1 The Effect of the Transition SiN Layer on the Quality and Corrosion Properties of SiN/Graphene/SiN/Graphene 
Hybrid Coatings System Deposited on Titanium Alloy Surface
M. Kalisz1, M. Grobelny1, M. Świniarski2, M. Zdrojek2, J. Judek2 
1Centre for Material Testing, Motor Transport Institute, Warsaw, Poland 
2Faculty of Physics, Warsaw University of Technology, Warsaw, Poland

Previous studies have shown that the graphene monolayer introduced at the structure interface, between a titanium alloy sub-
strate and a silicon nitride thin film, in a TiAlV/graphene/SiN coatings system, reduces the adhesion of silicon nitride thin film to 
the titanium alloys substrate. The silicon nitride thin film breaks and comes off from the surface during the process of the creation 
of the hybrid system. This leads to a reduction of the TiAlV/graphene/SiN coatings system corrosion resistance in comparison 
with the TiAlV/SiN system. However, the graphene monolayer deposited on the top of the TiAlV/graphene/SiN structure seals it, 
affecting an increase in the corrosion resistance of the TiAlV/graphene/SiN/graphene hybrid system, in comparison with the TiAlV/
graphene/SiN coating system and the TiAlV/SiN system. Unfortunately, this system does not maintain structural and mechani-
cal stability during the corrosion process. The structure of the coatings system becomes porous, which is characterized by low 
hardness. The purpose of this presentation is to investigate the effect of different thickness of SiN layer, introduced at the structure 
interface, between the titanium alloy substrate and the graphene monolayer, during the process of creation of the graphene/SiN/
graphene hybrid coatings system – named transition SiN layer, on its structural, mechanical and corrosion properties.

Poster-2 Investigation of the Structural and Mechanical Properties of W-Re and Mo-Re Thin Films Deposited by Magnetron 
Sputtering from Sintered Metallic Targets
M. Mazur1, A. Wrona2, D. Kaczmarek1, M. Lis2, D. Wojcieszak1, M. Kalisz3, K. Bilecka2 
1Faculty of Microsystem Electronics and Photonics, Wroclaw University of Technology, Wroclaw, Poland 
2Institute of Non-Ferrous Metals, Gliwice, Poland 
3Centre for Material Testing and Mechatronics, Motor Transport Institute, Warsaw, Poland

Rhenium is an element, which so far has not been commonly used in many areas of science and industry. In the literature, one can 
find reports about rhenium based alloys, which may have some outstanding mechanical properties that gives the possibility of its 
application in e.g. coatings with improved hardness. The unique mechanical and physical properties of rhenium, for example high 
elastic modulus (ca. 470 GPa) makes it possible to use it in aircraft or nuclear industries, as well as in electronics and biomedical 
devices. Although, Mo-Re and W-Re alloys have a number of advantageous properties, the availability of this type of material is 
limited mostly due to the very high cost and scarcity of rhenium. In this work, the properties Mo-Re and W-Re thin films deposited 
by magnetron sputtering were determined. The microstructure of the prepared thin films was compared to target material by 
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means of XRD method. The material composition and distribution maps of each element were determined by WDS method. 
Mechanical properties were evaluated using nanoindentation. Additionally, the scratch resistance was estimated by steel wool 
test. Examined W-Re and Mo-Re coatings exhibited nanocrystalline structure, hardness of ca. 22 GPa and were scratch resistant.

Poster-3 Technical and Modelling Aspects of Subsecond Thermal Processing with Flash Lamps
T. Schumann, L. Rebohle, W. Skorupa 
Department of Semiconductor Materials, Helmholtz Research Center Dresden-Rossendorf, Dresden, Germany

This poster gives an overview of the complex technical aspects of flash-lamp-annealing-tools for thermal processing in the 
millisecond range used at the Helmholtz Research Center Dresden-Rossendorf (HZDR). It outlines that Flash Lamp Annealing (FLA) 
is established as a high-performance alternative to Rapid Thermal Annealing and Furnace Annealing when it comes to treatment 
of the most advanced thin layer and coating materials, thus enabling the fabrication of novel electronic structures and materials. 
It shows the unique variety of parameters the HZDR is able to provide for applications ranging from annealing of implanted Si and 
Ge, transparent conductive oxides, photovoltaic materials, silver and copper inks on various non-metal substrates to exceptional 
applications (roof tiles, watchcases). It explains, how crucial parameters, such as emission spectrum, energy density, and preheat 
temperature are monitored to provide a reliable reproducibility. Modelling aspects regarding temperature distribution and heat 
transport within the millisecond range will also be addressed. Furthermore, a summary will be given of characteristic features of 
our tools to convey the diversity of the fields of application and the enormous range of possible research.

Poster-4 Corrosion, Structural and Mechanical Properties of Multilayer TiN-Graphene Hybrid Systems on Ti6Al4V Titanium 
Alloy
M. Grobelny1, M. Kalisz1, M. Zdrojek2, J. Judek2, M. Sochacki3 
1Motor Transport Institute, Warsaw, Poland 
2Faculty of Physics, Warsaw University of Technology, Warsaw, Poland 
3Institute of Microelectronics and Optoelectronics, Warsaw University of Technology, Warsaw, Poland

Titanium alloys are materials characterised by excellent mechanical properties, i.e., low specific gravity, good yield strength and a 
modulus of elasticity allowing for the transfer of heavy loads. They are also characterised by biocompatibility and highly corrosion 
resistant in aqueous solutions. Negative normal potential of Ti reflects the high affinity of titanium for oxygen and the creation 
of a stable and passive oxide layer. However, if the oxide layer is damaged or is unstable (low pH) corrosion phenomena may 
occur. Numerous surface modifications of titanium alloy have been performed to improve their corrosion resistance. One way is 
to produce nitride based coatings on the surface. This leads to the metal’s insulation from environmental hazards owing to the 
continuous, durable coating. The paper focuses on the comparative studies of corrosion, structural and mechanical behaviour of 
Ti6Al4V alloy after deposition TiN and TiN-graphene hybrid systems. The tests were done by means of voltametric measurements 
in a fluoride solution and in SBF environment. Surfaces of the coatings were characterized using nanoindentation measurements 
and atomic force microscope and Ramman microscopy.

Poster-5 Fabrication of PMMA/Metal Multilayers for Soft Gamma-Ray Telescope Lenses
J.E. Krzanowski1, E.N. Wong2, P.H. Aliotta3, F. Shirazi3, O. Echt3, J. Tsavalas2, P. Bloser3, M. McConnell3, J.S. Legere3 
1Mechanical Engineering Department, University of New Hampshire, Durham, NH 
2Chemical Engineering Department, University of New Hampshire, Durham, NH 
3Physics Department, University of New Hampshire, Durham, NH

Thin-film multilayer structures were fabricated to demonstrate the feasibility of channeling and concentrating soft gamma rays 
(above 100 keV). These multilayer structures will be used in concentrating lenses for soft gamma-ray telescopes. Gamma rays 
can be channeled via total external reflection in multilayer structures that consist of alternating layers of a low-density material 
(PMMA) and a high-density materials (gold-palladium). The fabrication of these multilayers was investigated using two methods: 
(1) spin-coating for PMMA (at atmospheric pressures)/magnetron sputtering for the metal and (2) ablation of PMMA using pulsed-
laser deposition (PLD) and deposition of the metal by magnetron sputtering. For spin coating, we studied the effects of the wt% 
PMMA in toluene/MeOH and spin speed on surface roughness. The RMS roughness varied between 3 and 10. A multilayer stack 
was then fabricated with 14 PMMA layers (~250 nm thick) and 15 Au/Pd layer (80 nm thick). Examination in the SEM after FIB cross-
section showed a high degree of smoothness can be obtained. Similar structures have been fabricated using the PLD/sputtering 
method, and both have been tested for gamma-ray channeling by exposing them to a finely collimated (~0.3 arcmin) beam of 122 
keV photons. 
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Poster-6 Preparation of a Gradient SiO2 Antireflective Coating by a Co-Sputtering Method Using a Dual Rotatable 
Magnetron System
T. Preussner, M. Junghähnel, U. Hartung, T. Kopte, J. Fahlteich 
Fraunhofer Institute for Organic Electronics, Electron Beam and Plasma Technology FEP, Dresden, Germany

Antireflective (AR) coatings can be found in various fields of application, e.g. display, automotive, buildings etc. For all the different 
applications varying quality properties are desired, like minimum reflectivity, color coordinates, good adhesion, low shift of optical 
properties with changing the viewing angle, low costs, etc. Current standard AR coatings are layer stacks of alternating high and 
low refractive transparent dielectric layers. An alternative possibility to get antireflective surfaces is to apply a gradient layer for a 
smooth change of the refractive index from the substrate to the surrounding medium (air). To achieve this, a gradient layer of SiO2 

and ZnO was prepared onto glass substrates by a co-sputtering method using a dual magnetron arrangement with two rotatable 
targets. After the film deposition the ZnO was removed by an etching step with hydrochloric acid. The result of this preparation 
method is a gradient layer of SiO2 with good antireflective properties. By changing the sputtering process the properties of the 
gradient and accordingly the optical properties can be influenced. The determined properties of the gradient layer (reflectivity, 
adhesion, color coordinates, mechanical stability) are compared with a standard four layer AR stack.

Poster-7 Titanium Nitride Protective and Decorative PVD Coatings on Stainless Steel and its Application in the Tableware 
Market
S. Lyda, A. Brown, J. Wojcik, P. Mascher 
Department of Engineering Physics, McMaster University, Hamilton, Canada

Titanium Nitride (TiN) coatings on the market today are known as very hard ceramic coatings most commonly deposited on 
metallic alloys such as stainless steel. Previous and current research into functional coatings demonstrated tremendous potential 
for various industrial applications. Primary focus in this research into TiN coatings is decorative coatings with scratch resistant and 
fingerprint resistant, oleophobic properties specific to a PVD system used in this research. Individual parameters will be varied 
while others kept constant prior to and during deposition. This will create a unique set of samples in order to determine the most 
effective deposition recipe specific to the PVD system being used. Adhesion is a major factor to consider when developing coat-
ings onto stainless steel. Two different cleaning methods are used to prepare the samples, one method being performed within a 
class 10,000 clean room. Initial research will determine whether strong adhesion is dependent on external baking of stainless steel 
substrates by investigating various bake time and temperatures prior to deposition. Nanoindentation testing on the samples will 
determine the hardness of the coatings while scratch testing will verify hardness in addition to providing insight to the coating’s 
resistance to delamination with linearly increasing force. From these results, it becomes possible to identify the quality of adhe-
sion between the TiN coating and stainless steel substrate.

Poster-8 On the Possibility of Using Sintering to Synthesize Materials with Low Structural Defects for Opto-Electronic 
Applications
A. Samanta1, A. Lange2, H. Madjidi2, J. Ging1, T. Olson1, K. van Benthm2, S. Mahajan2, S. Elhadj1 
1Lawrence Livermore National Laboratory, Livermore, CA 
2Department of Chemical Engineering and Materials Science, University of California, Davis, CA

Thermal or laser based sintering of nanoparticles is important to emerging technologies, like additive manufacturing, or to estab-
lished technologies involving material annealing. Yet, the microscopic mechanisms of sintering at the nanoparticles scale remain 
far from clear. Since, the final microstructure and the presence of atomic defects can impact the electrical, optical, and mechanical 
properties of a sintered material, a large number of factors need to be considered such as density, temperature, concentration 
of defects, grain boundaries, to guide optimization of processing parameters. To this end, we studied the processing-structure-
property relationship during the sintering of nanoparticles of prototypical materials, like Au and Cu, using in situ electron 
microscopy and atomic level computational tools. This study leverages recently developed powerful techniques [Samanta, et al., 
Science, 346, 729 (2014)] that allow us to simulate the long-time, physically relevant, behavior of materials. Our results suggest 
that sintering of nanoparticles under controlled conditions leads to the formation of a coherent particle without any residual 
dislocations or interfaces that can be detrimental to the electrical and optical properties of the sintered product within a film. In 
addition, using our simulated free energy landscapes and experimental results we are able to reconstruct a sintering mechanism 
map which illustrates that, in contrast to the classical notion of diffusion aided sintering, in nano-scale materials sintering is aided 
by extended dislocation activity. This work was performed under the auspices of the U.S. Department of Energy by Lawrence 
Livermore National Laboratory under Contract DE-AC52-07NA27344.
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Poster-9 High-Performance and Low-Cost Transparent Conductive Oxide Electrodes for Liquid Crystal Displays
A. Varanytsia1, L. Weng1, T.-C. Lin2, J. Yang2, D. Rooney2, L. Shunk2, R. McGinnis2 and L.-C. Chien1 
1Liquid Crystal Institute, Chemical Physics Interdisciplinary Program, Kent State University, Kent, OH 
2SCI Engineered Materials, Columbus, OH

The majority of electro-optical devices use transparent conductive oxides (TCO) such as indium tin oxide (ITO) in their structure. In 
this study we manufactured aluminum zinc oxide (AZO) and gallium zinc oxide (GZO) TCO films on glass substrates and demon-
strate suitability of these materials for application as transparent electrodes in large area and liquid crystal displays (LCD). We have 
established deposition process for fabrication of AZO and GZO coated glass substrates with average transmittance of 93% in the 
visible spectrum, and the sheet resistivity of 110 – 113 Ohms/square. Using photolithographic patterning and wet etching process 
of AZO and GZO films we have successfully fabricated laboratory prototypes of modern in-plane switching (IPS) and fringe-field 
switching (FFS) high-resolution LCDs. Electrical, optical and electro-optical performance of AZO and GZO prototypes are compa-
rable to those of the ITO prototypes of identical design. The AZO and GZO have demonstrated great potential to compete with 
ITO as low-cost TCOs for display applications. Our findings will be useful for development of TCOs alternative to ITO for display and 
other optical or electro-optical applications.

Poster-10 Construction of a Corrosion-Resistant Surface Layer Using a Nitriding Process Based on Large Pulsed Electron 
Beam (LPEB) Irradiation
H.W. Park 
Department of Mechanical and Nuclear Engineering, Ulsan National Institute of Science and Technology, Ulsan, Republic of Korea

Large pulsed electron beam irradiation was used as a single-surface treatment process for Ti Al-7Nb, including nitriding and 
surface finishing. The re-solidified layer induced by the electron beam consisted of TiN and TiO2, which enhanced the corrosion 
resistance of the alloy, while simultaneously reducing the surface roughness. The increasing fraction of TiN, resulting from the 
negative direct current bias during irradiation, resulted in further modification in the corrosion resistance, forming uniformly 
noble and stable Ti-O-N layers at the top surface. Nano-hardness in the re-solidified layer was improved following the irradiation 
process, as a result of a phase transformation and the formation of TiN.

Poster-11 Copper and Stainless Steel Coated Ceramic Hollow Spheres for Syntactic Foam Composites Made by Magnetron 
Sputtering
A. Shishkin1, M. Drozdova2, V. Kozlov3, I. Hussainova2, J. Rulev3 
1Riga Technical University, Laboratory of Powder Materials, Riga, Latvia 
2Tallinn University of Technology, Tallinn, Estonia 
3JS Sidrabe, Riga, Latvia 

The new composite powder (CP) made of fly-ash cenospheres (ceramic hollow micro balloons) particle size 50-125 µm, coated 
with Cu and stainless steel (SS) were obtained by plasma vapour deposition using a magnetron sputtering system. Magnetron 
sputtering conducted in vacuum machine equipped with a special vibration device for continuous copper deposition on ceno-
sphere particles. SEM backscattering images showed that the coating films were non-porous and uniform in thickness. By varying 
the sputtering rate, the coating thicknesses varied in the range of 300-1200 nm for Cu films and 200-800 nm for SS films. A series 
of composite syntactic foam cylindrical samples was fabricated from CP by spark plasma sintering (SPS). A series of samples are 
obtained using constant pressure – 9,5 Mpa, 2,0 min of sintering time, sintering at temperatures range between 850-1000°C for 
Cu-coated CP and 950-1100°C for the stainless steel coated CP. Obtained samples have apparent density 0.75-0.95 g/cm3 and 
1.0-1.4 g/cm3 for Cu and SS-coated CP, respectively.

Poster-12 A Method to Improve High-Power Impulse Magnetron Sputtering for Industrial Applications
J. McLain1, P. Raman1, I. Shchelkanov1,2, S. Armstrong3, J. Hrebik3, B. Jurczyk4, R. Stubbers4, D. N. Ruzic1 
1Center for Plasma Material Interactions, University of Illinois, Urbana, IL 
2Plasma Physics Department, National Nuclear Research University (MEPhI), Moscow, Russia 
3Kurt J. Lesker Company, Jefferson Hills, PA 
4Starfire Industries, LLC, Champaign, IL

High Power Impulse Magnetron Sputtering (HiPIMS) is an ionized Physical Vapor Deposition (iPVD) technique that utilizes high 
power pulses applied to the sputtering target at low duty cycles. Because of the high peak power densities in HiPIMS discharges, 
a larger fraction of sputtered material is ionized when compared with DC magnetron sputtering (DCMS). HiPIMS depositions 
produce higher quality films, but suffer from intrinsically low deposition rates when compared with DCMS, due to the “return 
effect” seen in HiPIMS discharges. These low deposition rates hinder the ability to implement HiPIMS on an industrial scale. The 
Center for Plasma-Material Interactions (CPMI) has developed the new magnetic field configuration “Tripack” magnet pack, which 
provides a higher deposition rate in a HiPIMS discharge for circular sputtering magnetrons. The Tripack yielded deposition rates 
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in HiPIMS greater than standard magnet pack DCMS deposition rates for titanium, and equal deposition rates for carbon at 500W 
average power. To become industrially relevant, HiPIMS must produce higher deposition rates for linear cathodes, which can be 
scaled to any desirable size. This work shows the modeling and design of a linear cathode driven Tripack that can function as a 
simple upgrade to existing commercially available magnetrons.

Poster-13 Planar Langmuir Probe Investigations of Metallic and Reactive Bipolar Sputtered Aluminum
H. Gerdes1, V. Barati1, R. Bandorf1, D. Gahan2, M. Vergöhl1, G. Bräuer1 
1Fraunhofer Institute for Surface Engineering and Thin Films IST, Braunschweig, Germany 
2Impedans Ltd, Dublin, Ireland

Plasma diagnostic is a very useful tool to characterize the main parameters of the sputtering plasma like electron density, electron 
temperature, and ion density. These parameters can be determined at the substrate position by the use of a Langmuir probe. 
This presentation focuses on time averaged and time resolved planar Langmuir probe measurements. As a model system, a dual 
magnetron configuration using two cylindrical aluminum cathodes was used. The planar Langmuir probe was placed at substrate 
position between the two rotatables and directly in front of one of both, respectively. The results differ significantly due to the 
configuration. For the middle position each single pulse applied to one of the cathodes is detected by the Langmuir system. Posi-
tioning the probe in front of one of the cathodes shows only one peak for the ion current for a full bipolar cycle. This is attributed 
to constructive superposition of the different distances between the probe and both targets. Moving from metallic to reactive 
sputtering the electron temperature dropped significantly. Additionally the influence of the working pressure was investigated 
and will be discussed.

Poster-14 Characterization of AlGaN and Ga2O3 Epitaxies on Silicon and Sapphire Substrates
R. Garcia Perez, J. Castillo, H. Huq 
Department of Electrical Engineering, University of Texas Rio Grande Valley, Edinburg, TX

Aluminum gallium nitride (AlGaN) and the native oxide of GaN [gallium oxide (Ga2O3)] have become potential candidates for 
GaN-based high power metal-oxide-semiconductor devices. This paper discusses and analyzes the development of AlGaN/GaN 
and Ga2O3/GaN heterojunctions. Two techniques were followed for the formation of the epitaxial layers on silicon (Si) and sapphire 
(Al2O3) substrates: magnetron sputtering deposition for AlGaN and dry thermal oxidation for Ga2O3. The AlGaN layer was sput-
tered for two hours in a low pressure environment at room temperature using a combination of argon and nitrogen gases during 
deposition. The Ga2O3 was produced by dry thermal oxidation of the GaN-based samples. The samples were subjected to a two 
hour thermal treatment from 800°C to 1000°C. Characterization of the samples was conducted by X-ray Photoelectron Spectros-
copy (XPS), energy-dispersive X-ray spectroscopy (EDX), scanning electron microscopy (SEM), and atomic force microscopy (AFM). 
XPS analysis shows the presence of AlGaN and Ga2O3 compounds in the Ga-3D scan. EDX analysis confirms the results obtained 
through XPS. The film thickness was characterized by SEM studies and shown to be 34nm for AlGaN and 200nm for Ga2O3 after a 
two hour heat treatment at 900°C. AFM analysis confirms the results obtained through the SEM study.

Poster-15 High Density Plasma Deposition System with High Throughput and High Material Utilization
G. Guo 
Ascentool Inc., Freemont, CA

A hollow cathode magnetron deposition source has been developed for PVD and PECVD applications. The plasma density is high 
(>20W/cm2) and the plasma damage to the substrate is low, due to near 100% confinement of energetic electrons for DC sput-
tering. When RF power is used, the plasma density is further increased and a low DC bias (30 to 70V) can be achieved to minimize 
plasma damages. Due to the uniform plasma distribution, over 80% material utilization can be achieved with a low cost planar 
source. The source provides intrinsic uniform film properties when the substrate is scanned across the source. The plasma source 
is also compact and can be mounted inside the vacuum envelope, allowing parallel processing of substrates in in-line deposition 
equipment. Four times higher throughput can be achieved at a similar cost of traditional equipment. The complete solution is 
used for both small and large substrate coating applications such as wafer, solar panel, display and window glass processing.
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Optical Coatings
8:40 am O-1 Molybdenum Oxide Thin Films Deposited by DC Sputtering from Oxide Targets
J. Pachlhofer1, R. Franz1, E. Franzke2, J. Winkler2 and C. Mitterer1 
1Montanuniversität Leoben, Leoben, Austria 
2PLANSEE SE, Reutte, Austria

Due to their unique optical, electrical and chemical properties oxide-based thin film materials are widely used in industrial ap-
plications ranging from hard coatings via diffusion barriers to thin films in optical and electronic applications. In the current work, 
molybdenum oxide thin films are deposited by DC magnetron sputtering from molybdenum oxide targets with different composi-
tions to explore new synthesis routes including non-reactive deposition. The growth rate as well as structure and properties of the 
films are studied as a function of the oxygen partial pressure. Films deposited in non-reactive mode exhibit a MoO2 dominated 
structure with electrical conductivities similar to metallic Mo and high optical absorbance of up to 70%. With the addition of 
oxygen to the process gas, the structure of the synthesised films changes to MoO3 dominated. These films are highly transparent, 
but insulating. In general, the use of oxide targets in DC magnetron sputter deposition of molybdenum oxide thin films offers an 
efficient and reliable alternative to the use of metal targets and, hence, enables the usage of such films for a wide range of optical 
and electrical applications.

9:00 am O-2 The Energy Gap of Sputtered Sub-Bohr Radius Silicon Quantum Dots
R. Rudd, D. Evans, E. Charrault, C. Hall and P.J. Murphy 
Future Industries Institute, University of South Australia, Adeliade, Australia

Nanocomposite coatings, which consist of matrix film with nanoparticles within, are among the most exciting and fastest-growing 
areas of materials research.  The incorporation of inorganic semiconductors in the nanocomposite structure can enhance the 
optical performance of the nanocomposite coating. The optical properties of such nanocomposite coatings depend greatly upon 
the size of the nanoparticles used. Therefore; the initial focus of this research in on the synthesis of semiconductor nanoparticles 
using industry relevant manufacturing processes such as magnetron sputtering. The influence of sputtering conditions on optical 
properties of semiconductor quantum dots is also investigated. The initial results show successful synthesis of sub-Bohr radius sili-
con nanoparticles with one of the largest optical band gap energies reported to date, suggesting the presence of strong quantum 
confinement. This results will be used as a guide for synthesising an optical nanocomposite via simultaneous plasma enhanced 
chemical vapour deposition (PECVD) and sputter deposition. 

9:20 am O-3 Environmental Stability of Hybrid Optical Coatings on Polymer Substrates
M. Caron, T. Schmitt, O. Zabeida, J. Klemberg-Sapieha, L. Martinu 
Engineering Physics Department, Ecole Polytechnique de Montréal, Montreal, Canada

Hybrid organic-inorganic coatings have been shown to better match the mechanical properties of polymer substrates than the 
more usual inorganic optical films. This makes hybrid films less prone to cracking and delamination. However, environmental sta-
bility of such coatings is frequently questioned. In this work, we compare hybrid silica- and titania-based thin films deposited by 
ion beam assisted CVD on polymer and on mineral substrates with their standard inorganic counterparts in terms of environmen-
tal stability. The deposited films were exposed to a series of tests, including high temperature, high humidity, UV irradiation and 
salt solutions. The changes of their optical, mechanical, chemical characteristics were assessed using VASE, IR-VASE, microsctratch 
and nano-indentation techniques. We also monitored the residual stress level and film thickness. Hybrid coatings show lower 
Young’s moduli (tunable from 4.0 to 36 GPa) and higher CTE ( >10-5 K-1) that results in lower stress during thermal and humidity 
variations. Also, their hydrophobic nature drastically reduces water absorption making them less prone to mechanical failure due 
to environmental fluctuations. Some of the titania-based hybrid films exhibit increased absorption (Δk ≈ 0.01) after UV exposure, 
probably caused by the photocatalytic nature of TiO2. Others, however demonstrate high stability, keeping their advantageous 
optical and mechanical characteristics. In this talk we will discuss possible mechanisms of suppression of the TiO2 photo-activity. 

9:40 am O-4 Ultra-Low Index Materials for Durable Anti-Reflective Coatings
W. Trottier-Lapointe, T. Schmitt, O. Zabeida, J. Klemberg-Sapieha, L. Martinu 
Engineering Physics Department, École Polytechnique de Montréal, Montreal, Canada

Optical coatings such as anti-reflective coatings (ARC) frequently require enhanced mechanical performance with a suppressed 
sensitivity to scratching, stain and other undesirable effects. The present study focuses on the improvement of the optical quality 
of ARC by applying a nanostructured material with an ultralow refractive index while maintaining equal, or even improving, their 
performance in terms of the mechanical properties and environmental stability. Specifically, three different methods are used 
to produce nanoporous ultra-low refractive index (n<1.38) materials that are implemented in the multi-layer ARC stacks. For 
each method, individual properties were investigated such as hardness, Young’s modulus, refractive index, water contact angle, 
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chemical composition, microstructure and surface morphology. We demonstrate a surprising possibility of enhancing the me-
chanical properties of such ultra-low index materials despite their nanoporous nature. Some of the studied structures also exhibit 
superhydrophobic properties (contact angle > 150°) due to their organic content and the surface roughness control. Limits and 
advantages of each fabrication technique and nanostructured film will be discussed, while focusing on the deposition conditions 
for specific substrates and the optimization of the refractive index and the mechanical properties.

10:00 am O-5 Deposition of Titanium Oxide Thin Films by Low Pressure Ion Assisted Deposition
W.G. Sainty 
Saintech Ion Beam Systems, Tuncurry, Australia 
Presented by R.R. Willey, Willey Optical, Consultants, Charlevoix, MI

Films of titanium oxide have been deposited using electron beam evaporation of TiOx and the growing film bombarded by 
medium energy oxygen ions. The results will demonstrate the significant benefit to be obtained by ion assisting the film growth 
at nearly ten times lower process pressure than other plasma assisting processes. It will be shown that there exists a relatively 
wide parameter window within which the films produced exhibit both high refractive indices and high transparency. Within this 
optimum parameter window, the measured optical properties are consistent with the rutile structure of titania. Films exhibit prop-
erties that are consistent with bulk density and are hard, durable and possess low residual stress. To consistently achieve these 
results, it will be shown that consideration must be given to maintenance of an optimum vacuum environment. Fast pumping is 
required to achieve the low operational pressure required for this process. Results will also show that the optical properties achiev-
able with this process are independent of starting material. The LP-IAD process does not require elevated substrate temperatures 
and all sample films produced in this study were deposited to room temperature substrates.

10:40 am O-6 Preserving Error Compensation Benefits while Changing Monitoring Wavelengths with Each Layer
R.R. Willey 
Willey Optical, Consultants, Charlevoix, MI

Error compensation in optical monitoring has been known for decades as being the saving grace that allows high-performance 
narrow bandpass filters to be produced at all. The key to that success has seemed to be direct monitoring of the deliverable 
part, or as close to that as possible, at the wavelength to be delivered. These principles using single wavelength monitoring on 
a singe glass/chip have been extended to more general coating designs such as antireflection coatings, etc., in order to gain the 
compensation benefits. The current work shows by simulation that the monitoring wavelength can be beneficially changed for up 
to every layer in the design without loss of the compensation effects. Direct monitoring on a single deliverable part, or at least a 
single monitor glass/chip, is still required for maximum error compensation. However, as long as the monitoring wavelength can 
be changed reproducibly, the described scheme of changing wavelengths to terminate at points which are more sensitive than 
“turning points” should provide improved control and repeatability of the spectral results. Simulations under various noise-in-the-
signal conditions are provided.

11:00 am O-7 Deposition Control Using Optical and Physical Monitoring Methods
B. Barney, T. Guppenberger 
Telemark, Battle Ground, WA

Optical monitoring and crystal rate monitoring have long been used to control optical coatings during the deposition process. 
Rarely have they been used in concert to produce films to achieve more reliable results than when used individually. This paper 
will begin with a discussion of the history and technology of both methods and then move on to discuss the properties of both 
methods of deposition control. It will provide an evaluation of the strengths and weakness of each and present a concept of using 
both intimately integrated to achieve superior deposition control.

11:20 am O-8 Mirror Coatings for the Large Synoptic Survey Telescope: Requirements and Solutions
J. Sebag 
Invited Talk 
Large Synoptic Survey Telescope Project, Telescope and Site, Tucson, AZ 

The coating of large ground-based astronomical telescope mirrors is always a challenge and the Large Synoptic Survey Telescope 
(LSST) contains some of the largest monolithic mirrors ever made for astronomy: a 3.4m diameter convex secondary mirror and 
an 8.4m diameter concave primary mirror. Bare aluminum coating deposited by evaporation is the most common type of coating 
deposited on such large mirrors. However, following the success of the Gemini Telescope coatings, LSST has chosen to develop 
a similar process based on magnetron sputtering deposition. We present the specific requirements for coating the large LSST 
mirrors and describe the solutions developed to meet these specifications.
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Protective, Tribological and Decorative Coatings
8:40 am T-1 Evaluation of ZnO and Al-Doped ZnO Thin Films as Sensor Materials for Sulfur Concentrations in Fuel
J.A. Fouts1, B. Tury1, P.J. Shiller1, T.W. Scharf2, and G.L. Doll2 
1Timken Engineered Surfaces Laboratories, The University of Akron, Akron, OH   
2Department of Materials Science & Engineering, University of North Texas, Denton, TX

Strict emissions standards require extremely efficient operation of catalysts over a long lifetime. However, sulfur contaminants in 
fuel jeopardize the ability of catalysts to meet these stringent standards through reductions in conversion efficiency, an increased 
requirement of fuel-rich, and a reduced ability to store oxygen. To protect these catalysts from sulfur contamination, the develop-
ment of new thin film sensors that are sensitive to the sulfur content in fuel over an extended range of concentration is required. 
In this study, ZnO and Al-doped ZnO films have been synthesized by five different deposition methods and electrochemical 
measurements were performed on the films immersed in sulfur containing isooctane. Results of the electrochemical measure-
ments and quantum chemical modeling indicate that the texture and polarity of the surface of the films are key features affecting 
the ability of open circuit potential measurements to quantify the concentration of sulfur in the fluid. Specifically, ZnO films 
possessing a large amount of Zn-terminated (002) wurtzite surfaces are observed to be the most sensitive to the concentration of 
sulfur in fluids.

9:00 am T-2 Interface Control for Enhanced Performance of Hard Protective Coatings
E. Herrera Jiménez, M. Laberge, J. Lengaigne, T. Schmitt, E. Bousser, L. Martinu, J.E. Klemberg-Sapieha 
Department of Engineering Physics, École Polytechnique de Montreal, Montreal, Canada

Interface engineering is essential in maintaining and even further enhancing the performance of protective coatings on metallic 
substrates throughout the component’s lifetime. In particular, enhanced adhesion and stress control of the coating are of great 
importance in order to minimize wear, and to improve durability and fatigue debit. Consequently, the objective of this study is 
to identify the effects of different treatments on the interfacial strength and stress level in the coatings. In this work we present 
a systematic study of the influence of substrate pre-treatment on the stress and adhesion of hard TiN-based coatings deposited 
by reactive magnetron sputtering onto titanium, iron and nickel alloy substrates. More specifically, we investigate the effects of 
different pre-treatment approaches namely RF-Plasma ion bombardment, metallic interlayer deposition and HiPIMS ion implanta-
tion. The behavior of the coating/substrate interface was probed through micro-scratch testing and correlated to the mechanical 
properties and the residual stress. A finite element model (FEM) simulating the scratch tests has also been developed. Using this 
model we investigate the influence of the mechanical properties, and of the coating residual stress, on the adhesive failure modes. 
We will demonstrate that FEM modeling is an important tool for the design of coating architectures suitable for advanced indus-
trial applications.

9:20 am T-3 Tribological Behaviour of Thick DLC Coatings under Lubricated Conditions
B. Rübig1, D. Heim1, C. Forsich1, A. Gebeshuber2, T. Mueller2, R. Kullmer2, V. Strobl2, C. Dipolt2, C. Lugmair2, R. Holecek2, M. Krawinkler2 

1University of Applied Sciences Upper Austria, Wels, Austria 
2Rübig GmbH & Co. KG, Wels, Austria

Diamond-like carbon coatings provide an optimal combination of low friction under dry conditions, high wear resistance, chemi-
cal inertness in most aggressive media and high hardness. Until recently it was only possible to deposit thin DLC films because 
thicker coatings tend to be so stressed, that they easily delaminate due to high intrinsic stress. This work reports about the 
deposition of thick DLC coatings (up to 50 µm) showing a high load carrying capacity so that they can be applied on soft steels 
e.g. in the field of mechanical engineering. In many applications lubrication is indispensable. The present study is about thick DLC 
coatings (10 GPa and 19 GPa, respectively and a combination of them) deposited in a commercial DC-pulsed PACVD  system with 
thicknesses up to 50 µm deposited on (42CrMo4) 4140 and (S600) M2 reg.C. The friction coefficient was detemined by a pin-on-
disc tribometer with a 100Cr6 ball (AISI 52100) counterpart whereas water and engine oil (SAE10W-60) were used as lubricants. 
The wear tracks were investigated by means of confocal microscopy. The results of the tribological tests showed a very different 
tribological behaviour of the thick DLC coatings under lubrication leading even to fatigue wear during sliding. However, the wear 
craters were situated at the surface and did not spread down to the substrate. The fatigue wear was mainly influenced by the 
tribological parameters, the type of lubricant, the roughness and the kind of DLC film in an unexpected way. These results enable 
the design of suitable thick DLC coatings for tribological applications under lubricated conditions.
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9:40 am T-4 Getting Ready for Filtered Deposition of ta-C-Films on Industrial Scale 
G. Englberger, S. Makowski, V. Weihnacht, H.-J. Scheibe, A. Leson 
Fraunhofer Institute for Material and Beam Technology IWS, Dresden, Germany

The outstanding tribological performance of hydrogen-free tetrahedral amorphous carbon (ta-C)-films with regard to friction 
and wear is already well known. The application of ta-C-coatings on industrial scale already started with the lately introduced 
laser-triggered vacuum arc technique, a very effective deposition technology fulfilling industrial demands. Nevertheless coating 
defects induced by macroparticles linked to the vacuum arc, still represent a major drawback for a plurality of tribological applica-
tions. Besides mechanical post-treatment of deposited ta-C-films a plasma filter unit, installed between the plasma source and the 
substrates, is promising in regard to eliminating macroparticle induced coating defects. Therefore, not only the surface roughness 
is reduced, but the defect density over the entire coating volume is decreased. In this work we introduce a plasma filter unit opti-
mized for the laser-arc technique, which is characterized by an adjustable cross section, which allows influencing film growth rate 
and defecting density. The latest results achieved with the adjustable filter unit, in regard to the defect density and characteristic 
coating properties e.g. roughness and Young´s modulus, will be discussed. The tribological performance of filtered deposited ta-C-
films with different film thicknesses will be compared to unfiltered and post-treated films using an oscillating ball-on-disc test. 

10:00 am T-5 Development and Evaluation of Low Friction and Low Wear TiSiCN and DLC Coatings for Automotive 
Valvetrain 
J. Lin, R. Wei, P. Lee, C. Bitsis 
Southwest Research Institute, San Antonio, TX,

To meet the future US Corporate Average Fuel Economy (CAFE) standards (54.5 mpg or 4.34 liter/100km in 2025), automobile 
manufacturers and component makers are making significant efforts to increase the fuel efficiency of vehicles, in which reducing 
the engine friction is critical. The valvetrain accounts up to 10-20% of the total mechanical friction in gasoline engines, especially 
at low engine speeds and loads. Furthermore, camshaft frictional losses can often be higher in diesel engines. There are develop-
ment needs for low friction and low wear coatings. In this research, low friction Titanium Silicon Carbon Nitride (TiSiCN) nanocom-
posite coatings and diamond like carbon (DLC) based coatings have been developed by different techniques, including plasma 
enhanced magnetron sputtering (PEMS) for TiSiCN coatings, and high power impulse magnetron sputtering (HiPIMS) and plasma 
immersion ion deposition (PIID) for DLC coatings. The processing parameters and structure of the coatings were optimized to 
achieve a combination of low coefficient of friction (COF) and low wear of the coatings based on the evaluation from the ball-on-
disk and the block on ring wear tests. The PEMS-TiSiCN coatings exhibited high hardness (25-30 GPa), high toughness, excellent 
adhesion strength and COFs of 0.2 and 0.06 in dry and lubricant conditions, respectively. In contrast, the DLC coatings showed 
lower friction in dry sliding (0.06-0.07) but higher friction in lubricant (0.08-0.1). The best performing TiSiCN nanocomposite and 
DLC-based coatings were applied on camshaft and bearings which were evaluated in a Ricardo single cylinder TriboEngine and a 
production light duty gasoline engine. The friction test results from the engine tests in comparison to an uncoated camshaft will 
be reported.

10:40 am T-6 HIPIMS: Recent Developments
Invited Talk 
H. Rudigier 
Oerlikon Surface Solutions Ltd., Trübbach, Switzerland

High power impulse magnetron sputtering (HIPIMS) offers significant advantages over conventional magnetron sputtering 
because of a much higher degree of ionized species of the sputtered materials. In principle, for hard coating applications, this 
allows to combine the advantages of arc evaporation – dense hard coatings with excellent adhesion - with smooth surfaces and 
low defect densities of magnetron sputtered coatings. Key features of recent hardware and process development efforts enable 
independent adjustment of pulse power density up to 2kW/ cm2 and pulse length covering a wide range from 0.05msec up to 
100msec at a near perfect rectangular pulse shape for voltage and current. This allows wide range tuning of the coating proper-
ties for specific applications based on e.g TiN, TiCN, TiAlN, and AlCrN materials. Excellent process stability and reproducibility is 
achieved as reactive processes can be operated without hysteresis while not compromising deposition rates. An overview of the 
most recent developments covering oxide based materials such as e.g. ZrO2 and Al2O3 as well as diamond like carbon (DLC) will 
be given. The hydrogen content in DLC coatings can be adjusted between 0.3 and 45 at% through variation of a hydrocarbon 
containing gas added to the process. Recent results for combined arc evaporation and HIPIMS processes opening up new oppor-
tunities for material development will be discussed as well.
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11:20 am T-7 Sputter Deposition of Stainless Steel Coatings in Nitrogen/Argon Atmosphere
J.E. Krzanowski1, F. Alresheedi2 
1Mechanical Engineering Department, University of New Hampshire, Durham, NH 
2Physics Department, University of New Hampshire, Durham, NH

Reactive magnetron sputter deposition was used to deposit coatings from 304 stainless steel targets. Deposition was carried out 
in a mixed argon/nitrogen atmosphere with the goal of obtaining a composite nitride/metallic microstructure in the films. The 
304 stainless steel target had a composition of 18%Cr, 8% Ni with the balance Fe, so that there is the potential to form Fe- and 
Cr- based nitrides along with a metallic Ni phase. Deposition was carried out at temperatures ranging from 250 to 550°C and 
substrate bias levels of -50 to -140V. X-ray diffraction analysis showed the structure of the coatings were strongly temperature de-
pendent, with nanocrystalline/amorphous structures found at 450°C and below, but increasing crystallinity was observed above 
500°C. The nitrogen content in the films, determined by x-ray photoelectron spectroscopy, was also temperature dependent, 
ranging from 33 at.% at 250°C to 16 at.% at 500°C.  At the higher temperatures, the films consisted of mixed FCC-(Ni,Fe) and (Cr,Fe)
N phases, whereas at lower temperatures the films had an Fe4N-type structure. SEM cross-section imaging showed a powder-like 
morphology at high deposition temperatures, and a coarse columnar structure at lower temperatures. Pin-on-disk wear testing 
was conducted to evaluate the friction and wear resistance of these coatings. 

11:40 am T-8 Silicon Doped Diamond-Like Carbon Films Synthesized by Linear Ion Source
Y. Chen1, J. DiBattista2, E. Chan2, Y. Yang2 
1 Department of Electronic Information Materials, School of Materials Science and Engineering, Shanghai University, Shanghai,   
 China 
2 Darly Photonics Composite Materials (Shanghai) Corp., Shanghai, China

Diamond-like carbon (DLC) films have been extensively studied over the past decades due to their unique combination of 
properties. Ultra-thin Silicon-doped DLC (Si-DLC) films are of significant interest for tribological effects like hardness, low friction 
coefficient, strong corrosion resistance and good adhesion. The impetus for incorporating silicon into ultra-thin DLC film is to 
improve adhesion while maintaining thermal stability for use is applications like Heat Assisted Magnetic Recording (HAMR). The 
significance of employing a linear anode layer ion source in this process is to deposit uniform coatings on large substrates and 
components. In this study, preliminary results will be presented on Si-DLC coatings prepared by a combination of linear anode 
layer ion source using acetylene (C2H2) for the carbon source and assisted with magnetron sputtering for the silicon source. All 
depositions were carried out at room temperature on either glass or plastic substrates where the Si-DLC film thickness was less 
than 300nm. The results show that depositing DLC films using linear ion beam source technology can be an effective way to grow 
high quality DLC coatings at low temperature.

Coatings for Energy Conversion and Related Processes
8:40 am EC-1 Surface Engineering for Electrochemical Energy Storage – Challenges and Opportunities
Y.-T. Cheng 
Invited Talk 
Department of Chemical and Materials Engineering, University of Kentucky, Lexington, KY

High energy and power density, long durability, and low cost are some of the most demanding requirements for batteries used in 
applications ranging from cell phones to electric vehicles. Many high capacity lithium ion battery electrodes experience coupled 
chemical-mechanical degradation caused by large volume changes during battery charging and discharging operations. In this 
presentation, an overview of surface engineering approaches to improving the performance and durability of advanced battery 
electrodes will be provided. Examples include (1) the use of thin film geometry to help understand diffusion-induced stresses 
and fracture in electrodes, (2) the structure and composition of nano-meter thick inorganic and hybrid coatings for improving 
the performance and durability of electrodes, and (3) dry coating processes for reducing the cost of battery manufacturing. These 
examples help demonstrate the challenges and opportunities for surface engineering in electrochemical energy storage.

9:20 am EC-2 Sputter Deposition of Li7La3Zr2O12 for All Solid State Thin Film Batteries
S. Lobe, C. Dellen, M. Finsterbusch, H.-G. Gehrke, C.-L. Tsai, S. Uhlenbruck, O. Guillon 
Institute of Energy and Climate Research, Forschungszentrum Jülich GmbH, Jülich, Germany

One approach to get safer batteries with increased energy density are all solid state Li batteries with a ceramic thin film electrolyte. 
One promising electrolyte material is the garnet-structured Li7La3Zr2O12 (LLZ). This material has a reasonable Li-ion conductivity 
(up to 10-3 S/cm at RT) and shows good chemical (e.g. against Lithium), electrochemical (up to 8V vs. Li+/Li) and thermal stability 
(up to 1000°C). As a deposition technique we chose r.f. magnetron sputtering due to its scalability from laboratory to industrial 
scale. The deposition of LLZ requires a control of the Li content in the deposited thin films. Whereas the contents of La and Zr 
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seem to be largely unaffected by the deposition parameters, the deposited Li-content depends strongly on the used substrate 
and the deposition temperature. After adjustment of these deposition parameters we were able to deposit crystalline LLZ thin 
films on stainless steel substrates with conductivities up to 2x10-4 S cm-1. In this presentation we will give a detailed report about 
the influence of different parameters on the thin film composition, morphology and electrochemical properties. Furthermore the 
integration of the LLZ thin film deposition process in the all solid state thin film battery manufacturing will be shown. 

9:40 am EC-3 High Efficiency Magnetron Sputtered Tungsten Oxide Thin Film Electro-Chromics with Neon Sputtering
K. Uday Kumar1, D. Kumar Kaushik1, KM Karuppasamy2, A. Subrahmanyam1 
1Semiconductor Laboratory, Department of Physics, Indian Institute of Technology Madras, Chennai, India 
2AC&CS, CRM Group, Ghent University, Liege, Belgium

Electrochromic materials change color reversibly by applying an external DC voltage. One among the many emerging application-
sof electro-chromics is smart windows. The coloration efficiency, the optical color modulation and the cyclability are the factors 
that benchmark the device. Tungsten oxide (WO3-x) is a versatile material and reactive DC magnetron sputtering (with argon as 
sputter gas) technique is common for electro-chromics. In the present communication we have prepared tungsten oxide thin 
films by reactive DC magnetron sputtering technique (at room temperature 300K) using neon as the sputter gas. The neon gas 
flow rate is maintained constant at 15 sccm and the flow rates of oxygen is varied in the range 7 – 15 sccm in the growth chamber. 
The thickness of the WO3 thin films are observed to increase with the decreasing oxygen flow rates. These WO3 thin films are 
subjected for electrochemical measurements with three electrode electrochemical cell in presence of 1M HCl aqueous electrolyte. 
The coloration efficiency of the neon sputtered WO3 is observed as 162.04 cm2/C; this value is higher than that prepared with 
argon sputtering (143.9 cm2/ C).

10:00 am EC-4 Fabrication and Protection of Vanadium Dioxide Film
Y.-Z. Cao, X. Wang, L. Yan, Y. Li  
Key Laboratory of Inorganic Coating Materials, Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai, China

Thin-film vanadium dioxide exhibits abrupt semiconductor–metal transition at around 68°C and is very promising for applications 
such as energy-efficient windows, switching devices, and smart radiating devices. In the first part of this paper, we report that by 
using plasma emission monitor (PEM) system as reactive gas flow rate feedback control, single-phase VO2(M) film can be obtained 
reproducibly through reactive sputtering of a vanadium target. In the second part of this report, we show that Al2O3 film depos-
ited by atomic layer deposition (ALD) can be used to protect vanadium dioxide film from thermochromism degradation caused 
by oxidation. An ultrathin 5-nm ALD Al2O3 film can protect the underlying VO2 film heated at 350C° at ambient atmosphere, and 
a thicker ALD Al2O3 film (15 nm) can protect underlying VO2 film from degradation during a prolonged damp heating test at 50°C 
with a relative humidity of 95%.

10:40 am EC-5 Thermochromic Fenestration Based on VO2: Finally a Technology of Practical Interest?
C.G. Granqvist 
Department of Engineering Sciences, The Ångström Laboratory, Uppsala University, Uppsala, Sweden

Vanadium-dioxide-based thermochromic thin films and nanoparticle composites can have significant transmittance for visible 
light, Tlum, while they are able to transmit more near-infrared solar radiation at τ < τc than at τ > τc, where τ denotes temperature 
and τc ≈ 68°C. It has been realized for many years that these properties are of principle interest for energy efficient fenestration, 
but the technology has been slow to mature. This paper summarizes the state-of-the-art and points at the many advances that 
have been made during recent years. Specifically, I discuss how to use doping to adjust τc to room temperature and to increase 
Tlum, how to use nanomaterials to enhance the solar energy transmittance modulation and Tlum, and how to prepare nanoparticle 
composites by sputtering. I also discuss thermochromic light scattering, which is a recently discovered phenomenon.

11:00 am EC-6 Effect of Deposition Temperature and Chlorine Activation on Microstructure of CdTe Thin Film Solar Cells
C. Metzner, H. Morgner, O. Zywitzki, D. Hirsch, T. Modes 
Fraunhofer Institute for Organic Electronics, Electron Beam and Plasma Technology FEP, Dresden, Germany

Complete layer stack deposition of CdTe solar cells was established in pilot scale. The pilot line covers all relevant process steps 
such as sputtering of front contact and buffer layer, deposition of the window and absorber layers by close-space sublimation, 
chemical activation, etching and back contact deposition. Substrate sizes of 10x10 cm2 can be processed. CdTe layers were 
deposited with rates between 2.5 and 5 µm/min and at substrate temperatures of about 310°C and 500°C. The microstructure 
and surface roughness of as deposited CdTe layers and chlorine activated films depends on substrate temperature and activation 
treatment. This was revealed by high resolution FE-SEM imaging of ion-polished cross-sections. The chemical depth profiles of 
CdTe layers were investigated by glow discharge optical emission spectrometry (GD-OES). It could be found that after activation 
the chlorine content in the CdTe layer depends on the microstructure of the as deposited CdTe film. By FE-SEM imaging of the 
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cross sections of the CdTe thin film solar cells and simultaneous registration of EBIC signal distribution, some additional informa-
tion about the effect of microstructure on chlorine activation treatment has been obtained. The results give some interesting 
indications about the chlorine diffusion processes in CdTe solar cells.

11:20 am EC-7 Disorder in the DC Magnetron Sputtered Cu2ZnSnS4 Thin Films Grown in Sulfide Plasma
D.K. Kaushik, A. Subrahmanyam 
Department of Physics, Indian Institute of Technology Madras, Chennai, India

Cu2ZnSnS4 (CZTS) is a strong contender of its contemporary absorber layers in cost effective and high efficiency thin film solar 
cells. The microscopic disorder (induced either by structural defects or impurities) in relation to the electrical properties of CZTS 
thin films requires detailed studies for a good understanding of the material for its absorber efficiency and stability. Polycrystalline 
CZTS thin films are prepared (at room temperature 300K) on glass and quartz substrates by reactive DC magnetron sputtering 
with a Cu-Zn-Sn alloy target in the presence of argon and hydrogen sulfide plasma. X-ray diffraction and Raman spectroscopy 
show the polycrystalline structure and partially disordered kesterite (PD-KS) phase. The nature of the disorder (product of Fermi 
wavenumber and mean free path of hole, kfl) of PD-KS films has been studied by the low temperature (300 - 20K) Hall effect 
measurements. Study of resistivity behavior with temperature reveals the conduction mechanism of carriers in disordered CZTS 
thin films.

WebTech Roll-to-Roll Coatings for High-End Applications
8:40 am W-3 Subsecond Thermal Processing for the Advancement of Thin Layers and Functional Coatings
W. Skorupa 
Invited Talk 
Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany

This talk reviews the advances that subsecond thermal processing in the millisecond range using xenon-filled flash lamps (FLA) 
brings to the processing of the most advanced thin layer and coating materials, thus enabling the fabrication of novel electronic 
structures and materials. It will be demonstrated how such developments can translate into important practical applications 
leading to a wide range of technological benefits. An important issue of our work was the formation and characterization of 
semiconductor materials and coatings for green energy advancement. Regarding photovoltaic applications, we dealt with the 
ion beam doping and thermal processing of PV silicon demonstrating using FLA a distinct improvement of the minority carrier 
diffusion length compared to rapid thermal processing and furnace treatments. Moreover, we engineered the hydrogen content 
in photovoltaic silicon in correlation to the phosphorus doping using plasma immersion ion implantation and FLA. Recently, we 
demonstrated also FLA driven boron and phosphorus in-diffusion from surface coatings. Finally, the strongly developing field of 
large area electronics is represented by reporting on our activities in regard to transparent conductive oxide (TCO) and copper 
paste coatings.

9:20 am W-2 Hollow-Cathode Activated PECVD for the High-Rate Deposition of Permeation Barrier Films
M. Top, J. Fahlteich, S. Bunk, T. Kühnel, S. Straach, N. Schiller 
Fraunhofer Institute for Organic Electronics, Electron Beam and Plasma Technology FEP, Dresden, Germany

The lifetime of flexible organic electronics is mainly limited by the quality of the encapsulation. Inorganic permeation barrier 
layers or layer stacks are typically used to encapsulate flexible organic devices. Deposition techniques like reactive sputtering, 
atomic layer deposition (ALD) and microwave or radio-frequency plasma-enhanced chemical vapor deposition (PECVD) are used 
to deposit oxide or nitride barrier layers. These techniques are in general rather limited by their deposition rates which are often 
below 100 nm*(m/min) in a dynamic roll-to-roll process. This paper discusses the deposition of permeation barrier layers using 
a novel high rate PECVD process based on a hollow cathode arc discharge (arcPECVD) that allows deposition rates up to 3000 
nm*(m/min) in a dynamic roll-to-roll deposition process. The water vapor transmission rate of SiO2-like-layers made with arcPECVD 
will be discussed in relationship to the process parameters: plasma power, process pressure and monomer and oxygen flow. A 
microstructural comparison of sputtered SiO2 and PECVD deposited layers will be presented. After optimization of the arcPECVD 
process, a SiO2-like-layer which has been deposited with a dynamic deposition rate of 500 nm*m/min achieves a water vapor 
transmission rate of 0.15 g/m2d (38°C / 90% r.h.) - while clearly showing potential for significant further improvement.
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Fundamentals of Interface Design
12:30 pm F-1 Defect Engineering to Optimize Properties in Transparent Conductors
G.J. Exarhos 
Invited Talk 
Physical Sciences Division, Pacific Northwest National Laboratory, Richland, WA

In TCO films, resident defects modify optical transparency and nonlinearity through changes in free carrier density and mobility 
that in turn alter the electronic band structure. The overall dielectric response can be controlled by manipulating defect chemistry 
through changes in film stoichiometry and microstructure both within the film and at interfaces. Previously published work 
provides ad hoc processing guidance that can achieve a targeted film response for both n- and p-type conductors. Such post-pro-
cessing methods that include thermal treatment in oxidizing/reducing conditions, or subsequent laser or energetic ion irradiation 
can change this response. Rational approaches to the modification of TCO film properties will be discussed here along with the 
nature of both chemical and structural defects responsible for these changes that are introduced intentionally or unintentionally 
as a result of processing conditions. These resident defect states are not only responsible for actuating conductivity, but also may 
be detrimental to achieving optimum film response.  Developing structure/property relationships that connect defect states and 
dielectric response is critical for improving performance in these materials. Examples illustrating these principles will be discussed 
based upon continuing work on itinerant free carrier and polaron-conducting oxide films. Understanding these principles also will 
have an impact in peripheral research areas involving TCO function in innovative sensor technologies, and in determining the role 
of free carriers in driving high energy pulsed laser induced damage to optical materials.

1:10 pm F-2 Scalable Synthesis of Flexible 2D Electronic Devices
M.E. McConney1, N.R. Glavin1, T. Shelton1,2, J.G. Colborn1,2, J. Hu1,2, J.E. Bultman1,2, R.E. Stevenson1,2, M.L. Jespersen1,2, A.T. Juhl1, M.F. 
Durstock1, M.K. Gupta1,2, A. Haque3, A.A. Voevodin1,4, C. Muratore1,2 
1Materials and Manufacturing Directorate, Air Force Research Laboratory, Wright-Patterson Air Force Base, OH 
2University of Dayton Research Institute, Dayton, OH 
3Department of Mechanical and Nuclear Engineering, Pennsylvania State University, State College, PA 
4University of North Texas, Denton, TX

Ultra-thin two-dimensional (2D) semiconducting materials possess a combination of large, tunable electronic bandgaps, optical 
transparency, and mechanical flexibility, and will likely revolutionize electronic devices such as wearable sensors and flexible 
displays. A primary step in the development of such devices with integrated 2D materials is the development of scalable, transfer-
free synthesis over large areas on flexible substrates. By depositing electrically insulating amorphous films at room temperature 
on polymer substrates, and subsequent illumination with light, the material can be crystallized in selected areas to produce 
molecularly thin devices, the ultimate interface engineering. Focused laser light with a power density of ~1 kW cm2 is suitable for 
writing micron scale features in semiconducting transition metal dichalcogenides on polymer substrates. Broad band illumination 
from a xenon lamp can also be used over the large substrate areas (> 100 cm2), or passed through a physical mask to print features 
only in desired locations in the insulating amorphous matrix to directly write devices. Multiple layers of 2D materials can also be 
treated in this way. Diverse 2D architectures and devices built from this pioneering technique will be highlighted.

1:30 pm F-3 Development of Hard and Tough Coatings Based on Metals
Y.-W. Chung 
Department of Materials Science and Engineering, Northwestern University, Evanston, IL

Most hard coatings are based on the use of ceramic materials because they are hard and refractory. In spite of their high tough-
ness, metals are generally not considered for use as hard coatings because of their low hardness.  However, if one exploits the 
Hall-Petch relationship (i.e., strength or hardness increasing with decreasing grain size) for metals, it should be possible to develop 
hard and tough coatings that are mostly or completely made of metals with grain size in the nanometer range.  One can accom-
plish this goal using two strategies: one to control the mobility of grain boundaries and another to control the thermodynamics of 
interfaces. In this talk, we will discuss how one can achieve both strategies in practice that result in metal-based hard and tough 
coatings at room temperature and beyond.

2:00 pm F-4 Interfaces and Interface Effects in Thin Films
C. Mitterer 
Department Physical Metallurgy and Materials Testing, Montanuniversität Leoben, Leoben, Austria

Many properties of thin films grown from the vapor phase are controlled by their interfaces; however, the full exploitation of 
interface-related effects is often limited by the incomplete understanding of the nature of the interface itself. This contribution 
summarizes some of the recent advances in theoretical and experimental approaches for interface characterization and demon-
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strates potential exploitations of interface effects. With information on epitaxial relations between two adjacent grains/layers, 
ab initio calculations can be used to determine stable interface structures. Energetically stable, strong and dense interfaces are 
formed when the two adjacent sides are most similar in coordination and stacking. Exploitation of this finding is demonstrated 
for coatings with enhanced mechanical properties and for diffusion barriers. Laminate-type coating architectures, e.g. in the Cr/
CrN system, with epitaxially well-defined and strong interfaces can be used to enhance stiffness, fracture strength and fracture 
toughness, due to crack deflection at the interfaces and arrestment of the damage in the brittle CrN layers between the ductile 
Cr layers. On the other hand, the densification of the interfaces between columnar grains in TiN barrier layers leads to a 10 to 100 
times lower grain boundary diffusion coefficient, resulting in a tremendous increase of diffusion barrier efficiency.

2:20 pm F-8 Tuning the Thermal and Electrical Transport at Graphene-Metal Interfaces via Plasma-Based Chemical 
Functionalization
B.M. Foley1, S.C. Hernández2, J.C. Duda1, J.T. Robinson3, S.G. Walton2, and P.E. Hopkins1 
1Department of Mechanical and Aerospace Engineering, University of Virginia, Charlottesville, VA 
2Plasma Physics Division, U.S. Naval Research Laboratory, Washington, DC 
3Electronics Science and Technology Division, U.S. Naval Research Laboratory, Washington, DC

The high mobility exhibited by both supported and suspended graphene, as well as its large in-plane thermal conductivity, has 
generated much excitement for its utility across a variety of applications. As exciting as these properties are, one of the principal 
issues inhibiting the development of graphene technologies pertains to difficulties in engineering high-quality metal contacts on 
graphene. As device dimensions decrease, the thermal and electrical resistance at the metal/graphene interface plays a domi-
nant role in degrading overall performance. Here we demonstrate the use of electron-beam produced plasmas to functionalize 
graphene with oxygen, fluorine and nitrogen groups, as a method to tune the thermal and electrical transport properties across 
gold-single layer graphene interfaces. We find that, depending on the character and quantity of chemical moieties at the interface, 
the thermal boundary conductance can be notably improved, but it is accompanied by an increased contact resistance. Converse-
ly, contact resistance can be decreased but with no change in thermal boundary conductance. Interestingly, the conventional 
approach of adding a titanium “wetting layer” to improve metal adhesion, showed no significant change in either the thermal 
boundary conductance or contact resistance. This work was partially supported by the Naval Research Laboratory Base Program.

2:40 pm F-7 Optimizing Durability of Multifunctional Thin Film Stacks for Ophthalmics - The Importance of Interface 
Treatments
Invited Talk
K. Scherer1,3, M. Mildebrath2, G. Keller1,3, R. Bosmans1 
1Essilor International, Créteil, France 
2Essilor of America, Dallas, TX 
3Nikon and Essilor International Joint Research Center, Kanagawa, Japan
For the past decades, plastic lenses have been continuously replacing glass lenses for ophthalmic applications. Coatings on such 
lenses have to fulfill multiple requirements, including excellent scratch and shock resistance, elimination of unwanted reflections, 
increased ease to clean, and others. This implies the use of more and more sophisticated multilayer coatings which have to be 
applied by well controlled industrial processes, using various technologies. Obviously, the microstructure of each layer as well as 
the interfaces between layers, are crucial to guarantee the optimum durability of the final product.

Vendor Innovators Showcase
12:30 pm V-1 High Capacity Cantilever Mounted Rotatable Cathode
J. Price, V. Bellido-Gonzalez, D. Monaghan, F. Papa, T. Williams 
Gencoa Ltd, Liverpool, United Kingdom

The presentation will introduce a new type of cantilever style rotating sputter cathode trade-named GRS-C. The GRS-C combines 
a compact size with a very high water flow of 100l/min and power delivery capability of 400 Amps. Its flexible design can accom-
modate a target outside diameters of 152, 105, 90 and 75mm in lengths of upto 2.5m. A range of magnetic field designs and 
other options are available for different process types such as flexible web coating or rapid metallizing. Performance data will be 
presented covering the applications of ITO, metallic / reactive PVD and PECVD type processes.
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12:40 pm V-2 Energy Management with Thyristor SCR Power Controllers: Reducing Cost Efficiently
A. Breitkopf 
Advanced Energy Industries, Inc., Fort Collins, CO

Industrial heating applications can save energy, eliminate utility penalties, and reduce equipment costs by reducing losses, har-
monics, and peak load, and improving process efficiency and power factor. This presentation discusses AE Thyro-Family features 
such as dASM synchronization mode, VT mode, and VSC mode, and their implications on cost reduction.

12:50 pm V-3 Custom Tailored Coating Solutions
R. Bandorf, M. Vergöhl, W. Diehl, G. Bräuer 
Fraunhofer Institute for Surface Engineering and Thin Films IST, Braunschweig, Germany

As an industry-oriented R&D service center, the Fraunhofer Institute for Surface Engineering and Thin Films IST bundles skills and 
expertise in the fields of coating production, coating application, coating characterization and surface analysis. In close collabora-
tion with industry the Fraunhofer IST develops functional coatings, surfaces, materials and processes for the fields of application of 
tools, mechanical and automotive engineering, energy, glass and façade, medical technology, aerospace as well as optics, infor-
mation and communication. At Fraunhofer IST, applied research is conducted in over 40 vacuum systems, atmospheric pressure 
plasma machines, and electroplating facilities. An overview on the equipment and expertise together with examples will be given.

1:00 pm V-4 VON ARDENNE GmbH Product Portfolio for New Sputter Applications and Process Control
A. Nilsson1, K. Nauman2 
1VON ARDENNE GmbH, Dresden, Germany 
2VON ARDENNE North America, Fort Collins, CO

VON ARDENNE offers complete technology solutions based on our deep knowledge in engineering advanced sputtering equip-
ment and our hands-on experience from application development. This know-how enables VON ARDENNE to prove high-quality 
customized plasma components and technologies to meet the application requirements of our customers. The broad range 
of products covers sputter sources as planar or rotary cathodes including all sub-components as end blocks and magnet bars, 
plasma pre-treatment applications as ion source or glow discharge solutions. In the wide field of plasma applications, VON 
ARDENNE will present the new innovative DC-Dual-Anode Sputtering (DAS) product solution for reactive sputter deposition in 
combination with the improved VON ARDENNE process control system (VAprocos), thereby demonstrating the know-how at 
VON ARDENNE in integrating and combining sputter technologies and components, all made by VON ARDENNE, to achieve the 
application goals of our customers. 

1:10 pm V-5 One World Under Pressure
C. Mathey 
Cacejen Vacuum, Temecula, CA

Cacejen Vacuum providing the vacuum technology world with quality vacuum components and pumps. Cacejen also maintains 
the capability to reverse manufacture any specific part to meet a unique vacuum requirement. Cacejen Vacuum Inc. has enjoyed 
considerable success by serving the various types of vacuum pumps and the design of high vacuum systems with vacuum 
hardware and supplemental vacuum accouterments. Cacejen welcomes the opportunity to serve as an extension of your own 
organization-to assist you in the selection, sizing and application of vacuum pumps and hardware. Whether the process uses 
vacuum for evaporation, distillation, crystallization, filtration, drying, deodorization or deaeration, Cacejen can help you design a 
vacuum pumping system that is both economically feasible and ecologically compatible. Cacejen supplies a full line of ISO, KF, and 
CF fittings; bellows, clamps, valves, gaskets and flanges. Cacejen is also opening the transpacific channel of international busi-
ness with hopes to qualify and recommend certain vacuum technology for sale to the Asian market. Cacejen desires to achieve a 
greater depth of global business through responsible degrees of ethical and responsible corporate reciprocity; we are always look-
ing to locate a solid network of distributors and sales representatives to cover the diverse global manufacturing markets of the 
world. Cacejen’s technical staff has more than forty years’ experience with intricate knowledge of single and two stage liquid ring 
pumps, single and two stage rotary vane pumps, single and two stage rotary piston pumps, and booster systems that combine 
a lobe type blower with any of the pumps listed above. Two basic ingredients enable us to serve you fully-access to a complete 
product line and the experience and know-how necessary to solve problems. Our greatest area of service to you lies in our wealth 
of experience as problem solvers.
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1:20 pm V-6 A New Glance on Cathodic ARC Evaporation with a Highly Flexible Pulsed ARC-Power-Supply
M. Glück1, G. Moser1, H. Müller1, G. Eichenhofer2 
1J. Schneider Elektrotechnik GmbH, Offenburg, Germany 
2abeg-engineering, Holzgerlingen, Germany

There are several coating technologies to deposit thin films which require highly energetic and ionized Physical Vapor Deposition 
(i-PVD). Cathodic ARC evaporation is still the most common process in the hard coating industry. New enhanced film performance 
should reflect in lower total cost of ownership due to longer life cycles, more efficient material utilization and lower energy 
consumption. To satisfy future demands and better film properties many investigations have been done to decrease the number 
of droplets, which are unfortunately common in Cathodic-ARC-depositioning. J. Schneider Elektrotechnik has developed a new 
ARC-Power-Source with the intention to eliminate droplets, or to assure as close to droplet free operation as possible. A tightly 
controlled current regulation with no overshoot at the rising edge and highly flexible adjustable parameters are the requirements 
to reach promising results. Further the wide range pulsed ARC-options enhances the possibilities to optimize the process and 
improve the control of the compound materials, deposition rate and yield.

1:30 pm V-7 Increasing Low Melting Point Target Utilization: A Power Systems Route to Operating Cost Reduction
D. Pelleymounter 
Advanced Energy Industries, Inc., Northfield, MN

When depositing large area thin films there are three major costs of operation for the coating system. They are in order: first, direct 
labor salaries and benefits; second, target material; and third, electrical power. The Advanced Energy Ascent AMS/DMS pulsed dual 
magnetron sputtering system has been used to greatly reduce the second major expense, target material, by radically extending 
the life of low melting point targets, in particular, Sn. Rapid and sensitive arc detection and handling enabled operation through 
the otherwise nearly impossible end of life region. This presentation shows an actual case study of completely using rotatable 
target material and being able to use up old “bone pile” targets that were previously deemed unusable.

1:40 pm V-8 Surface Cleanliness Measurement and Analysis to Improve Thin Film Adhesion
D. Yang 
Ebatco, Eden Prairie, MN

Interfacial adhesion is a very important aspect that has to be considered, designed, controlled and evaluated for any thin film and 
coating applications in order to prevent undesired peel off or delamination of coatings from their underlying materials. To achieve 
exceptional adhesion, the surface of the substrate material needs to be cleaned and prepared before thin film deposition. In this 
presentation, contact angle based techniques that are useful for promoting coating and substrate adhesion will be introduced. 
Experimental results will be presented to show the usefulness of the techniques for determination of surface wettability, hydro-
phobicity and hydrophilicity, for detection of surface contamination and cleanliness, and for surface energy analysis of coating 
and substrate in order to understand and control interfacial adhesion.

1:50 pm V-9 FloTron X: A Rugged Plasma Emission Monitoring and Reactive Sputtering Process Controller
M. Audronis 
Nova Fabrica Ltd., Ignalina, Lithuania

Plasma Emission Monitoring (PEM) is one of the most versatile Reactive Magnetron Sputtering process monitoring and control 
technologies available on the market. This presentation features the all new FloTron X - a rugged Broadband PEM (B-PEM) reactive 
sputtering process control system. The new technology used in FloTron X provides solutions to problems exhibited by the single-
wavelength PEM controllers, which are prone to drifts and often cannot ensure required levels of stability and repeatability when 
used in production. With its unique features FloTron X is pushing the frontiers of the B-PEM technology at the same time reduc-
ing the costs. FloTron X is a game changer in industrial PEM applications though its ability to meet stringent field deployment 
requirements, such as;  high update speed, low sensitivity to the environment, system and measurement stability, process control 
repeatability (i.e. coating run-to-run reproducibility), process relevance (smart features, algorithm capability), ease of integration 
with ICS, and low cost. Novel applications enabled by FloTron X are presented with case examples in both industry (e.g. large area 
reactive magnetron sputtering) and R&D.

2:00 pm V-18 Cryopumping Technology Advances
J. Wells 
Brooks Automation, Chelmsford, MA

Brooks Automation will present the technical advances it has made with its 500mm cryopump technology to meet the increasing 
demands of the PVD and coatings industries. Brooks will discuss applications examples where these advances will benefit OEMs 
and end users through process stability, increased tool utilization and both helium and power consumption efficiencies for an 
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overall   positive impact to their total cost of ownership. From a technical perspective, we will discuss the technical advantages 
Brooks has achieved using its large capacity cryodyne as the cornerstone of the pumping solution and provide a review of the 
mechanical design, the control architecture and the test and validation collected as part of the development. Lastly, we will 
describe the importance of working closely with our clients early in the design process to ensure the solution will ultimately meets 
the application and market requirements.

2:10 pm V-10 Features of 3rd Gencoa Circular Magnetron Cathodes for R&D Applications
J. Price, V. Bellido-Gonzalez, D. Monaghan, B. Kurian, F. Papa, T. Williams 
Gencoa Ltd., Liverpool, United Kingdom

The presentation will introduce a new style of small circular magnetron with target sizes of 2, 3 and 4in diameters. These are the 
third generation of Gencoa small magnetron designs builds upon 20 years of sector experience and have been created to offer 
research customers the key features important to their needs. Each cathode has a highly compact size and includes ±45° tilt 
adjustments and internal gas injection as standard. The target can be of different thickness and can be direct or in-directly cooled. 
A range of magnetic designs and other features such as shutters, gas chimneys, hidden and water cooled anode accessories 
complete the toolkit available for effective research for thin film community.

2:20 pm V-11 Thyristor Power Controller Functions and Applications: A Technical Introduction
A. Breitkopf 
Advanced Energy Industries, Inc., Fort Collins, CO

Thyristor power controllers regulate electrical energies in most industrial applications requiring melting, heating, drying, or form-
ing. With ODVA® certification and an add-on for Ethernet/IP® protocol, AE Thyro-Family power controllers seamlessly integrate into 
industrial manufacturing systems. This presentation covers technical aspects of thyristor power controller functionality, products, 
applications, and integration.

2:30 pm V-12 Ion Beam Etching and Deposition for Sensor and MEMS Manufacturing
M. Demmler 
scia Systems GmbH, Chemnitz, Germany

scia Systems is a global manufacturer of ion beam and plasma processing systems for the production of microelectronis, MEMS 
and precision optical components. For the structuring of complex multilayers in MEMS or sensor applications, highly uniform etch-
ing processes are needed. The scia Mill 200 achieves this high uniformity by ion beam etching (IBE) of the full substrate surface on 
wafers up to 200 mm. The system utilizes inert gases as well as reactive gases (RIBE) and also chemical assisted etching (CAIBE). 
In manufacturing of BAW/SAW devices frequency and thickness trimming to Angstrom precision is required. The industry proven 
scia Trim 200 uses the ion beam trimming (IBT) process, in which the focused ion beam, with a spot size of a few millimeters, 
trims the correct amount of material needed at various locations across the wafer. Ion Beam technology can be also used for very 
precise deposition multilayer with the scia Coat 200 by using dual ion beam deposition (DIBD).

2:40 pm V-13 Advanced Characterization and Performance Comparison in HiPIMS
J. Hrebik 
Kurt J. Lesker Company, Jefferson Hills, PA

This talk will share a detailed summary of HiPIMS performance enhancements from tests that utilized a 2kW HiPIMS power supply. 
It will be focused on copper and aluminum depositions and compare various magnet configurations as well as both DC and 
HiPIMS power options. Data will include electrical and optical characterization, ion current, electron density, and electron tem-
perature (using Impedans Plato Probe) as well as deposition rates DC and different HiPIMS peak currents (peak current density). 
The performance testing will be focused around a 3” Mag Keeper magnetron sputtering source and 2kW IMPULSE HiPIMS power 
supply.

2:50 pm V-14 Stand-Alone Spectroscopic Plasma Process Control System for Production Lines 
T. Schütte, P. Neiss 
PLASUS GmbH, Mering, Germany

PLASUS introduces its latest development to the North American and European market: the innovative spectroscopic plasma 
process control system EMICON SA. Especially designed for production lines, the EMICON SA system provides powerful and 
comprehensive process control features such as reliable 24/7 operation, safe stand-alone performance and standardized system 
integration. The spectroscopic approach of the system allows the monitoring of all relevant species in real-time. Additional exter-
nal sensor signals such as target voltage or power input can be incorporated and a built-in powerful processor unit evaluates and 
analyses the acquired data according to the preconfigured and recipe-based control rules in real-time. Due to the modular and 
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multi-spectrometer design of the EMICON SA system, all major plasma production processes can be covered. Optical in-vacuum 
sensors with coating protection device and enhanced spectroscopic data evaluation ensure long-term operation even in harsh 
production environments. Examples of typical applications are presented such as quality control and quality assurance in batch 
type PECVD processes, reactive sputtering in glass and web coaters with long cathodes, control of confocal multi-target multi-gas 
sputtering and process control of HIPIMS processes.

3:00 pm V-15 hiP-V: A New HiPIMS Power Supply Technology
G. Eichenhofer1, C. de la Viesca2, I. Fernandez3, A. Wennberg3 
14A-PLASMA, Holzgerlingen, Germany 
2Ingenieria Viesca, Alcalá de Henares, Spain,  
3Nano4Energy, Madrid, Spain 

In spite of the great perspective and the positive outlook forecasts given by scientists and technologist in the past decade for 
HiPIMS technology, the real industrial breakthrough has not yet started. Partly, this could be the case because the HiPIMS power 
supply technology up to now was not readily industrialized yet. HiPIMS PS were unreliable and unsafe to use, built with non-con-
form components. Taking all this into account, an experienced team of scientists, researchers, technologists, metallurgists, process 
engineers and last but not least a highly skilled power supply manufacturer sat down for a meeting. The new hiP-V HiPIMS power 
supply product line was born. Designed as a multi-purpose, “All in One” system, the hiP-V HiPIMS PS can be used for the following 
applications: HiPIMS, Uni-Polar/Bi-Polar; HiPIMS Bias-DC/DC-pulse; DC magnetron sputtering; DC-pulse magnetron sputtering; 
superimposed or sequential HiPIMS with DC or MF is possible; Power Range from 1KW-80KW. Unique for HiPIMS-PS is the high 
modularity and flexibility of the hiP-V products. The hiP-V HiPIMS-PS can be connected either in serial or in parallel to increase the 
voltage or the current/power which is to be applied on the magnetron.

3:10 pm V-16 Inline and In Situ Monitoring of Film Thickness, Color, Sheet Resistance, or R/T Characteristics
N. Hecker-Denschlag, M. Eberhardt, B. Keil 
m-u-t GmbH , Neu-Ulm, Germany

Analysis of a sample’s reflection and transmission characteristics over the spectral range from 380 – 2200 nm can be used 
to determine thin film properties like film thickness, color, and sheet resistance. These quantities are often used to ascertain 
whether an end-product is within specification during production. m-u-t’s omtsYs TFA (Thin Film Analysis) device is a complete 
measurement solution which includes hardware as well as control and analysis software. Complete packages for factory 
integration are also available. We specialize in fast, real-time, measurements for 24/7 industrial applications especially large area 
coatings produced in-vacuum (in situ) or with roll-to-roll coaters (inline). Multilayer film analysis with input from more than one 
measurement site is our expertise. An overview of our new configurable control software, as well as our optical multiplexer, will be 
given at the SVC.

3:20 pm V-17 New HiPIMS Generator SPIK3000A
M. Mark, J. Loeffler 
MELEC GmbH, Baden-Baden, Germany

MELEC, well known at the market for innovative plasma engineering applications presents the new SPIK3000A generator. The 
SPIK3000A has new features in synchronization and arc handling and can be used for HiPIMS, MF or Bias applications. Features 
like parallel stacking, MF burst functions, synchronization of HiPIMS with MF and a flexible pulse generation MELEC sets new 
standards in the field of plasma generators.
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Keynote Presentation
8:30 am K-3 It’s All About the Surface – The Role of Tribological Thin Film Coatings in Rolling Element Bearing Applications 
S.P. Johnson 
The Timken Company, North Canton, OH
Over the past three decades, advancements in steel making and improvements in geometrical accuracy in manufacturing have 
shifted the initiation location of rolling element bearing damage from the subsurface to the near surface. In addition, modern 
application demands are now increasingly driving bearing operating conditions toward insufficient, or ‘boundary’ lubrication and 
hence, roller and raceway surface durability is a key life limiting factor. The ability to modify and control surface properties is play-
ing an increasing role in the research and development of next generation bearing components. This paper presents an overview 
comparing traditional surface treatments with nanostructured ES® (Engineered Surface) coatings using advanced microscopy 
techniques and describes their behavior in high pressure tribological applications such as rolling element bearings. In particular, 
data from studies on a WC/a-C:H coating series developed by Timken are presented to demonstrate performance in a variety of 
challenging bearing damage scenarios including smearing, low λ (lambda) fatigue, debris-laden environments, and oil-off condi-
tions. At a higher level, major global trends that impact industry today are reviewed, such as the need for increasing vehicle and 
machine efficiency and minimizing maintenance and operation expenses in energy applications such as wind turbines. Although 
bearing designers usually intend to keep components fully separated in steady operation with a lubricant film to avoid steel-on-
steel contact, a common technical theme going forward is the design-stage acceptance that rolling element bearings may need 
to survive long periods in application with insufficient lubrication to maintain full surface separation. While technologies such 
as engineered thin film surface coatings have been applied in industry on bearings for more than 10 years, they are expected to 
be increasingly utilized to protect functional surfaces looking forward. As understanding of their process-property-performance 
relationships increases, alternative methods of preparing and utilizing these coatings are being explored as well.

Optical Coatings
9:20 am O-9 Multilayer Coatings for Bloch Surface Wave Optical Biosensors
Invited Talk
P. Munzert1, N. Danz1, F. Michelotti2 
1Fraunhofer Institute for Applied Optics and Precision Engineering IOF, Jena, Germany 
2SAPIENZA Università di Roma, Rome, Italy

Sensors utilizing surface plasmon resonance (SPR) are established as the method of choice in label-free optical biosensing. Their 
sensitivity for minimal refractive index changes at the surface originates from the evanescent field enhancement at the surface 
of a thin metal layer. However, the small number of well-suited metals (Ag, Au) with fixed optical constants limits a further refine-
ment of the SPR performance in terms of dispersion and resonance width. An alternative can be found in Bloch Surface Waves 
(BSW) sustained on the top of a specially designed dielectric multilayer stack with low absorption losses. Thereby, a surface wave 
is excited similar to the SPR case. Due to the low losses an enormous narrowing of the resonance is obtained, giving rise to a 
reduction of the detection limit for such a label-free sensor. Furthermore, fluorescence enhancement due to near field effects can 
also be exploited and, by engineering the BSW dispersion, both detection schemes can be combined. This talk will illustrate the 
basic principles of BSW generation by the design of thin dielectric multilayer stacks, the vacuum deposition of these coatings on 
disposable polymer biochips as well as the angularly resolved measurement and analysis of the Bloch resonance shift caused by 
the interaction of biomolecules at extremely small concentrations.

10:00 am O-10 4-Cavity Narrow Bandpass Filter Coating with Ion Assisted Vacuum Evaporation
T. Erguder, R. Faber 
Vacuum Process Technology LLC, Plymouth, MA

Narrow bandpass filter coatings with ion assisted evaporation is challenging considering the production requirements such as; 
deposition uniformity, yield, in situ optical monitoring, material stoichiometry, no vacuum to atmosphere spectral shift and a fully 
automated robust process. A 4-cavity filter design with 3nm bandwidth was coated by electron beam evaporation of SiO2 and 
tantalum materials. Surface quality and film properties were enhanced by utilizing a high power end-hall ion source. The fully 
automated process was directly optically monitored and controlled at near infrared wavelength. Good deposition uniformity 
without any masks, and great film quality with no spectral shift from vacuum to atmosphere, provided the desired repeatable 
results that exceeded the production environment requirements.
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10:20 am O-11 A Solution to Adhesion Problem of Oxide Thin Films on Zinc Selenide Optical Substrates
M.B. Cosar, G.H. Aydogdu Kuru, H. Batman, A.E. Sinan Ozhan 
ASELSAN, Ankara, Turkey

This study was performed to bring a solution to the adherence problem between oxide thin film coatings and Zinc Selenide (ZnSe) 
substrates. ZnSe has a high transparency (about 70%) within the 0.5 to 14 µm wavelength range which makes it an attractive 
candidate for dual band and laser applications. In order to minimize reflection losses, ZnSe is typically coated with multi-layered 
oxide thin films. During this study alternating high and low index layers were applied on the ZnSe substrates obtained from 
different vendors. All the coated samples were subjected to humidity and adhesion tests according to MIL-M-13508. We observed 
that prior to applying any heat treatment; oxide films exhibit a poor adhesion to the ZnSe substrates.  In order to increase adhe-
sion of these films, ZnSe samples were treated at 300°C for varying amounts of time.  Treated samples were examined in terms of 
their roughness, contact angle, morphology, refractive index, transparency, crystallography and chemical composition. This study 
presents explanation to adherence problem and shows that it is possible to manufacture durable thin film coatings on ZnSe with 
optimum heating parameters.

11:00 am O-12 Enhancement of Laser Damage Resistance of High and Anti-Reflective Optical Multilayers by Tailoring the 
Electric Field Distribution and Post Annealing
G.H. Aydogdu Kuru, H. Batman, M.B.Cosar, A.E. Sinan Ozhan 
ASELSAN, Ankara, Turkey

In this study, we deposited multilayer Ta2O5/SiO2 and HfO2/SiO2 films on glass substrates by ion beam sputtering and physical 
vapor deposition methods. Effect of electric field distribution and heat treatment of these oxide multilayers on laser damage 
resistance were investigated by a systematic study. Optical performance was characterized by spectrophotometer. Electric 
field analysis and optic system design were performed by the thin film design software. LIDT (laser-induced damage threshold) 
measurements were applied at 1064 nm to obtain laser damage values of optical coatings. Damage images were characterized by 
Nomarski (with dark field type) microscope. It is observed that LIDT value of HfO2/SiO2 anti-reflective optical films increase to 34 J/
cm2 when they were post-annealed at 350°C. On the other hand, measured LIDTs as high as 26 J/cm2 were achieved by tailoring 
the electric field distribution of high reflective coatings.

11:20 am O-13 Highly Conductive and Transparent ITO Films Deposited at Low Temperatures by Pulsed DC Magnetron 
Sputtering from Ceramic and Metallic Rotary Targets
C. David, P. Prunici, B.P. Tinkham, A. Panckow 
Solayer GmbH, Kesselsdorf, Germany

The fabrication of complex device structures often requires deposition of ITO thin films on temperature sensitive substrates. For 
example, substrates containing electronic components or organic materials used in displays, touch panels, and electrolumines-
cent devices often limit process temperatures to below 100°C. Currently the best ITO quality is attained on films deposited with 
magnetron sputtering using planar ceramic targets and a superimposed RF-DC power supply technology at temperatures above 
200°C. In the present study, ITO layers with thicknesses ranging from 25 nm to 200 nm were deposited by pulsed DC magnetron 
sputtering using rotary ceramic ITO targets and reactive sputtering from rotary indium-tin targets on glass substrates. Optical and 
electrical properties were measured and compared for both types of ITO layers. The as-deposited layers were treated post-growth 
by means of flash lamp annealing with the goal of enhancing electrical conductivity and optical transmission while maintaining 
the substrate temperature below 100°C. The enhancement of both electrical and optical properties has been determined by sheet 
resistance measurements and optical spectroscopy. ITO coatings with optical transmissions higher than 87% at sheet resistances 
lower than 80 ohm/sq. could be achieved at layer thicknesses around 30 nm. The largest improvements in electrical and optical 
properties have been observed for samples prepared at low oxygen partial pressures.

11:40 am O-14 High Optical Strength Widegap Conductive Semiconductors
S. Elhadj, J.H. Yoo, J. Adams, M. Menor, T. Olson, J. Lee, A. Samanta, J. Bude 
Materials Science Division, Lawrence Livermore National Laboratory, Livermore, CA

Many optoelectronic applications require coatings that are both optically transparent and electrically conductive. Most device 
structures use transparent conductive oxides to serve as this transparent conductor. For future compact high rep. rate, high 
power laser systems, the requirements for these transparent electrodes, especially optical damage performance, become far more 
stringent because of exposure to extreme light conditions that can make the transparent conductor the failure point of the device. 
Robust materials that can meet this challenge, such as next generation semiconductors, have yet to be fully considered and 
assessed to push the limits of devices that support lasers for scientific discovery, laser based manufacturing, and light manage-
ment where optical, electrical, and damage lifetime performance are critical. We present optical damage and lifetime results on 
such material systems and rationalize their optical damage performance based on the optimized film microstructural, material, 
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and electrical properties. Results suggest the possibility for new performance capabilities in high power optoelectronic devices. 
This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under 
Contract DE-AC52-07NA27344.

12:00 pm O-15 Laser Damage Mechanism of Wide Bandgap Conductive Semiconductors
J.-H. Yoo, S. Elhadj, J. Adams, M. Menor, T. Olson, J. Lee, A. Samanta, J. Bude 
Materials Science Division, Lawrence Livermore National Laboratory, Livermore, CA

Transparent conducting films (TCF) with superior laser damage performance have drawn intense interests toward optoelectronic 
applications under high laser energy density environment. In order to develop TCFs with high laser damage performance, 
fundamental understanding how the TCFs are damaged under laser irradiation is crucial. We investigated laser-induced damage 
morphologies of two different types of commercially available wide-bandgap semiconducting films, degenerately doped indium 
tin oxide (ITO) and silicon doped GaN. Upon single nanosecond pulse irradiation (1064 nm), two films were damaged although 
the laser photon energy (1.03 eV) is smaller than their bandgaps. In addition, substantially different damage morphologies were 
observed. In order to explain the different damage morphologies and the damage initiation mechanisms, the laser-induced 
damage morphologies were investigated using confocal laser scanning microscope, SEM/EDS, Raman, Photoluminescence (PL). 
This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under 
Contract DE-AC52-07NA27344.

Protective, Tribological and Decorative Coatings
9:20 am T-9 Friction and Wear Behaviour of Mo − W Doped Carbon-Based Coating during Boundary Lubricated Sliding
P.Eh. Hovsepian1, P. Mandal1, A.P. Ehiasarian1, G. Sáfrán2, R. Tietema3, D. Doerwald3 
1Nanotechnology Centre for PVD Research, Sheffield Hallam University, Sheffield, United Kingdom 
2Research Institute for Technical Physics and Materials Science, Hungarian Academy of Sciences, Budapest, Hungary 
3IHI Hauzer Techno Coating B.V., Venlo, The Netherlands

A molybdenum and tungsten doped carbon-based coating (Mo−W−C) was developed in order to provide low friction in bound-
ary lubricated sliding condition at ambient and at high temperature. Mo−W−C coating showed lowest friction coefficient when 
compared to a number of commercially available state-of-the-art DLC coatings at ambient temperature. Similarly at 200°C, a 
significant reduction in friction coefficient was observed for Mo−W−C coating with increase in sliding distance unlike DLC coating. 
Raman spectroscopy revealed the importance of combined Mo and W doping for achieving low friction at both ambient and high 
temperature. The significant decrease in friction and wear rate was attributed to the presence of graphitic carbon debris (from 
coating) and in situ formed metal sulphides (WS2 and MoS2, where metals were supplied from coating and sulphur from engine oil) 
in the transfer layer. 

9:40 am T-10 Application of Titanium Nitride Coatings on Stainless Steel Tableware for Decorative and Protective Purposes
A. Brown, S. Lyda, J. Wojcik, P. Mascher 
Department of Engineering Physics, McMaster University, Hamilton, Canada

Titanium nitride coatings are commonly used to improve the hardness and scratch resistance of stainless steel parts, and also 
provide a decorative appearance. These features make titanium nitride coatings ideal for use in the high-end stainless steel 
foodservice and tableware industry. As an industry that has yet to adopt PVD technology and where quality control is of utmost 
importance, research is necessary to assess current deposition methods and coating qualities of titanium nitride for use on stain-
less steel tableware. Cathodic arc PVD was selected as the deposition technique for this application due to its ability to produce 
coatings with excellent adhesion and wear-resistance properties. Several deposition parameters were varied when developing 
the coating to create a large set of sample coatings which included changing the cleaning methods used for sample preparation, 
the bake temperature, deposition pressure, bias voltage, and deposition duration. The coatings were then analyzed using scratch 
testing and nanoindentation techniques to determine their hardness and adhesion properties. Colour and appearance were also 
evaluated to ensure they stayed within an acceptable range. From these results, deposition parameters were selected to create a 
decorative and protective titanium nitride coating recipe that is optimized for use with stainless steel tableware.
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10:00 am T-11 Inline Technology for Metallization on Plastics with High Productivity and Performance
C. Trivedi1, I. Kolev1, D. Doerwald1, R. Tietema1, J. Landsbergen1, J. Amigo2 
1IHI Hauzer Techno Coating B.V., Venlo, The Netherlands 
2Sidasa S.a., Barcelona, Spain

Plastics are commonly used for various decorative application due to its low weight and non-corrosion nature. In the automotive 
industry, plastics are metallized to provide a bold look with bright or satin finish. Automated lacquering, and metallization by PVD 
on plastic can provide a high quality coating to satisfy various requirement standards. Chrome plating has long been seen as the 
only solution for decorative coatings on plastics, to ensure hardness and a bright color. This method, however, faces increasing 
environmental restrictions and is mainly applicable to ABS or ABS-PC substrates. In the meantime, several processes have been 
developed involving lacquer and PVD coatings, sometimes with a lacquer top coat, sometimes without. In this talk an overview for 
an in-line metallization process will be given. This process aims to fulfill the growing market requirement to have high productivity 
and reduced cost of ownership. In-line technology is in demand to reach high productivity. Fully automated in-line systems can 
provide high throughput/productivity. In-line PVD coating technology is a market requirement to reach better yields. During this 
presentation, we will explain metallization by PVD integrated with lacquering in a production line. In an optimized setup, high 
productivity with low down time and less handling cost can be achieved. The author will explain the importance of dealing ap-
propriately with mutual influences between lacquering and PVD process. This will result in high a quality product and fulfil various 
industrial standards.

10:20 am T-12 Plasma Nitrided + DLC: A Multifunctional Coating on Gray and Nodular Cast Irons 
R.O. Giacomelli, D.B. Salvaro, C. Binder, A.N. Klein and J.D. Biasoli de Mello 
Laboratório de Materiais (LabMat), Universidade Federal de Santa Catarina, Florianópolis, Brazil

In the present study, the main critical factors affecting the production of high tribological performance coatings onto substrates 
containing near surface graphite were evaluated. Plasma nitriding followed by deposition of a hydrogenated Diamond Like Car-
bon film (a-C:H) onto gray and nodular cast iron substrates were carried out using a single thermal cycle. The surface topography 
evolution was evaluated via Scanning Electron Microscopy (SEM) and White Light Interferometry (WLI). Furthermore, the surface 
evolution after plasma nitriding of cast irons was carefully investigated via EDS line scans, XRD and microhardness profiles. This 
enabled a more in-depth understanding that endorsed previous phenomenological theories regarding this issue. Additionally, 
the tribological performance of multifunctional coatings was evaluated via durability tests in ambient air, which revealed friction 
coefficients as low as 0.06 during steady state lubrication regime for gray cast iron substrates, whereas the values where 0.14 for 
nodular cast iron substrates. By analysing interrupted tests for both materials with Raman spectroscopy, SEM, EDS and WLI, it was 
possible to correlate the production route, the surface topography and the coating characterization with differences in tribologi-
cal performance between materials.

11:00 am T-13 Impact Erosion and Corrosion Behavior of Multilayer Metallic Nitride Structures Deposited on Aluminum 
and Steel Substrates
D.M. Mihut1, S. Hill1, G. Negrea2, P. Harpe1 
1Mercer University, Macon, GA 
2Technical University of Cluj Napoca, Cluj Napoca, Romania

Multilayer structures consisting of alternating ceramic (metallic nitride) and metallic coatings of hundreds of nanometer thickness 
size were deposited on aluminum and steel substrates using the DC high vacuum magnetron sputtering deposition equip-
ment. The chemical composition of the structures was characterized using the X-Ray diffraction analysis and scanning electron 
microscopy/ energy dispersive X-ray spectroscopy (SEM/ EDS) techniques and their surface morphology was obtained using the 
scanning electron microscopy/ scanning transmission electron microscopy (SEM/ STEM) system. The thickness of the multilayer 
structures and nanohardness of the samples was evaluated on silicon substrates using the atomic force microscopy (AFM) inter-
faced with a Hysitron Triboscope . All samples were evaluated using the impact erosion tester for the optimum coating composi-
tion. Additionally corrosion tests were performed on the steel coated structures.

11:20 am T-14 High Temperature Tribological Behavior of Non-Hydrogenated DLC Coated Steel against Fluorinated 
Tetrahedral Amorphous Carbon (ta-C-F) 
M.Z.U. Khan1, S. Bhowmick1, A. Banerji1, M.J. Lukitsch2, A.T. Alpas1 
1Mechanical Automotive and Materials Engineering Department, University of Windsor, Windsor, Canada 
2Chemical Sciences and Materials Systems Laboratory, General Motors R&D Center, Warren, MI

Non-hydrogenated DLC (NH-DLC) coatings show low coefficient of friction (COF) against steel at high humidity and lubricated 
sliding conditions. However, this attractive tribological behaviour of NH-DLC deteriorates at 100°C. This study describes tribologi-
cal behaviour of uncoated 52100 steel and NH-DLC coated steel against fluorinated ta-C (ta-C-F) at temperatures between 25°C 
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and 400°C. The sliding-induced damages at these temperatures were investigated. Ball-on-disk type tests of steel against ta-C-F 
showed that steady-state COF decreased from 0.35 at 25°C to 0.11 at 200°C but increased to 0.65 at 300°C. The NH-DLC coated 
steel consistently showed the reduction of COF from 0.22 at 25°C to 0.08 at 300°C with a maximum COF of 0.45 at 400°C. It was 
observed that F atoms transferred to the NH-DLC surface in higher amounts (at %) with an increase in the test temperature up 
to 300°C. The transfer of F led to the passivation of carbon dangling bonds of NH-DLC evident through the X-ray photoelectron 
spectroscopy and micro-Raman analyses. It is conceivable that NH-DLC passivated by F atoms was attributed to the low steady 
state COF for ta-C-F at elevated temperatures (100°C-300°C).

11:40 am T-15 High Temperature Tribological Behavior of Ti Containing Multilayer MoS2 Coating against Aluminum Alloys
S. Bhowmick1, A. Banerji1, M.J. Lukitsch2, A.T. Alpas1 
1Mechanical Automotive and Materials Engineering Department, University of Windsor, Windsor, Canada 
2Chemical Sciences and Materials Systems Laboratory, General Motors R&D Center, Warren, MI 

The current study investigates the friction and adhesion mechanisms of a Ti incorporated MoS2 (Ti-MoS2) coating intended for use 
in elevated temperature engineering applications like hot forming, machining or upper compression ring. Pin-on-disk type tests 
were performed on Ti-MoS2 against Al-6.5% Si (319 Al) and the steady state COF (µs) was measured at temperatures up to 400°C. 
The sliding friction tests were aimed towards testing the tribological stability of the Ti-MoS2 coating at a temperature range (25°C 
to 400°C) where conventional adhesion mitigating hydrogenated diamond-like carbon (H-DLC) coatings fails. The µs of Ti-MoS2 
decreased from 0.11 at 25°C to a lowest of 0.05 at 200°C. The µs increased to about 0.13 at 350°C and further increased to 0.51 at 
400°C. It was found that a lubricating MoS2 rich transfer layer formed at the top of 319 Al surface was responsible for the low µs 
values observed till 200°C. The MoS2 converted to the MoO3 at temperatures beyond 200°C and provided lubrication till 350°C, 
confirmed using Raman and XPS analyses. The µs decreased by 95% in case of Ti-MoS2 at the temperature range of 25 - 200°C 
compared to H-DLC.

12:00 pm T-16 Segregation as a Driving Force in the Formation of Nanocomposite ZrO2-Al2O3 Coatings
I. Zukerman1,3, S. Hayun2, M. Halabi2, R.L. Boxman3, A. Raveh4 
1Divison of Chemistry, NRC-Negev, Beer-Sheva, Israel 
2Department of Materials Engineering, Ben Gurion University of the Negev, Beer-Sheva, Israel  
3Electrical Discharge and Plasma Laboratory, Tel-Aviv University, Tel-Aviv, Israel 
4Advanced Coatings Center, Rotem Industries Ltd., Arava, Israel

Nanocomposite nitride and boride coatings exhibit superior properties and thermal stability compared to single phase coatings. 
However, unlike nanocomposite nitride and boride coatings, the formation mechanism of nanocomposite oxide-based coatings 
with high thermal stability is still open to question. In this context, we propose that in the case of zirconia-alumina coatings, the 
formation of the nc-ZrO2/a-Al2O3 structure (nc-nanocomposite, a-amorphous) is governed by the driving force of the aluminum 
segregation because of the immiscibility of the two phases. The ZrO2-Al2O3 coatings were deposited on a floating substrate and at 
a temperature of 380ºC. Various coating compositions, ranging from pure zirconia to 50% alumina content, were deposited by a 
reactive pulsed-DC magnetron sputtering technique using two 50 mm diameter Zr and Al targets. The coating with a Zr-Al-O solid 
solution structure was composed of cubic-ZrO2 and aluminum distributed in the nano-size ZrO2 grains (10-20 nm depending on 
the aluminum content). The deposited coatings were annealed up to 1200ºC and their structural changes were studied using high 
temperature Differential Scanning Calorimetry (DSC), X-ray diffraction (XRD) and High Resolution Transmission Electron Micros-
copy (HRTEM). It was found that after annealing, two exothermic events were observed. The first event appeared at 600-800ºC 
and was completed at ~900°C leading to aluminum segregation from the solid solution phase into the grain boundaries, and the 
formation of the nc-ZrO2/a-Al2O3 structure; while the second event appearing at 1000-1200ºC was related to the transformation of 
the coating from a stabilized cubic to a monoclinic phase. The coating hardness after the first event was stabilized to 19.5±1.1 GPa 
value because of the segregation effect, which hindered the grain growth. However, after a second DSC cycle of the coating only 
one sharp endothermic transformation peak was observed at 1100°C. This is because the grain growth was accompanied by the 
zirconia transformation from monoclinic to tetragonal phase.
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WebTech Roll-to-Roll Coatings for High-End Applications
9:20 am W-4 Super-Linear Thickness Scaling of Moisture Barriers Produced in Roll-to-Roll High Current Dielectric Barrier 
Discharge
H.W. de Vries1,2, S.A. Starostin 1,2, F.M. Elam1,2,3, A. Meshkova1,2,3, J.B. Bouwstra2, M.C.M. van de Sanden1,3 
1Dutch Institute for Fundamental Energy Research (DIFFER), Nieuwegein, The Netherlands 
2FUJIFILM Manufacturing Europe B.V., Tilburg, The Netherlands 
3Applied Physics Department, Eindhoven University of Technology, Eindhoven, The Netherlands

Atmospheric pressure plasma enhanced chemical vapor deposition (AP-PECVD) is a new and rapidly evolving technology having 
clear benefits in terms of equipment costs, footprint size and possibilities for in-line processing. The excellent scalability of the 
dielectric barrier discharge (DBD) combined with the non-thermal plasma generation in low-cost helium-free gas mixtures, is 
essential for large scale processing of moisture barrier films on web-rolled substrates. Although excellent barrier films can be 
prepared the relation with process parameters and the mechanisms involved in the gas permeation are not well understood. In 
this contribution a systematic analysis of the moisture barrier properties as a function of film thickness and energy spent per mol-
ecule was carried out. It was found that the water vapor transmission rate (WVTR) has an unprecedented super-linear scaling over 
several decades with film thickness. Moreover the deposition rate has no effect on this super linear scaling behavior. Hence, the 
WVTR was described as a function of film thickness and energy spent per molecule. Complementary analysis of the microstructure 
by AFM, XPS, SE and ATR-FTIR and the relation with WVTR is discussed in the frame of the non-linear deposition conditions as 
present in the DBD reactor.

9:40 am W-5 New Tool for Scalable Thin Film Organic Polymer Deposition on Flexible Substrates Using a Solvent-Free, Gas 
Phase, Spatial Molecular Layer Deposition Approach
D.J. Higgs, A.M. Cano, K. Sharma, S.M. George 
Department of Chemistry and Biochemistry, University of Colorado, Boulder, CO

There are inherent limitations of present day organic polymer deposition techniques. Current technologies struggle to produce 
the nanoengineered thin films desired by industry. Thinner, more conformal organic films/coatings are required for a multitude 
of industrial applications ranging from sensors to membrane to semiconductor processing. In response to these problems, we 
have developed a new deposition tool capable of coating flexible substrates with organic polymer films at speeds of up to 3 
m/s. Our tool uses gas phase monomers to deposit organic polymers with molecular layer control. We have successfully dem-
onstrated deposition of a polyamide network polymer on a metalized PET substrate using a trifunctional chloro-acid monomer 
(trimesoylchloride) and a bi-functional amine monomer (m-phenylenediamine). This polyamide film on flexible porous supports 
is also being used to reduce the cost and energy consumption of desalination by reverse osmosis. Our tool overcomes previous, 
monomer-based limitations where low monomer vapor pressures and low decomposition temperatures rendered MLD deposi-
tion impossible with previous deposition tools. Our tool can be used to deposit a wide range of organic polymers for a broad 
range of applications at scale.

10:00 am W-6 Scaling Semiconductor Processing to Enable Roll-to-Roll Manufacturing of Flexible Hybrid Electronics
Invited Talk
M.D. Poliks 
Department of Systems Science and Industrial Engineering and Center for Advanced Microelectronics Manufacturing, The State 
University of New York at Binghamton, Binghamton, NY

Methods to integrate electronic devices and manufacture on rigid silicon wafers are well established. Device dimensions have con-
tinued to shrink and performance continues to increase each year. Electronic device fabrication using flexible non-silicon-wafer 
surfaces has started to emerge. Engineered polymer films such as PET, PI, PEN, as well as thin flexible metal foils and new develop-
ments in thin flexible glass are all viable substrates for this technology. Key substrate properties include: dimensional and thermal 
stability, low moisture uptake, ultra-low gas and moisture transmission rates and nano-scale surface roughness. Electronic func-
tion on flexible substrates may enable dramatically new approaches to traditional applications including: information displays, 
lighting, solar energy conversion, sensing and diagnostic medicine. This talk will examine how some of the basic semiconductor 
processes can be scaled toward high volume roll-to-roll (R2R) manufacturing to convert these flexible substrate materials into 
electronic surfaces. Advancements in processes such as R2R handling, slot-die coating, aerosol ink-jet printing, photonic anneal-
ing, vacuum deposition, photolithography and wet processing will be described. R2R vacuum deposition processes continue to 
provide high quality dielectric, semiconducting and conductive coatings for a broad range of device applications using materials 
such as SiO2/Al2O3, IGZO, IZO, ITO, AZO, Mo, Al, Ti, Cr and Cu. Last, flexible hybrid electronics manufacturing methods involving the 
selective use of direct attachment of thin silicon die on electronic surfaces can achieve high performance in truly miniature  
sized systems.
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11:00 am W-8 Dual Magnetron Sputtering of Aluminum Oxide: Experience with an Alternative Approach
C. Merton1, S. Jones1, D. Pelleymounter2 
1Corporate Research Process Lab, 3M, St. Paul, MN 
2Advanced Energy, Northfield MN

A technique for depositing non-conductive oxides using bi-polar pulsed DC power supplies using planar targets has been shown 
to achieve deposition rates significantly higher than those from more standard MF AC sputtering techniques. This method 
involves two bi-polar pulsed DC power supplies each connected to a separate cathode and a common anode. In this manuscript, 
the use of this method to reactively deposit aluminum oxide from rotary cathodes using metallic targets will be reported. Hyster-
esis loops using voltage control of the bi-polar pulsed DC power supply, deposition rates, film properties and process conditions 
such as system temperatures are presented and compared to those from a standard MF AC deposition process.

11:20 am W-9 Industrial Roll to Roll Fabrication of PV and LOW-E Thin Films
S. Kreher, S.M. Van Eek 
FHR Anlagenbau GmbH, Ottendorf-Okrilla, Germany

The different demands on high vacuum roll to roll thin film deposition tools are discussed by two examples: photovoltaic films 
and low emissivity films. The substrates as well as the processes are different. While polyimide and stainless steel is widely used in 
the field of CIGS, PET substrates are used in organic photovoltaic and for low emissivity coatings. The coating process is different 
because of layer thicknesses and different desired layer properties. The requirements and results will be presented. The in situ 
metrology will be discussed, as well.

11:40 pm W-10 High-Resolution, In Situ Defect Detection
T. Potts 
Dark Field Technologies, Inc., Orange, CT

The ability to inspect films and glass, during deposition, has been a long-standing industry need. Barrier films and other high-
value films for flexible electronics and displays must be contaminant free, and in situ inspection for defects of 1µm and larger is 
required in real time. Currently, deposition is performed “blind” – there is no feedback for contamination or defect detection until 
after the roll or sheet has been produced. Off-line inspection means rewinding and handling – adding to the cost and the risk of 
creating more defects. The solution to high-resolution in situ inspection has remained unfulfilled due to the conditions inside the 
chamber, space constraints, alignment challenges and other key factors. The next generation of Solid State Laser Reflection (SSLR) 
technology solves these problems. Line-scan cameras and solid state lasers and LED’s are married with new high resolution optics 
into a single scan unit. This scanner is easily installed to utilize the existing chamber windows and delivers 100% inspection during 
deposition. All active modules are located outside the chamber and the inspection is performed inside the chamber, in transmis-
sion, reflection or both. In addition, SSLR is self-aligning, operates in ambient light and detects defects down to 1.5µm. System 
theory will be explained and a number of application examples and results will be presented.
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